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A B S T R A C T

R e la tion sh ip s  between i n - v i t r o  and i n - v iv o  methods o f assess ing  drug 

m etab o liz in g  cap ac ity  (.v ia  cytochrome P-450) have been examined in  the 

ra t. Both induction  and in h ib it io n  s tu d ies  were conducted and the m erits  

and p i t f a l l s  o f  the i n - v i t r o  and in - v iv o  approaches were assessed.

In the induction  s tu d ies , a wide range o f  drug m etabo liz in g  capac ity  

waB ach ieved  in  ra ts  using the P450I inducer, fl-naphthoflavone, and the 

P450IIB Inducer, phenobarbitone. The s p e c i f i c i t y  o f the in - v iv o  

c lea ran ce  measurements, a n tlp y r in e  and i t s  m etab o lites , th eop h y llin e  and 

to lbu tam ide, and the i n - v i t r o  measurements, cytochrome P-450 content, 

BCOD, KCOD, BROD and ALE a c t i v i t i e s ,  as markers fo r  p a r t icu la r  

isoenzymes o f  cytochrome P-450 have been assessed  and in te r re la t io n s h ip s  

in v e s t ig a te d . Strong c o r r e la t io n s  were observed between th eop h y llin e  

c lea ran ce , 4-hydroxyan tipyrlne form ation  c lea ran ce , BCOD and EROD 

a c t i v i t i e s  when r a ts  were Induced w ith  JJ-naphthof lavone. Fo llow ing 

phenobarbitone induction  no improvement on th e  c o r r e la t io n s  obtained fo r  

a n t lp y r ln e  c learance was observed by uBing an tip y r ln e  m etabo lite  

form ation  c learances. The s tron ges t c o r r e la t io n s  were observed between 

to lbu tam ide c learance , MCOD and BCOD a c t i v i t i e s .  Dose ranging s tu d ies  

w ith the P450IV inducer, DBHP, in d ica ted  i t  to  be a strong inducer o f 

la u r ic  a c id  hydroxylase, but to  be a much weaker inducer o f  the other 

i n - v i t r o  and in - v iv o  parameters measured. I t  was th e re fo re  decided not 

to  take th ese  la t t e r  induction  s tu d ies  fu r th e r .

In th e  in h ib it io n  s tu d ies , the potency o f  ketoconazo le  has been 

assessed using both i n - v i t r o  and in - v iv o  methods. I n - v i t r o ,  i t  was shown 

that ketoconazo le  was 100 tim es more po ten t than c lm etld ln e  as an 

in h ib ito r  and d i f fe r e n c e s  between two methods o f  d e fin in g  potency (ICso 

and Ki d e term inations ) were in v e s t ig a ted . I n -v iv o  s in g le  dose in h ib it io n



s tu d ies  using the a n tip y r in e  breath t e s t  a ls o  In d ica ted  kétoconazo le  to  

be a potent In h ib ito r  o f  an tip yr in e  metabolism. A n a lys is  o f  th ese  data 

produced an estim ate f o r  Ki o f  4 .6  mg/Kg, however a d e c lin e  in  

in h ib ito r y  e f f e c t  was c le a r ly  ev id en t during these experim ents, 

in d ic a t in g  tha t k étoconazo le  was being ra p id ly  e lim in a ted  from  the 

Bystem. In v e s t ig a t io n  o f  the pharm acokinetics o f k étoconazo le  re vea led  

i t  t o  e x h ib it  dose dependent k in e t ic s ,  and the plasma h a l f - l i f e  was 

short. Kétoconazole pharm acokinetic parameters obtained in  t h is  study 

were used to  produce a wide range o f steady s ta te  con cen tra tion s  and 

hence in h ib it io n  o f a n tip y r in e  metabolism. In v e s t ig a t io n  o f  form ation  

c learances  o f  a n tip y r in e  m etabo lites  demonstrated th a t kétoconazo le  was 

n o n -s e le c t iv e ly  in h ib it in g  these pathways. Ki es tim ates  f o r  th e  th ree 

d i f f e r e n t  pathways were in  the range 0.8 -  1.2 mg/L. However in  each 

case a s ig n if ic a n t  p o rtio n  o f  an tip y r in e  m etabolite  ca p a c ity  remained 

u na ffected  in d ica tin g  tha t not a l l  cytochrome P-450 a c t i v i t y  was 

su scep tib le  to  in h ib it io n  by kétoconazo le . There was good agreement 

between i n - v i t r o  and in - v iv o  K» es tim ates, desp ite  the use o f  d i f f e r e n t  

su bstra tes  in  the two systems.
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C H A P T E R  1
I N T R O D U C T I O N

Hepatic cytochrome F-450 mediated metabolism p lays  an important r o le  in 

the modulation o f  drug a c tion . Expression o f the cytochrome P-450 system 

is  under g en e tic  co n tro l and is  a ls o  a f fe c te d  by age, gender, d ie t ,  

environmental chem icals, drugs and d isease  (V e s e l l ,  1977, 1979). Hepatic 

drug m etaboliz ing  ca p a c ity  r e f le c t s  a balance o f a l l  these fa c to rs  

(V e s e ll,  1979), hence con s id erab le  a tten t io n  has been focussed on these 

determ inants and on r e a l iz in g  methods fo r  p red ic t io n  o f in d iv id u a l drug 

m etaboliz ing a b i l i t y .

A major problem assoc ia ted  w ith  research  in  th is  f i e l d  is  the 

ex is ten ce  o f  m u ltip le  forms o f  cytochrome P-450.

1.1 THE MULTIPLICITY OP THE CYTOCHROME P-450 SYSTEM

Cytochrones P-450 are term inal ox idases in  an e le c tro n  transport chain 

Involved  in  the metabolism o f both endogenous and exogenous compounds 

(Sato and Kato, 1984) and form a cuperfaraily o f  NADPH-dependent mono- 

oxygenases (Nebert and Gonzalez, 1985). The ex is ten ce  o f m u ltip le  forms 

o f cytochrome P-450 has been es ta b lish ed  by va riou s experim ental 

techniques includ ing  SDS-polyacrylaraide g e l e le c tro p h o re s is , amino acid  

sequence an a lys is , and c a ta ly t ic  assessments (Lu and Vest, 1980). 

S tudies subsequent to  these, In vo lv in g  cDNA probes (Leigh ton  o t a l . ,  

1984), monoclonal an tib od ie s  (Roubi e t  a l. , 1984a; 1984b) and k in e t ic

an a lys is  togeth er w ith  s p e c i f ic  modulators o f  enzyme a c t i v i t y  (D ie ter 

and Johnson, 1982), have revea led  su b tle  d i f fe r e n c e s  in  s tru ctu re  and 

function  between the various c la s s e s  o f  cytochromes P-450. Although 

ea r ly  grouping o f cytochromes P-450 was by response to  inducers, 

fa m ilie s  d e fin ed  by sequence homology are now recogn ised  and may contain  

c o n s t itu t iv e  as w e ll as inducib le  members (Leigh ton  and Kemper, 1964».
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Research in  the area o f  cytochrome P-450 m u lt ip l ic it y  has esca la ted  

but as yet no s in g le  system o f  nomenclature has been adopted. Indeed the 

sc ience  has become com plicated by each research  group in troducing i t s  

own a lt e rn a t iv e  nomenclature. Nebert e t  a l. <1987) have proposed a 

system o f  nomenclature fo r  the cytochrome P-450 gene superfam ily  based 

on a phy logén ie c la s s i f ic a t io n .  Members o f  fa m il ie s  and su b fam ilies  are 

d e fin ed  as fo llo w s . P ro te in s  in  one gene fam ily  have le s s  than or equal 

to  36% s im i la r i t y  w ith  p ro te in s  in  any o f  the o ther seven fa m ilie s  and 

any p ro te in s  w ith in  the same subfam ily have 70% or more s im i la r i t y  w ith 

each other. This system o f nomenclature recommends Roman numerals fo r  

d is t in c t  gene fa m ilie s ,  c a p ita l l e t t e r s  fo r  su b fam ilies , and Arabic 

numerals f o r  in d iv id u a l genes (ta b le  1 .1 ). At present th ere  is  evidence 

fo r  a t le a s t  e igh t mammalian cytochrome P-450 gene fa m ilie s  (Hebert e t 

a l.  , 1937).

Table 1.1 summarises fou r fa m ilie s  from the proposed cytochrome P-450 

gene superfam ily  and shows that phenobarbitone-type inducers, togeth er 

w ith e th an o l, are d i f f e r e n t  from o ther c la s s e s  o f  inducers. Whereas the 

la t t e r  a f f e c t  Isoenzymes in  fa m ilie s  d is t in c t  from the major forms o f 

cytochrome P-450, phenobarbltone-type inducers and ethanol a f fe c t  one o f  

the su b fam ilies  o f  the major P450II fam ily . P o ly c y c lic  arom atic 

hydrocarbon inducib le  cytochromes P-450 (P450I) are unusual in  that 

there i s  a grea t dea l o f  gene sequence homology between d i f fe r e n t  

mammalian spec ies .

Knowledge o f  h epatic  cytochrome P-450 Isoenzyme com position and 

r e la t iv e  Isoenzyme concen tra tions  o f  an in d iv id u a l may provide va luab le 

in form ation  about the p o ten tia l responses o f  that in d iv id u a l to  

th erapeu tic  drugs, o f  p o ten t ia l s u s c e p t ib i l i t y  to  chemical carcinogens 

and o f exposure to  environmental p o llu tan ts  i f  these Induce cytochromes 

P-450. Beaune e t  a l. (1986) have attempted to  c o r r e la te  a la rge  

number o f  monooxygenase a c t i v i t i e s  w ith  t o t a l  cytochrome P-450 and
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Table 1.1 The Cytochrome P-450 Gene Superfamily

Summary o f  the proposed nomenclature presented by Hebert e t  a l. (1987) 
w ith  re le van ce  to  the data presented in  th is  th es is .

Fam ily, subfam ily and 
gene des ign a tion

Some o f the e x is t in g  names 
in  th e  l i t e r a tu r e

P450I (P o ly c y c l ic  arom atic hydrocarbon-inducib le)
Only one subfam ily

P450IA1 Rat c, mouse P i , 
ra b b it  form 6, human Pi

P450IA2 Rat d, mouse Pa, 
ra b b it  form 4, human Pa

P450II (M ajor) 
F ive  su b fam ilies  
D P 4 5 0 II A:

P450IIA1 Rat a
P450IIA2 Human P450U )

2 )P450I IB: (Phenobarb itone-inducib le )
P450IIBI Rat b, ra b b it  form 2
P450IIB2 Rat e

3>P450IICs
P450IIC1 Rabbit PBcl
P450IIC2 Rabbit PBc2, k
P450IIC3 Rabbit PBc3, 3b
P450IIC4 Rabbit PBc4, 1-8
P450IIC5 Rabbit form 1
P450IIC6 Rat PB1
P450IIC7 Rat f
P450IIC8 Human form 1
P450IIC9 Human mp
P450IIC10 Chicken PB15

4)P450IID :
P450IID1 Rat (and human) dbl
P450IID2 Rat db?

5 )P45011E: (B th an o l-ln du c ib le )
P450IIB1 Rat J, ra b b it  form 3a, 

human J

P 4 5 0 III (S te ro id - in d u c ib le )
Only one subfam ily

P450111A1 Rat pcnl
P450IIIA2 Rat pcn2
P450I1IA3 Human HLp, nf

P450IV (Peroxisom al p r o l i fe r a to r - in d u c ib le )
Only one subfam ily

P450IVA1 Rat LAo
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concen trations o f  is o la te d  Isoenzymes, and t e n ta t iv e ly  grouped these 

in to  f i v e  major c a te g o r ie s . Further s tu d ies  are needed, however, s in ce  

c o r re la t io n s  produced between monooxygenase a c t i v i t y  and p a r t ic u la r  

isoenzymes were not g en e ra lly  p r e d ic t iv e  Cr < 0.77, r a < 0 .L 9 ). 

Knowledge o f the con tr ib u tion  th a t each isoenzyme makes t o  the 

metabolism o f p a r t ic u la r  drugs would a lso  f a c i l i t a t e  p red ic t io n . At 

present, such s tu d ies  are confounded by the d i f f i c u l t y  in  ob ta in in g  

su ita b le  human l i v e r  samples, la ck  o f  knowledge w ith  respect t o  the 

exposure o f  the donor to  fa c to rs  In flu en c in g  drug metabolism and l im ite d  

knowledge o f  human cytochrome P-450 isoenzyme com position. Thus, there 

i s  wide scope fo r  animal s tu d ies  where environmental and gen e tic  fa c to r s  

are w e ll defined.

1.2 ASSBSSHE1T OF DRUG RKTABOLIZI1G ABILITY

P a tien t v a r ia b i l i t y  in  drug response can be a ttr ib u te d  in  p a rt to  

d if fe r e n c e s  in  drug m etaboliz ing  cap ac ity  which in  turn depend on the 

to ta l  amount o f drug m etaboliz ing  enzymes (Davies e t  a l . , 1973) and a lso  

on the proportion  o f  each cytochrome P-450 form (Comal and Gaylor, 

1973). Animal s tu d ie s  have shown that the variou s Isoenzymes o f 

cytochrome P-450 e x h ib it  d if fe r e n c e s  in  substra te s p e c i f i c i t y  (Lu e t 

a l . , 1973), in  r e g io - s e le c t lv i t y  o f  metabolism (V ieb e l e t  a l. , 1975), in 

th e ir  response to  Inducers and/or in h ib ito rs  (Haugen e t a l.  , 1976, 

U llr ic h  e t  « J . ,  1975) and w ith age (A tla s  e t  a i . ,  1977), gender (von 

Bahr e t  a l. , 1977), t is su e  (A t la s  e t  a l. , 1977), and spec ies  (Thomas et 

aJ ., 1976).

D iffe ren ces  in  the ra tes  o f drug metabolism are r e f le c te d  by la rge  

d i f fe r e n c e s  In plasma clearance and hence steady s ta te  plasma 

concen trations during long term therapy. S ince many drugs have narrow 

th erapeu tic  plasma concen tra tion  ranges, such v a r ia b i l i t y  w i l l  g iv e  r is e  

e ith e r  to  undertreatment or overdosage in  in d iv id u a l p a t ie n ts . The
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an ticonvu lsan ts , antlarrhythm ics, a n t ib io t ic s ,  and th eoph y llin e . Since

drug dosage w i l l  need to  be a lte r e d  fo llo w in g  exposure to  or removal o f  

any In flu en c in g  fa c to r  o f  drug metabolism, then the sources o f  the

v a r ia t io n  should id e a l ly  be id e n t i f ie d  in  order to  be a le r t  to  p o te n t ia l

in te ra c t io n s . Methods fo r  in v e s t ig a t in g  such v a r ia b i l i t y  have been the 

su b jec t o f a number o f  rev iew s (B relm er, 1983; V e s e ll and Penno, 1983). 

Various ln - v iv o  probe compounds have a ls o  been used in  the assessment o f  

drug m etabo liz in g  c ap ac ity  (Park, 1982) and a re  th e  subject o f  th is  

s e c t io n .

l . Z . l  In -v iv o  Methods

Compounds used as in - v iv o  probes o f  drug m e tab o liz in g  capac ity  can be 

cons idered  e ith e r  as exogenous drug substances o r  endogenous compounds.

1 .2 .1 .1  Endogenous Markers o f  Drug M e ta b o liz in g  A c t i v i t y  

M on itoring o f endogenous compounds has a number o f  advantages over 

determ ination  o f  x en ob lo tlc  metabolism. F i r s t ly ,  w ith  such compounds 

th ere  i s  no p ertu rbation  o f  drug m etabo liz in g  enzymes which may occur on 

adm in is tra tion  o f  an exogenous compound. Secondly, s ince a number o f  

these substances are monitored in  u rine ra th er than plasma, then the 

method can be non -in vaslve. Three compounds, y -g lu tam yl transpeptidase, 

D -g lu ca r lc  a c id  and 0 0 -h yd ro x y co rt is o l, have been studied fo r  th e ir  

s u i t a b i l i t y  in  the assessment o f  drug metabolism.

The d iscovery  that plasma l e v e ls  in  man o f  Y -glu tam yl transpeptidase 

(H lldebrandt mt a l.  , 1975; Ohnhaus e t  a l . , 1983; Rosa lk l at a l. , 1971, 

Satoh a t a l . ,  1982; V a lte r  a t a l.  , 1982; V h l t e f ie ld  a t a l . , 1972) and

the urinary e x c re t io n  o f D -g lu ca r lc  a c id  (D av is  at a l. , 1974;

H lldebrandt a t a l.  , 1975; Hunter a t a l. , 1971; Hunter and Chasseaud,

Id en tific a tion  o f such problems led to  the concept o f therapeutic drug

monitoring during long term treatment with such drugs as
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1976; Narsh, 1963a, 1963b) and 6 (J -hydroxycortiso l (Kuntzman e t  a l. , 

1968; Poland e t  a l .  , 1970) were e le va ted  by inducing agents, promoted 

in v e s t ig a t io n  o f  the use o f  such compounds as probes o f  drug 

m etabo liz in g  c a p a c ity . C o rre la tio n s  have been found between plasma Y- 

glutam yl tran spep tidase  and the e lim in a tion  ra te s  o f a n tip y r in e , 

phenylbutazone and w arfarin  (Smith and Rawlins, 1974); u rinary e x c re t io n  

o f  D -g lu caric  a c id  and a n tip y r in e  h a l f - l i f e  (Hunter e t  a l. , 1974) and

u rinary e x c r e t io n  o f  6 (i-h yd roxyco rtiso l and a n tip y r in e  c learance  

(Ohnhaus and Park, 1979; Ohnhaus e t  a l . ,  1983).

The main problem  assoc ia ted  w ith  the use o f  such in d ic es  o f  drug 

m etabo liz in g  a b i l i t y  i s  th a t p a th o lo g ica l con d it ion s , which have no 

in flu en ce  on drug metabolism, can In flu en ce  th e  plasma l e v e ls  o f Y~ 

glutamyl tran spep tidase  (V h lt e f ie ld  e t  a l . ,  1972), and the urinary 

ex c re tio n  o f D -g lu ca r ic  ac id  (Park, 1982) and 6 p -h yd roxyco rtiso l (Park, 

1981).

1.2. 1.2 Exogenous Compounds as Markers o f  Drug M e ta b o liz in g  C apacity  

Many drug6, in c lu d in g  a n tip y r ln e , aminopyrine, am ylobarbltone, diazepam, 

hexobarbltone, phenacetin, phenylbutazone, qu in ine, th eop h y llin e , 

tolbutam ide and w a rfa rin  (Park, 1981), have been used as model compounds 

fo r  d e tec tin g  changes in  drug m etaboliz ing  c a p a c ity . The d is p o s it io n  o f 

drug substances g r e a t ly  In flu en ces  th e ir  subsequent ra te  o f metabolism. 

In th is  resp ec t drug substances can be c la s s i f i e d  by h epatic  clearance 

as fo llow s .

1. drugs w ith  low  c learance and minimal p ro te in  b inding (e .g .  an tip yr in e  

and th eo p h y llin e )

2. drugs w ith  low  c learance and high p ro te in  b inding (e .g .  to lbutam ide, 

w arfarin  and phenylbutazone)

3. high c lea ra n ce  drugs showing blood flo w  dependent h epatic  e x tra c t io n  

(e .g .  l lg n o ca ln e  and p rop ra n o lo l).
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Drugs from any o f  these groups may be used as model compounds 

provided they a re  m etabolized mainly by the l i v e r .  Low clea ran ce , 

minimal b inding drugs are the s im p les t to  use s in ce  th e ir  k in e t ic s  are 

Independent o f  v a r ia b le s  such as p ro te in  b inding and hepatic b lood  flow . 

The metabolism o f  low c learance h ig h ly  p ro te in  bound drugs i s  a f fe c te d  

by the degree o f  b inding, thus p ro te in  b inding measurements must a ls o  be 

made when study ing  such k in e t ic s .  H igh ly c lea red  drugs show metabolism 

ra tes  which are lim ite d  by h ep a tic  blood flow  (Rowland and Tozer, 1980), 

hence the degree  o f p ro te in  b ind ing  does not d ram atica lly  a f fe c t  

clearance.

An tip yrln e  has been e x te n s iv e ly  used to  id e n t i fy  many o f the fa c to rs  

which determ ine drug m etab o liz in g  capac ity . Attempts to  p re d ic t  the 

d isp o s it io n  o f  th erapeu tic  drugs from the d isp o s it io n  o f a n tlp y r in e , 

however, have been le ss  su ccess fu l. Many o f  these p re d ic t iv e  s tu d ies  

have t r ie d  to  produce c o r r e la t io n s  using h a l f - l i f e  data, but c learance  

is  thought to  be a more ap p rop ria te  parameter to  use.

1 .2 .1 .2 .1  I n t r in s i c  Clearance

In tr in s ic  c lea ran ce  (CLin«.> p ro v id es  a measure o f  the drug m etaboliz ing  

capac ity  o f  an organ and is  based upon the unbound concen tra tion  o f a 

drug which can be almost t o t a l l y  e lim inated  by the l i v e r .  CLint can be 

ca lcu la ted  from in - v iv o  data. I f  a drug is  com plete ly  m etabolized , then 

drug c learance  <CLm) equates to  (C L tn t). CLm can g en e ra lly  be ca lcu la ted  

as 6hown in  equation  1.1 and hence in t r in s ic  c learance may be estim ated:

CLm = CLint. ■ Dose equation  1.1

AUCw

AUCiv -  area under the lv  blood/plasma concen tra tion -tim e curve
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This, the s im p les t s itu a tio n , h o lds  fo r  low c lea ran ce , minimal binding 

drugs and can be used fo r  low c lea ran ce , high b in d in g  drugs by includ ing 

a term fo r  th e  unbound fr a c t io n  < fu) (equation  1 .3 ) ,  necessary s in ce  the 

measured in t r in s ic  clearance is  In flu enced  by the unbound concen tration .

CL in t = CLm equation  1.2

fu.

In o rd er to  determine the in t r in s ic  c lea ran ce  o f  h igh ly  c lea red  

drugs, h ep a tic  blood flow  must a ls o  be considered . Thus, using the w e ll-  

s t ir r e d  model o f  Pang and Rowland (1977);

CLm = fu . CLtnt.. Qm equation  1.3

Qm  +  ( f u i C L I n i )

A lso  CLm ■ Qm .B  equation  1.4

CLh -  h ep a tic  clearance 

^  -  h ep a tic  blood flow  

E -  h epa tic  e x tra c tio n  r a t io

Equations 1 .3  and 1.4 can be combined;

C L »«» = CLm equation  1.5

fw. <1 -  B)

I f  a drug i s  100% c lea red  by metabollem in  the l i v e r ,  and is  o r a l ly  

adm in istered ;

CLm ■ P. Dose <»«, . 

AUC< r».» 1

equation  1.0
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a lso F «  1 -  E equation 1.7

By combining equations 1 .6  and 1.7;

CLint = , Dosacpo) equation  1.6

fu.AUC<pa>

1 .2 .1 .2 .2  M e ta b o lite  Form ation  C learance

Measurement o f  the c lea ran ce  o f  model compounds p rov id es  In form ation  

about the o v e r a l l  drug m etaboliz ing  c a p a c ity  o f in d iv id u a ls . I t  is  

known, however, tha t the cytochrome P-450 system o f  th e  l i v e r  is  

composed o f s e v e ra l d i f f e r e n t  Isoenzymes each having d i f f e r e n t  in te r -  

and in tra -su b s tra te  s p e c i f i c i t i e s ,  each w ith  th e ir  own regu la to ry  

con tro l and d i f f e r e n t l y  a f fe c te d  by inducing agents (Lu and Vest, 1980; 

Nebert, 1979). M e ta b o lite  form ation c lea ran ces , ra th er than the o v e ra ll 

c learance  o f  drugs may provide a means o f  sep a ra te ly  assess in g  the 

a c t i v i t i e s  o f  these d i f f e r e n t  forms o f  cytochrome P-450 (B relm er, 1983; 

Danhof, 1980).

Formation c lea ra n ces  o f the m e tab o lites  o f  a drug a re  determined 

using the fr a c t io n  o f  each in d iv idu a l m etab o lite  formed i f « , )  r e la t iv e  to  

dose o f  drug adm in istered , toge th er w ith  the to ta l  c lea ran ce  o f  the 

parent drug (CL):

CLm = CL.fm  equation  1.9

1 .2 .1 .2 .3  A n tip y rin e

Once used as an a n t ip y r e t ic  and an a lg es ic  agen t, a n tip y r in e  i s  nowadays 

used mainly as a resea rch  to o l (Danhof and Teunissen, 1984). In the la te  

1960's Velch e t  a l.  (1967) used s tu d ies  in  dogs and monkeys to  introduce 

the concept o f  using th e  e lim in a tion  ra te  o f  a n tip y r in e  from  plasma as

9



an In d ic a to r  o f the a c t iv i t y  o f  th e  enzymes by which i t  is  m etabolized. 

V ese ll and co-workers (V e s e ll and Page, 1968) subsequently used 

a n t ip y r in e  fo r  human s tu d ies  and s in c e  then an tip y r in e  e lim in a t io n  has 

been e x te n s iv e ly  used to  in v e s t ig a te  many fa c to r s  in flu en c in g  drug 

metabolism  (V e s e ll,  1979).

1 .2 .1 .2 .3 . 1 M étabolisa

A n tip y r in e  is  m etabolized  by a t le a s t  three independent m etabolic 

pathways (f ig u re  1 .1 ) r e su lt in g  in  th e  form ation o f  4 -hydroxyan tipyrine 

(4H), noran tip yrin e  (H) and 3-hydroxym ethylan tlpyrine (3H) (Danhof e t 

a l. , 1982a). Minor m etabo lites  have been id e n t i f ie d  as 3-carboxy-

a n t lp y r in e , a product o f  the o x id a t io n  o f  3-hydroxym ethylan tipyrine, and 

4,4* -d ih yd roxyan tip yr in e  a product o f  aromatic r in g  h yd roxy la tion  o f  4- 

hydroxyan tipyrine (B ottcher e t a l.  , 1982; Danhof e t  a l . , 1982a; Inaba e t

a l . ,  1981). Q u a lita t iv e ly ,  these m etab o lites  a re produced both in  ra ts  

and man. T h . r .  a re , however, q u a n t ita t iv e  d i f fe r e n c e s  between these 

sp ec ie s .

1 .2 .1 .2 .3 . 2 P b araacok lnetlcs

A n tip y r in e  is  noted fo r  i t s  ra p id  and complete absorp tion  from the 

g a s t r o - in te s t in a l t r a c t ,  i t s  d is t r ib u t io n  in to  t o t a l  body water w ith 

n e g l ig ib le  binding to  t issu e  or plasma p rote in s and i t s  alm ost complete 

metabolism  in the l i v e r  w ith low e x tra c t io n  r a t io  and n e g l ig ib le  renal 

e lim in a t io n  (V e s e ll,  1979). These c h a ra c te r is t ic s  in d ic a te  i t  to  be a 

low c lea ran ce , minimal binding drug and th e re fo re  i t s  metabolism is  

Independent o f l i v e r  b lood flow .

1 0



I  -  an tip yr in e
I I  -  3 -hydroxym ethylantipyrine
I I I  -  4 -hydroxyan tipyrln e
IV -  n oran tip yrin e
V -  3 -ca rboxyan tip yrln e
VI -  4 ,4 * -d ih yd roxyan tip yrin e

Figure 1.1 Ketabollc Pathways o f Antipyrine
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1 .2 .1 .2 .3 .3  Use as a Model Compound

A n tipyrin e  is  w ide ly  used t o  r e f le c t  h epa tic  drug metabolism In man 

(Andreasen e t  a l. , 1974; V e s e l l ,  1979). As a low  c learance, low  binding 

drug I t s  e lim in a tion  Is  determ ined la r g e ly  by h ep a tic  o x id iz in g  enzyme 

a c t iv i t y  and th e re fo re  may serve  as a q u a n t ita t iv e  measure o f  l i v e r  

fu nction  (Andreasen e t  a l.  , 1974; Homeida e t  a l.  , 1979). A n tip yrln e  has 

been used e x ten s iv e ly , th e r e fo r e ,  to  In v e s t ig a te  the postu la te  tha t such 

metabolism o f model compounds might p re d ic t  th e  in -v iv o  d isp o s it io n  

c h a ra c te r is t ic s  o f th e ra p eu tic  drugs. I t  has a ls o  been used to  Id e n t i fy  

sources o f  v a r ia b i l i t y  In  drug m etaboliz ing  a b i l i t y .  The advantages and 

lim ita t io n s  o f  th is  l a t t e r  ap p lica tion  have been e x ten s iv e ly  reviewed 

(V e s e ll,  1979; V ese ll and Penno, 1983).

The use o f an tip yrln e  metabolism  as a u n iv e rsa l p red ic to r  o f  in - v iv o  

d isp o s it io n  c h a ra c te r is t ic s  has ra re ly  produced p r e d ic t iv e  c o r re la t io n s . 

Although the usefu lness o f  h a l f - l i f e  as a param eter has been questioned, 

the use o f the p re fe rred  parameter, c lea ran ce , has not improved such 

c o r re la t io n s . As ev id en ce  fo r  the ex is ten c e  o f  m u ltip le  forms o f 

cytochrome P-450 increased  i t  became c le a r  th a t d i f f e r e n t  Isoenzymes had 

d i f f e r e n t  substrate s p e c i f i c i t i e s  (Vang e t  a l .  , 1983). Use o f  the 

pharmacokinetic data fo r  one compound to  p r e d ic t  the d is p o s it io n  o f  the 

wide range o f th erapeu tic  compounds which are m etabolized  Is  th e re fo re  

u n re a lis t ic . Only when th e  same Isoenzymes are in vo lved  In  the 

metabolism o f the two compounds can the response to  one s a t is fa c t o r i ly  

p red ic t the metabolism o f  th e  other.

The postu la te o f  Huffman e t  a l. (1973), th a t  d i f fe r e n t  enzymes are 

In vo lved  In the form ation  o f  the various m e ta b o lite s  o f a n tlp y r in e , has 

been confirmed by other groups (Boobis e t  a l.  , 1981; Danhof e t  a l . ,  

1979; Inaba e t  a l. , 1980; Kahn e t a l.  , 1982; Rhodes and Houston, 

1983b). Brelmer (1983) su ggested  that the use o f  m etabo lite  c learances  

ra ther than to ta l  c le a ra n ce s  might improve r e la t io n s h ip s  between the

12



Some s e l e c t i v i t y  has been observed In  the form ation  c lea ran ces/ ra tes  

o f the m etabo lites  o f an tlp yr ln e  w ith  various inducing and in h ib it in g  

agents (ta b le  1 .2 ). B-HF-mediated cytochrome P450I Induction  o f  the 

pathways o f  an tlp yr ln e . fo r  example, was found to  be s e le c t iv e  fo r  4- 

h ydroxylation  and N-dem ethylation, whereas 3 -hyd roxy la tion  was reduced. 

PB-mediated cytochrome P450IIB in d u ction  on the other hand, non- 

s e le c t lv e ly  Increased the form ation  ra tes  o f  a l l  th ree m e tab o lites  

(Rhodes and Houston, 1983b). Various Inducers and In h ib ito r s  have been 

observed to  d i f f e r e n t ia l l y  a f f e c t  th e  m etabolic pathways o f  a n tip y r in e  

in man. In h ib it io n  o f  a n tip y r in e  m etabolism  by p ropranolo l was found to  

be most pronounced fo r  3-hydroxym ethyl an tip y r in e , a lthough In  some 

In d iv id u a ls  a lso  a decrease in  form ation  c learance  o f  4- 

hydroxyantipyrine and noran tip yrin e  was observed (Bax e t  a l .  , 1981).

Fo llow ing treatment w ith  phenytoln  and carbamazepl ne, 3- 

hydroxym ethylantipyrine and 4 -h yd roxyan tipyrin e  form ation c lea ran ces  

were s e le c t iv e ly  increased, w h ils t n oran tip y r in e  form ation  c lea ra n ce  was 

u naffected  (Shaw e t a l. , 1985).

1 .2 .1 .2 .4  Theophylline

Theophylline is  used as a bronchodi la to r  f o r  the symptomatic and 

p roph y lactic  treatment o f  asthma and fo r  r e v e r s ib le  b ronchoconstrlc tlon . 

I t s  pharm acological a c tion  i s  t o  in h ib i t  the enzyme phosphodiesterase 

and leads to  an Increase in  the in t r a c e l lu la r  concen tra tion  o f  . c y c l ic  

adenosine monophosphate (cAXP) t o  cause re la x a t io n  o f  b ron ch lo la r  smooth 

muscle and r e l i e f  o f bronchospasm. S ince i t  has a narrow th erapeu tic  

index serum concen trations are determ ined when treatm ent i s  commenced in 

order to  optim ise therapy. Modest changes In th eop h y llin e  c lea ran ce  may 

resu lt  in  in s u f f ic ie n t  bronchodi 1 a t  Ion  or the appearance o f  t o x ic  s id e -

metabolism o f two compounds (Brsimer, 1983). This has subsequently been

confirmed (Teunlssen et a l 1986; Van der Graaff et al. , 1983b).
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Table 1.2 S e le c t iv ity  o f Drugs, Interacting with Antipyrine, towards the

Formation C learance, Formation Sate o r  U rinary  E xcretion  o f 

A n tip yrin e  M etabo lites

In te ra c t in g
Agent

E f fe c t  Species E ffe c t  on 
AP M etabolites

References

A ro c lo r  1254 Induction ra t 4 3H. f  4H, h N Shaw & Houston 1986

ß-MF i  3H, r 4H, t N Rhodes & Houston 1983b

3 -MC 4  3H, t 4H, t N Teunlssen e t  a l.  1983a

An tip yrin e n on -se le c tlv e Shaw e t a l.  1986

PB n o n -s e le c t ive Teunlssen e t  a l. 1983b

PCM n on -se le c tiv e Shaw e t  a l. 1986

Promethazine n on -se le c tiv e Suaw e t a l. 1986

*a - IF In h ib it io n ra t «  3H, «  4H, 1 N Rhodes e t a l.  1984

*SKF 525A - - 4 3H, f  4H, » M Rhodes e t a l.  1984

C im etid ine - " n on -se le c tiv e Adedoyln e t  a l.  1987

•Metyrapone " " n on -se le c tiv e Rhodes e t a l.  1984

Carbamazepl ne Induction man r 3H, t 4H, » M Shaw e t  a l. 1985

Phenytoin r 3H, t 4H, h N Shaw e t a l. 1985

R ifam picin «  3H, h  4H, t M Teunlssen e t  a l.  1984

Pentobarb itone n on -se le c tiv e Danhof e t  a l.  1982b

Phenobarbi tone n on -se le c tiv e Dossing e t  a l.  1983

Sulphinpyrazone n o n -se lec tive S ta ig e r  e t  a l. 1983

Propranolo l In h ib it io n man 4 3H, h  4H, » M Bax e t a l. 1981

C im etid ine - n o n -se lec tive Teunlssen e t  a l. 1985c

Verapamil - « n on -se le c tlv e Bach e t  a l.  1986

OCS n on -se le c tiv e Teunlssen e t  a l. 1982

a-MF -  a-naphthoflavone ß-HF

3 -MC -  3-m ethylcholanthrene OCS

PB - phenobarbitone PCI

*  u rinary  e x c re t io n  data



e f f e c t s .  A la rg e  number o f  g en e tic , pa thophys io log ica l and environm ental 

fa c to r s  have been id e n t i f ie d .  which In flu ence  th eop h y llin e  

pharm acokinetics (Gardner and Jusko, 1984; O g llv le ,  1978; P ow e ll, 1984). 

Concurrent adm in is tra tion  o f  drugs may a ls o  a f f e c t  th eop h y llin e  

c lea ran ce  (Jonkman and Upton, 1984).

R ea lis a t io n  o f  the m u lt ip l ic i t y  o f  the cytochrome P-450 system led  t o  

a search  fo r  marker compounds w ith  s p e c i f i c i t y  fo r  p a r t ic u la r  Isoenzymes 

o f  cytochrome P-450 (Kellermann and Luyten-Kellermann, 1978 ). Since th e  

metabolism o f  th eop h y llin e  had been found to  be a c c e le ra ted  by c ig a r e t t e  

smoking, i t  was suggested tha t th is  drug might be used a s  a marker o f  

cytochrom es P450I in  man and ra t (Brelmer e t  a l. , 1984; Jenne, 1982;

Kappas a t a l . , 1976).

1 .2 .1 .2 .4 .1  M stabo lIsa

Th eophyllin e  <1,3-methyl xanth ine) is  e x te n s iv e ly  m etabo lized  in  man and 

anim als ( f ig u r e  1 .2 ) to  3-m ethylxanthlne and 1-m ethylurlc a c id  and 1 ,3 - 

d i methyl u r ic  a c id  (B rodle e t  a l. , 1952; Cornish and Christman, 1957;

Jenne e t  a l. , 1976; V e in fe ld  and Christman, 1953) by th e  hepatic  mixed

fu n ction  oxidase system (Lohmann and Miech, 1976). These m etabo lites  

account fo r  up to  90% o f  an adm inistered dose, w ith on ly about 10% being 

recovered  as unchanged drug.

1 .2 .1 .2 .4 .2  Pharm acok inetics

Th eophyllin e  pharm acokinetics has been w id e ly  s tu d ied  in  the r a t  

(Teunlssen e t  a l. . 1985a; W illiam s e t  a l. , 1979) dog (C lo z e l  e t a i .  ,

1981; Tse and Szeto, 1982) ca t (NcKlernan e t  a l. , 1983) gu inea-p ig

(Madsen and R ib e l, 1981), horse (E rreca lde e t  a i. , 1985; In gvast-Larsson  

e t  a l. , 1985), rabb it (Canada e t  a l. , 1986) and man (Bonattl and 

G a ra t t ln l,  1984; Chranowskl e t a l. , 1977; E l l l o  e t  a l.  , 1976; Mltenko

and O g llv le ,  1972; O g ilv ie ,  1978). Although plasma co n cen tra tion -t im e
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Figure 1 .2  H etabo lic  Pathways o f Theophylline

I -  Theophylline

I I  -  3-m ethylxanthlne 

I I I -  1 ,3 -d la e th y lu r lo  acid

IV -  1-methylxanthlne

V -  1-m ethyluric a c id .
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p r o f i l e s  fo r  th eo p h y llin e  fo l lo w in g  ad m in is tra tion  o f  th erapeu tic  doses 

have been d esc r ib ed  by l in e a r  k in e t ic s  fo l lo w in g  adm in istra tion  o f  

th erapeu tic  d oses  (Tang-Llu  e t a l . , 1982), various s tu d ies  have 

suggested th a t th eop h y llin e  e x h ib its  c a p a c ity  lim ited  k in e t ic s  

(Weinberger and Ginchansky, 1977). When plasma drug concen trations above 

20mg/L are reached, then lo g - l in e a r  decay cu rve  i s  no lon ger observed; 

ra th er the cu rve  fo llo w s  expected  ca p a c ity  l im ite d  k in e t ic s  (Jenne e t  

a l. , 1977; K ad lec e t  a l. , 1978). Human c le a ra n ce  o f th eop h y llin e  I s  

h igh ly  v a r ia b le  w ith  va lues o f  between 8 and 200 ml/Kg/h being observed 

(O g l lv le ,  1978).

Lohmann and N iech  (1976) repo rted  a h a l f - l i f e  o f  th eoph y llin e  In ra ts  

o f  about 6 h, w h ils t  Teunlssen e t  a l. (1981) found doses o f  20mg to  

produce a s im ila r  h a l f - l i f e ,  lower doses (5mg) have h a l f - l i v e s  o f  on ly  

70 min. In a more ex ten s iv e  study i t  was found that AUC Increased 

d is p ro p o r t io n a te ly  w ith th eop h y llin e  dose, thus in d ica tin g  capac ity  

lim ited  metabolism (Teunlssen e t  a l . ,  1985a).

1 .2 .1 .2 .4 .3  Use as a Model Compound

P o ly c y c lic  a rom atic  hydrocarbons (PAH) a re  w id e ly  d ispersed  In  nature 

and may In flu en ce  the d is p o s it io n  o f those drugs which are m etabolized 

by PAH In d u c ib le  Isoenzymes. I d e n t i f ic a t io n  and use o f  s p e c i f ic  

Isoenzyme probes may help  t o  determ ine whether these Isoenzymes are a lso  

In vo lved  In th e  metabolism o f  other drugs.

In te res t In  the use o f  th eop h y llin e  as  a probe o f drug metabolism 

stems from knowledge th a t metabolism can be enhanced by 3- 

methylcholanthrene In  the mouse (B e tla ch  and Tozer, 1980) and ra t 

(Teunlssen e t  a l . , 1986; W illiam s e t m l . t 1979). In man, d ie ts  

con ta in ing  ch a rco a l-b ro ile d  b ee f (Kappas e t  a l.  , 1978) and tobacco and 

marijuana smoking (Jusko e t  a l.  , 1978; Jusko e t  a l. , 1979; Powell e t  

a l . , 1977), both o f  which may in vo lve  the In tak e  o f  p o ly c y c lic  aromatic
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hydrocarbons (PAHs) (cytochrom es P450I in du cers ), shorten  th eophyllin e 

e lim in a tion  h a l f - l i f e .  Campbell e t  a l. (1987) observed th a t theophylline 

and eth oxyreso ru fin  c o m p e t it iv e ly  in h ib ited  each o th ers  metabolism in 

human l i v e r  microsomes and th a t EROD a c t i v i t y  c o r re la te d  h ig h ly  <r=0.91) 

w ith th eop h y llin e  1-dem ethylation . Since e th oxy reso ru fin  i s  a substrate 

fo r  cytochromes P450I, then these data p rov id e  fu rth er ev id en ce  fo r  the 

involvem ent o f  cytochromes P450I in  the metabolism o f  th eop h y llin e .

Other s tu d ies , however, have Ind ica ted  tha t PB -in du cib le  forms o f 

cytochrome P-450 are a ls o  in vo lved  in  the metabolism o f  th eophyllin e  

(Jonkman and Upton, 1984). In te r e s t in g ly ,  Acheson e t  a l.  (1987) observed 

that the e f f e c t s  o f an ticonvu lsan t drugs and p o ly c y c l ic  aromatic 

hydrocarbons on the metabolism o f an tip y r in e  o r th eo p h y llin e , were not 

a d d it iv e .

1 .2 .1 .2 .5  Tolbutam ide

Tolbutamide is  an o ra l hypoglycaem ic agent used fo r  the chronic 

treatm ent o f  d iabetes  m e llltu s  o f th e  m atu rity-onset type. The 

hypoglycaem ic e f f e c t  o f  tolbutam ide on ly  occurs when the 0- c e l l s  o f the 

is l e t s  o f  Langerhans a re  In ta c t and some fu n ction a l capac ity  is  

reta in ed . S in ce  tolbutam ide has no in flu en ce  on g lu cose to le ra n ce , i t  is  

thought to  stim u la te  the pancreas to  produce more in su lin .

1 .2 .1 .2 .5 .1  Metabolism

A fte r  o ra l adm in is tra tion  t o  humans, about 85% o f the dose is  excreted 

in  the u rin e  as the in a c t iv e  carboxy (l-bu ty l-3 -p -ca rb oxyp h en y l- 

su lphonylu rea ) and hydroxymethyl m etabo lites  (1 -bu ty l-3 -p -hydroxy- 

methy1phenylsulphony1urea) (Thomas and Ikeda, 1966). Tolbutamide is  

ox id ized  t o  hydroxytolbutam ido and then to  carboxytolbutam ide. I t s  

u sefu lness as  a probe o f  drug metabolism i s  com plicated by the fa c t  that 

i t  undergoes ex ten s ive  sequ en tia l metabolism (f ig u r e  1 .3 ) and shows high



The metabolism o f tolbutam ide has been e x te n s iv e ly  s tud ied  and 

pronounced sp ec ie s  d if fe r e n c e s  noted. The dog is  rep o rted  to  e x c re te  p- 

to lylsu lphonam ide and p - to ly lsu lp h on y lu rea  (Mohnike e t  a l. , 1958;

Vittenhagen e t  a l.  , 1959). Reports o f  m e ta b o lite s  o f  to lbutam ide in  the

c a t  have been c o n f l ic t in g .  Larsen and Madsen <1962) suggested that 

hydroxy-tolbutam ide was the primary m etab o lite  whereas V ittenhagen  e t 

a l.  <1959) in d ica ted  tha t metabolism was s im ila r  to  tha t in  the dog. In 

th e  ra t ,  80% o f  an o r a l ly  adm in istered dose o f to lbu tam ide is  exc. «»ted 

in  urine, predom inantly as hydroxytolbutam ide. Small amounts o f 

carboxytolbutam ide and p -to ly lsu lp h o n y lu rea  <about 5% o f  dose ex c re ted ) 

were a lso  d e tec ted . In man, however, carboxy-to lbu tam ide <67%> is  

p resen t in  u rin e  to  a g re a te r  ex ten t than hydroxy-tolbutam ide <33%) 

< Thomas and Ikeda, 1966). Tagg e t  a l.  <1967), have shown that 

to lbutam ide i s  converted  in  the l i v e r  t o  hydroxytolbutam ide by NADPH- 

lin k ed  microsomal enzymes. The o x id a t io n  pathway appears to  be almost 

q u a n tita t iv e  in  the ra t  and man (Rowland and Matin, 1973; Thomas and 

Ikeda, 1966). Hydroxytolbutam ide i s  fu r th e r  m etabolized  to  carboxy­

to lbutam ide presumably v ia  tolbutam ide a ldehyde, by a lcoh o l and aldehyde 

dehydrogenases o f  the c y to s o l (Hansen and Christensen, 1977; McDaniel e t  

a l.  , 1969) ( f i g u r e  1 .3 ).  I t  can th e r e fo r e  be seen tha t o x id a tio n  o f

to lbutam ide to  hydroxytolbutam ide i s  r a t e  l im it in g  fo r  the e lim in a tio n  

o f  the drug and i t s  m etab o lites  (Rowland and Matin, 1973; Hansen and 

Christensen, 1977).

1 .3 . 1 .2 .5 .2  P harm acok inetics

F o llow ing ip  ad m in is tra tion  in  ra ts  (50mg/Kg) to lbu tam ide h a l f - l i f e  was 

estim ated  as 129 min, c lea ran ce  as 1 .2  ml/mln/Kg, apparent volume o f 

d is t r ib u t io n  as 0.21 L/Kg and AUC as 513 h x mg/L (Back e t a l . , 1984).

protein  binding. E ffects  due to  a lte ra tion  in binding must therefore be

d iffe ren tia ted  from those due to changes in  hepatic metabolic a c t iv ity .



F igu re  1.3 X e tab o lic  Pathway o f  Tolbutamide

I -  tolbutam ide
I I  -  hydroxytolbutam ide
I I I  -  tolbutam ide aldehyde
IV -  carboxytolbutam lde
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In a human study, Matin e t  a l. , (1974) found the d e c lin e  in  plasma

con cen tra tion  fo l lo w in g  iv  adm in is tra tion  o f  to lbutam ide, to  be 

b lph as ic . The term ina l h a l f - l i f e  was 7 .2  ± 0 .8  h and the apparent volume 

o f  d is t r ib u t io n ,  7 .3  ± 0.9 L. Andreasen and V e s e l l  (1974) compared th e  

o ra l and l v  rou tes  o f  adm in is tra tion  fo r  to lbu tam ide a f t e r  s in g le  doses 

o f  aqueous s o lu t io n s  and concluded tha t the rou tes  were eq u iva len t in  

terms o f  pharm acokinetics. Values fo r  e x tra p o la ted  Y - ln te rc ep ts , plasma 

h a l f - l i v e s ,  apparent volume o f  d is t r ib u t io n  and m etabolic c lea ra n ce  

ra te s  were a l l  s im ila r . In th is  study, s in ce  few  e a r ly  measurements o f  

plasma con cen tra tion  were made, data appeared t o  fo l lo w  m onoexponential 

k in e t ic s .  Plasma h a l f - l i f e  was s im ila r  t o  th a t  described  p re v io u s ly  

(Matin e t  a l . ,  1974) a t 7.7 ± 0.6 h ( l v )  and 7 .6  ± 0.9 h (p o ) and th e  

apparent volume o f  d is t r ib u t io n  was la r g e r  (10 .1  ± 2.4 L ( i v ) ;  9 .8  ± 1.7 

L (p o )> , presumably as a r e s u lt  o f  f i t t i n g  a monoexponential model. 

C learance was c a lcu la ted  to  be 15.3 ± 4 . 3  ml/min ( l v )  and 15.2 ± 3 .5  

ml/mln (p o ).  The data from these e a r ly  s tu d ie s  has been con firm ed  

subsequently by Cate e t  a l. (1986), where a h a l f - l i f e  o f  7 .8  h, an 

apparent volume o f  d is t r ib u t io n  o f  11.5 L, a c lea ran ce  o f  17 ml/mln and 

an AUC o f  59 mg x mln/ml were d e r iv ed  from o ra l data.

1 .2 .1 .2 .5 .4  Use as a Model Compound

Tolbutam ide has p o te n t ia l as a probe o f  d rug metabolism s in ce  i t  i s  

almost com p le te ly  m etabolized  in  the l i v e r  by microsomal enzymes. 

Metabolism  v ia  a s in g le  rou te, o x id a tion  t o  hydroxytolbutam ide, makes i t  

h igh ly  s e n s it iv e  to  changes in  drug m etab o liz in g  a c t i v i t y .  I t  has 

th e re fo r e  been used to  In v e s t ig a te  the e f f e c t s  o f in h ib ito r s  o f  drug 

metabolism  (C hristensen  e t  a l.  , 1963) and subsequently as a probe o f  the

Concentrât1on-time p ro file s  demonstrated monoexponential k in etics in

rate.
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A number o f  well-known inducers and in h ib ito r s  o f  drug metabolism 

have been shown t o  in te ra c t  w ith  tolbutam ide. E lim ination  i s  induced by 

phenobarbitone (Back e t  a l . , 1984) and r ifa m p ic in  (S y v a la h t l e t  a l. , 

1974) and in h ib ited  by chloram phenicol (C hristensen  and Skovsted, 1969), 

c lm e tid ln e  (Cate e t  a l. , 1986), phenylbutazone (Pond e t  a l.  , 1978),

primaquine (Back e t  a l . , 1984), su lpham ethizole (Lumholtz e t  a l. , 1975), 

su lphaphenazole (C h ristensen  e t  a l. , 1963; Dubach e t  a l . , 1966) and 

sulphinpyrazone (M iners e t  a l . , 1982).

1 .2 .2  I n - v l t r o  Assays

I n - v i t r o  techniques, using l i v e r  fra c t io n s  as enzyme sou rces , a re w idely  

used to  id e n t i fy  m e tab o lite s  and to  p rov id e  q u a l i t a t iv e  and q u an tlta ive  

in fo rm ation  about p o s s ib le  m etabo lic  pathways. E x tra p o la tion  o f  i n - v i t r o  

data t o  in - v iv o  drug handling has, however, r a r e ly  been p re d ic t iv e . 

Reasons fo r  th is  include d i f fe r e n c e s  in  su bstra te  con cen tra tion , 

a v a i l a b i l i t y  o f  c o - fa c to r s  and d i f fe r e n c e s  in  the i n - v i t r o  and in -v iv o  

ra te  l im it in g  steps . The r a te  l im it in g  s tep  fo r  h igh ly  c le a r e d  drugs, 

fo r  example, i s  l i v e r  b lood flow . Rane e t  a l.  (1977) were however ab le  

to  p re d ic t  the h epa tic  e x tra c t io n  o f  a number o f  compounds coverin g  a 

wide range (1% to  over 90% e x tra c t io n ) by app ly in g  q u a n tita t iv e  

c lea ran ce  concepts to  the i n - v i t r o  data. Th is  study took in to  account 

b io lo g ic a l  fa c to rs  which determ ine organ c lea ran ce  such as l i v e r  weight, 

b lood f lo w  and plasma p ro te in  b inding (G i l l e t t e ,  1975; V ilk in son  and 

Shand, 1975). The a c t i v i t y  o f  the h epatic  drug m etab o liz in g  enzymes was 

expressed , under f i r s t - o r d e r  con d ition s , as the r a t io  o f  Vma>>. and K„. and 

th is  in  turn may be regarded  as the in t r in s ic  c learance  o f  th e  drug.

Equations 1.2 and 1.5 r e la t e  in t r in s ic  c lea ran ce , which can be 

c a lcu la ted  from i n - v i t r o  data  (Rane e t  a l. , 1977), to  drug c lea ran ce  i n -

e ffe c ts  on drug metabolism o f  the Inh ib itor primaquine and the Inducer

phenobarbitone (Back et al. , 1984).
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v ivo  (s e c t io n  1 .2 .1 .2 .1 ) .  Hepatic c lea ran ce  o f  o ther compounds have been 

p red ic ted  in  the ra t  using th is  concept (H iH ik e r  and Roth, 1980; Huang 

a t a l . , 1981; Lin a t a l . , 1978; V iersim a and Roth, 1980).

Problems a ssoc ia ted  w ith the use o f  i n - v i t r o  data to  assess the i n -  

v iv o  handling o f drugs r e la te  to  the source o f  l i v e r  samples and the 

cho ice o f  i n - v i t r o  and in - v iv o  probes. Human l i v e r  samples are u su a lly  

obtained by biopsy and laparotomy. S ince enzyme a c t i v i t y  i s  not thought 

to  be uniform  throughout the l i v e r ,  d if fe r e n c e s  in  the lo ca tio n  from 

which l i v e r  samples are taken may add to  the v a r ia b i l i t y  in  a c t i v i t y  

observed. Also l i v e r  samples are u su a lly  taken only from p a tien ts  w ith  

suspected l i v e r  d isea se , which might, i f  present, con tribu te  to  

v a r ia b i l i t y  in  measured enzyme a c t i v i t y .

The cho ice o f  i n - v i t r o  in d ic a to r  i s  o fte n  poor in  tha t a number o f  

the c la s s ic a l  i n - v i t r o  su bstra tes  tend not to  be s e n s it iv e  to  sm all 

changes in  a c t i v i t y .  The most commonly used in d ic a to r  o f  i n - v i t r o  

a c t i v i t y ,  fo r  example, is  cytochrome P-450 content. Only small changes 

can be noted in  t h is  parameter however even though la rg e  changes occur 

in  th e  h a l f - l i f e  o r  c learance o f  in - v iv o  probes such as a n tip y r in e  

(V u itton  e t a l. , 1981). A number o f  more s p e c i f ic  assays have been 

developed  with s p e c i f i c i t y  fo r  c e r ta in  forms o f  cytochrome P-450. The 

value o f  these has been in v e s t ig a te d  in  th is  th es is .

I t  has been suggested  that i n - v i t r o  es tim a tion s  should cen tre on the 

drug whose e lim in a t io n  i s  to  be p red ic ted  in -v iv o .  Th is  approach might 

be b e t t e r  than the use o f  an u n re la ted  su bstra te . Experiments by Boobls 

a t a l.  (1981) u sing a n tip y r in e  in  a human study confirm ed th is  idea . 

There a re , however, few other s tu d ie s  o f  a s im ila r  nature owing to  the 

d i f f i c u l t y  encountered in  ob ta in in g  human l i v e r  samples.



1 .2 .2 .1  Assay Technlques

Many compounds are su bstra tes  f o r  the h epatic  monooxygenase system and 

provided tha t th ere  i s  a s u ita b le  assay procedure any o f  these may be, 

and many have been, used to  study the drug m etabo liz in g  a c t i v i t y  w ith in  

mlcrosomes. Some o f  these compounds are now r a r e ly  used s ince th e ir  

assay procedures a re  ted ious, la c k  s e n s i t iv i t y  o r s e l e c t i v i t y  or the 

compounds are m etabolized  very  s low ly  o r have a complex m etabolic 

routes.

The s im ple assays fo r  the metabolism o f  su bstra tes  o f  cytochrome P- 

450 have p rev iou s ly  in vo lved  s o lv e n t  e x tra c t io n  o f  the m e ta b o lite (s ) and 

the use o f  c o lo r im e t r ic  d e te c t io n  methods (e . g  ethylm orph ine) .  More 

s e n s it iv e  assays measure the flu o rescen ce  o f  the e x tra c te d  m etabolite  

(e .g  b en zo (a )p y ren e ) or the r a d io a c t iv i t y  o f  m e tab o lite s  from a ra d io -  

la b e lle d  substra te (e .g  h exobarb iton e ). These assays a re  tim e in ten s ive  

and e r r o r s  can be introduced du ring  the s o lv e n t  e x tr a c t io n  procedures. 

In o rder to  a vo id  these problems, d ir e c t  methods o f  measurement have 

been developed . U l l r ic h  and Weber (1972) developed  a d i r e c t  f lu o r im e tr ic  

assay t o  measure the l i v e r  microsomal cytochrome P-450 dependent O- 

d ea lk y la tio n  o f 7-ethoxycoumarin to  hydroxycoumarin and Burke and Mayer 

(1974) developed a s im ila r  assay which measured the m etab o lite  re so ru fin  

produced from 0 -d ea lk y la t io n  o f  7 -e th oxy reso ru fin .

1 .2 .2 . 2 S p e c i f i c i t y  o f  Assay Methods

The d is co ve ry  th a t  d i f fe r e n t  typ es  o f  inducing agen ts d i f f e r e n t ia l l y  

induce the metabolism  o f su b stra tes  o f  the monooxygenase system, 

promoted s tu d ies  in  th is  area. I t  was found th a t e th oxy reso ru fin  (Burke 

and Mayer, 1974) metabolism was p r e fe r e n t ia l ly  Induced by 3-m ethyl- 

cholanthrene. T h is  suggested tha t cytochromes P450I were in vo lved  in  

th e ir  metabolism. Aminopyrine-O-demethylase (M azel, 1971) and

d ich lo ron itroan iso le -O -dem eth y lase  (Hultmark e t  a l . , 1979) were found to

2 4



be p r e f e r e n t ia l ly  Induced by phenobarbitone, in d ic a t in g  that cytochromes 

P450IIB  are in vo lv ed  in  t h e i r  metabolism. Subsequent s tu d ies  have shown 

th a t 7-methoxycoumarln (P a te rson  e t  a l. , 1984) and p en toxyresoru fin

(Burke and Mayer, 1983) are p r e fe r e n t ia l ly  m etabolized  by 

ph enobarb itone-induclb le  forms o f  cytochrome P-450.

The use o f su bstra tes  s p e c i f i c a l l y  m etabolized  by c e r ta in  forms o f  

cytochrom e P-450 may enable ch a ra c te r iz a t io n  o f  the induction  p ro p e r t ie s  

o f  a compound and may a lso  f a c i l i t a t e  measurement and comparison o f  the 

a b i l i t y  o f d i f f e r e n t  cytochrom e P-450 Isoenzymes t o  m etabo lize  drugs 

(Lecamwasan, 1975; Seymour and P e te rs , 1977).

1 .3  CORK EL AT IOIS BETVBEI IM - VIVO  AID IW-VITRO  PARAMETERS OF DRUG

METABOLISM

To d a te  In v e s t ig a t io n s  o f  drug m etabo liz in g  cap ac ity  have produced no 

s ig n i f i c a n t  or v e ry  weak c o r r e la t io n s  o f  v e ry  l i t t l e  p r e d ic t iv e  va lu e  

( f i g u r e  1 .4 ). T h is  may be due to  the use o f  genera l probes o f  drug 

m e tab o liz in g  ca p a c ity  such as  cytochrome P-450 content o r a n t lp y r ln e  

t o t a l  clearance or h a l f - l i f e  which can on ly  r e f l e c t  g ross ra th e r  than 

s p e c i f i c  changes in  cytochrom e P-450. In  many o f  the human s tu d ies  

c o r r e la t io n s  were on ly ach ieved  by using a la rge  number o f  su b jec ts , 

in c lu d in g  d iseased  p a tien ts , o r by using normal su b jec ts  who were 

r e c e iv in g  drug therapy. Sotan lem i e t a l. (1977a, 1977b, 1978a, 1978b)

and P lr t t la h o  e t  a l. (1978), found c o r r e la t io n s  between a n tlp y r ln e  h a l f -  

l i f e  or c lea ran ce  and cytochrom e P-450 con ten t in  human s tu d ie s  using 

p a t ie n ts  w ith l i v e r  d isease . S tud ies  in  anim als (S ta tland  e t  a l.  , 1973; 

V e s e l l  e t a l . , 1973) and normal p a tien ts  (D avies e t  a l . ,  1973; F a r r e l l

e t  a l . , 1979; Sotanlemi e t  a l . , 1977a, V u ltton  e t  a l . , 1981) showed no

such c o r r e la t io n  however.

P ir t t ia h o  e t  a l.  (1978) observed, in  b io p s ie s  from p a tien ts  f r e e  from  

l i v e r  parenchymal changes, th a t c o r r e la t io n s  were improved when t o t a l
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h epatic  cytochrom e P-450 was used in s tea d  o f  cytochrome P-450 

concen tra tion  bu t not when c o r r e la t io n  data  from b iop s ie s  e x h ib it in g  

parenchymal changes were Included. Parenchymal changes such as fa t  

accumulation, in c rea s e s  in  f ib r o t i c  t is su e  and inflammatory processes 

may be a s s o c ia te d  w ith  l i v e r  enlargement and re s u lt  in  changes in 

microsomal drug m etabo liz in g  a c t i v i t y ,  h ep a t ic  drug uptake, b lood flow  

and d is t r ib u t io n .

R e la t io n sh ip s  between a n tip y r ln e  k in e t ic s  and I n - v i t r o  enzyme 

a c t i v i t i e s  have a ls o  been in v e s t ig a te d  ( f i g u r e  1 .4 ). S ta tland  e t  a l. 

(1973) c o r r e la t e d  a n tip y r in e  h a l f - l i f e  w ith  an tip yr in e  hydroxylase 

a c t i v i t y  in  r a b b it s .  Davies e t  a l. (1973) found no c o r r e la t io n  between 

a n tip y r in e  h a l f - l i f e  and ethylm orphine N-demethylase a c t iv i t y  in  humans 

but F a r r e l l  e t  a l.  (1979) saw a weak c o r r e la t io n  in  another human 

study between a n t ip y r in e  h a l f - l i f e  and both ethylm orphine-N-dem ethylase 

and a ry l hydrocarbon hydroxylase a c t iv i t y .  S ig n if ic a n t  c o r r e la t io n s  were 

observed between  a n tip y r in e  h a l f - l i f e  and a n ilin e  hydroxylase and 

ethylm orphine-N-dem ethylase a c t i v i t i e s  in  dogs (V e s e ll e t  a l .  , 1973) 

rab b its  (S ta t la n d  e t a l. , 1973) and m arsupials (McManus and I l e t t ,  1979) 

(ta b le  1 .3 ).

Human l i v e r  b iopsy samples have dubious use in  the determ ination  o f 

i n - v i t r o  param eters (se .u lon  1 .3 .2 ). Apart from the fa c t  that there is  

u sua lly  in s u f f i c ie n t  in fo rm ation  concern ing the exposure o f the donor to 

fa c to r s  which a f f e c t  the h ep a tic  drug m e tab o liz in g  enzyme a c t i v i t y ,  the 

quan tity  o f  t is s u e  i s  u su a lly  in s u f f i c ie n t  fo r  ex ten s ive  i n - v i t r o  

in v e s t ig a t io n s  w ith  respect to  ap p rop r ia te  substrate and c o - fa c to r  

requirem ents. Animal s tu d ies , which can be more e a s i ly  c o n tro lle d , have 

not been f u l l y  ex p lo ited .
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Table 1.3 Relationships observed between I a-vitro and In-vivo Markers o f

Drug M etab o liz in g  Capacity  In  Animal S tud ies

The fo llo w in g  c o r r e la t io n s  were obtained In  a study by V e s e l l  e t a l.

(1973) using male mongrel dogs (n=12);

AnOHase
(0 .35 -0 .58 )

EMdeMease
(3 .25 -8 .94 )

P-450
(0 .38 -0 .60 )

c y t . c 
reductase 

(6 3 .5 -96 .3 )

HADPH
oxidase 

(2 .6 -5 .7 )

AP t * -0 .78 -0.79 -0 .07 - 0 .2 1 -0 .30
(82-194)
AP MCR 0.78 0.82 0 . 12 0. 24 0.30
(29-72)

AP NCR -  an tlp yr in e  c le a ra n ce  (ml/min)
AnOHase -  a n ilin e  h ydroxy lase ,
EMdeMease - ethylm orphine N-dem ethylase.
Values in  parentheses in d ic a te  the range observed in  th a t p a rticu la r  
parameter.

The fo llo w in g  c o r r e la t io n s  were obta ined  in  a study by M i l le r  e t  a l. 

C1978) using male rhesus monkeys (n=6 >;

ALE DHIase PNAase BPase

AP t *  -0 .09 -0 .27 -0 .23 - 0 .0 1
( c o n t r o l )
AP t *  -0.59 -0.67 -0.31

1001

(PB induced)

ALE
DHIase
PNAase
BPase

a ld r in  epoxidase 
d ih yd ro lsod rin  hydroxylase 
p -n itroan iso le -O -dem ethy lase  
benzo (a ) pyrene hydroxylase

Units fo r  enzyme a c t i v i t i e s  -  nmol/min/mg p ro te in  

Units fo r  cytochrome P-450 -  nmol/mg p ro te in
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F igu re  1.4 B e la tlonsh lp 6  observed between A n tip y r in e  C learance, 

and Cytockrone P-450, WADPH Cytochrone c  reductase, 

Aminopyrlne denethy lase and A n ilin e  hydroxylase 

A c t i v i t i e s  in  P a t ie n ts

(from  a study by V u itton  e t  a l. , 1981)





The o v e r a l l  aim o f th is  study was to  in v e s t ig a te  r e la t io n s h ip s  between 

in - v iv o  and i n - v i t r o  methods o f assess ing  drug m etaboliz ing  a b i l i t y  in 

the ra t .  In  p a rticu la r , markers w ith  poss ib le  s p e c i f i c i t y  towards 

p a r t ic u la r  Isoenzymes o f  cytochrome P-450 were assessed. Both induction  

and In h ib i t io n  stud ies were conducted in  order to  compare th e  m erits  and 

p i t f a l l s  o f  in - v iv o  and i n - v i t r o  approaches.

In th e  indu ction  s tu d ie s  a wide range o f drug m etab o liz in g  a b i l i t i e s  

was a ch ie v ed  by using va riou s doses o f  a cytochromes P450I inducer, fl- 

naphthof la v o n e , and a cytochromes P450IIB inducer, phenobarbitone. 

Values f o r  a  range o f in - v iv o  and i n - v i t r o  markers o f  drug m etabo liz in g  

cap ac ity  w ere  determined and in te r - r e la t io n s h ip s  in v e s t ig a te d . In te r -  

and in t r a - in d iv id u a l v a r ia b i l i t y  was minimised by using each  ra t fo r  

both th e  in - v iv o  and the i n - v i t r o  s tu d ies  and by simultaneous 

a d m in is tra t io n  o f two o f  the in - v iv o  model compounds. The p o t e n t ia l  o f a 

th ird  typ e  o f  inducer, d i - < 2-e th y lh ex y l)-p h th a la te , fo r  p roducing a wide 

range in  d ru g  m etaboliz ing  cap ac ity  was assessed.

In th e  in h ib it io n  s tu d ies , the i n - v i t r o  in h ib ito ry  p o te n c ie s  o f  two 

im id a zo les , kétoconazole and c im etid in e , were compared. Kétoconazole 

In h ib it io n  o f  an tip yr in e  metabolism was determined in - v iv o  in  a s in g le  

dose s tu dy  and then under steady s ta te  cond itions . The pharm acokinetics 

o f  k é to con a zo le  were s tud ied  in  order to  in te rp re t  the s in g le  dose 

In h ib it io n  study and to  design appropria te  dosage regimen f o r  th e  steady 

s ta te  s tu d y .

1.4 AIKS AKD OBJECTIVES
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C H A P T E R  2
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Heparin, sodium s a l t ,  grade I I  
Hexane <AR)
H ydroch loric a c id  (SLR)
4-Hydroxyant i  p yr i ne 
7-Hydroxycou mar i  n
3-H ydroxym ethylantipyrine G i f t

Kétoconazole G i f t

Laurie  acid  
1*C -Lauric  a c id

Methanol (T ech n ica l)
Methanol (A na lar)
7-Methoxycoumarin

NADPH, tetrasodium  s a l t ,  type I 
N oran tipyrine

Optiphase MP

Phenobarbitone Sodium (GPR) 
Phosphoric a c id  (SLR)
Po lyeth y len e  G lyco l 400 (GPR) 
Potassium ch lo r id e  (GPR)
Potassium dlhydrogen  orthophosphate 
(Analar)
Potassium monophosphate (GPR) 
Propan-2-ol (AR)
Propylene G lyco l (GPR)

Resoru fin

Soda lim e (la b o ra to ry  reagen t)
Sodium ace ta te  (GPR)
Sodium carbonate (GPR)
Sodium ch lo r id e  (GPR)
Sodium d lth lo n lt e  (GPR)
Sodium hydroxide (la b o ra to ry  reagen t) 
Sodium m etab isu lph ite  (SLR)
Sodium potassium ta r t r a te  
Sucrose (GPR)
Sulphuric a c id  9b% (te c h n ic a l)

Tolbutamide G i f t  f:

Toluene (AR)
T rlethy lam ine (GPR)
T r i s - (hydroxymethyl)-aminomethane 
(Ana lar)
T r i s - (h yroxym eth y l)-méthylammonium 
ch lo r id e  (A n a la r)

Sigma Chemical Co.
F lson s  S c ie n t i f i c  Equipment 
F ison s  S c ie n t i f i c  Equipment 
A ld r ic h  Chemical Co.
A ld r ic h  Chemical Co. 

from D r. R. Schuppel,
Techn isch  U n ivers ta t, 
Braunschweig, FRG 

and Dr. M. Lennard,
U n iv e r s ity  o f  S h e ff ie ld ,  
England

from Janssen Pharmaceutlea, 
B eerse, Belgium

Sigma Chemical Co.
The Radiochemical Centre, 
Amersham, Bucks. , England

BDH Chemicals Ltd.
F ison s  S c ie n t i f i c  Equipment 
Sigma Chemical Co.

Sigma Chemical Co.
A ld r ic h  Chemical Co.

F ison s  S c ie n t i f i c  Equipment

BDH Chemicals Ltd.
F ison s  S c ie n t i f i c  Equipment 
BDH Chemicals Ltd .
BDH Chemicals Ltd.
BDH Chemicals Ltd.

BDH Chemicals Ltd.
F ison s  S c ie n t i f i c  Equipment 
BDH Chemicals Ltd.

Eastman Kodak C o ., 
Rochester, N .Y .. USA

F ison s  S c ie n t i f i c  Equipment 
BDH Chemicals Ltd.
BDH Chemicals Ltd.
BDH Chemicals Ltd.
BDH Chemicals Ltd.
BDH Chemicals Ltd.
F ison s  S c ie n t i f i c  Apparatus 
BDH Chemicals Ltd.
BDH Chemicals Ltd.
F ison s  S c ie n t i f i c  Equipment

Upjohn Ltd. ,
V est Sussex, England 
F ison s  S c ie n t i f i c  Equipment 
BDH Chemicals Ltd.
Sigma Chemical Co.

BDH Chemicals Ltd.
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2.2 AI1MALS

2 .2 .1  Housing and d ie t

Male Sprague-Dawley ra ts  <200-300g> were bred and su pp lied  by the 

U n iv e rs ity  o f Manchester Animal U n it. They were housed in  opaque p la s t ic  

boxes (two ra ts  per ca ge ), on a bedding o f  sawdust and were a llow ed  an 

u n lim ited  supply o f  CRM labsure ra t  d ie t  and fre sh  d r in k in g  water. They 

were exposed to  a 12 h ligh t/ d a rk  c y c le . Room tem perature was maintained 

between 19 and 21°'C.

2 .2 .2  Pretreatm ents

2 .2 .2 .1  D i- <2-e th y l h e x y l) -p h th a la te

D i- (2 -e th y lh ex y l > phthalate <DHHP> was d isp ersed , un less o therw ise 

s ta ted , in  corn o i l  and adm in istered , in t r a g a s t r ic a l  l y , using an o ra l 

fe ed e r  <5ml/Kg, 17.00-ltt.00 h>, once d a i ly  fo r  15 c o n secu tiv e  days.

2 . 2 . 2 .2  Pbeaabat b i tone

Sodium phenobar b iton e  <PB> was d is s o lv ed  in  normal s a l in e  <0.9% w/v) and 

adm in istered  by ip  in je c t io n  <2ml/Kg, 9.00 10.00 h ) ,  once d a i ly ,  fo r  

th ree  con secu tive days.

2 .2 .2 .3  H aapbtboilavoao

(J-naphthof lavone (0-HF) was f in e ly  suspended in  co in  o i l  and

adm in istered  by ip  in je c t io n  <2ml/Kg, 9.00-10.00 h ) , once d a i ly ,  fo r  

th ree  con secu tive days.

2 .3  IM-VITRO  MKT HODS

2 .3 .1  P repara tion  o f  Hicrouoae6

Rats were k i l l e d  by c e r v ic a l  d is lo c a t io n , th e ir  11 v e ts  removed and 

p laced  in  ic e  co ld  potassium c h lo r id e  so lu tio n  <10mi; 0.15M). Each l i v e r

was weighed, f in e ly  chopped w ith  s c is s o rs  and homogenized in  ic e  co ld
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SET bu tle r  (0.25M sucrose, 20iuH Lris-(hydroxyrue thy 1 )-ami unmethane base; 

5.4mM ethylened iam ine te t ra a c e t ic  ac id ; pH 7.4 ; 1 volume o i  l i v e r  to  3 

volumes SET b u f fe t )  w ith  a Po tter-E lveh jem  hom ogenlzet. Homogenization 

was standard ized  to  th ieo  lu l l  c t iok es . The homogenates weie cen ti ilu ged  

(15 min; lb.OOOg; 4^C; MSE High Speed 21 c e n t r i fu g e )  and the te su lta n t  

supernatants u ltra cen tt ifu ged  <60 min; 100,000g; 4t-C; Sot v a il 

U ltra c en tr ifu g e  Model OTD 6b B) to produce microsomal p e l le t s  which were 

resuspended in  SET bu ffer <2g wet weight l iv e r/ m l) and s to red  in  1ml 

eppendotf tubes a t -70°C.

2 .3 .2  P ro te in  Determ ination

Pro te in  con cen tra tion s  o f  prepared microsomes were determ ined using a 

m od ifica tion  o f the method o f Lowry e t  a l. (1951). Samples were d ilu ted  

<1 in  250) w ith  sodium hydroxide s o lu t io n  (O.ObM) to  g iv e  a 

concen tra tion  w ith in  the range 100-250pg/ml. A liq u o ts  (O.bml) o f  these 

d ilu ted  samples were added to  a te s t  tube toge th er w ith bml o f  Lowry 

reagent ( 100ml o f sodium carbonate s o lu t io n , (2% w/v> in  sodium 

hydroxide s o lu t io n  (0.05M); O.bml o f copper su lphate so lu tio n  <2% w/v); 

0.5ml o f  sodium potassium ta r tra te  so lu tio n  (4% w/v), fr e s h ly  prepared ) 

mixed, and l e f t  a t room temperature fo r 15 min. F o lln -C Io ca I  teu 's  

phenol reagen t (O.bml; d ilu ted  1 in  2 w ith  w ater) was added, mixed 

immediately and l e f t  for a fu rth er 30 min. The absorbance (A7 B0 ) o f  each 

sample was measured spec troph o tom etr ica lly  (Pye-Unicam SPb-500), with 

d i s t i l l e d  water in  the re fe ren ce  cu vette . A range o f  p ro te in  standards 

(bovine serum albumin; 0 250pg/ml In  O.ObM sodium h yd rox id e ) were 

assayed con cu rren tly  to c a l ib r a te  the assay. Samples and standards were 

assayed in  t r ip l ic a t e .
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2 .3 .3  Cytochrome P-450 Deterurination

Microsomal cytochroiue P-450 was measured by a m od ifica tion  o f the 

carbon monoxide d i f fe r e n c e  sp e c tra l method o f  Omura and Sato  (1964). 

Samples weie d ilu ted  (ltug/ml; phosphate b u ffe r , 0 .1M, pH 7 .4 ) and 

a liq u o ts  (2m l) p ip e tted  in to  each o f  two stoppered 1cm g la s s  cu ve ttes . A 

few g ra in s  o f  sodium d ith io n it e  were added to  each cu ve tte  prior to 

running base lin e  sp ec tra  (500-400nm; 2nm/second; Pye-Unicam

spectrophotometer SP8-S00). D iffe ren ce  sp ectra  (490-450nra) were 

recorded, a f t e r  bubbling carbon monoxide through the con ten ts  o f  the 

sample cu v e tte  fo r  1 min and the absorbance d i f fe r e n c e  was used to 

c a lcu la te  cytochrome P-450 con ten t, using an e x t in c t io n  c o e f f i c ie n t  o f 

91 iuM ' c a r ' .

Cytochrome P-450 con ten t = A*b o « » o x  1000

(nmol mg ' microsomal p ro te in ) 91 x [p r o te in !

2 .3 .4  HLboxycoumntin O d ee th y la se  A c t iv it y  (KCUl)) Deter mi nation

This was a continuous m on itoring assay based on the methods o f Prough e l  

a l. (1970) and U llr ic h  and Weber (1972).

7-ethoxycoumarin ---------------------------> 7-hydroxycoumarin > CH»CH0

HADPH •> MADP 

O*  -> H20

Cytochi orne P 450

Microsomes were d ilu ted  (0.5mg/ml) with phosphate b u ffe r  (0. 1M; pH 7 .4 ), 

p ip e tted  (2m l) in to  a qu artz  flu orlm eter cu ve tte  together with / 

ethoxycoumai in  (40iuM; 10»i 1; in  dimeLhylformarnlde) and p laced in  a 

temperature c o n tro lle d  c u v e tte  holder (37**C> in  a f lu o r im e te r  (Perk in  

Elmer MPP 3a) fo r  2 min to a llo w  temperature e q u ilib ra t io n . A baseline
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flu o rescen ce  was measured (\m~ 394run; X.,„ 456nm; s l i t  width Onm) and the 

r e a c t io n  s ta r ted  by the a d d ition  o f  NADPH (lO p l; 20mM; in  phosphate 

b u ffe r  (0.1M), pH 7 .4 ).  The ra te  o f change in  flu orescence was recorded 

fo r  2 inin and standard ized  by the a d d it io n  o f  V-hydr oxycnumar in (lO p l, 

ImM in  dim ethylform aiu ide). Samples were measured in  t r ip l ic a t e  and 

r e s u lt s  expressed as nmol, o f 7-hydroxycoumarin produced per minute per 

rag o f  miciosomal p ro te in .

2 .3 .5  Methoxycouuar1n O dome thy la ce  A c t iv i t y  <MCUb) Determ ination

7-methoxycouiuar in  -------------------------- » 7-hydroxycoumar in  + HCHCJ

NADPH NADP 

Oa ->  HaO 

Cytochrome P-450

This assay was id e n t ic a l  to  that used fo r  the ECOD assay (s ec tio n

2 .3 .4 . )  except tha t the ubstrate used was 7 methoxycoumarin (7-MC)

<10pl, 4 OmM in  d im ethylform am ide). S ince u n p u rified  7-MC produced a high 

background flu o rescen ce  which In te r fe r e d  w ith  the assay, the 7-MC was 

r e c r y s ta l l iz e d  from hot methanol.

2 .3 .6  E thoxyresoru f1u-O -deethyla se  A c t i v i t y  (HRUD) Determ ination

Th is  was a continuous m onitoring assay based on the method o f Burke and 

Mayer (1974).

7 -e th oxy reso ru fin -------------------------- > re so ru fin  + CH-jCHU

NADPH - *  NADP

Oa - »  HmO

Cytochrome P-450
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D ilu ted  mlcrosomes (2ml; In phosphate b u ffe r  (0 .1M ), pH 7 .4 ) together 

w ith  lOgl o f  7 -e th oxy reso ru fin  (0.2mM; in  dim ethylform am ide) were held 

fo r  2 min in  a f lu o r im e te r  cu ve tte  maintained a t 37°C by a temperature 

c o n tro lle d  c u v e tte  holder in  the flu o r im e te r  (Perk in-E lm er MPF 3a). A 

baseline flu o rescen ce  was recorded and then the re a c t io n  was s ta r ted  by 

the add ition  o f  NADPH (lO p l; 20mN; in  phosphate b u ffe r , 0. 1M; pH 7 .4 ). 

Change in  flu o rescen ce  was measured fo r  about 2 min b e fo re  th e  reaction  

was standard ized  by add ition  o f r e s o ru fln  (lO p l; lOOpM; in  e thanol). 

Samples were assayed in  t r ip l ic a t e  and re s u lts  expressed as  nmol, o f 

re so ru fln  produced per minute per mg o f  microsomal p ro te in . Incubates oi 

microsomal p repara tion s  from c o n tro l animals con ta ined  0.25mg/ml 

(microsomal p r o te in ) ,  those .from  induced animals con ta ined  between 0.25 

and 0.005mg/ml (m icrosomal p ro te in ).

2 .3 .7  A ld r ln  epox idase  A c t iv it y  (ALU) Determ ination

Th is was a batch assay based on the method o f W o lff e t  a l. (1979).

a ld r in  - ..... .....  '■■■■■■> d ie ld r in

NADPH - »  MADP 

Oa - *  H;0 

Cytochrome P-450

Prepared mlcrosomes (5ml; in  t r i s  b u ffe r  (50mM), pH 7 .4 ),  toge th er with 

5pl o f a ld r in  (lOOmM, in dim ethyl fo r  mamide) ,  were p laced  in  b o ilin g  

tubes in  a shaking water bath (37"C> fo r  5 min, to  enable temperature 

e q u ilib ra t io n . NADPH ( 50pl; 20mM; in  t r i s  b u ffe r  (50mM), pH 7 .4 ) was 

added to  s t a r t  the rea c tion , which was incubated fo r  10 min. A liquots 

( lm l) were e x tra c te d  in to  hexane (5ral) by ro ta ry  m ixing (5  min). A fte r  

c en tr ifu g a t io n  (2000 rpiu; lOmin), the aqueous la y e r  was d iscarded  and 

a liq u o ts  ( l p l )  o f  the hexane la y e r  were analysed ( in  d u p lic a te ) by gas
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chromatography. A c a lib ra t io n  cu rve  was constructed  by In je c t in g  known 

amounts o f d le ld r in  (0-2b0pg/pl> on to  the gas chromatograph. Incubates 

o f  con tro l and p-HF induced u lcrosom es contained a p ro te in  concen tra tion  

o f  0.2mg/ml, those o f PB induced microsoroes contained a p ro te in  

concen tra tion  between 0.2 and O.Obmg/ml. Zero Incubation  time blanks 

were run concu rren tly  and su b tra c ted  from sample va lu es.

Cond itions: -

d e tec to r

column length

support

liq u id  phase

gas phase

flo w  ra te

oven temperature

in je c to r  temperature

d e te c to r  temperature

gas chromatograph

e le c tro n  capture

7 fe e t

gas chrom Q

3% OV 255

n itrogen

30ml /min

235°C

240-C

260~C

Hewlett Packard model 5890A

2 .3 .8  Laurie a c id  hydroxylase (LAH) Determ ination

T h is  was a batch assay based on th e  method o f  Parker and Orton <1980).

Laurie  acid  ----------

IADPH

----------> H ydroxylau ric  acid

NADP

Obi HaO

Cytochrome P-450

Prepared mlcrosomes (lmg o f  microsomal p ro te in  fo r  c o n tro ls , 0.5mg fo r  

induced u lcrosom es) were p laced  in  a b o i l in g  tube together w ith  

•*C -la u r ic  ac id  (lOOpM; lp C i; 200pl in  t r i s  h ydroch loride  b u ffe r  (bOmM),
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pH 7 .4 ) and tr  i s  hydrochlor id e  b u ffe r  (bOniM, pH 7 .4 : to  1 .9m l). The 

b o i l in g  lubes were placed in  a shaking water bath <37°C) fo r  5 win to  

enable temperature e q u ilib ra t io n . NADPH (lOOpl; 20mM; in  t r i s  

h ydroch loride b u ffe t (bOmM), pH 7 .4 ) was added to  s t a l l  the re a c t io n  

which was incubated fo r  b win. The re a c t io n  was lerw inated  by a d d it io n  

o f  h yd io ch lo tic  a c id  < 1M; O .bw l). The con ten ts o f  the b o ilin g  tubes wet e 

tra n s fe rred  to  screw-capped t e s t  tubes, eth er (5m l) added, mixed fo r  

5 win on a ro ta ty  mixer, c en tr ifu g ed  to  separate the two phases and then 

the ether la y e r  tran s fe rred  to c lean  te s t  tubes. This la yer  was 

evaporated down to  about O.bwl, tra n s fe rred  to  Eppendorf tubes and then 

evaporated to dryness. The res idu es  were re c o n s t itu ted  in e ther (bOpl) 

and spotted  on to  a TLC plaLe (S i l i c a  Gel HLF 20cm x 20cw). P la te s  weie 

developed  in  a tank eq u ilib ra te d  w ith  hexane : d ie th y le lh e r  : g la c ia l  

a c e t ic  ac id  (6 0 :1 9 :1 ). The p la te s  were removed, d r ied  and ra d io a c t iv e  

areas screened using a lin ea r p la te  analyser (B erth o ld  model LB 277-22 

Scannei 11).
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2.4 1MVIVU METHODS

2 .4 .1  ' -CO2 Exhalation  Rate Determ ination fo r  A n tipyrine

Male Sprague-Dawley ra ts  <230-300g) were dosed w ith (N-methyl--1 *C->- 

an tipyrin e ( ip ;  2ml/Kg; lOpCi/Kg; 25ing/Kg) and placed in  in d iv id u a l a l l  

g la ss  metabolism cages. Using a vacuum pump, a i r  (500-600ml/min> was 

drawn through a soda lime column, to  remove endogenous CCh:, and in to  the 

main chamber. The a ir  was then drawn through concen trated  su lp h u iic  

ac id , to  remove water vapour, before passing through a COa trapp ing  

f lu id  o f e th an o l amine: methanol (30ml; 1:4 v/ v ). Every 20 rain th is  

trapping f lu id  was changed and 0.5ml a liq u o ts  taken and added to 

s c in t i l la t io n  f lu id  (2.5m l; optiphase MP) in  in d iv id u a l s c in t i l l a t i o n  

v ia ls .  R a d io a c t iv ity  in each sample was measured by l iq u id  s c in t i l l a t i o n  

counter (LKB 1210 Rackbeta) using an in te rn a l quench c o r re c t io n  

procedure.

Urine was c o l le c te d  fo r  24 h fo r  r a d io a c t iv it y  measurements. A fte r  

the removal o f  the ra ts , each metabolism cage was rin sed  and the 

r in s in gs  added to  the u rine c o lle c te d  which was made up to  a to ta l  

volume o f 100ml with d i s t i l l e d  water. A liqu o ts  (lO O p l) o f  u rin e  were 

added to  op tiph ase  MP s c in t l l l a n t  (2 .5m l) in  In d iv id u a l s c in t i l l a t i o n  

v ia ls  in t r ip l i c a t e .  These v ia ls  were stoppered, shaken, and p laced  in 

racks to aw a it counting.

2 .4 .1 .1  L iq u id  S c in t i l l a t i o n  Counting and C a lcu la t io n  o f  •*Carbon

2 .4 .1 .1 .1  U rine  Samples

A liquots (lO O p l) o f d ilu te d  urine, togeth er with s c in t i l l a n t  (2.5ml; 

Optiphase MP), were p ip e tted  in to  in d iv id u a l s c in t i l l a t i o n  v i a l s  in 

t r ip l ic a t e .  These v ia ls  were stoppered, shaken and p laced  in  racks to 

await s c in t i l l a t i o n  counting.

To s tan d a rd ize  fo r  ,4C in  the u rine, a liq u o ts  o f  the in je c t io n  

so lu tion  (lO O p l) were added to  d ilu ted  blank urine (lOOrol in  d i s t i l l e d
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w ater ) in  t r ip l ic a t e .  A liq u o ts  (lO O gl) o f  th is  spiked u rin e, toge th er 

w ith  s c in t l l la n t  <2.bml; Optiphase MP), were p ip e tted  in to  in d iv id u a l 

s c in t i l l a t i o n  v ia ls  in  d u p lic a te . The v ia ls  were stoppered, shaken and 

p laced  in racks to  await s c in t i l l a t i o n  counting.

2 .4 .1 .1 .2  Trapping F lu id  Samples

To  standard ize fo r  1 *C in  the samples o f  trapping f lu id  obtained 

(s e c t io n  2 .4 .1 ) ,  the r a d io a c t iv i t y  in  the in je c t io n  s o lu t io n  was 

deteim ined. A liqu o ts  o f  the in je c t io n  s o lu t io n  were added to  trapping 

f lu id  (30ml, ethanolamine : methanol 1:4 v/v) in  t r ip l i c a t e  and 

whirlira ixed . A liqu o ts  o f the sp iked trapp ing  f lu id  (O.biul) were p ip e tted  

toge th er w ith  s c in t l l la n t  (2.bm l, Optiphase MP) in to  in d iv id u a l 

s c in t i l l a t i o n  v ia ls  in  d u p lic a te . These v ia l s  were stoppered, shaken and 

p laced  in  racks to  await s c in t i l l a t i o n  counting.

1 *C was determined in  a l l  o f  these samples by liq u id  s c in t i l l a t i o n  

counting using an LKB 1210 Rackbeta instrum ent. D is in teg ra tio n s  per rain 

(DPM) were ca lcu la ted  using the ex te rn a l channels r a t io  method by 

re fe ren ce  to  a p rev iou s ly  generated and s to red  quench curve. Samples 

were counted fo r  10 rain w ith  a background o f  10 DPM subtracted  from the 

t o t a l  counts per v ia l.

2 .4 .1 .2  C a lcu la t io n  o f  •+CO* E xh a la tion  Rate <CER)

CER = % dose exhaled / min

= DPM.«mpt. + c o l le c t io n  time (20 min) x 100 

DPMtn.« . » i iq u o t  x in j .  v o l. x 10
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2.4 . 1.3 C a lc u la t io n  o f  *-C in  Urine

*C In  u r in e  = DPIC^-i x 100

DP*,..*... ■  i . n d . r d  X i l l j .  V O l. X 10

2 .4 .1 .4  P re p a ra t io n  o f  In je c t io n  S o lu t io n

(N -m eth y l-1 *C>--antipyrine (2b0pCi; s p e c i f i c  a c t i v i t y  58mCi/mmol) and 

co ld  a n t ip y r in e  (62bmg) were d is s o lv ed  in  50ml o f  normal sa lin e  (0.9% 

w/v) to  g i v e  the in je c t io n  so lu tion  (12.5mg/ml; 5pCi/ral).

2 .4 . l . b  CEK Curve C on s tru c tion  and Use

The CER v a lu e s  p rev iou s ly  c a lcu la ted  (s e c t io n  2 .4 .1 .1 ) were p lo tted  as 

lo g  CER a g a in s t  midpoint time o f  the c o l le c t io n  period . A ty p ic a l CER- 

time p r o f i l e  i s  shown in  f ig u re  2 .1 .

The e lim in a t io n  ra te  constant (k> was determ ined, from the s lope  o f  

the te rm in a l mono-exponential d e c lin e  phase o f  the curve, by l in e a r  

r e g re s s io n . The h a l f - l i f e  o f  a n t ip y r in e  was determ ined from In  2/k. 

Other param eters determ ined irom the CER data  were:

1. maximum CER (CER».*.x> which is  the maximum va lue o f  CER obtained

3. area under the CER-tlme p r o f i l e  (AUC|> which g iv e s  an estim ate o f  the 

percen tage o f  the dose which was exha led  in  the breath and th e re fo re  the 

amount o f  n o ran tip yr ln e  m etabo lite  formed. Th is was c a lcu la ted  using the 

tra p e zo id a l approxim ation by m u lt ip ly in g  each CER value by i t s  

c o l le c t io n  in te r v a l and summing the va lu es .

2 .4 .2  S u r g ic a l  Procedures

Rats were cannulated p r io r  to  experim en ta tion  (chap ters  4 and 5> under 

eth er an aes th es ia . They were returned t o  in d iv id u a l cages and allow ed  to  

recover o v e rn igh t. During the experim ents, the ra ts  were conscious and

2. t «,.x  which is  the tim e a t which the C E R , o c c u r s
f
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blockage o f  the cannula due to blood c lo t s ,  each cannula was Hushed

with heparin ised  sa lin e  (lOOu/ml) between samples and a l te r  di ug 

adm in is tra tion .

2 .4 .2 .1  C a io t id  a r te ry

A m id line in c is io n  (bmm) was made through the skin  on the ven tra l s id e  

near the neck. Connective tissu e was pa rted  to revea l th re e  muscles, the 

cleidoruatoidus, the ornohyoideus and the s te r  nohyoldes. The

sternohyoides and ornohyoideus muscles were parted to r e v e a l the trachea

and to  i t s  r ig h t  hand s id e  the r ig h t  common ca ro t id  a r t e r y .  This a r te ry  

was is o la te d  and c a r e fu l ly  separated from  the vagus n erve . A l ig a tu r e  

was t ie d  a t the proximal end o f  the exposed  a r te ry  and an a r te ry  c l i p  

placed d is t a l ly .  A small in c is io n  was made in  the exposed a r te ry , a 

cannula (10mm) in serted  and secured in  p lace w ith a lig a tu re . The 

exposed end o f  the cannula was drawn under the skin to  the dorsal s id e  

o f  the neck o f  the ra t. The in c is io n  was su tu red  and f i n a l l y  the cannula 

was flu shed  w ith lOOu/ml heparin ised s a l in e .  The cannula was prepared by 

connecting po lyethy lene tubing (lOrnm; PE-bO; Clay Adams) to s i l a s t i c  

tubing (50mm; 0.0371n o .d .;  Dow C orn ing) v ia  a metal connector (buun)

made from a hypodermic needle (23G). A sm all p iece o f  po lyethy lene 

tubing (3mm; PE-90; Clay Adams) was s l ip p e d  over the Jo in t which was

then sea led  w ith  B l la s t ic  g lue (s i l i c o n  ty p e  A; Dow C o rn in g ). A pin was 

in serted  in to  the exposed end o f the s i l a s t i c  tubing as a closu re.

2. 4 .2 .2  Jugular ve la

A small v en tra l In c is io n  (bmm) was made through the sk in  over the r ig h t  

ju gu la r ve in  and the connective tissu e  parted  to  expose the Jugular 

ve in . A lig a tu re  was t ie d  a t the proximal end o f  the is o la t e d  ve in  and a

restrained in cy lindrica l perspex cages <35cm x b.bem i .d . ) .  At a l l

times they wei e allowed f i  ee access to food and watei . To pt event
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second lig a tu re  was lo o s e ly  t ie d  d is la l ly .  A small in c is io n  was made in  

the v e in  a cannula in serted  <20iuiu) and secured in  place with the 

l ig a tu r e .  The exposed end o f  the cannula was drawn under the skin to  the 

dorsa l s id e  o f  the neck o f  the ra t, the in c is io n  su tu red  and the cannula 

flushed  w ith lOOu/ml heparin ised  normal s a lin e . The cannu la was prepared 

as d escrib ed  in  s ec tio n  2 .4 .2 .2  except that the p o lye th y len e  tubing 

s e c t io n  was 20rum long.

2 .5  HPLC ASSAYS

2 .5 .1  HPLC Assay fo r  A n tip y lin e  in  Whole Blood

Th is HPLC assay was a m od ifica tion  o f  the method o f  Teunissen e t  a l.  

(1906).

2 .5 .1 .1  Sample P rep a ra tion

Blood samples were obtained from the c a ro t id  a r te ry . A liq u o ts  (lOOnl) o f 

b lood were p ip e tted  in to  screw-capped te s t  tubes toge th er with a few  

g ra in s  o f  ammonium su lphate, d i s t i l l e d  water (0 .5m l) and aiuinopyrine 

( in te rn a l standard in  water, 50pl, 80pg/ml) and extracted  in to  

ch loro fo rm  (bml) by ro ta ry  mixing (10 min). The two phases were 

separated by c en tr ifu g a t io n  (2000 rpm, 5 rain) and th e  aqueous layer 

removed by a sp ira tion . The organ ic layer was tra n s fe r r e d  to  clean tubes, 

evaporated to  dryness (a ir ,  40°C) and the residue s to r e d  in a f r e e z e r  

(-20“ C>. Samples were recon stitu ted  be fo re  a n a ly s is  in  a mobile phase 

(lO O pl) o f  (50:50) a ce ta te  b u ffe r  (0.2M ), pH 5 : a c e to n it r i le .  The

con cen tra tion  o f  an tip y r ln e  in  the blood samples was determined from  a 

standard curve (0 - lOOmg/L) .



2 .5 .1 .2  HPLC S ystem

Column : Spherlsorb  S5C1 250mm x 4.9mm i .d .  

(Hichrom L td . , Reading, England)

Mobile phase : A ce ta te  b u ffe r  (0.2M ), pH 5 : a c e to n it r i le  (50:50)

Wavelength : 270nm

Plow ra le : 1.2ml/rain

In je c t io n  volume t 20pl

Pump : Beckman HOB Solven t D e liv e ry  Module 

(HPLC Tech. L t d . , Cheshire, England)

D etector : S p ec tro flow  757 absorbance d e tec to r

(K ra tos  A n a ly tic a l Instruments, Ramsey, N .J .)

Recorder : P h i l l ip s  Chart Recorder PM 8251 

(P h i l l ip s  Co., Eindhoven, Holland)

2 .5 .2  HFLC A ssay  f o r  T h e o p h y ll in e  In  W hole B lood

This HPLC assay was a m od ifica tion  o f  the method o f Teunlssen e t  m l. 

(1966).

2 .5 .2 .  1 S am p le  1‘r e p a r a t lo n

Blood samples were obta ined  from the c a ro t id  a r te ry . A liqu o ts  (100pl> o f  

blood were p ip e tted  in to  screw-capped te s t  tubes together w ith a fe w  

gra in s  o f  ammonium su lphate, d i s t i l l e d  water (0 .5m l) and £~ 

h ydroxypropy lth eophyllin e  (in te rn a l standard in  ethanol, 50pl, 40pg/m l) 

and e x tra c ted  in to  ch loro fo rm  : propan-2-ol (95 : 5, 5ml) by r o t a r y

mixing (10 m in). The two phases were separated by c en tr ifu g a t io n  (2000 

rpm, 5 min) and the aqueous la yer  removed by asp ira tion . The o r g a n ic  

layer  was tra n s fe r red  to  c lean  tubes, evaporated to  dryness (a ir ,  40 -C ) 

and the res id u e  s to red  in  a fr e e z e r  (~20°C). Samples were r e c o n s t itu te d  

in  mobile phase (lOOpl, d i s t i l l e d  water : a c e to n it r i le  (9 2 :8 )) b e fo r e
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analysis. The concentration o f theophylline in the blood samples was

determined from a standard curve <0-15mg/L>.

2 .5 .2 .2  HPLC System

Column : Spherisorb  S5C1 250mm x 4.9mm i.d .

(Hichrom L t d . , Reading, England)

Mobile phase : d i s t i l l e d  water : a c e to n it r i le  (92 :2 )

Vavelength : 274nm

Flow ra te : 1.5ml/min

In je c t io n  volume : 20pl

Pump, D etector and Recorder see  s ec tio n  2 .5 .1 .2

2 .5 .3  HPLC Assay fo r  Tolbutam ide and A n tlp yrln e  in  Plasma

This HPLC assay was based on the methods o f Nation e t  a l. (1978) and

Back e t a l.  (1984).

2 .5 .3 . 1 Sample P rep a ra tion

Blood samples, obtained from  the c a ro t id  a r te ry , were c en tr ifu ged  (2000 

rpm, 5 rain) to  separate plasma from red blood c e l ls .  Plasma samples 

(lOOpl) were p ip e tted  in to  screw-capped te s t  tubes, togeth er with 

chlorpropamide (In te rn a l standard in  a c e to n it r i le ,  20p l, 100pg/ml> and

a c id i f ie d  w ith  hyd roch lo r ic  a c id  (6M, 4pl> to  pH 3. The samples were 

ex tra c ted  in to  ch loro form  (5m l) by ro ta ry  mixing (10 min). The two 

phases were separated by c e n tr ifu g a t io n  (2000 rpm, 5 min) and the 

aqueous la y e r  removed by a sp ira t io n . The organ ic la ye r  was tran s fe rred  

to  c lean  tubes, evaporated to  dryness (a i r ,  40^0  and the res idue s tored  

in  a fr e e z e r  (-2 0 °C ). Samples were recon s titu ted  in  mobile phase (lOOpl 

phosphoric a c id  so lu tion  (1.5% v/v ) : a c e to n it r i le  (5 5 :4 5 )) before 

an a lys is . The con cen tra tion s  o f  an tip y r ln e  and tolbutam ide in  plasma



samples were determined from standard curves (O-lOOmg/L autipyr lue and

to lb u tam id e ).

2 .5 . 3. 2 HFLC ¿System

Column :

M obile phase :

W avelength s

Plow r a te  :

In je c t io n  volume : 

Pump, Detector and

Zor bax GDS 5pm 2b Otniu x 4 .6nun i .d .

(Hichrora L td . , Reading, England)

Phosphoric ac id  s o lu t io n  <1.5% v/v) in  d i s t i l l e d  

water : a c e t o n i t r i l e  <55:45)

230nm

1 . 5 m l/ m in

20pl

Recorder see s e c t io n  2 .5 . 1.2

2 .5 .4  UPLC Assay lo r  K etocouazole in  Plasma

Th is HPLC assay was developed from the method o f  R ile y  and James <1906).

2 .5 .4 . 1 Sample F io p a ru tio n

Blood samples obtained from the c a r o t id  a r te ry  were c en tr ifu ged  <2000 

rpm, 5 min) to separa te plasma from  red  b lood c e l ls .  Plasma samples 

<lOOpi) were p ip e tted  in to  screw-capped Lest tubes togethei with 

c lo tr im a zo le  U n tern a l standard in  ace ton i Li i l e ,  lO p l, lbOpg/ml) and 

b a s i l  le d  w ith sodium hydroxide <1M, lO O pi). The samples were ex tracted  

in to  ch lo ro fo r  m <5ml) by ro ta ry  m ixing <10 min) and the aqueous layer 

removed by a sp ira tion . The organ ic la y e r  was tran s fe rred  to  c lean  tubes, 

evapoi a Led to dryness <a lr, 4 0 -0  and the residue s to red  in  a lte e ze r  

< -2 0 *0 . Samples were re con s titu ted  in  mobile phase <100pl, potassium 

monophosphate <0.05M), pH 6 : a c e t o n i t r i l e  i tr ie th y lam in e  <50:50:0.05) 

b e fo re  an a lys is . The concen tra tion  o f  ketoconazo le  in  the plasma samples 

was determined from a standard curve <0-30mg/L>.
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2.5. 4.2 HPLC System

Column

Mobile phase

Wavelength 

Flow ra te  

In je c t io n  volui 

Pump, Detector

: Spherisorb SbCl 25 Omni x 4 .9ium i .d .

(Hichrom L td . , Reading, England) 

s potassium phosphate s o lu t io n  <0.05M), pH 6 : 

a c e to n it r i le  : tr ie th y lam in e  <50:50:0 .05)

: 230nm 

i 1 .5ml/min 

t 20nl

and Recorder see s e c t io n  2 .5 .1 .2

2 .5 .5  UPLC Assay o f  A n tipyrlne and i t s  M e ta b o lite s  in  Urine

Th is HPLC assay was e s s e n t ia lly  the method o f  Rhodes and Houston <1903).

2 .5 .5 .1  Sample P rep a ra tion

Urine samples were c o lle c te d , d ilu te d  w ith d i s t i l l e d  water <to 50ml) and 

sto red  in  a fr e e z e r  <20cC) u n t il requ ired  fo r  a n a ly s is .

2 .5 .5 .1 .1  Enzyme H ydro lys is

Urine samples <0.25ml) were added to  screw-capped te s t  tubes together 

w ith d i s t i l l e d  water <0.25ml) and a c e ta te  bu ffer <0.1M, pH 5, 0.5ml)

con ta in ing 10,000 u n its  o f  fJ-glucuronidase and incubated in  a water bath 

<37®C, 3 h) t o  h ydro lyse con jugates o f  3-hydr oxyrae th y la n ti pyr i ne and 4- 

hydroxyan tlpyrine.

2 .5 .5 .1 .2  A cid  H ydro lys is

Urine samples <1.0ml) were added to s lla n is e d  screw-capped te e t  tubes 

together w ith  h yd roch lo r ic  a c id  <2M, 200p l) and sodium th iosu lphate 

so lu tion  <200iug/ral in  water, lOOpl) and heated in  a water bath tlOO-C, 

10 min) to  h yd ro lyse  con jugates o f  norantipyr in e . A ceta te  b i'f ie t  <0.2M, 

pH 5.5 , 0 .5 u l) and sodium hydroxide <2M; q . s . ) were added to  the samples
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to  ad just the pH to  between 6 & 7 (Aqua S c ie n t i f i c  pH meter Alpha 500 

w ith  n ic r o e le c tr o d e ).

2 .5 .5 .1 .3  E x tra c t io n

Anlnopyrlne (In te rn a l standard 50fjg/inl in  water, 0.5m l) was added to  

each hydrolysed sample p r io r  to  e x tra c t io n  w ith  ch loro fo rm  (10m l) by 

ro ta ry  mixing (10 min). The two phases were separated  by c e n tr ifu g a t io n  

(2000 rpm, 5 min) and the aqueous la ye r  removed by a s p ira t io n . The 

organ ic  la ye r  was tran s fe rred  to  c lean  tubes (s l la n is e d  f o r  acid  

hydrolysed sam ples), evaporated t o  dryness (a i r ,  AO^C) and the residue 

s to red  in  a f r e e z e r  (-20°C>. Samples were recon stitu ted  in  m obile phase 

(100pl, a ce ta te  b u ffe r  (0.2M ), pH 5 : methanol (6 0 :4 0 )) b e fo re  a n a lys is . 

Concentrations o f  a n tip y r in e  (A P ), n o ran tipyrin e  (NOR), 4- 

hydroxyantipyrine (4H) and 3-hydroxym ethylantipyrine (3H) in  urine 

samples were determined from standard  curves (0-50mg/L fo r  AP, NOR and 

4H; 0-20mg/L fo r  3H).

2 .5 .5 .1.4 S ila n ls a t lo n

Clean glassware was immersed in  a so lu tion  o f  d ich lo rod im e th y ls ilan e  

(2%) in  to luene fo r  24 h, r in sed  f i r s t  in  methanol, then in  d i s t i l l e d  

water and d ried .

2 .5 .5 .2  UPLC System

Column : Spherisorb S5C1 250mm x 4.9mm i .d .

(Hlchrom L td . , Reading, England)

Mobile phase : A cetate b u ffe r  (0 .2M ), pH 5 i methanol (60 :40 )

Wavelength i 270nm

F lo w ra te  : 1.0ml/min

In je c t io n  volume : 20pl
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Pump, Detector and Recorder see section 2.5. 1.2

2 .6  DATA AIALYSIS

Since ra ts  used In  the in va s iv e  in - v iv o  s tu d ies  were w ith in  the weight 

range 230 to  280g, pharmacokinetic parameters were expressed, where 

necessary, in  terms o f  a standard ra t weight (SRV) o f 250g. The 

e lim in a tion  h a l f - l i f e  (tfc) o f  compounds adm in istered  was determined fo r  

each animal by le a s t  squares l in e a r  reg ress io n  o f  the lo g - l ln e a i 

e lim in a tion  phase o f the blood/plasma concen tra tion -tim e curve 

constructed  from HPLC a n a ly s is  o f  samples <0.693/k>. Area under the
'*3

blood/plasma curve (AUC«.> was ca lcu la ted  accord ing  to  thej^ tra p ezo id a l 

ru le . T o ta l c learance (CL) was ca lcu la ted  as D/AUC« in  which D i s  the 

dose in  rng/SRV. The apparent volume o f  d is t r ib u t io n  (Vd) was c a lcu la ted  

as CL/k.

Where necessary, m etabo lite  form ation c lea ran ces  were ca lcu la ted  from 

the r a t io  o f the amount o f  m etabolite  formed in  4 h (chapter 4 ) or 10 h 

(chapter 5 ) to  the AUC« >, (chapter 4) or AUCio ►, (chapter 5 ). Mean data 

i s  tabu lated  w ith  standard d ev ia tion s  in  parentheses unless o therw ise 

s p e c if ie d .
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C H A P T E R  3
INVESTIGATION OF THE DRUG METABOLISM MODULATING 

POTENTIAL OF DI-<2-ETHYLHEXYL)-PHTHALATE
3.1 11T80DUCTI O l

The use o f ph tha la te e s te r s  as v eh ic le s , fo r  p e s t ic id e s , in  in sect 

rep e llen t  and w ith in  cosm etic  products, has resu lted  in  s ig n i f ic a n t  

le v e ls  contam inating the environment. Various phthalate e s te r s  have been 

detected  in  r iv e r s  and f is h  (Mayer e t  a l.  , 1972), s o i l  (Ogner and 

Schn ltzer, 1970), fo o d s tu ffs  (Tomlta e t a l.  , 1977) and in  domestic 

animals (Taborsky, 1967; N azir e t  a l. , 1971). The ph tha la te e s te r ,  d i-

(2 -e th y lh ex y l) -ph tha la te  (DEHP), is  used as a p la s t ic i z e r  in  the 

manufacture o f  a wide range o f  products but in  p a r t ic u la r  p o ly v in y l 

ch lo r id e  (PV C ). Such m a ter ia ls  are o ften  used as con ta in e rs  fo r  

medicinal products. In th is  respect DEHP has been shown to  leach  from 

con ta iners in t o  s tored  b lood  (Thomas and Thomas, 1984) and has been 

detected  in  r e c ip ie n t 's  b lood and in  human tis su es  (Jaeger and Rubin, 

1972). In v iew  o f the ch ron ic exposure o f  man to  DEHP, a number o f 

workers have in v e s tig a ted  th e  p o ten tia l t o x ic o lo g ic a l  hazard assoc ia ted  

with th e ir  use.

3 .1 .1  T o x ic i t y  Studies

Acute animal t o x ic i t y  s tu d ies  have demonstrated la rge  amounts o f  DEHP to  

be w e ll t o le r a te d  in  the ra t  (o ra l LD*o va lues o f  26 to  g r e a te r  than 

34g/Kg) and ra b b it (o ra l LD*.o value o f 34g/Kg) (Gray e t  a l.  , 1977;

Fassett, 1967; Hodge, 1943; S h a ffer e t  a l.  , 1945). S im ila r  LDso values 

were found in  the ra t fo llo w in g  acute ip  adm in is tra tion  (g r e a te r  than 

23.8g/Kg); (Hodge, 1943) but on chron ic adm in is tra tion  these va lu es  were 

reduced.

Exposure o f  labora tory  animals to  high doses o f DEHP r e s u lts  in  a 

v a r ie ty  o f  b io lo g ic a l  e f f e c t s  which Include l i v e r  enlargement (Brown et
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a l.  , 1978; Lake e t  a l. , 1975; Nlkonorow e t  a l.  , 1973), te s t ic u la r  

atrophy (C a ter e t  a l. , 1977; Foster e t  a l .  , 1980; Gray e t  a l. , 1977;

Lake e t a l.  , 1975, 1984a), p r o l i f e r a t io n  o f  peroxisomes and endoplasmic 

reticu lum  (e s p e c ia l ly  in  roden t s p e c ie s ) (Lake e t a l . , 1984b; Reddy and 

Krlshnakantha, 1975), hypolip idaem ia (B e l l  e t  a l . , 1978), changes in  

plasma p ro te in s  (Hinton e t  a l .  , 1985), l i v e r  tum ori^enesis (Douglas and 

H artw ell, 1981; Kluwe e t  a l . , 1982) and a l t e r a t io n  o f  variou s markers o f  

xen ob io tlc  metabolism (Lake e t  a l . , 1975; Tanaka e t  a l. , 1978).

3. 1.1.1 L i v e r  TuaurIgenesls

DEHP has been reported  to  be a peroxisome p ro l i t e r a to r  and a weak 

hepatocarcinogen both in  mice and fem ale ra ts  (Kluwe e t  a l. , 1982;

N .T .P ., 1982). The mechanism fo r  i t s  h ep a toca rc in ogen ic ity  is ,  however,

unknown. Reddy e t a l.  (1979, 1980, 1982, 1983, 1986) and Goel e t  a l .  

(1986) have suggested th a t the in creased  number o f  peroxisomes and 

a c t iv i t y  o f  peroxisom al enzymes assoc ia ted  w ith  peroxisomal

p r o l i fe r a t io n  might be d i r e c t l y  r e la te d  to  the carc in ogen ic  process, 

whereby excess  production o f  HaOa through increased fa t ty -a c y l Co-A 

oxidase a c t i v i t y ,  causes d i f fu s io n  o f  a c t iv e  oxygen sp ec ies  from the 

peroxisomes in to  the cytop lasm  and nucleus (f ig u re s  3.1 and 3 .2 ). Such 

a c tiv e  oxygen sp ec ies  and a ssoc ia ted  f r e e  ra d ic a ls  have been g en e ra lly  

im p licated  as in i t ia t o r s  and promoters o f  the carc in ogen ic  process. 

D irect s tu d ies  on the e f f e c t s  o f  DBHP as a promoter (Popp e t  a l . ,  1985) 

or in i t i a t o r  (Garvey e t  a l . ,  1987) o f  ca rc in ogen es is  have, however, 

proved to  be n egative  in  that they have fa i le d  to  d e tec t g en otox lc  

e f fe c t s  a t t r ib u ta b le  to  DBHP (Butterworth e t  a l. , 1984; Von Daniken e t  

a l . ,  1984; Z e lger e t  a l. , 1982). G en era lly  compounds which act as 

in i t ia t o r s  o f  ca rc in ogen es is  are gen o tox ic .

I t  i s  doubtfu l whether rodent c a rc in o g e n ic ity  data can be 

extrapo la ted  to  assess human r isk , although Turnbull and Rodrlcks (1985)
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r- ch2-ch* -cooh

4 f a t t y  a c y l CoA syn thetase

R-CHa-CHa-CO S-CoA

4 f  FAD
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Figure 3 .1  Pathway o f  Peroxisom al p -o x id a t io n  o f  F a tty  Acids

Enters in term ed ia ry  metabolism

In te s t in e
HEHP + 2-EH ■A

'in a c t iv a t io n  
(strand breaks)

r e a c t iv e  nodular 
hyperp lasia  .

Figure 3 .2  Schematic Diagram o f the Peroxisom al P r o l i f e r a t io n  Hypothesis

At h igh  doses o f  DEHP i t  is  proposed that excess HaOa or o ther oxygen 
spec ies  a re  produced in  ex cess ive  amounts because ca ta lase  production 
does not Increase as ra p id ly  as perox id e  production.
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have attempted to  do so u s ing  a v a ila b le  data on t o x ic i t y ,  g e n o to x ic lt y , 

metabolism, pharm acokinetics and p h ys io lo g ica l and biochem ical e f f e c t s  

o f  DEHP. Indeed care must be taken in  in te rp re t in g  a l l  o f these data. 

P a r t ic u la r ly , Barber e l  a l .  (190b) examined the standard methods used to 

determine m utagenicity and found that the e x tra c tion  procedures employed 

were inadequate fo r  the q u a n tita t iv e  recovery o f  the m etabo lites  o f  

DEHP.

3. 1.1 .2 . T e s t ic u la r  A troph y

High dose adm in is tra tion  o f  DEHP re su lted  in  te s t ic u la r  and accessary 

sex gland atrophy (Gray e l  a l. , 1977; O ish i and H iiaga , 1975), increased  

te s t icu la r  tes tos te ron e  concen tra tion  (O ishi and H iraga, 1980) and 

reduced tes ticu la r  and a n te r io r  p ro s tra te  z in c  con cen tra tion s  (Cur to  and 

Thomas, 1982; O ish i and Hiraga, 1980). I t  is  w e ll documented that 

d ie ta ry  z in c  d e f ic ie n c y  is  o ften  assoc ia ted  w ith the occurrence o f 

te s t ic u la r  atrophy (M i l la r  e l  a l. , 1958, 1960; Prasad, 1966, 1976; 

Underwood, 1971) and th a t  the e f f e c t  can normally be counteracted by 

adm in istra tion  o f  z in c  (Chandra e t  a l . ,  1975; Gunn e l  a l. , 1961;

Parizek , 1957). T e s t ic u la r  atrophy a ssoc ia ted  w ith  DEHP could not be 

prevented by coad m in is tra tion  o f z in c  (O ish i and H iraga, 1983). A study 

by Oishi (1985) showed th a t t e s t ic u la r  atrophy induced by DEHP i s  o f  

lim ited  r e v e r s ib i l i t y  even  45 days from cessa tion  o f  treatment.

3 .1 .2 . Metabolism o f  DEHP

Figure 3 .3  d ep ic ts  the u rinary  m etabo lites  o f  DEHP and MEHP which have 

been is o la te d  and the pathways by which they may be produced. F o llow ing 

in gestion  by the ra t, DEHP i s  su b s ta n tia lly  hydrolysed to the monoester 

MEHP and 2-ethylhexanol (2-BH) by n on -sp ec ific  l ip a s e s  o f  the pancrea tic  

ju ic e  (A lb to  and Thomas, 1973; Daniel and B ra tt, 1974; Lake e t  a l. , 

1977; Rowland, 1974; W hite e t  a l . ,  1980). Subsequently the absorbed MEHP
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F ig u re  3 .3  M a jor Pathways o f  M e ta b o lism  u f  DKHP l a  R a te

The pathways i l lu s t r a te d  a re  in fe r red  ir o n  knowledge o f  the s tru c tu res  
o f the u r in a ry  m etabolites shown, based on the work o f  A lbro  e t  a l .  
1981. M e ta b o lite s  are numbered accord ing  to A lb ro 's  convention.
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i s  m etabolized  through fo rm ation , in the l i v e r ,  o f  m e tab o lite s  d er ived  

from  the <*>- and (o - l ) - o x id a t io n  products o f the a lk y l  moiety o f  MEHP 

<Albi o e t  a l . ,  1073; Albro and Moore, 1074; Chu e t a l.  , 1978; Daniel and 

B ra t t ,  1974; Vi 1 Hams and B la n ch fie ld , 1974). These re a c t io n s  and the 

analogous o x id a t iv e  rea c tion s  on the absorbed 2-B11 a re  ca ta ly sed  by the 

NADPH-dependent h epatic  microsomal mixed fu nction  ox id ase  enzymes (Lake 

e t  m l., 1975).

S evera l minor m etabo lites  have been id e n t i f ie d  (A lb ro  e t a l. , 1983). 

In  r a t s  and m ice, m etabolite V (a product o f  w -ox id a tion ) may undergo 8~ 

o x id a t io n  with lo s s  o f a 2-carbon  un it to  y ie ld  m e ta b o lite  I .  M etabo lite  

1 has not been detected  in  humans and i s  on ly a minor m etabolite  o i 

p rim ates  (A lb ro  e l  a l . , 198.3)- Lower l e v e ls  o f  m e ta b o lite  1 (Tur nbull 

and Rodricks, 1985) in p rim ates rather than rodents have been a ttr ib u ted  

to  le s s  ex ten s iv e  peroxisome p r o l i f e r a t io n  in  the prim ate fo llo w in g  DEHP 

adm in is tra tion .

Metabolism o f  MEHP i s  ex ten s ive  and v a r ie s  q u a n t ita t iv e ly  and 

q u a l i t a t iv e ly  between sp e c ie s  (A lb ro  e t  a l.  , 1982a, 1982b). Such sp ec ie s  

d i f fe r e n c e s  may p a r t ia l ly  ex p la in  the observed la c k  o f peroxisomal 

p r o l i f e r a t io n  in  man fo l lo w in g  exposure to  DEHP (Elcombe e t a l.  , 1983; 

Lake e t a l. , 1984a), s ince MEHP m etabo lites  are the proxim ate peroxisome 

p r o l l f e r a t o r s  in  the rat (M itc h e l l  e t  a l.  , 1985).

3 .1 .3  Pharm acokinetics o f  DE11F and MEHP

P o lla c k  e t a l . (1985) adm in istered  DEHP by three d i f f e r e n t  rou tes to 

r a t s  and examined the k in e t ic s  o f  DEHP and i t s  primary m etabolite  MEHP. 

DEHP doses adm in istered were 2g/Kg, 4g/Kg and lOOmg/Kg and produced 

s im ila r  blood con cen tra tion s  fo llo w in g  po, ip  and in t r a - a r t e r ia l  ( l a )  

adm in is tra tion  r e s p e c t iv e ly .  Follow ing a s in g le  ia  in je c t io n  a la rg e  

apparent volume o f  d is t r ib u t io n  (5390 ml/Kg) and a medium clearance  

(2 1 .5  ml/min/Kg) were observed  fo r  DEHP. The system ic b io a v a i la b i l i t y  o f
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DËHP was low fo llo w in g  a s in g le  po <13.6%) or lp  (5.2%) dose and 

d iffe ren c e s , f o r  each rou te  o f  adm in is trâ t ion, were observed fo r  the 

form ation o f HEHP. A fte r  o ra l  ad m in is tra tion , blood concen tra tions  o f 

MEHP were h igh e r  than those o f  DEHP (AUC r a t i o  = 7 ) but lower fo r  ia  and 

ip  a d m in is tra tion  (AUC r a t io  < 0 .4 ). T h is  was because 80% o f the o ra l 

dose underwent mono-de-e s t e r i f i c a t io n  as opposed to  1% by the ia  and ip  

adm in is tra tion  rou tes. Such data h ig h lig h t  the importance o f  presystem ic 

DBHP h y d ro ly s is  to  MEHP in  the gut. Poor b lo a v a l la b i l l t y  o f  DEHP by the 

ip  route must be a ttr ib u te d  to  slow and/or Incomplete absorption , s in c e  

only a sm all p roportion  o f  the ip  dose  was raono-de-esterif led . As 

p red ic ted  by th e  s in g le  dose data th ere  was no s ig n if ic a n t  accumulation 

o f  DEHP or i t s  m etabo lite  MEHP in the b lo od  fo llo w in g  seven d a lly  po or 

ip  doses o f DEHP. An apparent decrease in  th e  ra te  and/or exten t o f  DEHP 

absorption  from  the p e r ito n e a l c a v ity  was observed fo llo w in g  m u ltip le  ip  

adm in is tra tion  but not f o r  po absorption .

MEHP (bOmg/Kg) adm in istered  iv  (P o l la c k  e t a l . , 1985) has a sm a lle r  

volume o f  d is t r ib u t io n  (201 ml/Kg) and a lower clearance (11 .5  

rol/min/Kg) than  DEHP. The term inal h a l f - l i f e  fo r  the adm inistered MEHP 

was sh orter than that va lu e  d e r iv ed  from  the metabolism o f  DEHP 

fo llo w in g  e i t h e r  po (6 .9  h> or ip  (9 .6  h ) adm in is tra tion , the term ina l 

h a l f - l i f e  o f  DEHP being 15 h. The b io a v a i la b i l i t y  o f  MEHP by th e  po 

(60%) and i p  (84%) rou tes  was h igh e r  than that o f  DEHP. Lower 

a v a i la b i l i t y  o f  MEHP g iv en  po rather than ip  may r e s u lt  from f i r s t  pass 

metabolism o f  the monoester in  the gu t w a ll o r w ith in  the gut lumen. 

A lt e rn a t iv e ly  i t  may r e s u lt  from in com p lete absorption  from the gut. 

SJoberg e t a l .  (1986) found the mean e lim in a tion  h a l f - l i f e  o f  MEHP, 

fo llo w in g  o r a l  adm in is tra tion , to  be s ig n i f i c a n t ly  shorter in  anim als 

g iven  r e p e t i t i v e  doses than in  th ose  g iven  a s in g le  dose. No 

s t a t i s t i c a l l y  s ig n i f ic a n t  d iffe re n c e  was, however, observed between the 

re sp ec tive  mean AUC va lues.
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SJoberg e t a l. (1985) a ls o  examined d is p o s it io n  o f  v a r io u s  doses o f  

in fused DBHP. Concentrations were a t a l l  tim es higher than those o f MEHP 

and the concen trations o f MEHP were much h igh er than those o f  the othei 

in ves tig a ted  m etabolites. P a ra l le l  decreases in  th e  plasma 

concen trations o f  DEHP, MEHP and the to-- and (o>~ l)-ox id ized  m etabolites 

in d ica ted  that the e lim in a tio n  o f  DEHP was th e  ra te  l im it in g  s tep  in  the 

d isp o s it io n  o f  the m eta b o lite s . This was supported by the observation  

that the clearance o f MEHP was lower than that o f  DEHP. Non-linear 

increases in  the AUC values o f  DEHP and MEHP in d ica ted  s a tu ra t io n  in  the 

form ation, as w e ll as the e lim in a tion , o f  the p o t e n t ia l ly  to x ic  

m etabolite  MEHP. W hilst the same spec ies  and s tra in  were used in  the 

s tu d ies  o f Po lla ck  e t aJ. (198b) and SJobeig e t a l.  (198b ), d iffe re n c e s  

were observed w ith respect t o  the apparent volume o f d is t r ib u t io n ,  h a lf-  

l i f e  and c learance o f  DEHP.

3 .1 .4  Induction o f  Microsomal Parameters by DBHP

DEHP has been reported  to  in te ra c t w ith , and m od ify , b io lo g ic a l 

responses to  parathion (S r iva s ta va  e t  a l. , 1976), barb itu ra tes, 

methaqualone (D an iel and B ra t t ,  1974; Rubin and Jaeger, 1973; Seth e t 

aJ. , 1977) and carbon te t r a c h lo r id e  (Seth  e t aJ. , 1979). Biochemical 

In v es tig a tion s , in to  the h e p a t ic  e f f e c t s  o f  these compounds, have shown 

that they might a f fe c t  m itochondria l fu nction  (Lake e t  a l . , 1975; 

S rivastava  e t  a l.  , 1978; Takahashi, 1977), produce peroxisome 

p r o l i f e i  a t ion  (Moody and Reddy, 1978) and induce peroxisom al marker 

enzymes such as c y a n id e - in s en s it iv e  palm itoyl-CoA ox id a tio n  and 

ca rn it in e  a c e ty ltra n s fe ra s e  (Lake e t a l .  , 1984a, 1984c). Peroxisome 

p r o l l f e i  a tor s, such as DEHP and c lo f ib r a t e ,  have been reported  to  

markedly enhance the microsomal o x id a tio n  o f f a t t y  a c id s  (Oki ta and 

Chance, 1984; Orton and P arker, 1982) but to  have a le s s e r  e f f e c t  (both 

induction and in h ib it io n ) on other microsomal enzyme a c t i v i t i e s  (Agarwal

5 8



e t a l. , 1982a, 1982b; A l t io  and P a rk k i, 1978; Lake e t  a l . , 1975; P o lla ck  

and Shen, 1984; S rivas lava  e t a l.  , 1978). This I s  In  ad d ition  to

In creasing  peroxisomal enzymes a c t i v i t i e s  such as the enzymes o f  the 

peroxisomal fa t t y  ac id  0 -ox ida tion  c y c le  (Lazarow and DeDuve, 1976). 

Th is has led  to  the suggestion  that th ese  compounds may induce a novel 

form o f  cytochrome P-450. Indeed, G ibson and co-workers (Gibson e t  a l.  , 

1982; Tamburini e t  a l. , 1984) and Hardwick e t a l. (1987) have Iso la ted  a 

form o f  cytochrome P-450 (P450IV) from  the l iv e r s  o f  c lo f lb r a t e - t r e a t e d  

ra ts  which has a high s p e c i f i c i t y  f o r  the o - and (w-1 )-h yd roxy la tlon  o f 

la u r lc  acid , but correspond ingly low s p e c i f i c i t y  towards ty p ic a l mixed 

fu n ction  substrates. I t  Is  l ik e ly  th e re fo r e  that the notable l i v e r  

enlargement. Increased cytochrome P-450 con ten t and increased 

endoplasmic reticu lum  (Daniel and B ra t t ,  1974; Lake e t  a l. , 1975) in

DEHP trea ted  r a ts  are assoc ia ted  w ith  peroxisomal e f f e c t s  and induction  

o f  the microsomal fa t t y  acid  u h yd roxy la tlon  system.
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3 .2 .1  In troduction

Inducing agents have been c la s s i f ie d  in to  two main groups, p o ly c y c lic  

a rom atic  hydrocarbon--like (PAH -llke) or phenobarbi ton e-1 ike. I t  would 

appear, however, from the l i t e r a tu r e  (Hardwick e t  a l. , 1907) that a

t h i r d  group, in corpora tin g  peroxisome p r o l i f e r a to r s ,  e x is ts . One o f  the 

in te n t io n s  o f th is  p ro jec t was to  examine i n - v i t r o / in - v iv o  c o r re la t io n s  

through induction  o f  a wide range o f drug m etab o liz in g  enzyme a c t i v i t i e s  

u s in g  ra ts  and d i f f e r e n t  types o f  inducing agen ts. An in v e s t ig a t io n  by 

P o l la c k  and Shen (1904) ind ica ted  that pretreatm ent o f  ra ts  w ith  DEHP 

s ig n i f i c a n t ly  increased the clearance o f a n t ip y r in e , one o f the markets 

o f  drug m etabo liz in g  capacity  fo r  these in tended  c o r re la t io n  stud ies. 

S in c e  DEHP appears to be a su ita b le  novel inducer compound rep resen tin g  

th e  th ird  c la ss , p re lim inary s tu d ies  were conducted to determ ine the 

e f f e c t s  o f  DEHP dose and i t s  length  o f  ad m in is tra tion  on the ra t 

microsomal o x id a tion  system.

3 .2 .2  Experimental Design

Male Sprague-Dawley ra ts  (200 to  300g> were given  d a i ly  ora l 

a d m in is tra tion  (a t  17.00-10.00 h) o f  e ith e r  corn  o i l  (n=3, bml/Kg) or 

DEHP in corn o i l  (u=3, 2g/Kg, bml/Kg) fo r 15 days. Two days b e fo re  the 

f i r s t  adm in is tra tion  o f corn oil/DEHP, (M -m ethyl-14C> -antipyr ine was 

adm in istered  ip  to  each i a l  (2bag/Kg; lOpCi/Kg; 2nd/Kg) and the animals 

were placed in  a l l  g la ss  metabolism cages. A n tip y r in e  ' 4C0st exha la tion  

r a t e s  (CER) were determined as described  in  section  2 .4 .1 . The 

a n t ip y r in e  breath te s t was repeated on a l l  r a ts  a t  day 15 p r io r  to the 

f i n a l  corn oil/DEHP dose. The ra ts  were kept in  metabolism cages for 

24 h and urine c o l le c t io n s  made. R a d io a c tiv ity  l e v e l s  in u rine samples 

were determined to  ensure good recovery. On day 16, ra ts  were k i l le d  by

3 .2  THE EFFECT OF DBHP ADMI1IST1AT10I ON IM  VITRO AMD IM -V IV U  PROBEH

OF DRUG METABOLIZIIG CAPACITY
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c e rv ic a l d is lo c a t io n  and th e ir  l i v e r s  removed fo r  p repara tion  o f 

luicrosomes (s e c t io n  2 .3 .1 ). For each microsome preparation , microsomal 

p rote in  determ in a tion  (s ec tio n  2 .3 .2 ),  cytochrome P-450 con ten t (sec tion  

2 .3 .3 ), ECOD (s e c t io n  2 .3 .4 ) and EROD a c t i v i t i e s  (s e c t io n  2 .3 .6 )  were 

measured. R a d io a c t iv ity  in  the 24 h urine c o l le c t io n s  was measured and 

used as an in d ic a to r  o f  m etabo lite  ex c re tion  (s ec tio n  2 .4 .1 ).

3 .2 .3  Resu lts  and D iscussion

3 .2 .3 .1  E f fe c t  o f  DEHP a d m in is tra tion  on a n tip y r in e  ' *CER Data

Typical CER-time curves, generated from an tip yr in e  breath t e s t  data, are 

shown in  f ig u r e  3 .4  both b e fo re  and a f t e r  14 days ad m in is tra tion  o f  DEHP 

in  corn o i l  (2g/Kg, 5wl/Kg). The con tro l curves generated, b e fo re  and 

a fte r  corn o i l  adm in is tra tion , were super imposable and showed no 

s ig n if ic a n t  d i f fe r e n c e s  in  any o f  the CER parameters ( t a b le  3 .1 ). 

Treatment w ith  DEHP, however, decreased the an tip yr in e  h a l f - l i f e  (tfc ), 

by 20%, the tim e to  peak CER (tmax), by 40% and area under the curve 

(AUC), by 24% but produced no change in  CERmax. W hilst there was c le a r ly  

an induction o f  a n tip y r in e  metabolism, s in ce  the AUC was decreased , then 

the data su ggested  that le s s  was m etabolized v ia  the N -deiuethylation 

pathway. The Indu ction  o f  a n tip y r in e  was, th ere fo re , s e l e c t i v e  towards 

the h yd roxy la tion  pathways o f  an tip yrin e .

3 .2 .3 .2  E f f e c t  o f  DEHP a d m in is tra tio n  on i n - v i t r o  param eters

DEHP produced hepatomegaly ( l i v e r  weight/lOOg body weight in creased  by 

74%), Increased  cytochrome P-450 content (42%) and ECOD a c t i v i t y  (83%) 

but had l i t t l e  or no e f f e c t  upon EROD a c t iv i t y  (ta b le  3 .2 ) .  W hilst the 

hepatomegaly produced by DEHP (74%) was much g rea te r  than th a t  observed 

fo r  high doses o f  PB (20%) o r 0-BF (20%), the increases in  cytochrome P- 

450 content (42%) were sm aller than that produced by PB (250%) or 0-MF 

(250%). S im ila r ly  fo r  ECOD the increase in  a c t iv i t y ,  induced by DEHP,
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Figure 3 .4  Typ ica l ( l -m e th y l- * -O -a n t lp y r iu e  CBK-Tlme Curves ob ta in ed  

before aud a l t e r  14 D a ily  Oral Doses o f DBHP <2g/Kg)

■  -  Before treatm ent 

•  -  A lte r  treatm ent
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T a b le  3 .1  H l f e c l  o f  UlillH o r  C o ra  O i l  T ie a ta u n t  on  ( l - n e t h y l  ' *C > -

a n tip y t in e  CHR Parameters

Parameter Treatment Day 0 o f 
Tx ea tiuent

Day 15 o f 
Treatment

ttt •CO 127.0 (3 .5 ) 129.3 (0 .3 )

t » •-DBHP ♦ CO 114.1 (22 .3 ) «9 0 .9 (11 .8 )

CER.n..< CO 0.135 (0 .007) 0.143 (0 .024)

CBK...... DEHP ♦ CO 0.149 (0.025) 0.146 (0 .015)

U .x CO 54 (4 ) 40 (10)

U .X DEHP ♦ CO 67 (15) ^40 (10)

AUC CO 26.4 (0 .8 ) 27.3 (0 .7 )

AUC DEHP t CO 27.0 (0 .8 ) -21. 1 (0 .7 )

•CO - corn o i l  (5ml/Kg)
bDBHP + CO -  DEHP in  corn  o i l  (2g/Kg)
S ig n if ic a n t ly  d i f fe r e n t  from  prelreatmenL va lu es ;
c p < 0. 1; -  p < 0.01; -  p < 0.00b
D e te r  m in e d  u s in g  th e  p a i r e d  t  t e s t .

Table 3.2 E f fe c t  o f  DBHP Treatment on I a - v l t r a  Kicrasamul Data

Parameter T rea t me ut

Corn o i l  
(bml/Kg)

DBHP
(2g/Kg>

LV/BV 3.5 (0 .3 ) «5 .9 (0 .2 )

P-450 0.33 (0 .09 ) •0. 48 (0 .05)

ECOD 0.60 (0 .17 ) -1 . 10 (0.11)

EROD 0. 12 (0 .03 ) 0. 14 (0 .01)

S ig n if ic a n t ly  d i f fe r e n t  from pi etreatm ent va lu es ; 
• p < 0 . 1 ; t , p <  0.05} « p < 0.005 
Determined using the t-L e s t

63



was by fa r  the sm allest (83%) when compared to  that fo r  PB <5 fo ld )  and 

P-IF  <14 fo ld ) .  Unlike DEHP, both PB and p-MF Induced EROD a c t i v i t y  <0%, 

60% and 100 fo ld  r e s p e c t iv e ly )  (ta b le s  4.4 and 4 .6 ).

3 .2 .4  Conclusions

The observed reduction  in  h a l f - l i f e ,  fo llo w in g  DEHP adm in is tra tion , 

ind ica ted  induction  o f  a n tip y r ln e  metabolism. The degree o f  e f f e c t  on 

an tip yrin e  e lim in a tion  was much le s s  than that observed w ith other 

c la s s ic a l inducers, which suggested that the cytochrome P-450 isoenzymes 

induced by DEHP have a low  a f f i n i t y  fo r  an tip yr in e  as a substra te. 

Increases occurred in  two o f  the microsomal parameters, cytochrome P-450 

and ECOD a c t iv i t y ,  fo llo w in g  DEHP treatm ent, but aga in  the c la s s ic a l  

inducers are known to  produce much g rea te r  increases in  a c t i v i t y  (Tay lo r 

e t a l . , 1985).
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3 .3 .1  In trodu ction

The aim o f  these s tu d ie s  was to  produce a wide range in  drug 

m etabo liz in g  capacity  in  ra ts  to  enab le in -v lv o / in  ■ v i t i  o  co i t e la l lo u s .  

Thus the inducing p o te n t ia l o f th ree  d i f fe r e n t  doses o f  DEHP were 

in v e s t ig a te d . P re lim inary  s tu d ies  em ploying DEHP (2g/Kg; s e c t io n  3 .2 ) 

had produced induction o f  a n tip y tin e  metabolism but the dosing in te r v a l,  

o f  14 days, was unwieldy. The study was repeated  here using, in  

ad d it io n , two lower doses o f  DEHP and ca rry in g  out s eve ra l breath te s ts ,  

a t frequ en t in te rv a ls ,  during the f i f t e e n  days o ra l dosing. Thus i t  was 

hoped to  even tu a lly  be able, to ledu ce  the dosing p eriod  fur subsequent 

stu d ies .

3 .3 .2  Experim ental Design

Male Spi ague-Dawley r a ts  (200 to  300g) were o r a l ly  dosed w ith e ith e r  

c o rn -o i l  (5ml/Kg), o r DEHP in  corn o i l  (0 .5 , 1 or 2g/Kg as bml/Kg), on 

each o f  f i f t e e n  days a t 17.00 -  10.00 h. Three r a ts  were used for each 

treatm ent group. On the morning o f  the f i r s t  dose and a ls o  on days 

th ree, seven , ten and fou rteen , the animals were placed in  a l l  g la s s  

metabowls, were g iven  <N-iueLhyl~ ’ *C )--antipyr ine ( i p )  and exhaled 1‘'COs 

c o l le c t e d  (sec tion  2 .4 .1 ) .  On each occasion , 24 h u rin e  c o l le c t io n s  were 

made to  ensure good recovery  o f  r a d io a c t iv i t y .  A fte r  the f i f t h  breath 

te s t ,  r a t s  were g iven  a lb th  dose (17 .00  to  16.00 h ) . The fo llo w in g  day, 

ra ts  were removed from the metabowls, k i l l e d  by c e r v ic a l  d is lo c a t io n  and 

th e ir  l i v e r s  removed fo r  p repara tion  o f  roicrosoines (2 .3 .1 ) .  Various in  

v i t r o  assays were c a r r ie d  out on prepared microsomes (s e c tio n s  2 .3 .2 , 

2 .3 .3 , 2 .3 .4  and 2 .3 .6 ) .  Urine (24 h ) was c o l le c t e d  and the le v e ls  o f

r a d io a c t iv i t y  measured (s e c t io n  2 .4 .1 ) .

3 .3  BFFBCT OF DBHP 1XKJH AID  1. BIG H i OF DOSIBG PERIOD ON 1M VIVO  AID

lM -V IT k O  FKOBBS OF DKUG NBTABOLIZIIG  CAPACITY
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3 .3 .3  Kutiulte and D iscussion

3 .3 .3 .1  E f fe c t  o f  DEEP an A a tip y rla e  CEE Parameters -  Duse and Dosing  

In te rv a l Dependencies

CER-time p r o f i le s ,  produced be fo re  and a fte r  treatm ent with corn o i l  or 

DEHP (0 .5  and lg/K g ), were e s s e n t ia l ly  superimposable, in d ica tin g  that 

these treatm ents had l i t t l e  e f f e c t  on a n tlp y r ln e  d isp o s it io n . A 

s ig n if ic a n t  change in  p r o f i l e  was observed fo r  the h ighest dose o f  DEHP 

(2g/Kg) on ly ( f ig u r e  3 .5 ) .  The change occurred gradu a lly , reached a 

maximum a t seven days and was maintained up to  day 14. As in  the 

previous study there was a s ig n if ic a n t  decrease in  h a l f - l i f e  w ith  DEHP 

(2g/Kg; f ig u re  3 .6 ) and no change in  CER«,».. ( t a b le  3 .3 ). D iffe ren ces  

were seen, however, between - the two stud ies fo r  t h is  DBHP dose. There 

was an Increase In stead  o f  a decrease in  t « , » «  and no e f f e c t  Instead o f  a 

decrease in  AUC ( ta b le  3 .3 ).

3 .3 .3 .2  E f fe c t  o f  Dose o f  DEHP Adm in istered  on I n - v i t r o  Parameters

Mean data (ta b le  3 .4 ) showed dose dependent in creases  in  r e la t iv e  l i v e r  

weight, cytochrome P-450 content and ECOD a c t iv i t y  but s l ig h t  decreases 

in  EROD a c t iv i t y .  W h ils t maximal hepatomegaly was observed fo r  the two 

h ighest doses o f  DEHP (lg/Kg and 2g/Kg), e f f e c t s  upon cytochrome P-450 

content and ECOD a c t i v i t y  were g r e a te r  fo r  the 0.5g/Kg and 2g/Kg dose 

than the lg/Kg dose ( t a b le  3 .4 ).



F igu re  3.S T yp ica l d -m e th y l- ' *C )-u a t ip y r in e  ■'•CER-Time Curves

generated b e fo re  mid A lte r  3, 7, 10 and 14 Daily Oral 

Doses o f  DEEP (2g/Kg>

In th is  f ig u re  the various data s e ts , d erived  from one ra t, have 
been d isp la ced  in  100mln increm ents fo r  c la r i t y

• -  B efo ie Lreatmeiat

□ - At ter 3 d a lly doses

+ - A fte r 7 d a ily doses

■ - Ai ter 10 d a ily doses

o -  A fter 14 d a lly doses

F igu re  3.6 P ic t o r ia l  R epresen ta tion  o f  the Change (%) in  H a l f - l i f e  

o f  Au tipyriu e w ith  dose aud Dosiug In te rv a l o f  DEHP 

Mean data i s  shown;

• - cor n o i l <5 el/Kg) <n«3>

■ - DEHP in  corn o i l <0.5g/Kg> <u*3>

♦ -  DEHP in  corn o i l <1 g/Kg> <a*3 >
X - DEHP azo a i l <2 g/Kg) (n*3>
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Tab le  3.3 E f fe c t  o f  Varying Dose and Dosing In te rv a l o f  Adm inistered 

DEEP on (■ -■ e th y l-1*C )-a n t ip y r in e  CER Parameters

Parameters Treatment Days o f  treatm ent

0 3 7 10 14

t * CO 121.8 115.3 114. 1 122. 0 123. 1
(8 .7 ) (2 3 .3 ) (17 .2 ) (21 .6 ) (1 7 .2 )

ttt DEHP 111.7 114.5 110. 0 -116.5 112.7
<0.5g/Kg> (9 .4 ) (6 .3 ) (4. 3) (12 .4 ) (7 .5 )

t * DEHP 117. 4 122. 1 114.3 117.2 *110 .2
(1 g/Kg) (7 .2 ) (1 3 .9 ) (10 .9 ) (4 .5 ) (9 .3 )

t * DEHP 140. 1 *125.1 *107.3 -108.5 -116 .9
<2 g/Kg) <18.5) (1 5 .7 ) (8 .7 ) (4 .9 ) <7. 1)

CER..«., CO 0. 103 0. 104 0. 097 0. 102 0. 106
<0.008) (0 .014 ) (0 .014) (0.012) (0 .010 )

CER..«- DEHP 0. 128 -0.120 *0.117 *0.100 *0 .115
(0 .5g/Kg) <0.009) <0.010) <0.005) (0 .010) <0.010)

CER.,« . DEHP 0. 125 0. 113 0. 104 *0.093 *0.107
<1 g/Kg) <0.008) (0 .016 ) (0 .O il ) (0 .009) <0. 007)

CER..«- DEHP 0. 009 0. 084 0. 085 0. 089 0. 078
<2 g/Kg) <0.020) (0 .006 ) <0.007) (0.009) <0.014)

tm«w CO 45 58 53 50 60
<18) (6 ) (3 ) (5 ) (5 )

t„ ,«- DEHP 57 50 48 57 49
(0 .5g/Kg) < 17) (0 ) (3 ) (7 ) (6 )

t .„ .- DEHP 43 54 55 60 -57
(1 g/Kg) <11) (5 ) (16) (10) (2 )

t„,«>« DEHP 43 -60 50 57 63
<2 g/Kg) <11) (2 ) (0 ) (7 ) (6 )

AUC CO 17.7 *19. 4 16.5 21.0 20.9
(0 .7 ) (1 .0 ) (2. 0) (0 .5 ) (0 .6 )

AUC DEHP 22.9 *20.4 *19.9 *18.4 *19 .4
<0.5g/Kg) <0. 1) <0. 7 ) (0. 7) (0. 0) (0 .2 )

AUC DEHP 22.8 *19 .8 20.2 *17.6 •=18.5
<1 g/Kg) (0 .5 ) (0 .7 ) (2 .8 ) (0 .5 ) (1 .0 )

AUC DEHP 16.6 15.9 14.8 16. 4 16. 4
(2 g/Kg) (1 .8 ) (0 .2 ) (2 .4 ) (1 .5 ) (0 . 0)

S ig n if ic a n t ly  d i f f e r e n t  from pretreatm ent values:
• p < 0. 1
•  p < 0.05
• p < 0.01
-  p < 0.005
Determined using the pa ired  t  t e s t
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Tab le  3.4 E f fe c t  o f  Varying Dose o f  DHHP Adm inistered on In - v i t r o  

S tudies

Parameter Treatment

Corn o i l  DEHP DEHP DEEP
0.5g/Kg lg/Kg 2g/Kg

LV/BV 3. 4 (0 .2 ) -4 .5 (0 .2 ) «5 .4 (0 .2 ) «5 .5 (0 .3 )

P-450 0.36 (0. 08) to0. 48 (0 .0 4 ) 0. 43 (0 .0 8 ) •=■0.52 (0 .02 )

ECOD 0.72 <0.07) 0. 88 (0 .1 3 ) 0.62 (0 .1 9 ) -1 .02 (0 .10 )

EROD 0. 15 <0.04) 0. 11 (0 .0 1 ) -0. 09 (0 .0 2 ) *"0. 08 (0 .02 )

S ig n if ic a n t ly  d i f f e r e n t  from the corn  o i l  c o n tro l:
-  p < 0.0b le v e l  

p < 0.01 le v e l  
« p < 0.001 le v e l  
Detei mined using one way ANOVA

3 .3 .4  Conclusions

A n tip yrin e  h a l f - l i f e  decreased on ly  w ith  the h igh es t dose o f DEHP 

<2g/Kg). During the period  o f  treatm ent, the d ecrease  in  h a l f - l i f e  

reached a ini ni mum a t day seven and was then maintained. Since no 

decrease in  h a l f - l i f e  was obseived  fo llo w in g  14 d a i ly  doses o f  lg/Kg o f 

DEHP, th is  i s  not equ iva len t to  seven  d a ily  doses o f  2g/Kg. These CER 

r e s u lts  confirm ed that cytochromes P4501V^ do not have an important r o le  

in  the metabolism o f  an tlp y r in e .

In - v i t r o ,  d ose -re la ted  changes were observed in  in crea ses  in  l i v e r  

weight and cytochrome P-450. The microsomal enzymes d i f f e r e d  in  th e ir  

response to  DEHP treatment. ECOD a c t i v i t y  in creased  and EROD a c t iv i t y  

decreased. ECOD is  a genera l su bstra te  which is  In d u c ib le  by both PB and 

p-NF. EROD is  a moie s p e c i f ic  assay fo r  JJ-HF induction .
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3 .4  EFFECT OF COICUKREIT ADMIIISTRATIOR OF DBHP A ID  COR1 O IL  0 «  1M-VIVO

AID IM -VITKO  PARAMETERS OF DRUG METABOLISM

3 .4 .1  In trodu ction

The p revious two s tu d ies  (S ec tion s  3.2 and 3.3> showed anomalous in -  

v i t r o  re s u lts  a s so c ia ted  w ith DEHP adm in istra tion . In these s tu d ie s  the 

standard d ilu en t f o r  DEHP was corn o i l .  S ince DEHP is  an o i l y  l iq u id  

then in  order to  maintain a constant dose volume, d i f f e r e n t  p rop o rtion s  

o f  DEHP corn o i l  were used. A p o s s ib i l i t y  e x is te d , th e re fo re , th a t  the 

ra ts  were responding to  corn o i l  induced metabolism, ra ther than t o  the 

DEHP. Such p o s s ib i l i t i e s  were in v e s tig a ted  by m on itoring various markers 

o f  drug m etabo liz in g  capac ity  fo llo w in g  a d m in is tra tion  o f  DEHP alone 

<2g/Kg, 2ml / K g ), DEHP w ith  corn o i l  <2g/Kg, 2ml/Kg and 3ml/Kg

r e s p e c t iv e ly ) ,  co rn  o i l  a lone <3ml/Kg) and sodium ch lo r id e  0.9% w/v 

(3m l/Kg).

3 .4 .2  Experim ental Design

Male Sprague-Dawley ra ts  (200 to  300g) were o r a l l y  dosed e i t h e r  with 

s a lin e  (0.9% w/v, 3ml/Kg), corn o i l  (3ml/Kg> o r  DEHP alone (2g/Kg, 

2ml/Kg) and in  corn  o i l  (2g/Kg; 2ml/Kg and 3ml/Kg). Four r a t s  were 

Included in each group g iv in g  a to ta l  o f  16 ra ts ,  dosed a t between 17.00 

and 18.00 h each day. The anim als were su b jected  t o  an a n tlp y r in e  breath 

te s t  (s e c t io n  2 .4 .1 )  before and a f t e r  the treatm ents. The s a lin e  tre a ted  

group were not included in  the in -v iv o  study but were trea ted  (4  ra ts  

sodium ch lo r id e  0.9% w/v, 3ml/kg> con cu rren tly  w ith  the o th e r  three 

groups. F o llow ing the second breath te s t  a l l  r a ts  re ce ived  a 15th dose 

and on the fo l lo w in g  day were removed from the roetabowls, k i l l e d  by 

c e r v ic a l  d is lo c a t io n  and th e ir  l i v e r s  removed fo r  p rep a ra tion  o f 

microsomes (s e c t io n  2 .3 .1 ). I n - v i t r o  parameters were measured (s e c t io n  

2 .3 .2 , 2 .3 .3 , 2 .3 .4 , and 2 .3 .6 ) and r a d io a c t iv i t y  in  the u rine samples 

(24 h c o l le c t io n )  was determined (s ec tio n  2 .4 .1 ) .
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3 .4 .3  R esu lts  and D iscussion

3 .4 .3 . 1 E ffe c ts  o f  DBHP and Corn o i l  on CER Parameters

CER...«. . and t,»»x  were u na ffected  by any o f  the th ree treatm ents. H a lf-  

l i f e  and AUC were u n a ffec ted  by corn  o i l  treatm ent. S im ila r  decreases  in  

h a l f - l i f e  were observed  fo r  the two DEHP groups but a la r g e r  decrease 

in AUC was observed fo r  the group re c e iv in g  both corn o i l  and DEHP 

( t a b le  3 .5 ).

Tab le  3 .5  E ffe c ts  o f  adm in is terin g  Corn o i l ,  and DBHP w ith  or w ithout 

Corn o i l ,  on (1 -m eth y l- ’ *C )-a n t ip y r in e  CER Parameters

Parameter Treatment Day 0 o f  Day 15 o f
Treatment Treatment

ttt CO 122.8 (16 .2 ) 122.4 (12 .8 )

tft DBHP
(a lone )

135.4 (25 .5 ) *112.5 (8. 7 )

t * DBHP
(♦  CO)

124.8 (17. 0) -106.7 (29 .6 )

CER«.«.- CO 0 . I l l (0 .010) 0. 107 (0 .010)

CER«.«.- DEHP
(a lone )

0. 107 (0 .010) 0. 102 (0 .010 )

CER«.»- DBHP
(♦ CO)

0 . 110 (0 .022) 0. 085 (0 .020 )

tn«K CO 49 (8 ) 51 (8 )

t « » x DEHP
(a lon e )

47 (8 ) 51 (2 )

t«.«.X DEHP
(+ CO)

55 (8 ) 61 (10)

AUC CO 21.7 (0 .5 ) -20 .5 (0 .8 )

AUC DBHP
(a lon e )

20.7 (0 .7 ) *17.2 (1 .2 )

AUC DEHP
(+ CO)

20.8 (0. 8) «14 .7 (0 .6 )

S ig n i f ic a n t ly  d i f f e r e n t  from  pretreatm ent values: 
-  p < 0.1 
»  p < 0.005 
• p < 0.0005
Determined using the pa ired  t - t e s t
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3 .4 .3 .2  E f fe c ts  o f  DEHP and Corn o i l  on J n -v l t r o  Param eters  

Hepatomegaly was g r e a te r  fo r  th e  DEHP w ith  corn  o i l  group than the DEHP 

alone group. T h is  suggests th a t corn  o i l  In  the d ie t  might p o ten tia te  

the l i v e r  changes produced by agen ts  such as DEHP, w h ils t being unable 

to  I n i t ia t e  such changes by I t s e l f .  No s ig n i f ic a n t  e f f e c t s  were observed 

fo r  cytochrome P-450 In any In stance. ECOD a c t i v i t y  Increased In  the 

order sa lin e  0.9% < corn o i l  < DEHP < DEHP + corn o i l .  The ECOD a c t iv i t y  

o f the DEHP a lo n e  group was tw ice  th a t o f  th e  sa lin e  group but 

e s s e n t ia l ly  s im i la r  to  that o f  the corn o i l  group. The ECOD a c t i v i t y  o f  

the DEHP + corn  o i l  group was 1.5 tim es b ig g e r  than the corn o i l  group 

and the DEHP grou p  but th ree  tim es b igge r  than th e  sa lin e  group. The 

order o f in c rea s e  in  the EROD a c t i v i t y  was s a lin e  0.9% < DEHP < DEHP + 

corn o i l  < c o rn  o i l .  Changes produced were sm all and were on ly 

s t a t i s t i c a l l y  d i f f e r e n t  fo r  corn  o i l  when compared w ith each o f  the 

other 3 groups ( t a b le  3 .6 ).

Table 3.6 E f f e c t s  o f  Adm in istering  S a lin e , Corn o i l ,  and DEHP w ith  or 

w ith ou t Corn o i l  on I n - v i t r o  S tu d ies

Pararnet e r Treatment

Sa lin e Corn o i l DEHP a lone DEHP + CO

LV/BV 4. 0 (0 .3 ) -3 .3 (0 .3 ) -4 .9 (0 .4 ) «5 .8 (0 .7 )

P-450 0 .30 (0.02) 0.39 (0 .05 ) -0 .40 (0 .0 8 ) 0.38 (0. 06)

ECOD 0.35 (0 .01) «0 .6 5 (0 .09 ) «0 .70 (0 .0 4 ) «0 .95 (0 .1 5 )

EROD 0. 04 (0.01) «0 . 08 (0 .01 ) 0. 05 (0 .0 1 ) 0.06 (0. 02)

LAH 3 .42 (0 .52) «5 .67 (0 .94 ) «13.82 (3 .5 0 ) «17.83 (3 .39 )

S ig n i f ic a n t ly  d i f f e r e n t  from  s a lin e  c o n tro l va lu es : 
• p < 0.05 v a lu e ; *» p < 0.01 value 
c p < 0.001 va lu e  
Determined u s in g  one way ANOVA
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Laurie ac id  hydroxylase a c t i v i t y  was s u b s ta n t ia lly  increased in  the 

DEHP trea ted  groups. The in c re a s e  in  th is  parameter fo llow ed  the same 

trend observed w ith ECOD a c t i v i t y .  This in d ica ted  th a t corn o i l  had a 

s l ig h t  in du ctive  e f f e c t  on th is  microsomal enzyme s p e c i f i c  for P4501V 

forms o f  cytochrome P-450. C le a r ly ,  although sm all changes were observed 

in  other parameters, DEHP trea tm en t was having an in d u c tiv e  e f i e c t .

3 .4 .4  Conclusions

These re s u lts  confirmed the sm a ll but s ig n i f ic a n t  e f f e c t  o f  DEHP on 

a n tip y r in e  h a l f - l i f e .  Both w ith  and without corn  o i l  d ilu en t, the DEHP 

produced a decrease in  h a l f - l i f e .  In a d d it ion , a decrease in AUC was 

observed as p rev iou s ly  rep o rted  in  s ec tion  3 .2 . Th is  in d ic a te s  that the 

importance o f  H-déméthylation o f  an tip yr in e  i s  reduced in  the DEHP- 

induced ra t.

The I n - v i t r o  data con firm s and expands on the e a r l i e r  s tud ies. From 

the ECOD data, i t  was seen th a t corn o i l  produced a s im ila r  in crease  as 

DEHP alone when compared to  th e  sa lin e  group, but DEHP with corn o i l  

produced the la rg e s t increase  and i t  was observed  to be an a d d it iv e  

e f f e c t  s ince the a c t iv i t y  doub led . The decrease in  EKOD data o r ig in a l ly  

observed for DEHP (sec tion  3 .3> was confirmed in  th is  study but was not 

apparent when the two DEHP g rou ps were compared w ith  the sa lin e  group. 

Th is in d ica ted  that corn o i l  induced  EROD a c t i v i t y .  The corn o i l  e f f e c t s  

are on ly exh ib ited  i n - v i t r o  in  th ese  s tu d ies . The a n tip y r in e  breath te s t  

d id  not p ick  up changes caused by corn o i l  ad m in is tra tion . These r e s u lt s  

show the importance o f  not o n ly  te s tin g  the v e h ic le  but a lso  ensuring 

that the volume o f  v eh ic le  u sed  is  the same in  both con tro l and te s t  

animals. In add ition , they r e in fo r c e  the d i f fe r e n c e  in  s e n s i t iv i t y  

between microsomal and i n - v iv o  te s ts .
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3.5 F1IAL DISCUSSIO«

3 .5 .1  / o -v ii'o  e lu d le s

In a l l  th ree s tu d ies , no change in  CER param eters were observed fo r  the 

animals p re trea ted  with co in  o i l .  Rats p re tr e a te d  with DEHP in corn  o i l  

(2g/Kg), however, showed a s ig n if ic a n t  d ec rea se  in h a l f - l i f e  w ith  no 

change in  CER,.,»>.. In two s tu d ies  (s e c t io n  3 .2  and 3 .4 ), AUC values were 

decreased but in  the th ird  (s ec tio n  3 .3 ) no change in AUC fo r  ra ts  g iv e n  

DEHP in  corn o i l  (2g/Kg) was recorded. When data  from a l l  three s tu d ie s  

was averaged however, a s ig n if ic a n t  d ec rea s e  in  AUC was observed. A 

d i f f e r e n t  trend was observed in each o f  th e  studies f o r  the param eter 

t m» «  fo r  ra ts  g iv en  DEHP in  corn o i l  (2 g/ K g ). In study 1 (s ec tio n  3 .2 ) 

tm.x decreased, in  study 2 (s ec tio n  3 .3 ) Increased and in s tu dy 3 

(s e c t io n  3 .4 ) t n,*x was unchanged. When th e  data was averaged fo r  t,»«.», 

no s ig n if ic a n t  d if fe r e n c e  cou ld  be dem onstrated in  th is  parameter.

Study 2 (s e c t io n  3 .3 ) showed that corn  o i l  pretreatm ent and the low er 

doses o f  DEHP in  corn o i l  (0 .5  and lg / K g ), produced no e f f e c t s  on 1 aCER 

parameters. The decrease in  h a l f - l i f e  o b served  fo r  the h ighest dose o f 

DEHP (2g/Kg) occurred gradu a lly  and reached  a plateau va lue  a f t e r  seven  

days treatm ent. Th is was maintained u n t il day 15 o f  treatm ent.

In study 3 (s e c t io n  3 .4 ),  the d e c rea ses , in a n tip y r in e  h a l f - l i f e  

produced by DEHP alone and with corn o i l ,  were s im ila r  but the d ecrease , 

in  AUC, was la r g e r  in the group r e c e iv in g  DEHP in corn  o i l .  When data  

from the th ree s tu d ies  was averaged, how ever, no d i f fe r e n c e  cou ld  be 

demonstrated between these two groups.

These data in d ica te  that DEHP a lon e and with corn  o i l  i s  a poor 

inducer o f  an tip y r in e  metabolism at the doses stud ied . The degi ee  o f 

e f f e c t  was much le s s  than that observed f o r  c la s s ic a l inducers o f  drug 

metabolism and suggests that the isoenzym es o f  cytochrome P-450, Induced 

by DEHP, have low a f f i n i t y  fo r  the s u b s tra te  a n tip y r in e . P o lla ck  and 

Shen 's (1904) study demonstrated DEHP t o  have a more marked e f f e c t  on
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a n tip y r in e  clearance C3.9 -> 7 .8ml/min/Kg) and h a l f - l i f e  <165 -> 

67.2inin> than was observed in  the present work. They a ls o  observed 

l i t t l e  o r no e f f e c t  upon urinary recovery o f the a n tip y r in e  m etabo lites . 

Although in  the present in ves tig a tion s  no a n a ly s is  o f  the urine was made 

fo r  m etabo lites , a decrease in  AUC fo r  the CBR-time p r o f i l e s  was 

observed. This in d ica ted  a reduction  in  the amount o f  an tip y r in e  being 

m etabolized  to  noran tipyrin e. The unusually  low reco ve ry  o f 

noran tipyrln e  (3% fo r  the corn o i l  group and 2% fo r  the DEHP trea ted  

group) observed by P o lla ck  and Shen <1984) su gges ted  that lo s s e s  may 

have occurred during e ith e r  the hyd ro lys is  o r e x tra c t io n  s ta ges . This 

could exp la in , in  part, the d iffe ren c e s  between th e ir  re s u lts  and the 

present stu d ies , s in ce  normally a recovery  fo r  t h i s  m etabolite  o f  about 

20% would be expected. Indeed a small e f f e c t  on a n t ip y r in e  metabolism  is  

more in  keeping w ith the small changes observed  in  the i n - v i t r o  

parameters observed here and a lso  by P o lla ck  and Shen <1984). P o lla ck  

and Shen <1984) a lso  suggested from th e ir  da ta  that the indu ction  o f 

an tip y r in e  metabolism by DEHP resembled the induction  produced by 

phenobarbitone. Th is conclusion  cannot be drawn from the CER data 

presented here s in ce  phenobarbitone induction  cau ses  a la rge  decrease in 

h a l f - l i f e  (sm all decrease w ith  DEHP), an in c rea s e  in  CER,..«.., (no change 

w ith DEHP), a decrease in  t « . « »  (no change w ith  DEHP) and a decrease  in 

AUC (decrease w ith DEHP) (Rhodes and Houston, 1983). In a s im ila r  

fa sh ion , DEHP induction  does not resemble th a t observed w ith  JJ--HF fo r  

which la rg e  decreases in  h a l f - l i f e ,  in creases  in  CER,„... and in crea ses  in 

tm«K and AUC are observed. S ince the l i v e r  was g r e a t ly  en larged  by DEHP 

i t  i s  l ik e ly  that the e f f e c t s  observed are due to  th is  ra th er than to 

actu a l increases in  s p e c i f ic  a c t iv i t y  o f  the d ru g  m etaboliz ing  enzymes. 

S u rp r is in g ly  14 d a i ly  doses o f  lg/Kg DEHP d id  not produce a s im ila r  

e f f e c t  to seven d a ily  doses o f 2g/Kg. The e f f e c t s  o f  DEHP a te  not 

th e re fo re  cumulative.
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Table 3.7 <■- «ethyl--1 *C )-antipyrine CBR Data Averaged iron  the Three

DEUP Studleu

Parameter Treatment Day 0 
Treati

o f
ment

Day 15 o f  
Treatment

ttt CO
(3ml/Kg)

122.8 (16 .2 ) 122.4 (1 2 .8 )

t* CO
(5ml/Kg>

124.8 (6 .8 ) 126.2 (1 1 .4 )

t* DEHP 4 CO 
(0 .bg/Kg)

111.7 (9 .4 ) 112.7 (7 .5 )

t * DEHP 4 CO 
(1 g/Kg)

117. 4 (7 .2 ) to110.2 (9 .3 )

t* DEHP 4 CO 
(2 g/Kg)

126.2 (19 .9 ) “ 104.4 (2 0 .7 )

t* DEHP alone 
(2 g/Kg)

135. 4 (25 .5 ) -112.5 (8 .7 )

CER,..».. CO
(3ml /Kg)

0. I l l (0 .010) 0.107 (0 .0 1 0 )

CBR*.... CO
(5ml/Kg)

0. 119 (0 .019) 0.124 (0 .0 2 6 )

CBRm.x DEHP 4 CO 
(0 .5g/Kg)

0. 127 (0 .009) •>0.115 (0 .0 1 0 )

CER«... DEHP 4 CO 
<1 g/Kg)

0. 125 (0 .008) rt0 .107 (0 .0 0 7 )

CERmatx DEHP + CO 
(2 g/Kg)

0.115 (0 .032) 0.103 (0 .0 3 3 )

CER«.. DEHP alone 
(2 g/Kg)

0. 107 (0 .010) 0.102 (0 .0 1 0 )

tmftM CO
(3ml/Kg)

49 (8 ) 51 (2 )

t—x CO
(5ml /Kg)

48 (12) 52 (1 2 )

tn*M DEHP < CO 
(0 .bg/Kg)

57 (17) 49 (6 )

U.K DEHP 4 CO 
<1 g/Kg)

43 (11) -57 (2 )

tx.x DEHP 4 CO 
(2 g/Kg)

54 (13) 53 <12>

t « . . DEHP alone 
<2 g/Kg)

47 (6) 51 (8 )

continued o v e r le a f
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Table 3.7 cant. (i-methyl-* -C>-antipyrine CBR Data Averaged from

the Three DEHP Studies

Parameter Treatment Day 0 
Treat]

o f
uent

Day 15 o f 
Treatment

AUC CO
(3ml/Kg)

21.7 (0 .5 ) -20.5 (0 .8 )

AUC CO
(5ml/Kg)

22.0 (4 .9 ) 24. 1 (3 .7 )

AUC DEHP + CO 
<0.5g/Kg)

22.7 (0 .3 ) *19.4 (0. 2)

AUC DEHP ♦ CO 
<1 g/Kg)

22.7 (0 .3 ) «=18.5 C|. 1)

AUC DEHP  ̂ CO 
(2  g/Kg)

21.6 (4 .7 ) *17. 0 (3. 0)

AUC DEHP a lone 
<2 g/Kg)

20.7 (0 .7 ) *17.2 (1 .2 )

S ig n i f ic a n t ly  d i f f e r e n t  from  pretreatm net values; 
* p < 0. 1; p < 0.05;
‘  p < 0 .01 ; d p < 0.005 
Determined using the pa ired  t t e s t

3 .5 .2  la -  v i  t r o  S tudies

The dose dependent in crea ses  <Table 3 .0 ) in  l i v e r  s iz e  observed here 

fo llo w in g  DHHP treatm ent have a ls o  been reported  by a number o f  o ther 

workers (G ray e t a l . ,  1977; Lake e t  a l . ,  1975, 1984a). Such l i v e r

e f f e c t s  a re  produced by a wide v a r ie ty  o f  substances and are frequ en tly  

assoc ia ted  w ith  in creases  in  the a c t i v i t y  o f  the h epatic  microsomal 

drug- m e lab o llz ln g  enzymes (Conney, 1967; Schulte-Hermann, 1974). In such 

circum stances enlargement has been regarded as an adaptive p h ys io lo g ica l 

response o f  the l i v e r  to  in creased  m etabolic  demand (Golberg, 1966). 

DEHP, however, on ly had a sm all e f f e c t  on the metabolism o f substra tes 

normally used fo r  i n - v i t r o  d eterm ination  o f drug m etaboliz ing capac ity . 

Various s tu d ie s  have suggested  that such observa tions  a re  in d ic a t iv e  o f  

in c ip ien t  h ep a to to x lc ity  (Crampton e t a l . ,  1977; Grasso e t  a l . ,  1974).
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S im ila r ly , the l i v e r s  o f DEHP tre a ted  animals showed a marked 

p r o l i fe r a t io n  o f  peroxisom es. This e f f e c t  i s  a lso  thought to  be an 

in d ica tion  o f h ep a toca rc in ogen ic ity  (Reddy e t  a l . , 1980; Lalwanl e t a l. , 

1981). No assays were c a r r ie d  out to  e s ta b lis h  Induction o f  peroxisomal 

enzymes s ince s tu d ies  by Lake e t  a l. (1984c, 1986) have es tab lish ed  that 

there are strong c o r r e la t io n s  between la u r ic  ac id  hydroxylase a c t iv i t y  

and both c y a n id e - in s en s it iv e  pa lm itoy l-C o A oxidase (r=0 .97 ) and 

c a rn it in e  a c e ty ltra n s fe ra s e  (r=0.98>, in  the ra t. Lauric acid  

hydroxylase a c t i v i t y  was s ig n i f ic a n t ly  in creased  in  these s tu d ies  and 

pa lm itoyl-C o A ox idase is  a s p e c i f ic  peroxisom al marker and ca rn it in e  

a c e ty ltra n s fe ra s e  i s  lo ca ted  in  peroxisom al, m itochondrial and 

microsomal fra c t io n s .

DEHP adm in is tra tion  produced on ly sm all In creases  in  cytochrome P-450 

content and ECOD a c t i v i t y .  Both o f  these markers r e f l e c t  changes in  

cytochrome P-450 isoenzymes. A s l ig h t  decrease  in EROD a c t iv i t y ,  a 

marker o f  PAH indu ction  was observed and the r e s u lts  o f the second study 

suggested that these decreased a t the expense o f  in creases  in other 

forms o f cytochrome P--450. The values fo r  P-450 and ECOD a c t iv i t y  a f t e r  

adm in is tra tion  o f  the lg/Kg DEHP dose were lower than that expected i f  

the changes were sim ply dose re la ted . The r e s u lts  o f the th ird  study 

provide a p o ss ib le  reason fo r  th is . Corn o i l  adm in istra tion  had no 

e f f e c t  on l i v e r  weight but increased cytochrome P-450 con ten t, ECOD and 

EROD a c t iv i t y  r e la t i v e  to  sa lin e  adm in is tra tion . The increase  in l i v e r  

weight, P-450 con ten t and ECOD a c t i v i t y  was g rea te r  when DEHP was 

adm inistered w ith  corn  o i l  than when adm in istered  alone. The e f f e c t s  o f 

DEHP and corn o i l  on P-450 content and ECOD a c t iv i t y  were a d d it iv e  and 

the e f f e c t s  on EROD a c t i v i t y  could be t o t a l l y  exp la ined by the e f fe c t s  

o f  the corn o i l  d ilu en t and were dose dependent.

The on ly microsomal parameter to  be g r e a t ly  a f fe c te d  by the 

treatm ents was la u r ic  a c id  hydroxylase a c t i v i t y .  Th is i s  a microsomal
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Table 3.8 Jn-vltro H icroBonal Parameters averaged from the three DEHP

S tu d ies

Parameter Treatment

S a lin e Corn o i l DEHP + corn o i l DEHP a lone

3ml/Kg 3ml/Kg 5ml/Kg 0. 5g/Kg Ig 'K g Z g 'K g Zg'Kg

LV/BV 4.0 to3 .3 -3 .5 4.5 *5.4 c5. 8 b4.9
(0 .3 ) (0 .3 ) (0 .2 ) (0 .2 ) (0 .2 ) (0 .5 ) (0. 4)

P-450 0. 30 0.39 0.34 to0. 48 -0. 43 *»0. 45 aO. 41
(0 .0 2 ) (0 .05 ) (0 .08 ) (0. 04) (0 .08 ) (0 .0 8 ) (0 .08 )

ECOD 0.35 *0.65 *0.66 •=0.88 *0.82 c l .  02 cO. 70
(0. 01) (0 .09 ) (0 .13 ) (0. 13) (0 .19 ) (0 .1 3 ) (0. 04)

EROD 0. 04 -0 . 08 e0. 13 »0 . 11 -0. 09 bO. 09 0. 05
(0. 01) (0 .01 ) (0 .04 ) (0 .0 1 ) (0 .02 ) (0 .0 4 ) (0 .01 )

LAH 3. 42 •=5.67 ______ — — *17.83 «13.82
(0 .5 2 ) (0 .94 ) (3 .3 9 ) (3 .50 )

S ig n i f ic a n t ly  d i f fe r e n t  from sa lin e  c o n tro ls : 
a p < 0.05

p < 0.01 
« p < 0. 001
Determined using one way ANOVA

parameter s p e c i f i c  fo r  P450IV inducers. In  th is  In stance the corn o i l  
once again  e x e r ted  a d d it iv e  e f fe c t s  w ith  the order o f  in creas ing

a c t iv i t y  being  s a lin e  < corn o i l  < DEHP a lo n e  < DEHP + corn  o i l .

Although i t  is  o ften  assumed that corn  o i l  e x e r ts  l i t t l e  e f f e c t  on 

microsomal enzyme a c t iv i t y ,  with weak Inducers, coadm in is tra tion  w ith 

corn o i l  may produce anomalies. O bservation  o f  such an anomaly w ith 

DEHP, led  to  th e  work c a rr ied  out in  the th ir d  study. In  the l i t e r a tu r e ,  

f r e e  f a t t y  a c id s  have a number o f  in flu en ces  upon mixed fu nction  

ox ida tion . A ch ron ic  fa t - f r e e  d ie t  d ecreases  cytochrome P-450 con ten t 

and ra tes  o f  microsomal ox ida tion  o f  s e v e ra l su b stra tes  (Norred and 

Vade, 1972). D ep le tion  o f d ie ta ry  fa t  a ls o  decreases th e  a b i l i t y  o f  PB 

to  induce cytochrome P-450 (M arshall and McLean, 1971). R econstitu ted
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mixed fu n c tion  oxidase (m fo ) systems requ ire  phosphatidy lcho line fo r  

maximum a c t i v i t y  (Coon e t  a l.  , 1976). Free fa t t y  a c id s  cause a s h i f t  

from low t o  high spin  s ta te s  in  the haem iron  (Gibson e t  a l . , 1980). At 

high con cen tra tion s , (3.5mM) fr e e  fa t t y  a c id s  act as de te rgen ts  and 

in h ib it  drug metabolism (Augustine and Fouts, 1969). A study by 

Vattenberg e t  a l. (1962), has reported  that in  the r a t ,  feed in g  a low 

fa t  d ie t  r e s u lts  in  a markedly lower a c t iv i t y  o f  benzo (a )pyrene 

hydroxy lase, a microsomal enzyme. S ince fa t t y  a c id s  have m u ltip le  

e f f e c t s  on both MADPH-generating processes and the microsomal P-450 

system i t  i s  d i f f i c u l t  t o  p re d ic t  th e ir  net ac tion  on mixed fu n c tion  

oxidase a c t i v i t y  (Danis e t  a l.  , 1985). Previous workers have d isrega rded  

these e f f e c t s  by adm in is terin g  the same dose volume ra th e r  than the same 

v eh ic le  volume in  s tu d ie s  w ith  DEHP or do not in d ic a te  c le a r ly  the 

volume o f  v eh ic le  adm in istered  and so th is  must be taken in to  

con s id e ra tion  when in te rp r e t in g  the DEHP data in  the l i t e r a tu r e .
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CHAPTER 4
USE OF INDUCED ANIMALS TO INVESTIGATE THE 

RELATIONSHIPS BETWEEN IN—VITRO AND IN-VIVO 
MARKERS OF DRUG METABOLIZING CAPACITY

4.1 IITKODUCTIOM
The fa c to r s  which in flu en ce  the a b i l i t y  o f  an in d iv idu a l to m etabolize  

ad u in is te ied  drugs and methods o f  a ssess in g  these have been e x te n s iv e ly  

s tu d ied  (Couney and Kappas, 190b; B ie im e i, 1903; V e s e ll,  1979; V e s e ll 

and Penno, 1983; V e s e ll,  1984). In te r - in d iv id u a l v a r ia b i l i t y ,  which may 

confound such s tu d ies , can be minimised by usiug each in d iv id u a l as h is  

or her own c o n tro l. The pharm acokinetics o i a model compound such as 

an tip y r in e  may thus be determined in  the Ind iv idu a l both b e fo re  and 

a f t e r  app ly ing ju s t  one environmental change (V e s e ll,  1979).

The use o f  model compounds in order to  p red ic t the pharm acokinetics 

o f  another drug substance has been o f  l im ited  success, mainly as a 

consequence o f  the m u lt ip l ic i t y  o f  the drug m etaboliz ing enzyme system. 

The actua l complement o f  drug m etabo liz in g  enzymes found lu  an 

in d iv id u a l a t any p a r t icu la r  Lime, depends upon a la rge  number o f  

fa c to r s  which in te ra c t  w ith  each other and the gen e tic  background. In 

order fo r  the pharm acokinetics o f  one compound to  be useiu l lor 

p red ic t in g  the pharm acokinetics o f  another, th e re fo re , s im ila r  

isoenzymes o f  cytochrome P-450 must be In vo lved  in  th e ir  metabolism. For 

example, although hexobarbiLone and heptobarb itone c learances  were louud 

to  c o r r e la te  s tron g ly  in  the ra t <r-0.90> (Van der Graaff e t  a l.  , 1903a) 

a s im ila r  study w ith  hexobarbi tone and an tip yr in e  produced poor 

c o r r e la t io n s  (Van der G tu a ff at a l. , 1963b).

An a lt e rn a t iv e  approach has been to  use m etabolite  lo t mat ion  

c learance  data. The hypothes is  that the d i f f e r e n t  pathways o f a n t lp y t in e  

metabolism may be mediated by d i f f e r e n t  isoenzymes has been the su b je c t  

o f  a number o f  In v e s t ig a t io n s  (ta b le  1 .2 ).  Indeed although hexobarblLone
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c lea ran ce  d id  nut c o r r e la te  w illi a u t ip y iin e  c lea ran ce , ^uud cut x e i a Li one 

were ach ieved when the lux lualiuu c lea ran ce  ox 3-lxydr oxyixxe luy iaxilx pyx ine 

Wdb used (Vau dei G raa fi e l  u i . , 1903b).

The iu ten tiu n  ui these s tu d ies  was* lu in v e s t ig a te  poss ib le  

cur r e ia  tiuns iix r a ts  between and witixixx various iu - v iv u  ana in - v i t r o  

iuaiker compounds having s p e c i f i c i t y  io r  d i f f e r e n t  forms uT cytocixiuiue t -  

4b0. i nee th ere  i s  r e la t iv e ly  l i t t l e  v a r ia b i l i t y  i i i  drug iiieLabul isxix in  

untreated ra ts ,  twu types ui' inducer , a ty p ic a l 3-MC- type inducing 

agen t, ft-uaphthofiavone (fJ-HB) (Buubis f t  u i.  , 1976), and pliuuubar b i tune 

(PB>, were aduxi n istex ed a t vai iuus dose le v e ls  in  order to  ach ieve a 

wide range in  drug m etaboliz ing enzyme a c t i v i t i e s ,  w h ils t  keeping a l l  

other ia c to rs , which might a f f e c t  drug metabolism, constan t.

4 .2  UACKGUUUlib TO THIS INDUCT1UM PKUCiiiiti

A wide xauge o f  therapeu tic  d iugs axe known to produce enzyme induction 

in  anim als (Couixey, 1907; Maixnei ing, 190(1). Bur many years inducers o i 

cytochrome P-430 were thought to  l a l i  in to  two major c a te g o r ie s ; those 

which act l ik e  3~iuethy lchu lan lhreue (3-MC) and those which act l ik e  

plxe nobar b it  o lie (PB) . The use and development ui s o p h is t ic a te d  techniques 

io r  the ch a ra c te r iza t io n  o£ cy tochromes P-430, showed tha t th e ie  wex e 

more spec ies  o f  P-4b0 than those induced by "P B -typ e ", or H3-MC-typeM 

compounds. Other s tu d ies  have shown tha t many inducers do not act l ik e  

e ith e r  3-MC or PD (Nebert e l  a l. , 1901). On tlxe b a s is  o i substrate 

s p e c i f i c i t y , amino ac id  com position , NHa-terminal sequence, and 

ixixiBUiioreactivity (G o ld ste in , 1904; Bi esn ick  e t a i .  , 1904) cytochromes t ~

430 have now been c la s s i f i e d  e ith e r  as c o n s t itu t iv e  ox induced fo i xus. 

The la t t e r  have been subdivided, su fa r ,  in to  f i v e  groups accord ing to  

the types o f  chem icals which cause th e ir  Induction  (ta b le  4 .1 ) 

(G o ld s te in , 1984; Davies, 1984; Nebert and Gonzalez, 198b; Nebert e t 

a l . , 1981). There are s t i l l ,  however, known inducing agents which
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Table 4. 1 C a tego r ies  o f  Compounds Inducing Cytochromes P-450 in

Laboratory Animals

Type o f  Inducer Examples o f  Compounds w ith in  group

3-M ethylcholanthrene P o ly c y c l ic  arom atic hydrocarbons
-  benzo (a )pyrene, ben z(a>anthracene, TCDD, ß-NF

Phenobarbitone Most ba rb itu ra tes , an ticon vu lsan ts

Ethanol

C lo f ib r a te  Peroxisome p r o l l fe r a to r s :
-  DBHP

Pregnenolone-16-a- G lu coco rtico id s : 
c a r b o n it r i le  -  dexaméthasone

produce a response which does not f i t  in to  any o f  these c a tego r ie s .

Many compounds induce both phase 1 and phase I I  enzymes. Rat l i v e r  

microsomal epoxide hydrolase a c t i v i t y  i s  induced by PB, p o ly c y c l ic  

aromatic hydrocarbons <PAHs) o f  the 3-MC-type, pregnenolone-16-a- 

c a rb o n it r i le  (PCN), a n tiox id an ts  and p o lych lo r in a ted  b iphenyls (PCB) 

(B en tley  and Oesch, 1982). U D P-glucu ronosyl-transferase a c t iv i t y  i s  

induced in  ra t l i v e r  by both PB and 3-MC (Owens, 1977). C y to s o lic  

g lu ta th ion o -S -tra n s fe ra se  a c t i v i t y  in  ra t l i v e r  is  Induced by PB (H a les  

and Helms, 1977), 3-MC (Hales and Nelms. 1977; P ic k e t t  e t s i . , 1982), 

t r a n s - s t i1bene ox id e  and 2 -acety lam inofluorene (D eP ie rre  e t a l. , 1984).

Certa in  chem icals such as butylhydroxyan lso le  (Benson e t a l. , 1979) 

cause dram atic indu ction  o f g lu ta th io n e -S -tra n s fe ra ses  and/or epox id e  

hydrolase w h ils t having r e la t i v e l y  l i t t l e  e f f e c t  on cytochromfes P-450. 

These h igh ly  induced le v e ls  o f  Phase I I  enzymes may be important In  

p ro te c t in g  the anim als from r e a c t iv e  m etabo lites  formed from p o t e n t ia l ly  

to x ic  or carc in ogen ic  substances (Vattenberg, 1985).
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4 .2 .1  B f fe c t s  o f  Inducing Agents on th e  L iv e r

Both PB and 3-MC produce in c rea ses  In  l i v e r  s iz e  and syn th es is  o f  

h epa tic  p ro te in s . Only PB however, f o r  which the onset o f  Induction  I s  

much s low er  than fo r  3-MC, produces Increases In microsomal p ro te in  

syn th es is  and p r o l i f e r a t io n  o f smooth endoplasmic re t lcu lu n  (Conney a t  

a l . ,  1956; Conney and Gilman, 1963; Arcos a t a l . ,  1961). Other s tu d ies  

have shown that compounds from both o f  these groups markedly In crease  

the q u a n tity  o f o th e r components o f  the e le c tro n  tran sport system  

fu n c tion in g  In drug metabolism (Remuer and Nerker, 1965).

4 .2 .2  Mechanism o f  Induction  o f  D rug-M etaboliz ing Bnzymes

I t  I s  now es tab lish ed  th a t Induction  o f  s eve ra l cytochrome P-450 s p e c ie s  

req u ires  da-novo p ro te in  (Hebert and Gonzalez, 1985; Hebert at a l . ,  

1981; Adesnlck and Atch ison , 1986). Increased c a ta ly t ic  a c t i v i t y  o f  P - 

450 m ediated monooxygenases Is  a consequence o f  increased syn th es is  o f  

cytochrome P-450 apop ro te in s  ra th er than being due to  enzyme 

s t a b i l i z a t io n  or to  p o s t - t ra n s c r lp t lo n a l "a c t iv a t io n "  o f  la te n t  enzyme. 

R egu la tion  o f cytochrome P-450 indu ction  I s  thus p r im a r ily  a t the le v e l  

o f  gene tra n sc r ip tio n .

In - v iv o  treatment o f  animals w ith  compounds which Induce cytochromes 

P-450, lea d s  to  a ra p id  increase in  tra n sc r ip tio n  o f mRHAs tha t code f o r  

s p e c i f i c  Induced P-450 apopro te in s  (Hebert and Gonzalez, 1985; Hebert a t  

a l. , 1981; Adesnick and Atchison, 1986) For example, treatm ent o f  r a t s

w ith  PB produces, w ith in  3 h, measurable in creases  in  mRHA s p e c i f i c  f o r  

the PB-lnduced forms o f  P-450; w ith in  16 h the le v e l  o f  s p e c i f i c  mRHAs 

in  PB -trea ted  ra ts  may be 25 to  100 times g rea te r  than the le v e l  o f  the 

same mRHAs in  un trea ted  ra ts  (Adesnlck and Atchison, 1986). Immuno­

p r é c ip ita t io n  o f  P-450 using an tib od ies  to  the P-450 apop ro te in  

in d ic a te s  that In crea ses  in  P-450 apoprote in  are q u a n t ita t iv e ly  

comparable to  the l e v e l s  o f  Induced mRHA. S p e c if ic  forms o f  P-450 may
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th ere fo re  be d ra m a tica lly  increased <25- to  1 0 0 -fo ld ) w h ils t the o v e ra ll 

cytochrome P-450 pool g e n e ra lly  on ly in creases  2- t o  3 - fo ld .

Regu lation  o f  Phase I I  enzymes a ls o  appears to  be predominantly at 

the tra n sc r ip t io n  l e v e l .  In ra t l i v e r ,  induction  o f  g lu ta th ion e  S -  

tran sferase  B by 3-MC can be t o t a l ly  accounted fo r  by the increased 

ra tes  o f  syn th es is  o f  i t s  mRNA (P ic k e t t  e t  a l. , 1982). PB induction  

Increases the ra te  o f  tra n s c r ip t io n  o f  epoxide hydro lase genes by 4- to  

9 - fo ld  in  ra t  l i v e r  and th is  r e s u lts  in  in creased  epoxide hydrolase 

enzymatic a c t i v i t y  (Hardwick e t a l. , 1983).

4 .2 .2 .1  Mechanism by which 3-MC-type Compounds I n i t i a t e  the In d u ction  

Process

Although i t  i s  c le a r  th a t the in creased  enzyme a c t i v i t y  i s  due to  

increased tra n s c r ip t io n , fa r  less  i s  known about how the c e l l  i n i t i a l l y  

recogn ises the presence o f  enzyme inducers and how th is  in form ation  is  

transm itted to  t r a n s c r ip t io n a l s i t e s .  Only in  the case o f induction  o f 

cytochromes P450I by 3-MC-type compounds is  the o v e ra l l  induction  

mechanism r e la t i v e l y  w e ll understood.

3-MC-type inducers are hydrophobic po lynuclear arom atic molecules 

that e ith e r  are r i g i d l y  planar (3-MC, ha logenated d ib en z-p -d iox in s , 

halogenated d ib en zo fu ran s ) or can be ro ta ted  to  a cop lanar con figu ra tion  

(PCBs other than those w ith  ortho su b s t itu en ts ). I t  i s  thought that they 

enter c e l l s  by sim ple d i f fu s io n  through the plasma membrane (Hebert and 

Bausserman, 1971) and then bind to  a so lu b le  In t r a c e l lu la r  p ro te in  

c a lle d  the Ah recep to r  (Ah=aromatlc hydrocarbon) (Hebert e t  a l,  1981; 

Poland e t  a l.  , 1979; Okey e t a l . ,  1979; Carlsted t-D uke e t  a l. , 1978).

A fte r  the chem ical inducer binds to  the Ah re cep to r , the inducer- 

receptor complex undergoes a temperature-dependent " a c t iv a t io n "  process 

which con verts  the complex to  a form which is  a b le  to  en ter the nuclear 

compartment and then t o  bind with high a f f i n i t y  to  s p e c i f i c  gene reg ions
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(Elsen e t  a l . ,  1982; Okey e t  a l. , 1980). The s p e c if ic  gene reg ion  at 

which the inducer-Ah recep to r  complex a c ts  has been t e n ta t iv e ly  

id e n t i f ie d  in  cu ltu res  o f  hepatoma c e l l s  by m o lecu la r-gen e tic  techniques 

(Jones e t  a l . ,  1985).

T r i t ia t e d  te tra ch lo ro d ib en zo -p -d io x in  (TCDD) has been used to  

id e n t ify  and ch a ra c te r ize  the Ah recep to r  (Poland e t a l. , 1979; Okey e t 

a l . , 1979; Carlstedt-D uke e t  a l. , 1978; Poland and Knutson, 1982; Sa fe  

e t a l . , 1985; E isen e t a l . ,  1982). The TCDD-Ah receptor complex appears 

to  act a t a s p e c i f i c  gene reg ion  approx im ately  1200 to  1500 base p a irs  

upstream from the promoter gene re g io n  which c o n t r o ls  the P450I 

s tru c tu ra l gene (Jones e t  a l . , 1985). The e f f e c t  o f b ind ing  o f  the TCDD- 

Ah recep to r complex to  th is  gene reg io n  is  to  in crea se  the ra te  o f  

tra n sc r ip tio n  o f  the P450I s tru c tu ra l gene, perhaps by re le a s in g  the 

promoter from  in h ib it io n  (Jones e t  a l . ,  1985). The P450I raRNA thus 

synthesized i s  then tra n s la ted  in to  P450I apoprotein , which, a f t e r  

add ition  o f  the haem p ro s th e t ic  group, is  in corpora ted  in to  c e l l  

membranes where the enzyme becomes c a t a ly t l c a l l y  a c t iv e .

4 .2 .2 .1 .1  Evidence L in k in g  the Ah R ecep to r to  R egu la tion  o f  Cytochrome 

P450I In d u ction

I t  has c le a r ly  been shown that the Ah recep tor s a t i s f i e s  a l l  the 

necessary c r i t e r i a  to  be considered a true recep tor which m ediates 

induction o f  cytochrome P450I by 3-HC-type chem icals. The ev idence 

lin k in g  the Ah recep tor to  regu la tion  o f  cytochrome P450I induction  is  a 

strong q u a n t ita t iv e  s t r u c tu r e -a c t iv it y  r e la t io n sh ip . The a f f i n i t y  w ith 

which most compounds bind to  the Ah recep to r  c o r r e la te s  w e ll w ith  the 

in -v iv o  potency o f  the compounds as Inducers o f cytochrome P450I in 

labora tory  animals. Th is re la t io n s h ip  has been es ta b lish ed  fo r  s eve ra l 

su bcategories  o f  the 3-MC-type o f  P450I inducers in c lu d in g  halogenated
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Nebert and co llea gu es  (N ebert e t a l . , 1981; Safe e t  a l . , 1985) found 

th a t  c e r ta in  s t ra in s  o f in b red  mice were Mnon-responsive" to  induction  

o f  cytochrome P450I when tr e a te d  w ith 3-MC. " Non-responsive" mice have

normal s tru c tu ra l genes which code fo r  the cytochrome P4501 apopro te in  

i t s e l f  (Hebert e t  a l. , 1981; Safe e t  a l.  , 1985). The h e r ita b le  "non-

response" to  3-MC appears t o  be a mutation in  the r e g u la to ry  gene which 

codes  fo r  the Ah recep tor p ro te in . As a re s u lt  o f  t h is  mutation, the 

r e c e p to r  p ro te in  has a reduced a f f i n i t y  fo r  3-MC-type inducers. The Ah 

re c e p to r ,  i n i t i a l l y  d is co ve red  in  roden ts, now has been shown to  e x is t  

in  many mammalian sp ec ies .(D en ison  and W ilkinson, 1985) includ ing humans 

(R ob e rts  e t  a l . , 1985) and prim ates (Okey e t a l . , 1983).

4 .2 .2 .1 .2  Ah R e c e p to r -C y to s o lic  o r  N uclea r?

When c e l l s  are fra c t io n a ted  by standard techniques o f  hom ogenization and 

d i f f e r e n t i a l  c e n tr ifu g a t io n , the unoccupied form o f Ah recep tor appears 

to  be a c y to s o l ic  component (Okey e t  a l . , 1979, 1980); however, a recen t 

s tu dy suggests tha t the Ah recep to r , p r io r  to  occupancy by the inducing 

chem ica l, i s  lo c a l iz e d  w ith in  the nuclear compartment from where i t  is  

r e le a s e d  during c e l l  fr a c t io n a t io n  (W hitlock and G a leazz i, 1984). 

A lthough the in i t i a l  su b ce llu la r  lo c a l iz a t io n  o f the unoccupied form  of 

th e  Ah recep to r  has not y e t  been decided , the f in a l  s i t e  a t which the 

r e c e p to r  re gu la te s  enzyme induction  i s  agreed to  be w ith in  the nucleus.

4 .2 .2 .2  Mechanism o f  In d u c t io n  by o th e r  Agents

The mechanism o f  indu ction  o f d ru g-m etabo liz in g  enzymes fo r  other 

c a te g o r ie s  o f  inducers is  not yet c le a r .  I t  has been postu lated  th a t a 

s p e c i f i c  re cep to r  e x is ts  which mediates the in d u ctive  e f f e c t  o f  PB-type 

compounds, but the lack o f  strong s t r u c tu r e - a c t iv i t y  r e la t io n sh ip s  fo r

congeners o f dibenzo-p-dioxins and dlbenzofurans (Poland and Knutson,

1982) and polychlorinated biphenyls (PCBs) (Safe et al. , 1985).
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PB-type in du cers  and the la ck  o f  a s p e c i f i c  PB-type ligan d  w ith high 

a f f in i t y  f o r  th e  postu lated recep tor has thwarted in v e s t ig a t io n s  in to  

such a r e c e p to r .  Vhereas the chemical and s tru c tu ra l requirem ents which 

make a compound a good 3-MC-type inducer are s t r i c t  and w e ll-d e fin ed  

(Poland and Knutson, 1982; Safe e t  a l.  , 1985), the many d i f f e r e n t  

compounds th a t  act as PB-type inducers e x h ib it  g rea t v a r ie ty  in chem ical 

structu re and have no obvious s tru c tu ra l c h a ra c te r is t ic s  which would 

p red ic t th e ir  e f f ic a c y  or potency as enzyme inducers. PCN-type inducers, 

on the o th er hand, have been postu lated  to  act v ia  the g lu c o c o r t ic o id  

recep tor to  induce s p e c if ic  forms o f  P-450 (Schuetz and Guzelian, 1984).

4 .2 .3  Consequences o f Induction

Many drugs a c t  as autoinducers s t im u la tin g  th e ir  own metabolism and thus 

reduce t h e i r  own e f f ic a c y  o f  which b a rb itu ra tes  are an example. At the 

same time, th e  metabolism o f  co-adm in istered  drugs may be a lte re d  (Park 

and B recken ridge , 1981). G enera lly , th i6  i s  on ly o f  importance where the 

drugs have a low  therapeu tic  index.

There may a ls o  be problems i f  indu ction  o f  cytochrome P-450 sp e c ie s  

which g en e ra te  to x ic  ch em ic a lly - re a c t iv e  in term ed ia tes occurs. Animal 

stud ies have shown that the hepatic n e c ro s is  produced by high doses o f 

acetaminophen can be po ten tia ted  by PB and 3-KC (M itch e ll e t  a l. , 1984). 

S tudies in  m ice (Nebert and Negish i, 1984) have shown that induction  o f 

cytochrome P450I can in crease  the con vers ion  o f  p re-carcinogens, such as 

PAHs, to  ch em ica lly  r e a c t iv e  in term ed ia tes  which may then c o v a le n t ly  

bind to  c e l l  components, producing t o x i c i t y  or c a rc in o g en ic ity .
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4.3 PEBLIXIIAET PHAXIACOKIXETIC STUDIES

4 .3 .1  In troduction

In the present study, the pharm acokinetic parameters o f  th ree model 

compounds, an tip y r in e , th eo p h y llin e  and tolbutam ide, were in ves tig a ted  

In  ra ts , when adm in istered  s ep a ra te ly  and concu rren tly . An tip yrin e  was 

chosen because i t  i s  fr e q u e n t ly  used to  assess drug m etabo liz in g  enzyme 

a c t i v i t y  and some s e l e c t i v i t y  has been observed in  the indu ction  o f the 

pathways o f an tip y r in e  metabolism  by d i f f e r e n t  compounds (ta b le  1 .2 ). 

Theophylline and to lbu tam ide were chosen s in ce  the form er has been 

postu la ted  as a marker su b stra te  fo r  cytochromes P450I, inducib le  by 

PAHs, and the la t t e r  f o r  cytochromes P450IIB, in d u c ib le  by PB. 

Theophylline i s  known t o  show dose-dependent k in e t ic s  (Teunlssen e t  a i . , 

1985a), th e re fo re , i t s  pharm acokinetics were s tud ied  a t  two d i f f e r e n t  

dose le v e ls .

4 .3 .2  Experimental D esign

Cannulated ra ts  were ad m in is tered  a bolus dose, v ia  the ju gu la r  ve in , o f  

a n tip y r in e  and/or th e o p h y llin e  in  s a lin e  (2ml/Kg) or a n tip y r in e  and/or 

tolbutam ide in  PEG:PPG (9 :1 , lm l/K g). Blood samples were c o l le c te d  from 

the c a ro t id  a r te ry  (n=9, 250pl> over 180 min fo r  a n t ip y r ln e/ th eop h y llln e  

and over 600 min fo r  an tlp yr ln e/ to lbu tam ide . Samples were assayed fo r  

a n tip y r in e  and/or th e o p h y llin e  (s e c t io n  2 .5 .1 , 2 .5 .2 ) o r an tip yrin e

and/or tolbutam ide (s e c t io n  2 .5 .3 ).  A fu r th e r  study was conducted as 

above w ith  tolbutam ide a lon e  in  a group o f  ß-HF induced ra ts  (s e c tio n

4 .3 .3  R esu lts and D iscussion

4 .3 .3 . 1 Ant lp y rln e / T h e o p h y llin e  Pharm acok inetics

The d ec lin e  in  th eo p h y llin e  concen tra tion  w ith  time was mono-exponential 

w ith  a h a l f - l i f e  o f  about 150 min. Vo s t a t i s t i c a l  d i f fe r e n c e  ( t - t e s t )
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Tabla 4.2 Pharmacokinetic Parameters o f Antipyrine and Theophylline, Co­

administered and Administered alone to  Male Sprague-Dawley Kats

TREATMENT CLEARANCE VOLUME OF 
DISTRIBUTION

HALF-LIFE

(ml/min/SRV) (L/SRV) (min)

Theophylline 
3.25ag/Kg (n«4)

0.90 (0 .25 ) 0.17 (0  03) 138.6 (39 .8 )

Theophylline 
6.5 ag/Kg (n=4)

1.00 (0 .27 ) 0.20 (0 .0 3 ) 146.4 (27 .5 )

Theophylline 
6.S ag/Kg « 

A ntipyrine 
50 ag/Kg (n>8)

0.99 (0 .22 ) 

1.88 (0 .28 )

0.22 (0 .0 4 ) 

0.23 (0 .0 4 )

161.4 (27 .5 ) 

84.4 (11 .9 )

An tipyrine 
50 ag/Kg (n«8)

1.60 (0 .33 ) 0.23 (0 .0 2 ) 102.5 (29 .9 )

was observed when pharm acokinetic param eters such as c lea ran ce , 

h a l f - l i f e  and apparent volume o f d is t r ib u t io n  (ta b le  4 .2 ), generated  by 

adm in istering  two d i f f e r e n t  doses o f  th eo p h y llin e  (3.25 and 6.5mg/Kg), 

were compared. Th is ind ica ted  that a t  these doses, the pharm acokinetics 

o i th eop h y llin e  were lin ea r .

The blood concen tra tion -tim e curves  f o r  a n t ip y r in e  and th eo p h y llin e , 

when adm in istered alone or when coadm in istered , were v i r t u a l l y  

super imposable ( f ig u r e s  4.1 and 4 .2 ) .  Th is  was a ls o  true fo r  the dose 

normalized curves obtained from a d m in is te r in g  d i f f e r e n t  doses o f 

th eop h y llin e  (3.25 and 6.5rag/Kg).

The pharmacokinetic data ob ta in ed  a f t e r  simultaneous a d m in is tra tion  

o f an tip y r in e  and th eop h y llin e  were not s ig n i f i c a n t ly  d i f f e r e n t  from  

those obtained a f t e r  th e ir  separa te a d m in is tra tio n  ( t - t e s t )  (Tab le  4 .2 ) .  

These data in d ica ted  that c o -ad m in is trâ t ion o f a n tip y r in e  and
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Adm in istration  o f  An tipyrin e alone and w ith  Theophylline

■  -  a n tip y r in e  alone

•  -  a n tip y r in e  w ith th eophyllin e

Figure 4.1 Antipyrine Blood Concentration-Time Curves follow ing

F igu re 4.2 Theophyllin e Blood Concentration-Tim e Curves fo llo w in g

Adm in istration  o f  Theophylline a lone and w ith An tipyrin e

■  -  th eoph y llin e  alone

•  -  th eoph y llin e  w ith an tip yrin e

91
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th eoph y llin e  had no in flu en ce  on th e ir  in d iv id u a l d isp o s it io n  k in e tic s .

4 .3 .  3 .  2  A n t lp y r i  o e / T o l bu tam id ti P h a rm a c o k in e t ic s

T yp ica l con cen tra tion -tim e cu rv e s  generated from the an tip yrin e  and 

tolbutam ide experim ents a re  shown in  f ig u re s  4.3 and 4.4. Curves 

produced when the two drugs were sim ultaneously adm inistered were 

id e n t ic a l to  those ob ta in ed  fo llo w in g  separa te adm in istra tion  o f 

a n tip y r in e  and to lbutam ide. S im ila r ly ,  no s ig n if ic a n t  d iffe re n c e  ( t -  

t e s t )  was observed in  the pharm acokinetic parameters when tolbutam ide or 

an tip yr in e  were adm in istered  t o  r a ts  alone or togeth er (ta b le  4 .3 ).

Table 4.3 Pharm acokinetic Param eters o f Tolbu taa ide and An tipyrine

Coadm inlstered and Adm in istered  a lon e  in  Control and 0-HF- 

lnduced Male Sprague-Daw ley Rats

TREATKEIT CLEARANCE

(ml/min/SRV)

VOLUME OF 
DISTR1BUTI0H 

(L/SRV)

HALF-

(ml

LIFE

n>

A ntipyrine 
50 ag/Kg (n=6)

1.62 (3 2 ) 0.23 (0 .02 ) 102.5 (29 .9 )

An tipyrin e 
50 ag/Kg ¥

1.4Ö (21 ) 0.23 (0 .02 ) 109.7 (13 .6 )

Tolbutamide 
10 ag/Kg (n*5)

0. 09 (0 .0 2 ) 0.035 (0.002) 292.7 (64 .9 )

Tolbutamide 
10 ag/Kg (n>6)

0. 10 (0 .0 2 ) 0.040 (0.008) 278.6 (46 .1 )

♦Tolbutamide 
10 ag/Kg (n*4)

0. 12 (0 .0 2 ) 0.052 (0.005) 292.8 <31.0>

* Rats induced w ith  JJ-HF 100rog/Kg ip  x 3 d a l ly  doses.
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A d m in is t r a t io n  o f  A n t ip y r in e  a lo n e  and w ith  To lbu tam ide

■  -  a n t ip y r in e  a lo n e  

•  -  a n t ip y r in e  w ith  to lb u ta m id e

Figure 4.3 Antipyrine Plasma Concentrat ion -T ime Curves following

F ig u r e  4 .4  T o lb u ta m id e  P lasm a C o n c e n t ra t io n -T im e  C u rves  fo l lo w in g  

A d m in is t r a t io n  o f  T o lb u ta m id e  a lo n e  and w ith  A n t ip y r in e  

■  -  to lb u ta m id e  a lo n e

•  -  to lb u ta m id e  w ith  a n t ip y r in e
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Although fl-HF pretreatm ent produced s l ig h t  in c re a s e s  In the 

c learance, h a l f - l i f e  and apparent volume o f  d is t r ib u t io n  o f  -tolbutamide 

in  ra ts , these were not s ig n i f ic a n t  (S tu den t's  t  t e s t )  (t a b le  4 .3 ) .

4 .3 .4  Conclusions

The drug m etabo liz in g  a b i l i t y  o f an in d iv id u a l i s  s e n s it iv e  t o  a la rge 

number o f va r ia b le s . Day to  day v a r ia b i l i t y  in  such a c t i v i t y  can 

confound comparison o f th e  d is p o s it io n  o f  d i f f e r e n t  drugs a t  d if fe r e n t  

tim es (Rowland, 1980). I t  has been suggested tha t by co -adm in is te rin g  

in v e s t ig a t iv e  drugs, tim e-dependent v a r ia b le s  such as l i v e r  b lood  flow  

and cytochrome P-450 a c t i v i t y  may be avoided (Breim er, 1983; Van der 

G raa ff e t  e l . ,  1983a).

The p o te n t ia l fo r  com petition  between two e x te n s iv e ly  m etabolized , 

sim ultaneously adm in istered  drugs fo r  the isoenzymes o f  cytochrom e P-450 

e x is ts , but use o f  low  doses o f  such compounds may c ircum vent th is  

problem (Breim er e t a l. , 1984; Van der G raa ff e t  a l.  , 1983a). The aim o f 

these p re lim in ary  s tu d ies  was to  id e n t i fy  whether, a t th e  doses o f 

an tlp y r ln e , th eop h y llin e  and to lbutam ide chosen, such an in te r a c t io n  was 

d e tec ta b le  in  male Sprague-Dawley ra ts . Th is  was p a r t ic u la r ly  important 

s ince th eop h y llin e  has been shown to  e x h ib it  ca p a c ity  l im i t e d  k in e tic s  

(Teunlssen e t  a l. , 1985a) and tolbutam ide is  h igh ly  bound to  plasma 

p ro te in s  (Jud ls, 1972).

Vhen Teunissen e t  a l. (1985a) stud ied  th e  dose-dependency o f  

th eop h y llin e  k in e t ic s  in  male V is ta r  ra ts , lin e a r  k in e t ic s  were observed 

fo r  doses below  11 mg/Kg. S ince the metabolism o f  a n t lp y r in e  is  slower 

in  male Sprague-Dawley r a ts  than in  male V is ta r  r a ts  i t  was l ik e ly  that 

th eop h y llin e  metabolism would a ls o  be d i f f e r e n t .  Indeed, th eophyllin e  

h a l f - l i f e  was found to  be 150mln (male Sprague-Dawley r a t s )  as opposed 

to  70mln (male V is ta r r a t s ) .  To ensure tha t the dose chosen fo r  fu rther 

s tu d ies  was In  the l in e a r  reg ion  and a lso  would produce measurable



le v e ls  fo l lo w in g  Induction  o f  drug metabolism, two th eoph y llin e  doses 

were assessed In  ra ts . L in ea r pharm acokinetics were observed fo r  both 

doses <3.25 and 6.5mg/Kg). The h igher dose was th e re fo re  chosen fo r  

fu rth e r s tu d ies .

These p re lim inary  s tu d ies  in d ic a ted  that co -adm in is tra tion  o f  

th eop h y llin e  <6.5mg/Kg) o r  tolbutam ide <10mg/Kg> w ith a n tip y r in e  

<50mg/Kg) t o  ra ta  d id  not a f fe c t  th e i r  in d iv id u a l pharmacokinetics. 

Further s tu d ie s  were th e r e fo r e  c a r r ie d  out using these combinations. 

Although th ese  data have been confirm ed by another study in  the ra t  

(Teunlssen e t  a l . ,  1986) and in  human vo lu n teers  (Teunlssen e t  a l . ,  

1985b) a subsequent study in  humans has suggested that the co- 

adm in is tra tion  o f a n tip y r in e  <18mg/Kg) and th eop h y llin e  (5mg/Kg) reduces 

the c lea ran ce  o f  both compounds w ithout a f fe c t in g  th e ir  apparent volumes 

o f  d is t r ib u t io n  (D sn lin ger e t  a l . , 1987). These c o n f l ic t in g  rep o rts  

in d ica te  the importance o f  such p re lim in a ry  in v e s t ig a t io n s . The use o f  

to lbutam ide a s  a probe f o r  measuring drug m etabo liz in g  a b i l i t y  has not 

been as ex ten s iv e  as f o r  th e  other two compounds. Although i t  was known 

that PB induced the metabolism  o f to lbu tam ide (Back e t  a l. , 1984), the 

e f f e c t  o f  p-NF induction  was not known. No s ig n i f ic a n t  d if fe r e n c e  was 

observed between the pharm acokinetic parameters ob ta ined  fo r  tolbutam ide 

in  un treated  and p-NF p re trea ted  r a ts .  ThiB in d ica ted  tha t p-NF- 

lndu cib le  isoenzymes o f  cytochrome P-450 were not in vo lved  in  the 

metabolism o f  tolbutam ide. This supported the idea  that tolbutam ide 

might a c t as a s u ita b le  in - v lv o  marker fo r  PB -inducib le forms o f 

cytochrome P-450.
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4 .4  EFFECT OF 0-MF ADM11 IhTKATIO I 01 IV -V I  VO AID IM-VITBO  EAKKEKli OF 

DRUG RETABOL1ZIIU CAPACITY KEASUKED 1 « RATS

4.4 .1  In troduction

The aim o f  th is  study was t o  produce a wide range o f  drug m etabolizing 

enzyme a c t i v i t i e s  in  ra ts  using the inducing agent J3-NF w h ils t keeping 

e x tr in s ic  fa c to r s  constan t. These animals were then used to  in v e s t ig a te  

the s e n s i t iv i t y  and s e l e c t i v i t y  o f a number o f  in - v iv o  model compounds 

and i n - v i t r o  su bstra tes  as markers o f  drug m etabo liz in g  enzyme a c t iv i t y .  

Each animal was used fo r  both the in - v iv o  and the i n - v i t r o  s tu d ies  in 

order to  e lim in a te  e r r o r s  through in te r - in d iv id u a l d i f fe r e n c e s  in  

response to  d i f f e r e n t  doses o f  the inducing agent.

4 .4 .2  Experimental Design

Male Sprague-Dawley ra ts  <n*16, 230-280g> were adm in istered various

d a ily  Ip  doses o f  0 -IF  <0-100mg/Kg; 9 .00-10.00 h> in  corn o i l  <2ml/Kg> 

fo r  th ree con secu tive days. Rats were cannulated (s e c t io n  2 .4 .2 ) a f t e r  

the th ird  dose (s e c t io n  2 .4 .2 ) .  On the fou rth  day they were placed in 

re s tra in in g  cages. A s o lu t io n  o f  (■ - m ethy l-’ “ O -a n t  lp yr in e  (50ng/Kg, 

lpCi/Kg) and th eo p h y llin e  (6.5n«/Kg) in  normal s a lin e  (2ml/Kg) was 

adm inistered as a bolus over 1 min, v ia  the Jugular ve in . Mannitol 

(7 .5g/ 100ml in  normal s a l in e  0.9% w/v) was In fused (l.bm l/h ) in to  the 

Jugular ve in  throughout the experim ent, in order to  ensure a regu lar 

f low  o f  urine.

Blood samples (n «9 , 250p l) were c o l le c t e d  over 3 h and urine over 

4 h. Fo llow ing com pletion  o f  sampling, the ra ts  were immediately k i l le d  

by c e r v ic a l  d is lo c a t io n , th e ir  b ladders drained and l i v e r  microsomes 

prepared (s e c t io n  2 .3 .1 ) .  Blood samples were assayed fo r  an tlp yr in e  and 

th eoph y llin e  (s e c t io n s  2 .5 .1  and 2 .5 .2 ) and urine samples fo r  an tlp yr ln e  

and i t s  m etabo lites  (s e c t io n  2 .5 .5 ). Data was analysed as described  in 

s ec tion  2.6.
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The fo llo w in g  c learances were determ ined -  an tip y r in e  to ta l  c learance  

C L (A P ), th eop h y llin e  to ta l  c learance CL(TH), and 4 -hydroxyan tipyrine 

CL(4H ), n o ran tipyrin e  CLOT) and 3 -hydroxym ethy l-an tipyrine form ation  

c lea ran ces  CL(3H) (equation  1 .9 ).

In - v i t r o  parameters were determ ined, in  prepared l i v e r  microsomes, as 

fo llo w s ; microsomal p ro te in  (s e c t io n  2 .3 .2 ) ,  cytochrome P-450 con ten t 

(s e c t io n  2 .3 .3 ) ,  ECOD a c t i v i t y  (s e c t io n  2 .3 .4 ) ,  MCOD a c t i v i t y  (s e c t io n  

2 .3 .5 ) ,  EROD a c t i v i t y  (s e c t io n  2 .3 .6 ) and ALE a c t i v i t y  (s e c t io n  2 .3 .7 ) .

4 .4 .3  R esu lts  and D iscussion

T yp ica l concen tra tion -tim e curves fo r  an tip y r in e  and th eop h y llin e  in 

co n tro l and maximally induced ra ts  a re  shown in f ig u r e s  4.5 and 4.6. 

They were adequately  described  by a monoexponential model. The marked 

decrease in  h a l f - l i f e  confirm ed the s e n s i t iv i t y  o f  both compounds to  0- 

NF induction . No a lt e r a t io n  in  apparent volume o f  d is t r ib u t io n  was 

observed fo r  e ith e r  an tip y r in e  or th eop h y llin e  ( f ig u r e  4 .7 ) fo llo w in g  0- 

NF induction .

Table 4.4 summarises the e f f e c t s  o f  0-NF induction  on the in - v iv o  and 

i n - v i t r o  parameters. F o llow ing induction  w ith 0-NF, la rg e  changes were 

noted in  CL(TH) (10 fo ld ) ,  CL(AP) (4 f o l d ) ,  CL(4H) (6 f o ld )  and C L<I) (5 

f o ld ) .  Ho trends were observed w ith  CL<3H). For th e  i n - v i t r o  markers 

la zg e  changes were noted fo r  ECOD (14 f o ld ) ,  EROD (103 fo ld )  and sm aller 

in creases  in  P-450 (3 f o ld )  were observed. MCOD showed l i t t l e  response 

w h ils t ALE showed a n ega tive  response (50% o f c o n t r o l ) .

4 .4 .3 .1  fi-WF Dose Response Curves

F igu res  4.8 and 4.9 show the t y p ic a l  responses o f  the parameters 

neasured, to  the 0-HF dose adm in istered . W hilst CL(3H> va lu es  were 

unchanged fo llo w in g  0-HF induction , a h yperbo lic  fu n ction  described  the 

0-NF dose-responses observed fo r  the other in - v iv o  parameters, CL(TH),
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Figure 4.5 Antipyrine Blood Concentration-Time Curves in Control

and ß-BF Induced Rats <100^/Kg>

■ -  Control

•  -  ß-HF Induced

Figure 4.0 Th eophyllin e  Blood Concentration-Tim e Curves in Con trol 

and ß - lF  Induced Rats (100ag/Kg)

■  -  Control 

•  -  ß-BF Induced
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Figure 4.7

A - Apparent V.i o f  An tipyrine versus 0-NF Dose 

B -  Apparent V.-« o f  Theophylline versus 0-NF Dose

E ffect o f 0 -IF  Induction on the Apparent Volunes of

D istribution o f  Antipyrine and Theophylline
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Table 4.4 E ffe c t  o f P~1F Induction on Various Markers o f Drug

M eta b o liz in g  Capacity

PARAMETER n COVTROL B-MF lOOmg/kg 
INDUCT IOM

FOLD IICREASE

-CL(TH) 16 1. 11 <0.17) 10.63 9.6

-CL(AP) 16 1.67 (0 .3 2 ) 6.51 3.5

•CL<4H) 15 0.23 (0 .11 ) 1.45 6.3

•CL(■ ) 15 0. 15 (0 .0 6 ) 0.81 5.4

•CL(3H) 15 0.27 <0.08) 0.22 0.8

*»ECOD 16 0.320 (0 .049) 4.451 14

*-EROD 16 0. 056 (0 .015 ) 5.748 103

« P-450 16 0.374 (0 .023) 0. 922 2.5

‘ •MCOD 16 0. 192 (0 .018) 0.242 1.3

•»ALE 16 1.770 (0 .252) 0.651 0.4

n nunber o f r a t s  included in  study
* ml/min/SRV

nnole/aln/mg microsomal p ro te in
• nmole/mg m icrosomal p ro te in

CL(AP), CL(M) and CL<4H>. CL<AP), CL<M> and CL(4H> va lu es  rose sharply 

with p-HF dose adm inistered, reach ing a maximum a t about 20mg/Kg whereas 

CL(TH) va lu es  increased g rad u a lly  up to  the maximum P-NF dose 

adm inistered.

Mo tr e n d  was observed between MCOD a c t i v i t y  and p-MF dose 

adm inistered. W ith the e x cep tion  o f ALE a c t i v i t y  which decreased w ith p- 

NF dose and reached  a minimum w ith  doses o f about 20mg/Kg, the i n - v i t r o  

parameters, ECOD, EROD and P-450 increased w ith  dose and peaked a t about 

20mg/Kg. In o rd e r  to  ach ieve a wide range in  a c t i v i t i e s ,  p-SF doses were 

concentrated in  the range 0 to  20mg/Kg.



A -  T h eop h y llin e  C learance versu s ß-MF Dose 

B -  A n t ip y r in e  C learance versus ß-MF Dose 

C -  4-OHAntlpyrlne C learance versus ß-NF Dose 

D -  N o ran tlp y r in e  C learance versus ß-NF Dose

Figure 4.Ö The Response o f In-vivo Markers o f Drug Metabolizing

Capacity to  Induction with various Doses o f ß-MF
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A -  ECOD A c t iv i t y  versus p-NF Dose 

B -  EROD A c t iv i t y  versus p - »F  Dose 

C -  P-450 Content versus p-NF Dose 

D -  ALE A c t iv i t y  versus P-MF Dose

Figure 4.9 The Response o f In-vitro Markers of Drug Metabolizing

Capacity to  Induction with various Doses o f  0-MF
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4 .4 .3 .2  C o rre la t io n s  between In -v iv o  and I n - v i t r o  Parameters

Table 4 .5  i l lu s t r a t e s  c o r re la t io n s  observed between and w ith in  th e  

va riou s in - v iv o  and i n - v i t r o  markers measured. Examples o f c o r r e la t io n s  

are shown in  f ig u re s  4.10, 4.11, 4.12 and 4.13.

4 .4 .3 .2 .1  C o rre la t io n s  between In -v iv o  Parameters

With the excep tion  o f  CL(3H) <r-range, 0 .13 -0 .41 ), a marked le v e l  o f  

cova rian ce  was demonstrated between a l l  o f  the in -v iv o  parameters ( r -  

range, 0 .88 -0 .99 ). Apart from the CL(3H> re la tion sh ip s , the lo w es t 

c o r r e la t io n  was observed between CL(AP) and CL(TH) (r=0.88>. CL<AP> 

c o r r e la te d  more s tro n g ly  w ith CL(4H) <r=0.94), however CL(N) seemed t o  

p re d ic t  CL(AP) b e t te r  than any o f  the o ther in - v iv o  parameters (r= 0 .9 9 ).

These data, toge th er w ith the fa c t  that th ere  appeared to  be more 

s im i la r i t y  between CL(4H> and CL(TH) (r=0 .94 ) than between any o f  th e  

other in - v iv o  parameters and CL(TH), in d ica ted  that there a r e  

d if fe r e n c e s  between the P-450 isoenzymes in vo lved  in  the d i f f e r e n t  

m etabolic  pathways o f  a n tip y r in e  (f ig u r e  4 .10 ).

The lack  o f  c o r r e la t io n  between CL(3H) and other in - v iv o  param eters 

i s  con s is ten t w ith  the s e le c t iv e  induction  pattern  o f  (3-NF p re v io u s ly  

documented using a n tip y r in e  m etabo lite  k in e t ic s  (ta b le  1 .2 ).

4 .4 .3 .2 .2  C o rre la t io n s  between I n - v i t r o  Parameters

Since MCOD a c t i v i t y  was u na ffected  by p-NF induction, i t  was n o t 

su rp r is in g  that c o r r e la t io n s  between th is  and the other i n - v i t r o  

parameters were poor (r -ran ge , 0.29 -  0 .55 ). Unlike the o th e r  

parameters, ALE a c t i v i t y  decreased w ith increasing  P~NF dose  

adm in istered, thus n ega tive  but poor c o r r e la t io n s  were a ls o  observed  

between th is  and the others parameters (r -ran ge , 0.43 -  0 .6 5 ) .

Examples o f re la t io n s h ip s  between ECOD and MCOD/ALE a c t i v i t i e s  are shown 

in  f ig u r e  4.11.
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The other th ree  parameters, P-450 content, and ECOD and EROD 

a c t i v i t i e s  were more h igh ly  c o r r e la te d . Of these the poorest 

r e la t io n sh ip  was observed between ECOD a c t iv i t y  and P-450 content 

<r=0.60> and the h igh est between ECOD and EROD a c t i v i t i e s  <r=0.92> 

(f ig u r e  4 .11 ).

The high c o r r e la t io n  between P-450 and EROD a c t i v i t y  (r=0 .90 ) was 

su rp ris in g , s in ce , a lthough s p e c i f i c  forms o f P-450 may be induced over 

100 fo ld ,  P-450 g e n e ra lly  on ly  in c rea s e s  3 - fo ld  w ith  maximal induction. 

P-450 content in  con tro l an im als a lso  r e f le c t s  the amount of 

c o n s t itu t iv e  cytochrom es P-450 p resen t and i t  i s  known that le v e ls  o f 

PAH-inducible cytochromes P450I a re v e ry  low in  the non-induced animal, 

as r e f le c te d  in  the low EROD a c t i v i t y  in  untreated animals.

4 .4 .3 .2 .3  C o rre la t io n s  between In - v iv o  and In - v i t r o  Parameters 

The poor c o r r e la t io n s  observed between CL<3H) and the in - v i t r o  

parameters, and KCOD and ALE a c t i v i t i e s  and the in - v iv o  parameters were 

to  be expected from the preceding da ta . C le a r ly  these parameters were 

not p red ic t iv e  fo r  changes in  drug m etabo liz in g  a c t i v i t y  re su lt in g  from 

0 -IF  induction.

Of the in - v iv o  parameters, CL(TH ) stood out as c o r r e la t in g  most 

h igh ly  w ith P-450 content <r«0 .86>, EROD (r »0 .9 1 ) and ECOD a c t i v i t i e s  

(r *0 .9 5 ). Next to  th is ,  CL(4H) appeared a lso  to  c o r r e la te  h igh ly  with 

the i n - v i t r o  param eters, EROD (r*0 .8 9 >  and BCOD a c t i v i t i e s  (r*0 .93>. 

These a lso  fo llo w e d  the trends described  p rev iou s ly . C le a r ly  the 

parameters CL<TH> and CL<4H> and ECOD and EROD a c t i v i t i e s  can act as 

s e n s it iv e  probes f o r  3-NF induction  ( f ig u r e s  4.12 and 4 .13 ).

Although C L (I )  produced s l i g h t l y  b e tte r  c o r r e la t io n s  w ith the in -  

v i t r o  parameters than CL(AP), not unexpectedly, these two parameters 

were much poorer as in d ica to rs  o f JJ-NF induction than CL(TH) or CL<4H>.
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Table 4 .5  R e la tionsh ips Detween and W ithin In -v lv a  and I n - v i t r o  Markers

o f  Drug M etabo liz in g  C apacity  Measured In  Control and 0 -IF  

induced Rats

CL(AP) CL (4H) CL (1 ) CL(3H> ALE MCOD P-450 ECOD EROD

0.684 0.944 0.890 0. 129 -0.613 0.350 0.866 0.951 0.910 CL(TH>

0.941 0.987 0.395 -0.310 0.622 0.781 0.808 0.764 CL<AP)

0.956 0.372 -0.551 0.399 0.783 0.930 0.690 CL(4H>

0.409 -0.348 0.621 0.826 0.827 0.845 C L (I)

0.269 0.418 0.019 0. 149 0. 040 CL(3H)

0.332 -0.426 -0.648 -0.539 ALE

0.546 0.287 0.441 MCOD

0.796 0.897 P-450

0.915 ECOD

The va lues represented in  th is  ta b le  are c o r r e la t io n  c o e f f ic ie n t s .

C r i t ic a l  values o f r p < 0.001; n = 16, 0.725; n = 15, 0.704 
n=16 fo r  CL(TH), CL (AD  and the i n - v i t r o  param eters 
n=15 fo r  the form ation c lea ran ce  data

The fo llo w in g  show c o r r e la t io n  c o e f f i c ie n t s  and th e ir  corresponding 
c o e f f ic ie n t s  o f  determ ination  <%)

r  ■ 0.95, 

r »  0.90, 

r -  0.64, 

r  «  0.77,

r *  ■ 90% 

r *  ■ 60% 

* *  ■ 70% 

r *  -  60%
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Figure A. 10 C o rre la tio n s  between Theophyllin e C learance, and other 

In -v iv o  Markers o f Drug M e tab o liz in g  C apac ity  la  Control 

and 0 -IF  Induced Rats

A - An tip yrin e  Clearance versus Theophylline C learance

B -  4-0HAntlpyrine Formation C learance versus 
Theophylline Clearance

C -  N oran tipyrin e Formation C learance versus 
Theophylline Clearance

D -  3-0HMeAntipyrine Formation C learance versus 
Theophylline Clearance
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F igu re  4.11 C o rre la t io n s  between ECOD A c t iv i t y  and o th er I n - v i t r o  

Markers o f  Drug M etab o liz in g  Capacity in  Con trol and 

0-NF Induced Hats

A -  EROD A c t iv it y  versus ECOD A c t iv it y  

B -  P-450 Content versus ECOD A c t iv it y  

C -  MCOD A c t iv i t y  versus ECOD A c t iv it y  

D -  ALE A c t iv it y  versus ECOD A c t iv it y
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I a - v l t r o  Markers o f Drug M e tab o liz in g  C apac ity  in  Control 

and ß -IF  Induced Rats

A -  Theoph y llin e  C learance versus ECOD A c t iv i t y  

B - Theoph y llin e  C learance versus EROD A c t iv i t y  

C - Theoph y llin e  C learance versus P-450 Content 

D - Theoph y llin e  C learance versus ALE A c t iv i t y

Figure 4.12 Correlations between Theophylline Clearance ami various
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Figure 4. 13 C o r r e la t i o n s  betw een  BCOD A c t i v i t y  and v a r io u s  I n - v i v o  

M arkers  o f  Drug M e ta b o l iz in g  C a p a c ity  In  C o n t ro l and 

JJ-IF Indu ced  R a ts

A - A n tip yrin e  C learance versus ECOD A c t iv i t y

B -  40HAntlpyrlne Formation C learance versus 
ECOD A c t iv it y

C -  N oran tlpyrlne Formation C learance versus 
ECOD A c t iv it y

D -  30HKeAnt1pyr1ne Formation C learance versus 
ECOD A c t iv it y
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4.5 .1  In trod u c tion

In the p rev iou s study, a number o f  I n -v iv o  and i n - v i t r o  markers were 

in ves tiga ted  w ith  respect to  th e ir  s e n s i t iv i t y  and s e l e c t i v i t y  as 

markers o f  drug m etaboliz in g  a b i l i t y  in  a group o f  P~NF induced ra ts . As 

expected, the markers which previous s tu d ies  have ind ica ted  to  be 

s p e c i f ic  fo r  cytochrom es P450I, CL(TH> and EROD a c t i v i t y ,  d id  Indeed 

c o r re la te  h ig h ly .  To te s t  fu r th e r  the hypothesis  that the use o f  markers 

s p e c i f ic  fo r  c e r ta in  in du c ib le  forms o f  cytochrome P-450 improves 

c o r re la t io n s  observed , a s im ila r  study was c a r r ied  out in  a group o f  PB- 

inducib le  ra ts .

Since CL<TH> was found t o  be a good marker fo r  cytochromes P-4501, 

i t s  value as a marker fo r  cytochromes P450IIB was open to  question . 

Therefore a fu r th e r  study was conducted but u sing another marker, 

tolbutam ide, thought to  be s p e c i f i c  fo r  PB induction .

4 .5 .2  Experim ental Design

Sprague-Dawley r a ts  <15-study 1 and 16-study 2, 230-280g> were given

various d a i ly  i p  doses o f PB <0-100mg/Kg, in  normal s a lin e  (2ml/Kg) fo r  

three c o n secu tiv e  days. Rats were cannulated (s e c t io n  2 .4 .2 ) a f t e r  the 

th ird  dose. On the fourth day, they were p laced in  r e s tra in in g  cages and 

rece ived  one o f  the fo llo w in g  treatm ents;

Study Is -  <N -m ethyl-1 *C )-a n tip y r in e  <50mg/Kg, lpC i/Kg) and th eoph y llin e  

(6 .5mg/Kg) In  normal s a lin e  <2ml/Kg> v ia  the Jugular ve in . Blood samples 

<n*9, 250pl> were c o l le c te d  over 3 h and u rin e  over 4 h. Mannitol 

<7.5g/100ml) in  normal s a l in e  was in fused  <1 5ml/h) in to  the jugu lar 

ve in  throughout the experim ent, in  o rd er to  ensure a regu lar flo w  o f 

urine.

4 .5  BFFECT OF PB ADM1IISTRATIOI OI IM-VIVO AID IM-V1TRO BARKERS OF

DRUG RETABOLIZ1IG CAPACITY I I  THE RAT
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Study 2 :-  a n tip y r in e  (50mg/Kg) and tolbutam ide <10mg/Kg> in  p o lye th y len e  

g ly c o l : polypropylene g ly c o l  <9:1, lm l/kg) via  the ju gu la r  ve in . B lood 

samples <n=9, 250pl> were c o l le c t e d  over 6 h.

Rats were then removed from  th e ir  r e s tra in in g  cages and k i l l e d  by 

c e r v ic a l  d is lo ca t io n . B ladders  from ra ts  in  the 1st study were d ra ined  

b e fo re  p repara tion  o f  l i v e r  microsomes (s e c t io n  2 .3 .1 ) .

Blood samples from the f i r s t  study were assayed fo r  th eop h y llin e  and 

a n tip y r in e  < sec tion  2 .5 .1  and 2 .5 .2 ) and urine samples fo r  a n t ip y r in e  

m etabo lites  (s e c tio n  2 .5 .5 ) .  Blood samples from the second study were 

assayed fo r  tolbutam ide and an tip yrin e  (s e c t io n  2 .5 .3 ) .  Data were 

analysed as described  in  s e c t io n  2.6.

The fo llo w in g  c lea ran ces  were ca lcu la ted ;

Study 1 :-  an tip yr in e  t o t a l  clearance CL(AP), th eop h y llin e  t o t a l  

clearance CL(TH), 4 -hydroxyan t ipyrin e  CL(4H ), norant ipyr lne CL(»>  and 

3hydroxym ethylantipyrine CL<3H) form ation c lea ra n ces ..

Study 2 :-  a n tip y r in e  to ta l  c lea ra n ce  CL(AP) and tolbutam ide CL(TOL)

The fo llo w in g  i n - v i t r o  a s sa y s  were c a r r ie d  out, microsomal p ro te in  

(s ec tio n  2 .3 .1 ) ,  cytochrome P-450 content (s e c t io n  2 .3 .3 ) ,  ECOD a c t i v i t y  

(s e c t io n  2 .3 .4 ) ,  KCOD a c t i v i t y  (s e c tio n  2 .3 .5 ) ,  ALB a c t iv i t y  (s e c t io n  

2 .3 .7 ) and in  study 1, EROD a c t i v i t y  (s e c t io n  2 .3 .6 ).

4 .5 .3  R esu lts  and D iscussion

Typ ica l p r o f i l e s  fo r  a n t ip y r in e ,  th eoph y llin e  and to lbutam ide in  c o n tro l 

and maximally induced r a t s  a re  shown in  fig u re s  4.14, 4.15, 4.16 and

4.17. The k in e t ic s  o f  th ese  th ree  compounds in  c o n tro l and induced ra ts
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Figure 4.14 An tipyrin e Blood C on cen tra tion -T in e  Curves in  Con trol 

and PB Induced Kats

•  -  con tro l 

■  -  PB induced

Figure 4.15 Theophylline Blood C on cen tra tion -T in e  Curves in  Control 

and PB Induced Rats

•  -  con tro l 

■  -  PB Induced
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F igu re  4.16 A n tipyrin e  Plasma Concentrâtion-Tim e Curves in  C o n t r ô l é  

PB Induced Rats C
•  -  c on tro l 

■  -  PB induced

F igu re  4.17 Tolbutamide Plasma Concentration-Tim e Curves in  Control & 

PB Induced Rats (  * 0 . 3  A s )

•  -  con tro l 

■  -  PB induced
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F igu re 4.18 E f fe c t  o f  PB Induction  on the Apparent Volunee 

D is tr ib u t io n  o f  A n tip y r in e  Theophylline and 

Tolbutamide

Study 1 A -  Apparent Vo o f  A n tip y r in e  veraus PB Dose

c -  Apparent V., o l  Th eop h y llin e  versus PB Dose

Study 2 8 -  Apparent Vo o f  A n tip y r in e  versus PB Dose

D -  Apparent V,. o l  Tolbutam ide versus PB Dose
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was adequately  described as a raonoexponential d ec lin e . The decrease 

observed in  the h a l f - l i v e s  o f  an tip y r in e  and th eop h y llin e  was less  

dramatic fo llo w in g  maximal induction  w ith  J3-NF than w ith  PB. However 

tolbutamide e lim in a tio n  was on ly  in creased  fo llo w in g  PB induction . No 

a lte ra t io n  in  the apparent volume o f  d is t r ib u t io n  o f  any o f  the three 

compounds was observed fo llo w in g  PB -induction  (f ig u r e  4 .18 ).

Tables 4 .6  and 4.7 summarise the e f f e c t s  o f PB induction  on the in -  

v ivo  and i n - v i t r o  parameters measured in  s tu d ies  1 and 2 re s p e c t iv e ly .  

The parameters CL(N ), CL(3H> and EROD a c t i v i t y  showed a mean increase 

which was not much grea te r  than the v a r ia b i l i t y  observed w ith in  con tro l 

animals. S ig n if ic a n t  increases were observed in  a l l  o f  the parameters 

fo llow in g  PB induction  < 2 -  5 f o ld ) .  The la r g e s t  changes occurred in 

ECOD *4.5 -  5 f o ld )  and MCOD a c t i v i t y  ( 4 - 5  f o ld ) .

4 .5 .3 .1  PB Dose response cu rves

Figures 4.19 and 4.20 show ty p ic a l responses o f the parameters measured 

to  the dose o f  PB adm in istered to  the ra ts . Data from the two PB 

induction s tu d ie s  were combined. V ith  the excep tion  o f  CL(3H), CL(N) and 

EROD a c t i v i t y ,  the PB dose response curves produced by the parameters 

measured were h yperbo lic  in  shape. A s t r ik in g  d i f fe r e n c e  was seen 

between the PB and 0-NF dose responses. The increase in  the parameters 

measured was much more rap id  and the peak was reached e a r l i e r  w ith  0-NF 

(20mg/Kg> than w ith  PB (30mg/Kg). There was a ls o  more s c a t te r  in  the PB 

data.

4 .5 .3 .2  C o r r e la t io n s  between In -v iv o  and I n - v i t r o  Param eters

Tables 4.6 and 4.7 i l lu s t r a t e  c o r r e la t io n s  obta ined  between and w ith in  

the various in - v iv o  and in - v i t r o  markers. Examples o f c o r r e la t io n s  are 

shown in f ig u r e s  4.21 to  4.27.

115



Figure 4. 19 The Res p ea se  o f  I n - v i v o  M arkers  o f  Drug M e ta b o l iz in g  

C a p a c ity  t o  In d u c t io n  by v a r io u s  D oses o f  PB

A - A n tlp y r ln e  C learance versus PB Dose 

B -  Tolbutam ide C learance versus PB Dose
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A -  ECOD A c t iv i t y  versus PB Dose 

B -  KCOD A c t iv i t y  versus PB Dose 

C -  P-450 Content versus PB Dose 

D -  ALE A c t iv i t y  versus PB Dose

Figure 4.20 The Response o f In-vitro Markers o f Drug Metabolizing

Capacity to  Induction by various Doses o f PB
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Table 4.6 E ffect o f PB Induction on various Markers o f Drug

M etab o liz in g  Capacity  <A n tip y r ln e -T h eop h y llin e  Study)

PARAMETER n COITROL PB 80mg/Kg FOLD INCREASE 
INDUCTION

-CL(TH) 15 0.83 <0.06) 2. 10 2.5

-CL(AP) 15 1.92 <0.16) 5.25 2.7

-CL<4H) 15 0.23 <0.06) 0.62 2.7

-C L (I ) 15 0. 17 (0 .04 ) 0.27 1.6

-CL(3H) 15 0.22 <0.05) 0.31 1.4

“ ECOD 15 0.293 <0.088) 1.530 5.2

• MCOD 15 0. 178 (0 .039) 0.880 4.9

•P-450 15 0.360 <0.014) 0.940 2.6

“ ALE 15 1.946 <0.342) 5. 076 2.6

“ EROD 15 0. 042 <0.013) 0. 066 1.6

Tab le 4 .7  E f fe c t  o f  PB Induction  on va riou s Markers o f  Drug

M etab o liz in g  Capacity  (A n tip y iln e -To lbu tam lde  Study)

PARAMETER n CONTROL PB 80mg/kg FOLD INCREASE 
INDUCTION

-CL(TOL) 16 0. 13 <0.03) 0.38 2.9

-CL(AP) 16 2.22 <0.14) 5.27 2.4

“ ECOD 16 0.419 <0.010) 1.904 4.5

“ MCOD 16 0.257 <0.083) 1. 029 4.0

«P-450 16 0.529 <0.113) 1.060 ro o

“ ALE 16 1.617 (0 .245) 3.426 2. 1

n number o f  ra ts  Included In  study 
-  ml/raln/SRV
“  nmole/rain/mg microsomal p ro te in  
c nmole/mg microsomal p ro te in
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4.5.3.2.1 Correlations between In-vivo Parameters

In the f i r s t  PB induction  study, although c o r r e la t io n s  between the 

a n tip y r in e  m etabo lite  fo rm ation  c learances  were good (r-ran ge , 0 .83- 

0 .95 ), both CL(3H> and CL<N> co r re la ted  p oo r ly  w ith  CL<TH> <r=0.62>. 

A lso CL<4H> <r=0.81) d id  not c o r re la te  b e tte r  w ith  CL(TH) than 

an tip yr in e  <r=0.85). However CL<AP> c o r re la ted  f a i r l y  w e ll w ith both 

CL<N) <r=0.82) and CL<4H) <0.87). With the excep tion  o f  c o r r e la t io n s  

between CL<3H> and the o th e r in - v iv o  parameters, a l l  o ther in - v iv o  

c o r r e la t io n s  were much poorer in  the PB induction  study than in  the 0-NF 

induction  study ( f ig u r e  4 .2 1 ).

In the second PB in du ction  study a strong c o r r e la t io n  was observed 

between CL(AP) and CL(TOL) <0.89) ( f ig u re  4 .22 ).

4 .5 .3 .2 .2  C o r re la t io n s  between I n - v i t r o  Parameters

Since both MCOD and ECOD a c t i v i t i e s  a re very  s e n s it iv e  to  induction  by 

PB, i t  was not su rp r is in g  th a t these parameters c o r r e la te d  h igh ly  w ith  

each o th er <r=0.96). The c o r r e la t io n s  between P-450 con ten t and both 

MCOD <r=0 .86) and ECOD a c t i v i t i e s  (r -0 .9 0 ) were a ls o  high. The 

in s e n s i t iv i t y  o f EROD a c t i v i t y  to  PB induction  suggested that th is  would 

be a poor cho ice  o f  marker fo r  PB-inducib le forms o f  cytochrome P-450. 

Indeed c o r r e la t io n s  between EROD and the other i n - v i t r o  parameters 

proved to  be poor <r-range, 0.30 -  0 .65 ). The c o r r e la t io n s  observed w ith  

ALE a c t i v i t y  were a ls o  to o  low to  be o f  a p r e d ic t iv e  value (r -ra n ge , 

0.30 -  0 .8 3 ). S im ila r  trends were observed fo r  th e  i n - v i t r o  data 

generated in  the second study. Figure 4.23 d ep ic ts  the c o r r e la t io n s  

between ECOD a c t i v i t y  and th e  other four i n - v i t r o  parameters.

4 .5 .3 .2 .3  C o rre la t io n s  between In -v iv o  and I n - v i t r o  Param eters

Of the i n - v iv o  parameters determ ined in  the f i r s t  PB induction  study, 

CL(AP) and CL<4H> produced markedly b e tte r  c o r r e la t io n s  with the in -
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v i t r o  parameters. Since none o f  the a n tip y r ln e  m etabo lite  form ation 

c le a ra n c e s  produced con s id erab ly  b e tte r  c o r r e la t io n s  than CL<AP) i t s e l f ,  

i t  was not considered necessary to  c o l le c t  m etabo lite  data in  the second 

study ( f ig u re  4 .25 ).

The trends observed In the c o r r e la t io n s  between CL(AP) and the i n -  

v i t r o  parameters ( f ig u r e  4 .24 ) were a lso  found in  the parameters CL<TH) 

( f i g u r e  4 .26) and CL(4H>. The h ighest c o r r e la t io n  was found between 

CL(AP ) and P-450 content (r=0.81> fo llow ed  by ECOD <r=0.78) and then 

MCOD a c t i v i t i e s  (r= 0 .7 7 ). The i n - v i t r o  param eters, EROD and ALE, and the 

i n - v i v o  parameters, CL(N> and CL(3H), c o n s is te n t ly  produced poor i n -  

v l t r o / ln -v lv o  c o r r e la t io n s  ( f ig u r e  4 .25 ).

Although s l ig h t  d if fe r e n c e s  were observed between the in -v iv o / in -  

v i t r o  c o r r e la t io n s  obtained fo r  CL<AP) in  the two d i f f e r e n t  PB s tu d ies , 

the va lu es  obtained with CL(TOL) were c o n s is te n t ly  b e tte r  ( f ig u r e  4 .2 7 ). 

The s tron ges t c o r r e la t io n s  being obsei ved between CL(TOL) and ECOD 

(r=0 .94>  and MCOD a c t i v i t i e s  (r= 0 .8 9 ).
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Table 4.8 Relationships Between and Within In-vivo and In-vitro markers

o f  Drug M etabo liz in g  C apacity  Measured in  c o n tro l and PB 

induced Rats (A n t ip y r ln e -T h eop h y llin e  Study, n = 15).

CL(TH) CL <4H) CL(M) CL <3H> EROD ALE P-450 MOOD ECOD

0.846 0.873  0.816 0.691 0.399 0.759 0. 806 0.765 0.782 CL<AP>

0.812 0.623 0.617 0.407 0.635 0.715 0.653 0.639 CL(TH)

0.853 0.831 0.533 0.582 0.807 0.741 0.732 CL<4H)

0.949 0.298 0.398 0.533 0. 465 0.445 CL(N)

0.281 0.237 0. 430 0.331 0.314 CL(3H)

0.301 0.650 0. 478 0.571 EROD

0.722 0. 772 0. 827 ALE

0.862 0.903 P-450

0.964 MCOD

Table 4 .9  R e la tio n sh ip s  Between and W ith in  In -v iv o  and I n - v i t r o  markers 

o f  Drug M etab o liz in g  Capacity  Measured in  co n tro l and PB 

induced Rats (A n tipyrin e-To lbu tam ide  Study, n = 16)

Cl CAP) ALE P-450 MCOD ECOD

0.891 0.671 0.839 0.894 0.939 CL<T0L)

0.719 0.720 0.845 0.858 CL(AP)

0.564 0.720 0.765 ALE

0.847 0.887 P-450

0.952 MCOD

The va lues represen ted  in  these ta b le s  a re  c o r r e la t io n  c o e f f ic ie n t s .  
C r i t ic a l  v a lu e s  o f r ; p < 0.001; n * 16, 0.725; n *  15, 0.704 
The fo l lo w in g  chow c o r r e la t io n  c o e f f i c i e n t s  and th e ir  corresponding 
c o e f f i c ie n t s  o f  determ ination  1%)

r »  0.95, r-  * 90%; r  *  0.90, r -  80%; 
r ■ 0.84, t * ■ 70%; r  »  0.77, r * -  60%
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In -v iv o  Markers o f  Drug M etabo liz in g  C apac ity  in  Control 

and PD induced Rate

A -  A n tip y r in e  C learance versus Theophyllin e C learance

B - 4-OHAntipyrine Form ation C learance versus 
T h eoph y llin e  C learance

C -  N o ran tip y r in e  Formation C learance versus 
Th eop h y llin e  C learance

D -  3-OHMeAntipyrine Form ation C learance versus 
Th eoph y llin e  C learance

Figure 4.21 Correlations Between Theophylline Clearance and other
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F igu re  4 .23  C o rre la t io n s ; Between ECOD A c t iv it y  and o ther la- v i t r o  

M arkers o f  Drug M etabo liz in g  C apacity  In  C on tro l and 

PO induced Rato

A - MCOD A c t iv i t y  versus ECOD A c t iv it y  

B -  P-450 Content versus ECOD A c t iv it y  

C - EROD A c t iv i t y  versus ECOD A c t iv it y  

D -  ALE A c t iv i t y  versus ECOD A c t iv it y

124



IC» ICÎHITT (iMl/aitfof rr«Ui») 
i . »  i-------------------- -—

on.m »  connu rrtu»)



Figure 4.24 C o rre la t io n s  Betwuen An tip yrin e  C loaranco and various

I n - v i t r o  Markers o f  Drug M etabo liz in g  Capacity  in  Control 

and PB Induced Ruts

A - An tipyrin e  C learance versus ECOD A c t iv i t y  

B -  An tip yrin e  Clearance versus MCOD A c t iv i t y  

C -  A n tipyrin e  C learance versus P-450 Content 

D -  An tip yrin e  C learance versus ALE A c t iv i t y
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Figure 4. 25 C o rre la t io n s  Between A n tip yrin e  Formation C learances 

and ECOD A c t iv i t y  iu  C on tro l and PB induced Rats

A -  A n tip yrin e  C learance versus ECOD A c t iv it y

B - 4-OHAntipyrine Formation C learance versus 
ECOD A c t iv i t y

C - H oran tipyrine Formation C learance versus 
ECOD A c t iv i t y

D -  3-OHMeAntipyrine Formation C learance versus 
ECOD A c t iv i t y
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Figuro 4. 26 C o rre la t io n s  Betwaon Thoaphyllino  Clearance and variou s 

I n - v i t r o  Markers o f  Drug M etaboliz in g  C apacity  in  Coutrol 

and FB induced Rats

A - Theophyllin e C learance versus ECOD A c t iv i t y  

B -  Theophyllin e C learance versus MCOD A c t iv i t y  

C -  Theophyllin e C learance versus P-450 Content 

D - Theophylline C learance versus ALE A c t iv i t y
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Figuro 4.27 C o r re la t io n s  Betweon Tolbutamide C learance and variou s 

I n - v i t r o  Markers o f  Drug M etabo liz in g  C apacity  in  Control 

and PB Induced fiats

A - Tolbutam ide C learance versus ECOD A c t iv i t y  

B -  Tolbutamide C learance versus MCOD A c t iv i t y  

C -  Tolbutam ide C learance versus P-450 Content 

D -  Tolbutam ide C learance versus ALE A c t iv i t y
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4.5 COSCLUSIOIS

P rev iou s  attem pts to  compare i n - v i t r o  and i n - v i v o  markers o f  drug 

m e ta b o liz in g  a b i l i t y  o f  an in d iv id u a l were r e l a t i v e l y  unsuccessfu l, 

however th e  present s tu d ies  suggest th is  t o  be due mainly to  d isrega rd  

o f  th e  m u lt ip l ic i t y  o f  the cytochrome P-450 system. Therefore use o f  a 

number o f  d i f f e r e n t  markers w ith  s p e c i f i c i t y  f o r  p a r t icu la r  isoenzymes 

o f  cytochrom e P-450 may be o f  more value than attem pting to  c o r r e la te  

the m etabolism  o f  a la r g e  number o f  drugs t o  one marker such as 

a n t ip y r ln e . Other workers (Teunlssen e t  a l.  , 1986; Van der G raa ff e t  

a l.  , 1983b) have in v e s t ig a te d  another approach, using an tlp y r in e  which 

produces s e v e ra l m etab o lites , s in ce  d i f f e r e n t  form s o f  cytochrome P-450 

may m ediate the d i f f e r e n t  pathways (Rhodes and Houston, 1983b; Brelmer, 

1983). Indeed the measurement o f  an tip y r ln e  form ation  c lea ran ces  in 

anim als and man has shown th a t these m e ta b o lite s  can be s e le c t iv e ly  

induced o r  in h ib ited  by o th e r  compounds (ta b le  1 .2 ).

A comprehensive study by Teunissen a t a l.  (1986) using a r a t  model, 

produced a c o r r e la t io n  m atrix  between c lea ra n ces  o f  a n tip y r ln e  and 

th e o p h y llin e  and form ation  c lea ran ces  o f  th e ir  r e s p e c t iv e  m etabo lites . A 

wide range In drug m etab o liz in g  a b i l i t y  was ach ieved  in  these ra ts  using 

the Inducer 3-MC which, l ik e  J3-NF, Is  s p e c i f i c  fo r  cytochromes P450I. 

S ince th e  c o r re la t io n s  between th eop h y llin e  and an tlp yr in e  were only 

Improved by use o f  a n t ip y r ln e  m etabo lite  data not by use o f th eop h y llin e  

m e ta b o lite  data, on ly  the form er were determ ined in  the present study.

The jJ-HF Induction  s tu d ies  presented here, w ith re sp ec t to  

c o r r e la t io n s  between i n - v i v o  parameters, con firm ed  the fin d in g s  o f 

Teun lssen  a t a l. (1986) th a t  CL(TH) and CL(4H) are h igh ly  co rre la ted , 

and con firm ed that CL(4H) was a b e tte r  marker o f  P450I Induction  than 

C L (AP ).

The PB induction  s tu d ies  in d ica ted  th a t although th eoph y llin e  

m etabolism  was su scep tib le  to  such an Inducer, th e  Induction  e f f e c t  was
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much sm aller than th a t  produced by p-NF. C o rre la t io n s  between CL(TH) and 

other markers o f  drug m etabo liz in g  ca p a c ity  were s ig n i f ic a n t  but o f  no 

p red ic t iv e  v a lu e . CL(AP> c o r r e la t io n s  were b e t te r  than those o f  CL<TH> 

but s t i l l  were to o  low  to  be usefu l f o r  the p red ic t io n  o f  drug 

m etaboliz ing c a p a c ity . No improvement was observed using m etab o lite  

form ation c le a ra n ce s  in stead  o f  an tlp y r ln e  t o t a l  c learance . The la ck  o f 

s e le c t i v i t y  o f  PB towards induction  o f  these p a r t ic u la r  m etabolic  

pathways observed  in  t h is  study confirm ed the prev iou s ob se rva tion s  o f  

Teunlssen e t  a l.  (1983b) and Rhodes and Houston (1983b). The s tron ges t 

c o r re la t io n s  were observed w ith  CL(TOL). This, toge th er w ith  th e  fa c t  

that p-NF a d m in is tra tio n  produced no e f f e c t  on the k in e t ic s  o f 

tolbutamide, con firm s i t s  s u i t a b i l i t y  as a s p e c i f i c  marker o f  PB induction  

in  the ra t.

Various groups have in v e s t ig a ted  the s p e c i f i c i t y  o f  d i f f e r e n t  assays 

towards in du ction . MCOD a c t i v i t y  i s  s p e c i f i c  fo r  PB induction  (Paterson  

e t  a l. , 1984), EROD a c t i v i t y  i s  s p e c i f ic  f o r  p-NF induction  (Burke and 

Mayer, 1974, 1975, 1983; Burke e t  a l. , 1985; Lubet e t  a l.  , 1985) ALB 

a c t iv i t y  i s  in d u c ib le  by PB but in h ib ite d  by 3-MC (V o l f f  e t  a l.  , 1979; 

Van C an tfo rt a t  a l.  , 1983) and ECOD a c t i v i t y  (U l lr ic h  e t  a l.  , 1973) and 

P-450 con ten t a re  both s e n s it iv e  to  in du ction  by PB and p-NF. In  order 

to  in v e s t ig a te  whether the use o f  su b s tra tes  s p e c i f ic  f o r  p a r t ic u la r  

induced form s o f  cytochrome P-450 might improve c o r r e la t io n s  w ith  in -  

v ivo  probe compounds, these s tu d ies  were undertaken.

In the p-NF s tu d ie s , the lack  o f  any r e la t io n sh ip  between in -v iv o  

parameters and MCOD and ALE a c t i v i t y  con firm ed  that the ch o ic e  o f  in -  

v i t r o  su b stra te  i s  indeed important. However although i t  was expected 

that EROD a c t i v i t y  would p rov id e  the b es t c o r r e la t io n s  in  fa c t  the in -  

v lv o / ln -v l t r o  c o r r e la t io n s  produced by ECOD a c t iv i t y ,  were s l ig h t ly  

b e tte r  than th ose  produced by EROD a c t i v i t y .  Th is  may be due t o  the fa c t  

that a lthough cytochromes P450I are im portant in  the metabolism  o f
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an tip y r in e , th eoph y llin e  and ethoxycoumarin, o ther PB -in du cib le  forms o f 

P-450 are a ls o  invo lved .

In the PB stud ies, the c o r r e la t io n s  between in - v iv o  markers and both 

MCOD and ECOD a c t i v i t i e s  were c o n s is te n t ly  b e tte r  than w ith  any o f the 

other i n - v i t r o  markers. Although ECOD a c t iv i t y  proved to  c o r r e la te  more 

s tro n g ly  w ith CL<TOL> than MCOD a c t i v i t y ,  c o r re la t io n s  between these 

two i n - v i t r o  markers and o ther i n - v i t r o  and in - v iv o  markers were very  

s im ila r .

These stu d ies  supported the id ea  that c a re fu l s e le c t io n  o f  markers o f 

drug m etaboliz ing a b i l i t y  can improve c o r re la t io n s  between and w ith in  

measured in - v iv o  and i n - v i t r o  param eters. A number o f  fa c t o r s  re la ted  to  

the experim ental design , a ls o  con tr ib u ted  to  the su ccess  o f these 

c o r r e la t io n  stud ies . The same r a ts  were used fo r  both th e  in - v i t r o  and 

in - v iv o  measurements and markers were coadm inistered to  m in in ise  in te r -  

and in tra - in d iv id u a l v a r ia b i l i t y .  In  conclusion  these s tu d ie s  i l lu s t r a t e  

that c o r r e la t io n s  can be e s ta b lis h e d  under the c a r e fu l con tro lled  

con d ition s  poss ib le  in  animal experim entation . These a ls o  in d ica te  that 

much o f the lack o f  c o r r e la t io n  in  th e  l i t e r a tu r e  is  a fu n c tio n  o f poor 

experim ental planning ra th er than a la ck  o f a sso c ia tion  between i n - v i t r o  

and in - v iv o  markers.
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C H A P T E R  5
A S S E S S M E N T  OF I N H I B I T O R Y  P O T E N C Y  U S I N G  

I N - V I T R O  A N D  I N - V I V O  M E T H O D S
5.1 IITRGDOCTI01

5 .1 .1  The In h ib it io n  Phenonenon

C la s s ic a l enzyme k in e t ic  s tu d ies , u t i l i s in g  p u r i f ie d  enzymes, have 

lim ited  re levance  to  i n - v i t r o  s tu d ie s  o f  cytochrome P-450 in h ib it io n , 

s ince the m u lt ip l ic it y  o f  enzymes p resen t and the d iv e r s i t y  o f  response 

to  in h ib it io n  c rea tes  in h ib it io n  p r o f i l e s  which bear l i t t l e  re la t io n s h ip  

to  those c la s s ic a l ly  described . D esp ite  these drawbacks, in h ib it io n  

stu d ies  o f  i n - v i t r o  drug metabolism can p rov id e  an in d ic a tio n  o f

in h ib ito ry  potency.

E f fe c t iv e  in h ib ito r s  o f  drug m etabolism  i n - v i t r o  do not always 

produce in - v iv o  in h ib it io n . In o rd e r  fo r  one drug to  in h ib it  the

metabolism o f  another, i t  must accumulate a t the s i t e  o f  metabolism in  

s u f f ic ie n t  q u a n tit ie s  as to  compete w ith  the metabolism  o f the drug in  

question. Exceptions to  th is  a re fo r  compounds which ir r e v e r s ib ly  bind 

to  cytochrome P-450 or d estroy  the haem oprotein. F ac to rs  which in flu en ce  

the concen tra tion  o f  drugs at these s i t e s  in c lu de tis su e  or p ro te in

binding and the ra tes  o f ex c re tio n  o r  metabolism. I f  the in h ib it io n  is  

a lso  s e le c t iv e ,  then the enzymes in vo lv ed  in  the metabolism o f  the co­

adm inistered drug may not be a f fe c t e d .  In -v iv o  in h ib it io n  s tu d ies  are 

fu rth er com plicated by any in flu en ce s  the in h ib ito r  may have on the

volume o f  d is t r ib u t io n  and b i l i a r y  and ren a l e x c re t io n  o f  the 

in te ra c t iv e  compound.

Many compounds can in h ib it  drug metabolism when adm in istered in  

s in g le  dose. Few, however, can su s ta in  the in h ib it io n  during chron ic 

adm in istra tion , s in ce  tran s ien t in h ib i t io n  i s  o fte n  fo llow ed  by 

induction . The in h ib ito ry  potency observed  fo r  a compound in - v iv o  is  

th e re fo re  h igh ly  dependent upon the experim en ta l design .
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5 .1 .1 .1  Types o f  In h ib i t o r

Since the n ixed fu nction  oxidase system con s is ts  o f  a la rg e  number o f 

d i f f e r e n t  isoenzymes, i t  is  d i f f i c u l t  to  descr ib e  i t s  in h ib ito r s  by 

c la s s ic a l  methods. Testa  and Jenner (1981), however, rev iew ed  the 

l i t e r a tu r e  on in h ib ito r s  o f drug metabolism and d es ign a ted  va riou s 

groups o f  in h ib i t o r s : -

I r r e v e r s ib le  in h ib ito r s  co va len tly  bind to  the haem o r  apopro te in  o f 

cytochrome P-450 e ith e r  d ir e c t ly  o r in d ir e c t ly  (r e q u ir in g  metabolism to  

a r e a c t iv e  in te rm ed ia te ). In o rder to  lea rn  more about the in h ib it io n  

mechanism, Halpert and co-workers (1986) in v e s t ig a te d  the In h ib ito r y  

potency o f  a s e r ie s  o f  such compounds. An example o f  such an in h ib ito r  

i s  ch loram phenicol.

R e v e rs ib le  in h ib ito r s  bind d ir e c t ly  o r  in d i r e c t l y  (r e q u ir in g  

a c t iv a t io n )  to  ox id is ed  and reduced P-450 in  a l ig a n d  type fash ion . A 

v a r ie ty  o f  im idazoles, such as c lm etid in e , are a b le  t o  bind d i r e c t ly ,  

m ethylenedloxyphenyls bind fo llo w in g  a c t iv a t io n .

A number o f  metal ions such as cob a lt and o rg a n ic  agents such as 

e th ion in e  and amantadine are ab le  to  a l t e r  the s y n th e s is  or degradation  

o f  cytochrome P-450.

5. 1 .1 .2  Mechanisms o f  R e v e rs ib le  In h ib it io n

The type o f  in h ib it io n  observed fo r  an in h ib ito r  depends on i t s  sp e c tra l 

b ind ing typ e , the substra te in vo lved  in  the in te r a c t io n ,  the r e la t iv e  

tiroes a t which the in h ib ito r  and substrate are added t o  the system, the 

animal sp e c ie s  and the complement o f cytochromes P-450 (G i l l e t t e  e t  a l. , 

1973). As a consequence, depending on the p r e v a i l in g  con d ition s , 

com p e t it iv e , non-com petitive and/or mixed in h ib it io n  may be observed fo r  

each in h ib ito r .  G enerally, r e v e r s ib le  in h ib ito rs  may b ind  to  the reduced 

and/or th e  ox id ised  forms o f  cytochrome P-450. In h ib i t o r s  may act as 

a l t e r n a t iv e  su bstra tes  and thus compete w ith o th e r substances fo r  the
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substrate b inding s i t e  on the enzyme, o r may bind as lig a n d s  to  

cytochrome P-450 thus p reven tin g  the reduction  o f  fe rr lcy toch ro roe  P-450 

and/or the b inding o f  oxygen. In form ation  about the type o f  In te ra c t io n  

produced by a compound may be d e r ived  from spectra l b in d in g  stud ies 

s in ce  a lt e rn a t iv e  su b s tra tes  produce a type I sp ec tra l In te r a c t io n  with 

cytochrome P-450, whereas ligand  b inding i s  ch arac te rised  by a type I I  

sp ec tra l In te ra c t io n . An In term ed iate s itu a t io n , observed by production 

o f  a re verse  type I spectrum, in d ic a te s  that a substance i s  a weak 

ligan d  o f  cytochrome P-450 (Testa  and Jenner, 1981).

G i l l e t t e  e t  a l. (1973) have form ulated th ree  k in e t ic  models fo r  the 

in h ib it io n  o f  drug metabolism  by substances a c tin g  at d i f f e r e n t  stages 

in  drug metabolism.

i> The f i r s t  model h o ld s  when the substra te can on ly r e a c t  w ith the 

ox id ized  form o f  cytochrom e P-450 to  form a complex which i s  reduced by 

cytochrome P-450 redu ctase . The su bstra te  cannot be removed from the 

cytochrome a f t e r  i t  has been reduced so an in h ib ito r  can on ly  a ttack  at 

the f i r s t  step , the i n i t i a l  b inding to  the ox id ized  cytochrom e. This 

model p red ic ts  pure com petition  a t the i n i t i a l  binding s i t e  and lin ea r 

Llneweaver-Burk p lo ts .  Both type I and type I I  in h ib ito rs  shou ld  in h ib it  

the metabolism o f  type I su bstra tes  by a com petitive  mechanism, 

i i )  In the second model the su bstra te  can combine with, and d is s o c ia te  

from, every  s ta te  o f  cytochrome P-450, o x id ized , reduced, oxygenated  and 

in term ed iate s ta te s . This is  more com plicated w ith  com p etitive  

in h ib it io n  on ly  occu rr in g  in c e r ta in  s itu a tio n s .

i i i >  The th ird  model, by making c e r ta in  assumptions, is  a s im p li f ic a t io n  

o f  the second. I t  i s  assumed that in  a i r ,  the proportion  o f  reduced 

cytochrome P-450 i s  n e g l ig ib le  and the p roportion  o f  the oxygenated 

cytochrome P-450-substra te  complex should be sm all. Th is model produces 

ra te  equations which y i e ld  curved Llneweaver-Burk p lo ts  and mixed forms 

o f  in h ib it io n .
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Models two and three p r e d ic t  that com petition  can on ly  be expected 

fo r  type I su bstra tes  and In h ib ito r s  when secondary mechanisms are 

considered. C le a r ly  s in ce  a number o f in h ib ito rs  can act both 

c om p e tit iv e ly  and n on -com p etitive ly  these models are s t i l l  

o v e r s im p lif ic a t io n s  (Burgschat and N etter, 1977).

5 .1 .1 .3  In h ib i t io n  o f  Drug M etabolism  by Im idazoles

A number o f  im idazo le  d e r iv a t iv e s  are strong ligands o f  the haem iron  o f  

cytochrome P-450 and in  b in d in g  experiments y ie ld  type I I  b inding 

spectra  (V llk in son  e t  a l. , 1972). These have the a b i l i t y  to  bind to  both 

ox id ized  and reduced forms o f  cytochrome P-450 and th e re fo re  may 

in te r fe r e  w ith more than one s te p  in metabolism. They may compete w ith  

b inding o f su bstra te  to  fe rr icy toch rom e P-450 and b inding o f  oxygen to  

the substra te-ferrocytoch rom e P-450 complex. Th is re s u lts  in  strong 

in h ib ito ry  a c t iv i t y .  Im idazo le  b inding to  cytochrome P-450 depends on 

the combination o f  l i p o p h i l i c i t y  (W ilkinson and Hetnarskl, 1974) and 

s tru c tu ra l fe a tu res  such as p o la r i t y ,  r i g i d i t y  and s iz e  o f various pa rts  

o f  the m olecule. The 2- and 4 ,5 -  su bstitu en ts  o f  2 -su bstltu ted  and 4 ,5 - 

d isu b stltu ted  im idazo les  s t e r i c a l l y  hinder one or both o f the n itrogen  

hete rocyc les . S ince th is  i s  r e f le c t e d  in  a reduction  in  in h ib ito ry  

a c t iv i t y ,  at le a s t  one o f  the im idazo le  n itrogen s must be unhindered fo r  

strong b inding and potent in h ib ito r y  a c t i v i t y  (Rogerson e t a l. , 1977).

P a r t icu la r  in te r e s t  has been d ire c ted  towards in v e s t ig a t io n  o f  the 

in h ib ito ry  potency o f  the im id a zo le  d e r iv a t iv e ,  c im etid ln e . In h ib it io n  

o f  drug metabolism by c im e tid ln e  has been demonstrated both i n - v i t r o  and 

in - v iv o  (M itch e ll e t a l. , 1984; Pelkonen and Puuronen, 1980; Speeg Jr. 

e t  a l . ,  1982). Somogyl and Gugler (1982, 1983) in d ica ted  that the 

concen tra tion  o f  c lm etld ln e  f o r  i n - v i t r o  in h ib it io n  i s  10 to  100 tim es 

g rea te r  than tha t needed in - v iv o .  R e i l ly  e t  a l. , (1983) suggested that 

the in h ib it io n  o f  cytochrome P-450 by c lm etld in e  could in vo lv e  d i f f e r e n t
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Isoenzymes. Scatchard a n a lys is  o f  the s p e c tra l binding data Ind ica ted  

tha t th ere  were two b inding s i t e s  f o r  c im e t id in e , a h ig h -a f f in i t y ,  low- 

ca p a c ity  s i t e  (d is s o c ia t io n  constant (K «)-2.6/iM ) and a lo w -a f f in i t y ,  

h igh -cap ac ity  s i t e  (K.-104pM). I t  was p o in ted  out, however, that the 

c u r v i l in e a r  nature o f  the Scatchard p lo t  cou ld  re s u lt  from e ith e r  

h e te ro gen e ity  o r  n egative  c o o p e ra t iv it y  o f  th e  cytochrome P-450 b inding 

s i t e s .  Further equ ilib r iu m  p a r t it io n  s tu d ies  (R e i l ly  e t  a l.  , 1983) r e ­

in fo rc ed  the idea  that c im etid in e  has two d is t in c t  b inding s i t e s  

(K .i-8 .3pM  and K.2-104pM>. S ince ch ron ic c im etid in e  adm in istra tion  

produces concen tra tions  which do not exceed 6pM (Somogyi and Gugler, 

1983) i t  is  p o ss ib le  that the in h ib it io n  o f  d rug metabolism observed in -  

v iv o  is  due to  an in te ra c t io n  w ith  the h ig h - a f f in i t y  s i t e ,  whereas the 

in te ra c t io n  s tu d ied  i n - v i t r o  may be between c im etid in e  and a low- 

a f f i n i t y  s i t e  (R e i l ly  e t  a l . ,  1983). T h is  i s  suggested because the 

in h ib ito r  constant values d e r iv ed  from i n - v i t r o  s tu d ies  are in  the range 

0 .5  to  lOmM (Drew e t  a l. , 1981; Pelkonen and Puuronen, 1980; Puuronen 

and Pelkonen, 1979; Rendic e t  a l . ,  1979; S e r l in  e t a i . ,  1980). These 

data in d ic a te  the value o f  using a v a r ie t y  o f  i n - v i t r o  and in -v iv o  

methods to  in v e s t ig a te  the in h ib it io n  phenomenon.

5 .1 .2  Kétoconazole

Kétoconazole is  a 1 -su bstitu ted  im id a zo le  and as such might be 

expected to  in h ib it  o x id a t iv e  drug metabolism  (W ilkinson e t  a i . ,  1974). 

I n - v i t r o  s tu d ies  have in d ica ted  that kétocon azo le  binds to  raicrosomes in 

a s im ila r  manner to  c im etid in e  (Brown e t  a i . , 1983; Meredith e t  a i. ,

1983) and can indeed in h ib it  a number o f  cytochrome P-450 dependent 

enzyme a c t i v i t i e s  (Brown e t a i  1985; Loose e t  a l 1983; Meredith e t  a i. 

1985; Sheets and Mason, 1984). In -v iv o  in h ib it io n  data is ,  however, 

scant and c o n tra d ic to ry  (Daneshmend, 1982; Ferguson e t a i 1982; Meredith 

e t  a l 1985; Hlemegeers e t  a l 1981). K étoconazo le  prolongs methohexltone
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s leep  time and exaggera tes  acenocoumarol a n ticoa gu la tion  in  the ra t but 

these changes occur on ly  w ith  doses w e ll above the accep ted  therapeu tic  

range (N iem egeers e t a l . ,  1981). S evera l c l in ic a l  r e p o r ts  have suggested 

that k étoconazo le  may in h ib it  h epatic  o x id a t iv e  drug metabolism in  man 

(D leperink e t  a l . ,  1982; Ferguson e t  a l . ,  1982; Brown e t  a l . ,  1985), 

c r it ic is m  has however been made o f  the f i r s t  two s tu d ie s  in  that fa c to rs  

o ther than in h ib it io n  o f  drug metabolism may be in vo lv ed  in  the 

in te ra c t io n s  (Daneshmend, 1982).

K étoconazole is  a broad spectrum an tifu n ga l agent used to  t r e a t  a 

wide v a r ie ty  o f  s u p e r f ic ia l  and system ic mycoses ( B o r e l l i  e t a l . ,  1979; 

Gascoigne e t  a l . ,  1981; G ra y b ill and Drutz, 1980; Heel e t  a l . ,  1982; 

Odds e t  a l . ,  1980). I t s  g re a te r  water s o lu b i l i t y  and b e tte r  g a s tro ­

in te s t in a l absorp tion  than other im idazole a n t lfu n g a ls  make i t  more 

su itab le  f o r  o ra l adm in is tra tion .

V h lls t  k étoconazo le  was p r im a r ily  introduced as an an tifu n ga l agent, 

a la rg e  number o f  o th e r p o ten tia l uses have subsequently been 

id e n t i f ie d .  K é tocon azo le -induced in h ib it io n  o f  s t e r o id  b iosyn th es is , fo r  

example, has been used th e ra p eu t ic a lly  to  t r e a t  hormone overproduction  

in  con d it ion s  such as C ush ing's syndrome (Contreras, 1985; Engelhardt e t  

a l . ,  1983; Shepherd e t a l . ,  1985; Sonlno e t  a l . ,  1985) and precocious 

puberty (H olland e t a l. , 1985) as w e ll as to  reduce androgen le v e ls  in 

p a tien ts  w ith  p ro s ta t ic  cancer (Trachtenberg e t  a l . ,  1983; Trachtenberg 

1984; Trachtenberg and Pont, 1984). High dose kétocon azo le  therapy in 

p ro s ta t ic  cancer p a tien ts  a ls o  produced a 27% red u ction  in to ta l  serum 

ch o le s te ro l le v e ls  w ithout a f fe c t in g  serum t r ig ly c e r id e  le v e ls  (Kraemer 

and Pont, 1986). Although fu rth er s tu d ies  are req u ired , in p a r t icu la r  

in to  the e f f e c t s  o f e le v a te d  le v e ls  o f  la n o s te ro l r e s u lt in g  from th i6  

in h ib it io n , kétoconazo le  may have use in hypercho lestero laem ia  (Kraemer 

and Pont, 1980).
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Kétoconazole has been demonstrated to  be a s p e c i f ic  and o r a l ly  a c t iv e  

in h ib ito r  o f  5 -1 Ipoxygenase a c t i v i t y  (Beetens e t  a l . ,  1986). Th is enzyme 

Is  In vo lved  in  the transform ation  o f  arach ldon ic  ac id  to  leu k o tr ien es  

which are thought to  be important m ediators o f  a l l e r g i c  and an aph y lactic  

rea c tion s  and o f in flam m ation (Samuelsson, 1983). Kétoconazole may 

th e re fo re  have p o te n t ia l use as a to o l fo r  the in v e s t ig a t io n  o f  

leu kotrien e  b iosyn th es is  regu la tion  and as a drug fo r  the treatm ent o f  

d isease s ta te s  asso c ia ted  w ith h y p e rs e n s it iv ity  rea c tion s  and 

in f  lamination (Beetens e t  a l . ,  1986).

Beach e t  a l .  (1986) have in v e s t ig a ted  the e f f e c t  o f  k étoconazo le  on 

s te ro l b io syn th es is  by Trypanosoma c ru z l  ep im astigo tes . S tud ies in  mice 

(McCabe e t  a l. , 1984; Raether and Seldenath, 1984) and mouse p e r ito n ea l 

macrophages and f ib r o b la s ts  (McCabe e t  a l . , 1984) showed kétoconazo le  to  

be e f f e c t i v e  aga in st Tr. c ru z l  am astigote In fe c t io n s , and suggest th a t 

kétoconazole should a ls o  be te s ted  aga in s t American trypanosom iasis 

(Chaga's d is ea s e ).

I n - v i t r o  s tu d ies  have shown that k étoconazo le  has a n t iv ir a l  a c t i v i t y  

in  i t s  own r ig h t  and e x h ib it s  synergy w ith  adenine a rab inoside a ga in s t 

the Herpes sim plex v iru s  (P o tta ge  e t a l . ,  1986).

5. 1.2 .1  Mode o f  A n tifu n g a l A c t io n  o f  K étoconazo le

The primary mode o f  a c t io n  o f  kétoconazo le  appears to  be d is o rg a n iza t io n  

o f the fungal plasma membrane. Membrane fu n ction  is  d is tu rbed  a f t e r  

a p p lic a t io n  o f  low con cen tra tion s  which lead  to  changes in  membrane 

p erm eab ility  accompanied by a lt e r a t io n s  in  s p e c i f ic  a c t i v i t y  o f  

membrane-associated enzymes. These f in a l l y  r e s u lt  in  in h ib it io n  or death 

o f  the fungal c e l l .  A c tion  r e la te s  to  k é to con azo le -Induced in te r fe r e n c e  

with e r g o s te ro l syn th es is . E rgostero l i s  an important component o f  

fungal membranes where i t  enhances the membrane s t a b i l i t y  through 

com plexation w ith phospholip ids and s t a b i l iz a t io n  o f  phospholip id
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domains. Lack o f  e r g o s te ro l as w e ll as accumulation o f  s te ro l 

p recursors, consequen tly  leads to  d is ru p tion  o f  membranes (Berg e t a l. , 

1986).

A fte r  a d d it io n  o f  kétoconazo le  to  suspension cu ltu res  o f  human 

pathogens, 24 -m eth y len e-d lh yd ro lan os te ro l, a precursor o f  e rg o s te ro l, 

accumulates, In d ic a t in g  tha t the subsequent s tep  in  s t e r o l  syn thes is  Is  

in h ib ited . (Le. the o x id a t iv e  dém éthylation a t C-14). The enzyme complex 

respon s ib le  f o r  the o x id a t iv e  removal in vo lv e s  a cytochrome P-450 system 

and a d ir e c t  typ e  I I  in te ra c t io n  between the p ro s th e tic  group o f P-450 

(the Fe-porphyrine complex) has been proven (Berg e t  a l . ,  1986).

5 .1 .2 .2  T o x ic o lo g ic a l  s tu d ie s  on k é tocon a zo le

T o x ic o lo g ic a l data generated  by Janssen Pharmaceutlca Research 

la b o ra to r ie s  i s  published (H ee l, 1982). As expected, animal LDso values 

are con s id erab ly  h igher than the dose requ ired  to  produce therapeu tic  

e f fe c t s .

5 .1 .2 .2 .1  Animal T o x ic i ty

Chronic animal t o x i c i t y  s tu d ies  conducted on k étoconazo le , in  ra ts , by 

Janssen Pharmaceutica Research Lab ora to r ies , produced on ly  minor to x ic  

e f f e c t s  a t  d a l ly  doses o f  20 to  40mg/Kg. These were accentuated at 

h igher doses (80 to  160mg/Kg). Signs o f  t o x i c i t y  included reductions in 

food consumption and weight gain . Gross changes in  the l i v e r ,  kidneys, 

adrenals and o v a r ie s  were observed, as r e f le c t e d  by increased  serum 

6odlum and b lood  urea n itrogen  con cen tra tion s  and reduced &erum 

potassium, u rin a ry  c re a t in in e  and u rinary  s p e c i f i c  g ra v ity .

Chronic t o x i c i t y  s tu d ies  in  Beagle dogs in d ica ted  that the l i v e r  was 

the primary ta r g e t  fo r  t o x ic i t y .  A d a l ly  dose o f 40mg/Kg (one year) 

produced emesl6 and a reduction  in  food  consumption and weight gain. 

L iv e r  weight increased  w ith  increased serum concen tra tions  o f  g lu tam ic-
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pyruvic  transaminase (SGPT) and a lk a lin e  phosphatase. There was a lso  

ev idence o f  lip o fu s c in  fo rm ation  and d ep os ition . H igher doses (60mg/Kg; 

20 weeks) produced more marked changes in  SGPT and a lk a l in e  phosphatase 

as w e ll as Increased l i v e r  but reduced thymus weight. A l l  changes were 

r e v e r s ib le  on cessa tion  o f  treatm ent (H eel, 1982).

Long-term  treatm ent w ith  ketoconazo le  has been shown to  impair the 

f e r t i l i t y  o f  male ra ts  by d ecreas ing  sperm number and m o t i l i t y ,  and 

In creas in g  the number o f  abnormal sperm (Vawda and D avies, 1986).

5 .1 .2 .2 .2  T o x ic i ty  observed d u rin g  C l in ic a l  Usage o f  K etoconazo le

K etoconazole was re ce iv ed  e n th u s ia s t ic a lly ,  when marketed in  1979, as an 

a n tifu n ga l which could be adm in istered v ia  the o ra l rou te. As i t s  

c l in i c a l  use Increased, r e p o r ts  o f  adverse h epatic  re a c tio n s  appeared 

(H eiberg  and Svejgard , 1981; Janssen and Symoens, 1983; Lewis e t  a l. , 

1984). Jpnssen and Symoens (1983) observed th a t, in  a sm all p roportion  

o f p a t ie n ts  (5 to  10%), th e re  were ra is ed  le v e ls  o f  h ep a toce llu la r  

enzymes. No other symptoms were noted and post-trea tm en t le v e ls  returned 

to  normal. Symptoms o f  h e p a t i t is  were recorded in  an estim ated 

1 o f  12,000-15,000 p a t ie n ts  trea ted  w ith  ketoconazo le  (Janssen and 

Symoens, 1983; Lew is e t  a l .  , 1984). These p a t ien ts  presented w ith

Jaundice, anorex ia , nausea and vom iting, as w e ll as ra is ed  le v e ls  o f  

h epa tic  enzymes. These e f f e c t s  a ls o  reversed  when treatm ent ceased. 

Lewis e t  a l. (1984) and B e rc o ff e t  a l.  (1985) b e lie v e d  that the 

h e p a to to x ic lty  was most l i k e l y  to  be due to  a d ir e c t  o r m etabo lite - 

mediated t o x ic i t y .  The r is k  o f  deve lop ing  h ep a to to x lc ity  is  g re a te r  in  

p a t ie n ts  on long-term  treatm ent (g re a te r  than 14 d ) (Cauwenbergh, 1986).

5 .1 .2 .2 .3  S ide E f f e c ts  observed  d u rin g  Ketoconazole  A d m in is tra tion  

A lte ra t io n s  in  l i v e r  fu n c tion  te s t  r e s u lts  have occurred in  p a tien ts  

tak ing ketoconazo le . These changes are u su a lly  tran s ien t but a few cases
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o f h e p a t it is  have been reported  (Horsburgh e t  a l . ,  1982).

In rare  cases anaphyla tic  rea c tion s  have been observed a f t e r  the 

f i r s t  dose. H y p e rs en s it iv ity  rea c tion s  in c lu d in g  u r t ic a r ia  and ang io- 

oedema have a lso  been reported . The most commonly observed s id e - e f fe c t s  

are anorexia , m ild nausea and/or occas ion a l vom iting. Th is occurs in  3- 

21% o f  p a tien ts  on o ra l kétoconazo le  therapy (Heel e t  a l . ,  1982; 

Dismukes e t  a l. , 1983) toge th er w ith  rash , u r t ic a r ia ,  p r u r i t is  and 

headaches.

Kétoconazole can In h ib it  s te ro id  syn th es is  observed o c ca s io n a lly  as 

the development o f  gynecomastia (D eF e lic e  e t  a l . ,  1981). Reports by 

Rollman e t  a l.  (1985) and Kraemer and Pont (1986) suggest that 

kétoconazole a ls o  has a tran s ien t in h ib ito r y  e f f e c t  on serum l ip id  

le v e ls .

5 .1 .2 .3  M éta bo lisa  o f  Kétoconazole

In form ation about the m etabo lites  o f  k étoconazo le  i s  con fined  to  data 

produced by Gascoigne e t a l. (1981). In dogs and ra ts  i t  is  e x te n s iv e ly

m etabolized to  a la rg e  number o f  in a c t iv e  m etabolites . The main

m etabolic pathways include ox id a tion  and subsequent s c is s io n and

degradation o f the Im idazole r in g , s c is s io n and degradation  o f the

p iperazin e r in g , s c is s io n  o f the d ioxo lan e r in g  and o x id a t iv e o-

dea lk y la tion .

In ra ts  more than 95% o f  an o r a l ly  adm in istered  dose (lOmg/Kg) is  

excreted  in  4 days. The amount excreted  in  the u rine is  gender-dependent 

<17% fo r  males, 5% fo r  fem ales) but on ly  a sm all amount (< 0. 1%) is  

unchanged drug. B i l ia r y  e x c re tion  accounts fo r  60% o f  the dose in  both 

ru le  and female ra ts .  Only a small p rop ortion  o f  the dose (4-6%) is  

excreted  unchanged in  the faeces .

In  female dogs, o f  the 92% o f an o r a l l y  adm in istered dose <10mg/Kg) 

excreted  in  7 days, 9% is  e lim in a ted  in  the urine and 83% in  the faeces .
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A much h igh er proportion  Is  recovered  unchanged In  dog fa eces  (70%), 

p o ss ib ly  due to  poorer absorption.

In human, as in  animal s tu d ie s , metabolism o f  kétoconazo le  is  

e x ten s iv e . With the exception  o f  s c is s io n  o f  the d loxo lan e r in g  

m etabolic  pathways a re  s im ila r  in  animals and man. There i s  a ls o  a 

p o s s lb l l t y  o f  arom atic h yd roxy la tion  in  man. Four days a f t e r  an o ra l 

dose <2.5mg/Kg> o f kétoconazole 70% was excreted , 57% in  fa eces  and 13% 

in  u rin e. The fa eces  contained 20-65% unchanged drug whereas th is  was 

on ly  2-3% o f  tha t excreted  in  the u rin e .

5 .1 .2 . 4 P harm acok inetics  o f  K étocon a zo le

5 .1 .2 .4 . 1 In  Animals

Absorption  o f  kétoconazole from th e  gut i s  more rap id  in  ra ts  and 

gu inea- p ig s  (max a t 0.25 to  1 h> than in  ra b b its  and dogs (max a t 1 to  

2 h> F o llow in g  a dose o f  10mg/Kg, peak con cen tra tion s  were low est in  

ra b b its  (0.9/ig/ml) and h ighest in  ra ts  (12.9pg/m l) (Heykants e t  a l . ,  

1978). The ex ten t o f absorption  was approxim ately the same in  fa s ted  and 

non fasted ra b b its  but peak con cen tra tion s  were lower and occurred 

s l i g h t l y  sooner in  fa s ted  animals. In ra ts  a g en d e r-re la ted  d i f fe r e n c e  

in  the r a te  o f  absorption  was seen, absorp tion  occu rrin g  more ra p id ly  in  

males (peak a t 0.25-1 h and 2-4 h in  males and fem ales r e s p e c t iv e ly ) .  

AUC v a r ie d  more than 10 -fo ld  between sp ec ies  g iven  the same dose, the 

la rg e s t  AUCs occu rrin g  in  dogs and ra ts  (H ee l, 1982). The h a l f - l i v e s  

observed were lowest fo r  gu in ea -p igs  (0 .7  h) and h igh es t fo r  the dog 

(2 .8  h) (Heykants e t  a l . ,  1978).

A ch ron ic  dosage study in  dogs re c e iv in g  d a l ly  o ra l doses o f  2 .5 , 10 

or 40mg/kg kétoconazo le , in d ica ted  that drug le v e ls  were g rea te r  when 

analysed a f t e r  prolonged treatm ent than a f t e r  the f i r s t  dose and were 

d o s e -re la te d  (Van Cutsem and Thienpont, 1977).
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5 . 1. 2 . 4.2  I d Man

In man a 200rag o ra l dose produced peak plasma con cen tra tion s  o f  3 .0 -4 .5  

pg/ml, 1 to  2 h p o s t-ad m in is tra tion  (Huang e t  a l . ,  1986; Gascoigne e t  

a l . ,  1981).

The d is p o s it io n  o f  k étoconazo le  Is  thought t o  fo l lo w  a m u lti­

exponen tia l pa ttern  w ith  d is t r ib u t io n  equ ilib r iu m  not being reached 

u n t i l  about 8 to l2  h p os t-a d m in is tra tion  (Gascoigne e t  a l. , 1981; Huang 

e t  a l . ,  1986). Other s tu d ie s  (Daneshmend e t  a l . ,  1981. 1983. 1984; 

Maksymluk e t  a l . ,  1982) have used a s in g le  compartment model In man. 

Th is may have been so due to  le s s  s e n s it iv e  a n a ly t ic a l  methods or to  

sh o rte r  b lood sampling schedu les. Huang e t a l. (1986) found that on 

reach ing Cm«.*, the plasma d e c lin e  was b lphasic  w ith  a mean h a l f - l i f e  o f

1.6 ± 0.5 h during the f i r s t  8 to  12 h and a mean h a l f - l i f e  o f  7 .8  ± 3.5 

h th ere  a f t e r .  Th is was s im ila r  to  the data p re v io u s ly  generated by 

Gascoigne e t  a l.  (1981). The mean AUCts n con tribu ted  more than 95% o f 

the to ta l  which suggests that accumulation o f k étoconazo le  on long-term  

adm in is tra tion  Is  minimal (G lb a ld l and P e r r ie r , 1982). There was wide 

In te rsu b jec t v a r ia b i l i t y  in  the p r o f i l e s  (Huang e t a l . ,  1986; Daneshniend 

e t  a l . ,  1981) due to  in te r - in d iv id u a l d i f fe r e n c e s  in  absorp tion  and 

d is t r ib u t io n .

Dose dependency s tu d ie s  (Huang e t  a l . ,  1986; Gascoigne e t  a l . ,  1981; 

Daneshmend and Varnock, 1983; Brass e t a l . ,  1982; Daneshmend e t  a l . ,  

1981; 1984) suggested th a t in  the former study dose-dependent k in e t ic s  

were in  opera tion . Dose-norm alized Cp-t p lo ts  were not 6uperimposable 

and the increase in  AUC was not p roportiona l to  th e  increase in  dose. 

The concen tra tion -tim e p lo ts  a ls o  curved inwards a t  h igher doses. These 

phenomena may be due to  f i r s t  pass metabolism in  the l i v e r  o r gut 

becoming saturated  a t h igher doses. Dose-dependent k in e t ic s  have a ls o  

been observed p rev iou s ly  (Gascoigne e t a l , ,  1981; Daneshmend e t  a l . ,  

1984). Kétoconazole i s  w id e ly  d is t r ib u te d  and e x te n s iv e ly  bound (99% at
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C l in ic a l ly ,  kétoconazo le  i s  recommended to  be adm in istered 

Immediately b e fo re  or w ith  a meal s in c e  th is  produces h igher and more 

consisten t le v e ls .  K étoconazole i s  a base and in  the a c id i t y  o f  the 

stomach i t  forms the h ydroch loride  s a l t .  Hence i t  i s  thought that 

adm in istra tion  o f  k étoconazo le  on an empty stomach or w ith  agents 

reducing g a s t r ic  s e c re t io n  such as c lm etld in e  o r an tacids markedly 

reduces i t s  o ra l absorp tion  (Van der Heer a t a l . ,  1080; Symoens a t a l. , 

1980). S tu d ies  by Dlsmukes a t a l.  (1983) and Daneshmend at a l .  (1981) 

confirm  th is  supposition , s tu d ies  by Brass at a l.  (1982) and Daneshmend 

at a l. (1984) found th a t food decreased and increased absorp tion  

re s p e c t iv e ly  but th is  e f f e c t  was not s ig n if ic a n t .  Yet another study 

(Mannisto a t a l. , 1982) found tha t b reak fas t s ig n i f ic a n t ly  reduced the 

absorption  o f  kétoconazole.

5 .1 .2 .5  In h ib i t io n  o f  Drug M etabolism  by Kétoconazole

The mode o f  a c tion  o f  k étoconazo le  f o r  i t s  an tifu n ga l a c t i v i t y  and fo r  

most o f  i t s  other uses, i s  as an in h ib ito r  o f  s te ro id  syn thesis . 

Although in h ib it io n  o f  cytochrome P-450 i s  more s p e c i f ic  fo r  fu n ga l than 

the mammalian forms, s tu d ies  have shown that when used a t h igh  dose 

in h ib it io n  o f  mammalian P-450 occurs (Loose a t a l 1983).

Experiments i n - v i t r o  have shown kétoconazo le  to  be a potent in h ib ito r  

o f I-dem eth y la tlon  in  co n tro l ra t  mlcrosomes (M eredith  a t a l . ,  1985) and 

microsomes from ra ts  p re trea ted  w ith  PB or PCM (Sheets and Mason, 1984), 

and o f  7 -e th oxyreso ru fin  O -d ee th y la tion  in  microsomes in  ra ts  p re trea ted  

with 5 ,6 -benzoflavone (Sheets and Mason, 1984). Potent in h ib it io n  o f 

n ltro a n ls o le  O -dem ethylatlon in  microsomes from r a ts  p re trea ted  w ith PB 

has a ls o  been observed (L a v r ljs e n  a t a l . , 1987). Meredith a t a l .  (1985) 

found th a t ketoconazols was a more s p e c i f ic  in h ib ito r  towards 3-MC

a concentration of lpg/ml in vitro In human plasma and serum (Heel et

al., 1082; Johnson at al., 1085X
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in d u c ib le  P-450s. L a v r ijs en  e t  a l.  (1987), however, found i t  to  have 

equ ip o ten t in h ib ito ry  a c t i v i t y  a ga in s t PB-and 3-M C-inducib le forms o f 

cytochrom e P-450.

K étoconazo le  produces a type I I  d i f fe r e n c e  spectrum when incubated 

with m icrosomal suspensions (L a v r ijs e n  e t  a l . ,  1987). T h is  suggests that 

k é to con azo le  forms a ferrihaemochrome w ith  cytochrome P-450 (Schenkman 

1967), p robab ly  through an in te ra c t io n  o f  one o f  the n itrogen s  o f  the 

im idazo le  moiety ( -3 -H ), w ith the f e r r i c  form o f  the haem group as a 

s ix th  l ig a n d  (Schenkman e t  a l . ,  1981). S tud ies  by Sheet and Mason (1984) 

dem onstrated that kétoconazo le  does not act through in h ib it io n  o f 

cytochrom e P-450 reductase o r  through form ation  o f  an in h ib ito ry  

complex. L a v r ijs en  e t a l . ' (1987) have a ls o  suggested th a t b inding may 

occur w ith  a hydrophobic m oiety on the apoprote in  w ith a d d it ion a l 

b inding s i t e s  on the microsomal phospholip id . Th is l a t t e r  might re su lt  

in  con form ation a l changes in  the p ro te in  (Lenk, 1976). Most enzyme 

k in e t ic  s tu d ies  suggest that the in te ra c t io n s  are m ain ly o f  a •mixed' 

type o f  In h ib it io n  (L a v r ijs e n  e t  a l . ,  1987; M eredith  e t a l . ,  1985). 

K étocon azo le  b inding s tu d ies  in d ic a te  d i f fe r e n c e s  accord ing  to  the 

cytochrom e P-450 complement. B inding to  con tro l r a t  microsomes and to  

m icrosomes from 3-MC Induced r a ts  is  b lph as ic , su gges tin g  the ex is ten ce  

o f  a t l e a s t  two b ind ing 6 lte s .  B inding to  microsomes from PB-induced 

ra ts  i s  lin ea r  and suggests the presence o f  cytochromes with a high 

a f f i n i t y  fo r  kétoconazo le  (L a v r ijs e n  e t  a l . ,  1987).

I n - v i v o  in h ib it io n  s tu d ies  are le s s  conc lu s ive  in  that a t a high 

doses <50mg/Kg; ip )  kétoconazo le  in h ib it s  both aminopyrine (56% 

In h ib i t io n )  and c a f fe in e  dém éthylation  (83% in h ib it io n ; Meredith e t a l . ,  

1985). The in h ib it io n  is  dose-dependent in  the ra t  and sustained on 

ch ron ic  adm in is tra tion  (7 d ). J t r ita n o  e t  a l.  (1986 ), however, found 

that ch ro n ic  adm in is tra tion  o f  kétoconazo le  (80mg/Kg; po; 15 d> d id  not 

a f f e c t  th e  pharmacokinetics o f  e ith e r  c a f fe in e  or phenytoin . Nlemegeers
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e t  a l.  <1991) fou nd  that male and female ra ts  showed p ro lon ga tion  o f  

methohexitone h yp n os is  at EDgo va lu es o f  97.0 and 30.4mg/Kg r e s p e c t iv e ly  

and that the lo w es t  e f f e c t i v e  dose fo r  p ro lon ga tion  o f  prothrombin tim es 

was 50mg/Kg. These data suggest tha t kétoconazo le  adm in is tra tion  in - v iv o  

produces on ly weak in h ib it io n . Evidence fo r  in h ib it io n  o f  drug 

metabolism during kétoconazole therapy in  man i s  a ls o  c o n f l ic t in g .  

Kétoconazole has no e f f e c t  on an tip yr in e  c lea ran ce  during ch ron ic  

adm in istra tion  (Daneshmend, 1982; Blyden e t  a l . ,  1986) but might 

p o ten tia te  the e f f e c t s  o f o ra l an ticoagu lan ts  (Smith, 1984; Brass e t  a l.  

1982). In two p a t ie n ts ,  an in crease  in  c y c lo sp o r in  le v e ls  was observed  

a f t e r  the s ta r t  o f  kétoconazole therapy (Ferguson e t  a l . ,  1982; 

D ieperink and H o l ie r ,  1982). Although th is  was suggested  to  be due to  

in h ib it io n  o f d rug metabolism, o ther fa c to r s  may have been in vo lv ed  in  

the in te ra c tio n  (W h ite  e t a l . ,  1984; Daneshmend, 1982). K étoconazole has 

no e f f e c t  on th e o p h y llin e  pharm acokinetics, but reduced the plasma 

c learance o f ch lo rd ia z e p o x ld e . A fte r  a s in g le  dose, a 20% decrease in  

c learance and a 26% reduction  in  volume o f  d is t r ib u t io n  has been 

reported . The changes were u n rela ted  to  dose. On chron ic dos ing , 

ch lord iazepox ide  c lea ra n ce  was decreased by 38% and was a ssoc ia ted  w ith  

reduced con cen tra tion s  o f  i t s  o x id a t iv e  m etabo lite  N- 

d esm ethy lch lord lazepox lde  (Brown e t  a l . ,  1985). Glynn e t  a l . ,  (1986) 

demonstrated th a t  kétoconazole (200mg/day fo r  6 days) decreased  

m éthylpredn isolone c learance (60%), the term inal phase s lope  (37%), and 

volume o f  d is t r ib u t io n  (23%). They suggested that th is  was due to  an 

in h ib it io n  o f d ru g  metabolism (Engelhard e t  a l . ,  1984; Daneshmend e t 

a l . ,  1983).

Although th e re  i s  strong ev idence that k étoconazo le  may in h ib it  the 

metabolism o f o th e r  compounds, many fa c e ts  o f  th is  in h ib it io n  are 

unclear. C onsequently  i t  was considered  to  be a s u ita b le  compound fo r
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5.2 1W-VITRO IIHIBITIOI OF DRUG METABOLISM

5 .2 .1  In troduction

I n - v i t r o  in h ib it io n  o f  drug m etabolism  by ketoconazo le  is  w e ll 

es tab lish ed . There have, however, been few  s tu d ies  which attem pt to  

r e la te  i t s  in h ib ito r y  potency w ith  tha t o f  o th e r In h ib ito r s .  The aim o f  

these s tu d ies  was to  compare the In h ib i t o r y  po ten c ies  o f  ketoconazo le  

w ith that o f  c im etld in e , another im id a zo le  d e r iv a t iv e ,  known to  be an 

In h ib ito r  o f  both i n - v i t r o  and in - v iv o  metabolism  (Speeg Jr. e t  a l . ,  

1982; M itch e ll e t  a i . ,  1984).

5 .2 .2  Experimental Design

Rat l i v e r  microsomes were prepared (s e c t io n  2 .3 .1 ) from untreated 

(c o n tro l) ra ts  (n=3> and ra ts  tre a ted  ( i p )  w ith  e ith e r  3 d a i ly  doses o f  

8~HF (n=3, lOOmg/Kg) or PB (n=3, 80mg/Kg>. The microsomes in  each group 

were pooled and sto red  at -70°C u n t i l  requ ired . These microsomal 

preparations were assayed fo r  microsomal p ro te in  (s e c t io n  2 .3 .2 ).  Tab le  

5. 1 summarises d e ta i ls  o f  the in h ib it io n  s tu d ies . ECOD, MCOD and EROD 

assays were c a r r ied  out as described  p re v io u s ly  (s e c t io n  2 .3 .4 , 2 .3 .5

and 2 .3 .6 ) except that various con cen tra tion s  (0 -  50/jM, k etoconazo le ; 0 

-  5mM, c im e tld in e ) o f  the in h ib i t o r y  agents were added in  

dimethylformamide (lO p l) 10 min b e fo r e  s ta r t in g  the re a c tio n .

Experiments were performed in  t r i p l i c a t e  a t each su bstra te

concen tra tion . In order to  determ ine th e  in h ib ito r  con cen tra tion s  

producing 50% in h ib it io n  (IC&o) fo r  each su bstra te  con cen tra tion , data 

were p lo tted  as enzyme a c t iv i t y  (% o f  con tro l a c t i v i t y  fo llo w in g  

ad d ition  o f 10pl o f  DMF) aga inst lo g  in h ib i t o r  con cen tra tion . Dixon 

p lo ts  (1/enzyme a c t iv i t y  aga in st in h ib i t o r  con cen tra tion ) enabled 

estim ation  o f  the in h ib it io n  constant (K x ).  The p o in ts  o f  in te r s e c t io n  

o f  each l in e  were determined and the X -coo rd in a tes  averaged in  o rder to  

c a lcu la te  the Ki and i t s  standard d e v ia t io n .
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KETOCOIAZOLB STUDY

Table 5.1 Summary o f the In-vitro Inhibition Studies Indicating which

Microsomal Preparations were Employed fo r  each Enzyme Assay

Microsomes ECOD a c t iv i t y MCOD a c t iv i t y EROD a c t iv i t y

C on tro l YES YES MO

ClMETIDIME STUDY

C on tro l YES YES 10

PB-induced YES YES 10

p-HF-induced YES HO YES

5 .2 .3  B esu lts  and D iscussion

Tables 5 .1  and 5 .2  summarise Kx and ICeo data fo r  b o th  ketoconazo le  and 

c lm e t ld ln e . C im etidine Kx and ICco va lues were determ ined , fo r  the ECOD 

assay, in  con tro l microsomes and in  microsomes from  PB and J3-NF 

p re trea ted  ra ts  (f ig u r e s  5 .2 , 5 .3  & 5 .4 ). These v a lu e s  were determ ined 

fo r  the MCOD assay in  con tro l and PB Induced m icrosomes but not in  0-NF 

Induced microsomes s in ce  MCOD a c t iv i t y  i s  not s i g n i f i c a n t l y  d i f f e r e n t  in  

such microsomes, from that observed in  con tro ls . Such va lues fo r  the 

EROD assay were on ly determined in  p-HF induced microsomes because o f 

the low EROD a c t iv i t y  in  con tro l and PB-lnduced r a t s .  Rat pretreatm ent 

had no s ig n i f ic a n t  e f f e c t  on the Kx values e s tim a ted  fo r  c im etid in e  

using ECOD (0 .4 -0 .6mM) or NCOD a c t i v i t i e s  <0.2-0.4m N). Indeed these 

va lues f o r  c im etid in e  in h ib it io n  were o f  the same o rd er o f magnitude 

ir r e s p e c t iv e  o f the assay or microsomal preparation .
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Table 5.2 Inh ib ition  o f Microsomal Enzyme A c t iv it ie s  by Cimetidine and

Kétoconazole in  Various Microsomal Preparations <Ki )

MICROSOMAL
PREPARATION

KETOCOIAZOLE Ki MEASUREMENTS (jjM)

ECOD ASSAY MCOD ASSAY EROD ASSAY

Control 3.76 (1 .79 ) 2.72 (1 .20 )

CIMETIDINE Ki MEASUREMENTS (mM)

Control 0.58 (0 .23 ) 0.24 (0 .06 )

PB 0. 41 (0 .10 ) 0.42 (0 .13 )
induction
p-NF 0.36 (0 .13 ) 0.79 (0 .2 2 )
Induction

Values in  parentheses a re  standard d ev ia tio n s .

Ketoconazole Ki va lu es  were determ ined fo r  the ECOD and NCOD assays 

on ly in  con tro l microsomes ( f ig u r e  5 .1 ) .  Ki determined fo r  th e  ECOD 

assay was not s ig n i f i c a n t ly  d i f f e r e n t  from that determined f o r  MCOD. 

Comparing these va lu es  w ith  those observed fo r  the in h ib ito r  c ira e t id in e , 

in d ica ted  that ketocon azo le  was about 100 tim es more potent.

The concen tra tion  range used in  the study was r e s t r ic t e d  by th e  l im it  

o f s o lu b i l i t y  o f  the compounds in DKF. Over the concen tra tion  range  used 

the Dixon p lo t was observed to  be b lph as lc  fo r  ketoconazole (0  -  50pM> 

with concen tra tions  above 5pM g iv in g  a sha llow er s lope . A s im i la r  trend 

was a ls o  observed w ith  c im etid in e  but was not so apparent, p o s s ib ly  due 

to  the concen tra tion  range used (0 -  5mM). Th is Ind ica ted  th a t  the 

in h ib it io n  was s e le c t iv e  fo r  p a r t ic u la r  isoenzymes o f  cytochrome P-450, 

a p roportion  being le s s  a f fe c te d  by these in h ib ito rs .
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Table 5.3 Inhibition o f Microsomal Enzyme A c t iv it ie s  by Cimetidine and

Ketoconazole in  variou s Microsomal P repara tions  (IC bo)

MICROSOMAL KETOCONAZOLE ICso MEASUREMENTS CpM)
PREPARATION

ECOD ASSAY MCOD ASSAY EROD ASSAY

Control 4 .4  (50) 2 .5  (100)
3 .7  <100) 3 .0  (150)
9 .8  (200) 4 .6  (200)

CIMETIDINE IC .o  MEASUREMENTS <mM)

Control

PB
induction

JJ-NF
induction

0.77 <50) 0.34 <50> ------------
0.80 <75) 0.34 <100) -------------
0.77 <100) 0.48 <150) -------------
1.20 <200) 0.87 <200) -------------

0.50 <5) 0.45 <25> -------------
0.53 <25) 0.57 <50) -------------
0.72 <50) 0.88 <100) -------------
1.24 <200) 0.96 <200) -------------

0.45 <5)   0.59 <0.125)
0.66 <7.5)   0.79 <0.25>
1.45 <25)   1.37 <0.5)

>5.0 <200)   2.15 <1.0)

Values in  parentheses are su bstra te  con cen tra tion s  <pM>

S ince IC »o values can be determ ined using one substra te concen tration  

whereas K i 's  requ ire measurements a t  severa l concen tra tions , the former 

are fr e q u en t ly  quoted. From c la s s ic a l  enzyme k in e t ic  equations fo r  

co m p etit ive  in h ib it io n  in s in g le  enzyme systems a r e la t io n sh ip  between 

IC »ok and Ki can be der ived , as shown in equation  5.1 <DaweS, 1969). 

This e s ta b lish e s  the substra te con cen tra tion  dependency o f  ICsc. values 

during co m p etit ive  in h ib it io n .

IC»o > Ki . <14 (81 / Km) equation 5.1
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Th is  substrate dependency can c le a r ly  be seen in  tab le  5 .3 . When the 

su bstra te  concen tra tion  used was low, the IC*o va lu e  was comparable to 

the Kx, whereas a t h igh  concen tra tions, the ICbo va lue was much higher 

than the appropria te  K i . Since Ki va lu es are independent o f substrate 

con cen tra tion  they can be more r e a d ily  compared w ith  other in h ib it io n  

s tu d ies .
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Figure 5.1 In-vitro Inh ib ition  Data fo r Kétoconazole in Control

Xlcro&ones

A -  % ECOD A c t iv i t y  versus  lo g  kétoconazole con cen tra tion  

C -  1/ECOD A c t iv i t y  versus  kétoconazo le  con cen tra tion

•  -  50pK EC 

■ -  lOOpM EC

*  -  200jiM EC

B -  X NCOD A c t iv i t y  versus  lo g  kétoconazo le  concen tra tion  

D -  1/MCOD A c t iv i t y  versus  k étoconazole con cen tra tion  •

•  -  lOOjiM MC 

■  -  150>jM MC 

-  200jjM MC
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Figure 5.2 In-vitro Iuh lb ltlon  Data fo r Cimetidine in Control Microsoi

A -  % ECOD A c t iv i t y  versus  lo g  c im e tid in e  concen tratIon  

C -  1/ECOD A c t iv i t y  versus  C im etid ine concen tra tlon

♦  -  50>iM EC

*  -  75>iM EC

•  -  10 0 ;i M EC

■  -  200>jM EC

B -  X MCOD A c t iv i t y  versus  lo g  c im e t id in e  concen tra tion  

D -  1/KCOD A c t iv i t y  versus  c im e tid in e  concen tra tion

♦  -  50>jM MC

#  -  IOÔ jM MC

•  -  150>jM MC

■  -  200>iM MC
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A -  % ECOD A c t iv i t y  versus lo g  C im etid in e  concen tra tion  

C -  1/ECOD A c t iv i t y  versus c im e tld in e  concen tra tion

♦  -  5/jM EC

♦  -  25pM EC

■ -  50pM EC

♦  -  200>iM EC

B - % NCOD A c t iv i t y  versus lo g  C im etid in e  concen tra tion  

D -  1/KCOD A c t iv i t y  versus C im etid in e  concen tra tion

+  -  25pM NC

*  -  50/iM MC

•  -  IOOjjM MC

■  -  200/iM MC

Figure 5.3 In-vitro Inh ib ition  Data fo r Cimetidine in PB induced

Microsomes
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F igu ra 5 . «  Ia-vitra In h ib it io n  Data fo r  C ln e ttd ln e  ln  »-HF Induced 

M lcroc oans

A -  X ECOD A c t lv i t y  versus  lo g  c lm etld ln e  con cen tra tlon  

C -  1/ECOD A c t lv i t y  versus  c lm etld ln e  con cen tra tlon

♦  -  5>iM EC 

** -  7 .5jiM EC

•  -  25pM EC

■ -  200>iN EC

B -  % EROD A c t iv i t y  versus  lo g  c lm e tld ln e  concen tra tlon  

D -  1/EROD A c t iv i t y  versus  c lm etld ln e  con cen tra tlon

♦ -  0. 125jjM ER

-  0.25 >iN ER

• -  0 .5 pM ER

■ -  1.0 >jM ER
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5 .2 .4  Conclusions

Spectra l b in d in g  s tu d ies  in d ica te  both compounds to  have two binding 

s i t e s  but th a t k etoconazo le  has a g re a te r  a f f i n i t y  than c im etid ln e  fo r  

cytochrome P-450 (R e i l ly  e t  a l. , 1983; L a v r ljs en  e t  a l. , 1987), w ith 

sp ec tra l b in d in g  constants f o r  the high a f f i n i t y  s i t e  o f  2.6pK and 0.7pX 

and the low a f f i n i t y  s i t e  o f  104pX and 14/¿X fo r  c lm etld in e  and 

ketoconazole r e s p e c t iv e ly .

In these s tu d ie s  ketoconazole was observed to  be the more potent 

in h ib ito r ,  in  c o n tro l ra t mlcrosomes, o f  the l n - v l t r o  metabolism o f  7 - 

ethoxycoumarin and 7-methoxycoumarin. Dixon p lo ts  suggested that at 

c e r ta in  in h ib i t o r  concen tra tions, in te ra c t io n s  w ith  BCOD and XCOD were 

com petitive  f o r  both in h ib ito r s .  Th is was confirm ed by the Ki and ICso 

estim ates b e in g  comparable a t low su bstra te  con cen tra tion s  (equation  

5 .1 ). I t  i s  probably unwise, however, t o  app ly  such a type o f 

c la s s i f i c a t io n ,  s in ce  the enzyme system  con ta in s  a la rge  number o f  

d i f fe r e n t  Isoenzym es w ith  d i f fe r e n t  su b s tra te/ ln h ib lto r  s p e c i f i c i t i e s .  

Indeed the b lp h a s lc lt y  o f  the p lo ts  con firm s th a t  the in h ib it io n  is  

s e le c t iv e  tow ards  p a r t icu la r  isoenzymes o f  cytochrome P-450, and that 

o thers having a much lower a f f i n i t y  f o r  the In h ib ito r s .

Although ICso es tim ations  are much more q u ic k ly  ob ta ined  than Kx 

values, i t  can be c le a r ly  seen that t h e i r  va lue i s  lim ited . Not on ly  do 

the va lues depend upon substrate con cen tra tion  but they a re  a lso  

dependent on microsomal p ro te in  con cen tra tion  (G i l l e t t e  a t a l.  , 1973). 

The s tu d ies  p resen ted  here showed th a t ICso va lu es  were on ly Independent 

o f substra te con cen tra tion  a t low su bstra te  con cen tra tion s  and tha t even 

lower su b s tra te  concen tra tions (ECOD assay) were requ ired  when 

microsomes from  (J-NF Induced ra ts  were used. Th is i s  in d ic a t iv e  that the 

Km o f  ECOD i s  lower in  these microsomes than in  con tro ls , s in ce  ICso 

on ly approx im ates to  Kx when (S I i s  much lower than Km. Unless the K.„ o f 

a rea c tion  i s  known in  o rder that a s u ita b le  su b stra te  concen tra tion  may
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be p red ic ted , then Ki d e te rm in a tion  Is  o f  g rea te r  va lu e. G enera lly  drug 

metabolism stu d ies  where IC «o  values have been determ ined have not 

appreciated  the e f f e c t  o f  su b s tra te  concen tra tion  and so have l i t t l e  

value fo r  comparison across s tu d ie s .
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5.3  JW-VIVO ASSESSMENT OF IIH IB IT IO I OF DRUG METABOLISM BT SIIGLB DOSES 

OF KETOCOlAZOLE I I  THE RAT

5.3 .1  In troduction

The p revious study (s ec tion  5 .2 ) con firm ed  the in h ib ito r y  potency o f 

ketoconazole i n - v i t r o .  The present s tu d y  was intended to  examine whether 

such in h ib it io n  can be r e a l iz e d  in - v i v o .  The e f f e c t s  o f  adm in istering 

various s in g le  doses o f  ketoconazole <ip> on the k in e t ic s  o f the model

compound a n tip y r in e  was determined u s in g  a non -in vas ive  breath  te s t

method (s e c t io n  2 .4 .1 ).

5 .3 .2  Experimental Design

Male Sprague-Dawley ra ts  (24) were d iv id e d  in to  8 groups (n*3>, and

g iven  variou s doses o f ketoconazole ( i p  0, 1, 3, 5, 10, 15, 20 or 50

ng/Kg in  cremophor: HC1 0.11 (1 :0 ) ,  10»l/Kg>. One hour la te r  these ra ts  

re ce iv ed  (M -m ethy l-*«C )-an tlpyrln e  ( i p ,  25mg/Kg, lpCi/Kg, 2ml/Kg), were 

placed in  a l l  g la ss  metabolism cages and , - C0a c o l le c t e d  (s e c t io n  2 .4 .1 ) 

over 7 h (c o n tro ls ) or 10 h (r a ts  p r e tr e a te d  w ith k e tocon azo le ).

5 .3 .3  Data Analysis

Samples (5 .3 .2 ) were processed as d e s c r ib ed  in  s e c t io n  2 .4 .1 . An tipyrine 

CER va lues were generated fo r  each t im e  poin t from averaged va lues fo r  

each th ree ra t group (n*8> and p lo t t e d  on s ea l- lo g a r ith m ic  paper. When 

in h ib ito rs  are actin g  under steady s t a t e  con d ition s , Ki can be estim ated 

from a d e r iv a t io n  o f  the M ichaells-M enten  equation  (equation  5 .2 ) .

V ■ vm. „  equation  5 .2

C K... (1 ♦ I/K .)

Where I is  the steady s ta te  in h ib ito r  con cen tra tion , i s  the maximum

ra te  o f  rea c tion . K... l e  the M ich ae l la-Kenten constan t, C Is  the
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Using equation 5 .2 , an equation fo r  c learance o f  an tlp yrln e  (CL) was 

d e r iv ed  (equation  5 .3 ).

CL* «  CL0______  equ a tion  5.3

(1  ♦  I ° / K * )

where 1° i s  the In h ib ito r  dose.

' value in  the presence o f  in h ib ito r  

°  c o n tro l value

S im ila r ly  equations were d erived  fo r  CER p a ram eters :-

CBS..»«' ■ CBRn.»».° equ a tion  5.4

(1 ♦ I**/K * >

tAuctoN -1 = tAucii.r.*.° + 1°. tA<jcBQK«° equ a tion  5.5
Ki

Equation 5.4 was rearranged In to  a form which can be portrayed  

g ra p h ica lly  (equation  5 .6 ).

1 = i  + < 1 . 1° ) equ ation  5.6

CER.... * CER....-'- ( CER...--- K, )

A p p lica tion  o f  equations 5 .5  and 5 .6  to  the CER.*«.«, and tAoiwc.» data can 

th e re fo re  be used to  determ ine values fo r  Kx.

The CER data was a lso  entered in to  the main frame computer and 

analysed by non-1Inear regress ion  (HONLIN) u s in g  the equations below

substrate concentration, V the reaction rate and K: Is  the Inh ib itor

constant.
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<5.7 to  5 .1 1 ). T h is  enabled estim ation  o f  various k in e t ic  param eters fo r 

the e lim in a tio n  o f  both an tip yr in e  and kétoconazole and gave an estim a te  

o f  the in h ib ito r  d is s o c ia t io n  constant <Kx>. The method d id  n o t assume 

steady s ta te  l e v e l s  o f  in h ib ito r ,  s in ce  i t  a llow ed fo r  e lim in a t io n  

during the experim ent.

dD = -k* . D equation 5.7

dt
(e lim in a t io n  o f  drug)

dM «  < f~  . k ' . D) -  k- . M equation 5 .0

dt
(fo rm ation  o f  M> (e lim in a tion  o f  M>

where : -

CER -  k .  . M equation 5 .9

and

k ' *  k
1 ♦ I/Ki

and

d l -  - k »  . I 

d t

equation 5.10

equation 5.11

D amount o f  drug in  body . . .  . .  _  ,P1.
k* -  e lim in a t io n  ra te  constant o f  drug in  the presence o f in h ib i t o r  <Pl> 
M -  amount o f  m etabolite  formed
f,„ -  fr a c t io n  o f  drug converted to  noran tipyrine 
k . -  e lim in a t io n  ra te  constant o f  m etabolite  <P2>
CER- COa ex h a la tio n  ra te
k -  e lim in a t io n  ra te  constant o f  drug (c o n tro l)
I -  amount o f  in h ib ito r  in  body 
K* -  in h ib ito r  constant <P5>
ki -  In h ib ito r  e lim in a tion  ra te  constant <P4>
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5 .3 .4  R esu lta  and D iscussion

Averaged CER data fo r  s ix  o f  the e ig h t  groups stud ied  are i l lu s t r a te d  as 

lo g  CER-time curves in  f ig u r e  5 .5 . In h ib it io n  o f an tip yr in e  e lim ination , 

observed even at the low est dose o f ketoconazole (lmg/Kg), was 

pronounced and dose-dependent. A p ro g ress ive  decrease in  CER.,.«... and AUC 

and notab le  dose-dependent changes in  the shapes o f  the CER-tlme curves 

were observed. At low k etoconazo le  doses the peak was sharp but as the 

dose in creased  the peak broadened and occurred la te r .  At the h ighest two 

doses the peak was rep laced  by a plateau  reg ion  and the time to  peak 

( t ma.x> had almost returned to  the con tro l value. At a l l  doses other than 

50mg/Kg, a post-peak c u r v i l in e a r  d ec lin e  was observed in  the CER-tlme 

p r o f i l e .  Th is  may be exp la in ed  by e lim in a tion  o f  ketoconazole during the 

tim e course o f  the study. These term inal d ec lin e  phases were nearly 

p a r a l l e l .

Changes observed in  the parameters CER™«.«, t.««>. and AUC are dep icted  

in  ta b le  5 .4 . The 50mg/Kg dose decreased CER.»«>. by 90% whereas the 

lOmg/Kg dose In h ib ited  th is  parameter by 50%. The v a r ia t io n  in  t « « .k was 

unusual in  that va lu es in creased  up to  a dose o f  15rag/Kg and then 

g ra d u a lly  dec lin ed . The AUCto»,, obtained from the cumulative CER, 

decreased w ith  dose. However the AUC (ta b le  5 .6 ; P3) estim ated by NONLIN 

was the same fo r  each dose o f  in h ib ito r  adm inistered. This parameter 

g iv e s  an in d ica tio n  o f the p roportion  o f  the a n tip y r in e  dose which is  N 

dem ethylated. The data th e re fo re  suggest that the fr a c t io n  o f drug 

undergoing N-dem ethylation was u na ffected  by ketoconazole 

adm in is tra tion .

Cumulative CER-time cu rves are i l lu s t r a t e d  in  fig u re  5.6. Three 

tau eso « were c a lcu la ted  from these cum ulatlves, using each in d iv idu a l 

dose AUC i on , the AUC. fo r  the c o n tro ls  and each in d iv idu a l dose AUC. 

(Tab le  5 .5 ) .  Although tAuoeo» (own value 0-10 h> Increased in  a 

c u r v i l in e a r  fash ion , the two t^ u ceo «. increased lin e a r ly  w ith
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F igu re 5 .5  T y p ic a l (H-muthyl-'' *C )-a n t lp y r in e  CER-Tlnu

follOM lDg aliai D is tra tte li o í  v a r lcu s  Doses i 

Kétoconazole

ki­ B: -

rn -  lrag/Kg •  -  Ong/Kg

*  -  5ag/Kg ■  -  20ng/Kg

•  -  lOng/Kg *  -  50ng/Kg
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Tab le 5 .4  E f fe c ts  o f  va riou s Doses o f  K étoconazole on Maximum 1 - COz 

Exhalation  Rate (C E R ».* ), t M»x  and AUCio i>. fo llo w in g  

(■ -m eth y l-1*C )-a n t ip y r in e  A dm in is tra tion

KETOCOIAZOLE DOSE CER.n*>. AUCio *
(mg/Kg> <% dose/min) (m in) (X)

0 0. 103 (0 .007) 50 (10) 22.6 (1 .0 )

1 0. 084 (0 .005) 70 (10) 23.0 (1 .3 )

3 0. 079 (0 .002) 90 (5 ) 25. 1 (0. 2)

5 0. 060 (0 .006) 90 (10) 22. 8 (1. 1)

10 0. 051 (0 .010) 130 (0 ) 22.9 (3 .6 )

15 0. 042 (0 .008) 210 (20) 19.3 (1 .5 )

20 0. 032 (0 .002) 150 (10) 17.7 (0 .2 )

50 0. 018 (0 .001) 130 (5 ) 10.3 (0. 9)

in crea s in g  dose ( f ig u r e  5 .8 ) .  Th is is  exp la in ed  by the fa c t  tha t, a t the 

th ree  h ighest doses o f  kétoconazo le , the X o f  dose N-demethylated during 

the time course o f  the experim ent was much le s s  than that fo r  the 

c o n tro ls  and thus the tim e to  50XAUC (0-10h> was reduced. L inear 

r e la t io n s h ip s  were observed when tnucsox-1 and l/CER..,*^ • were p lo t te d  

a ga in s t dose o f  kétoconazo le  adm in istered ( f ig u r e  5 .7  and 5 .8 ) .  

Estim ates o f  Ki were determ ined from these graphs (ta b le  5 .7 ) using 

the equations 5 .5  and 5 .6  re s p e c t iv e ly .

The presence o f  term inal c u rv il in e a r  d e c lin e  phases in  most o f  the 

CER-time p r o f i l e s  ( f ig u r e  5 .5 ) Ind ica ted  that kétoconazo le  has a short 

h a l f - l i f e  r e la t iv e  to  that o f  a n tip y r in e . A p p lic a t io n  o f  steady s ta te  

in h ib it io n  k in e t ic s  (equ ations  5.6 & 5 .7 ) was th e re fo re  thought to  be 

in app rop ria te . L ite ra tu re  va lu es  in d ica te  the h a l f - l i f e  o f  kétoconazo le  

to  be around 1-2 h (Gascoigne e t a l . ,  1981). I t  was thought app rop ria te  

th e re fo re  that the steady s ta te  in h ib it io n  equation  be m od ified  to
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Tab le  5 .5  E f fe c ts  o f  va r iou s  doses o f  kétoconazo le  on tAoc&o» 

fo llo w in g  (M -m eth y l-^C )-a n t ip y r in e  Adm in istration

KETOCOVAZOLE
DOSE

AITIPYR IIE  PARAMETERS

(mg/Kg)
TIME TO REACH 50% OF AUC (min)

A1 A2 A3

0 120.0 136.7 136.7

1 152. 0 166.8 163. 0

3 160.5 158.6 159. 1

5 199.3 218.3 216.6

10 238.7 259.2 262. 0

15 263.3 332.3 317.3

20 284.2 400.8 400.6

50 404. 0 709.5 681.3

A1 -  tso «A u cio  k using the averaged AUCo-io r-. obtained fo r  each dose
A2 -  tsonAuc- using th e  averaged AUC. obtained from co n tro ls
A3 -  tsoKAuc- using the averaged AUC. obtained fo r  each dose

in co rp o ra te  a term  fo r  in h ib ito r  e lim in a tio n  (equations 5 .7  t o  5 .11 ). 

T h is  was ap p lied  t o  the CER data using a n on -lin ear reg ress ion  program 

(NOHLIH). The n on -lin ea r reg ress ion  estim a tes  fo r  the k in e t ic  parameters 

o f  an tlp yr ln e  and ketoconazo le  a re summarised in  ta b le  5 .6 . The

es tim a tes  fo r  the i n i t i a l  a ccrua l r a te  constant <k.) and term inal 

e lim in a tio n  ra te  constant <k ') o f  a n tlp y r ln e  CBR, were h igh ly  p red ic t iv e  

a t  (56.13 ± 2 .13 ) x 10~® and <5.43 ± 0 .05 ) x 10“ ® min“ ’ r e s p e c t iv e ly . 

These are eq u iva len t to  an i n i t i a l  accrual h a l f - l i f e  o f  12 min and a 

term inal h a l f - l i f e  o f  128 min fo r  an tlp yr in e . S im ila r ly  the data 

p red ic ted  tha t the fr a c t io n  o f  the a n tip y r in e  dose undergoing N- 

dem ethylatlon  in  c o n tro ls  to  be 24.5 ± 0.5 % which i s  c lo s e  to  the
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Figure 5. 6 The B f fe c ts  o f  v e r lo e s  K etecenazo le  Doses upoh CusulaUve 

<«CO» exheled  I c U o e lo *  < i--e th y l-> *C > -M u tlp yr lu e  

Adm in istra tion

•  -  cremophor d ilu en t C on tro ls

*  -  Kétoconazole lOrag/Kg

■  -  Kétoconazole 20wg/Kg 

*  -  Kétoconazole 50mg/Kg

1 6 6



M9 HS H» « V  H J HT J  

---------T----- T-------- T '

« f *  *

/  B. - ï *  *

♦  ■ ■  •  •
, ■ ■  *  •

j »  » •

■■■

* « • *

SJ
( î s m  x> J D  M iir a m o



F igu re  5 .7  R e la tion sh ip  Between R ec ip roca l 1 *CER»..~ fo llo w in g

( l - w t h y l - ' 4C )-a n t ip y r in e  Adm in is tra tion  and Kétoconazole

F igu re 5 .8  The E ffe c ts  o f  va riou s K étoconazo le  Doses upon

D eterm inations o f  the time to  50X AUC (U u c  *.o*>

-  t/XJC liOH I O I*.

■  -  tAucMK -  using co n tro l AUC~

•  -  tftoctkOM -  using each in d iv id u a l AUC-

1 6 7





Table 5.6 Estimates o f Kétoconazole and Antipyrine Parameters obtained

by la a -L la e a r  Regression  A n a lys is

DOSE PARAMETERS

(■g/Kg)
PI

(min-1 ) 
x 103

P2
(min“ ’ ) 
x 103

P3 P4
(rain- 1) 
x 10*

P5
<mg/Kg)

1 5.46
(0 .08 )

54. 10 
<2.45)

0.243 
<0.001)

3.22
<1.09)

3.32 
<0.42)

3 5.41 
<0.10)

56.63
(3 .51 )

0.249 
<0.002)

17.53
<3.75)

2.81
<0.61)

5 5.48 
(0 .09 )

53.99
<2.46)

0.246 
<0.001)

5.42 
<0.43)

4.03
<0.20)

10 5.50 
(0 .14 )

56.78
<4.35)

0.251
<0.002)

5.57
<0.43)

4.40
<0.25)

15 5.36 
<0.11)

55.89
<3.49)

0.237 
<0. 002)

5. 16
<0. 28)

5. 03 
<0.20)

20 5.38 
(0 .16 )

60.27 
<5.46)

0. 248 
<0.004)

2.55
<0.22)

5.71
<0.31)

50 5. 44
(0 .08 )

55.28
<2.51)

0. 243 
<0.002)

1.29 
<0.10)

7. 06 
<0.26)

Mean 5.43 56. 13 0.245 — 4.62

P I -  accrual ra te  constant 

P2 -  e lim in a tio n  ra te  constant 

P3 - fr a c t io n  o f  drug N-demethylated 

P4 - in h ib ito r  e lim in a tio n  ra te  constant 

P5 - in h ib it io n  constant



expected va lu e . The p red ic t ion s  fo r  the k étoconazo le  e lim in a tion  ra te  

<ki> were more v a r ia b le  <5.82 x 10-3 min-1 ) and gave a mean h a l f - l i f e  

fo r  k étocon azo le  o f  119mln. The 5, 10 and 15 mg/Kg doses produced 

s im ila r  va lu e s  fo r  kétoconazole h a l f - l i f e  (120 min) but the h a l f - l i f e  

Increased fo llo w in g  adm in is tra tion  a t the 20 and 50 mg/Kg dose le v e ls .  

I t  is  f e a s ib le  that dose-dependent k in e t ic s  operate a t the la t t e r  two 

doses r e s u lt in g  in  a longer h a l f - l i f e  estim ate. S ince kétoconazo le  

was adm in istered  ip , however, sa tu ra tion  o f  absorp tion  mechanisms may 

a lso  be re sp on s ib le .

Values o f  the Ki d er ived  from th is  a n a ly s is  from  the 5, 10 and 15 

mg/Kg d oses  were aga in  more con s is ten t <4.5 ± 0 .5  mg/Kg) than those 

obtained by averag ing  a l l  the va lu es  generated <4.6 ± 1 . 4  mg/Kg). Table

5.7 g iv e s  the estim a tes  o f Kx generated  from the n on -lin ea r reg ress ion  

an a lys is  (equ a tion s  5 .7  to  5 .11) and two graph ica l methods (F igu res  5 .7 , 

and 5 .8 ) .

E stim ates o f  Kx were in  the range 4 .6  to  13.8 mg/Kg fo r  the I0NLIN 

estim ate and tA u cso «- methods r e s p e c t iv e ly .  Since th e  graph ica l methods 

were based on steady s ta te  in h ib it io n  k in e t ic s  i t  was not su rp r is in g  

that th ese  p red ic ted  kétoconazole t o  be a weaker in h ib i t o r  than the non­

lin ea r  method which takes  the e lim in a tio n  o f  the in h ib ito r  in to  account.

Table 5 .7  Estim ates o f  Kx Made from  the In -v iv a  Data

KBTHOD Kl
(mg/Kg)

¡ion  on 4.6
CBR-time p r o f i le

B. G rap h ica lly  using CERmax 11.9

C. G rap h ica lly  using t «u c s o * . 13.8
(using  A3)
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5.3.5 Conclusions

As an an tifunga l agen t, ketoconazo le  is  adm in istered  a t a dose o f  about 

3 mg/Kg. I t s  use f o r  p reven tion  o f  in fe c t io n s  in  immunocompromised 

pa tien ts  and in  the trea tm en t o f  p ro s ta t ic  cancer requ ire  much higher 

doses (20mg/Kg>. In  th e  presen t study, d esp ite  the rap id  e lim in a tion  <tV4 

-  120 min>, con s id e rab le  in h ib it io n  o f  a n tlp y r ln e  e lim in a tion  occurred 

at low doses o f k e tocon azo le . Indeed the NONLIN estim ate o f  Kx (4 .6  

mg/Kg), p red ic ts  c o n s id e ra b le  in h ib it io n  o f  metabolism a t the dose 

le v e ls  used fo r  the trea tm en t o f  p ro s ta t ic  cancer.

Previous workers (Shaw and Houston, 1987) have sim ulated the e f f e c t s  

o f  Ki and ki o f an in h ib i t o r  on drug and m etab o lite  p r o f i le s .  Two types 

o f  in h ib it io n  were con s id ered , n o n -s e le c t iv e  in h ib it io n  o f a l l  pathways 

o f metabolism and the s e le c t iv e  in h ib it io n  o f  one. The CER-time p r o f i l e s  

generated here were c o n s is te n t  w ith  the s im u la tion s  generated fo r  non- 

s e le c t iv e  in h ib it io n . In o rder to  con firm  th is ,  urine m etabo lite  

ana lys is  was requ ired . Urine c o l le c t e d  in  the p resen t study would have 

enabled d e tec tion  o f  d i f fe r e n c e s  in  u rinary e x c re t io n  o f  an tlp y r ln e  

m etabolites but not fo rm a tion  c lea ran ces  because o f  the e lim in a tion  o f  

ketoconazole during th e  s tu d ies . I t  was th e re fo r e  decided to  examine 

steady s ta te  k e tocon azo le  in h ib it io n  o f  a n t ip y r in e  c learance  and 

ind iv idu a l m etabolite  fo rm ation  c learances .
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5.4 PHARKACOKIIBTICS OF KBTOCOIAZOLE MEASURED BT HPLC

5 .4 .1  In troduction

Although the pharmacokinetics o f  o r a l l y  adm in istered  ketoconazo le  are 

w e ll documented in  humans, in fo rm a tion  on the k in e t ic s  in  ra ts  i s  sparse 

(Gascoigne e t  a l . ,  1981). Human s tu d ie s  have suggested  that ketoconazo le  

has dose-dependent k in e t ic s  (Huang e t  a l . , 1986). These s tu d ies  were

undertaken in  order to  assess ketocon azo le  pharm acokinetics a t d i f f e r e n t  

doses and to  determine a su ita b le  regim en fo r  the s tead y  s ta te  s tu d ies .

The methods o f  assay, fo r  ketocon azo le  most fr e q u e n t ly  used have been 

m ic rob io lo g ica l (C layton  and W in g fie ld , 1981; Harvey e t  a l.  , 1980;

Drouhet and Dupont, 1980). Such assays  lack  s e n s i t i v i t y  and p re c is io n

sin ce  they are in d ire c t  measurements o f  a n tifu n ga l a c t i v i t y .

Pharmacokinetic determ inations w ith  such assays have been unable to  

d e tec t the term inal phase r e c e n t ly  observed in  s tu d ie s  by Huang e t  a l.  

(1986). HPLC assays, which have g r e a t e r  s e n s i t iv i t y ,  have been developed  

subsequently (A lton , 1980; Andrews e t a l. , 1981; Badcock, 1984;

Pascuccl e t  a l. , 1983; R ile y  and James, 1986; Swezey e t a l. , 1982 ).

Whereas these methods requ ire  f a i r l y  la rge  volumes o f  plasma s u f f i c ie n t  

s e n s it iv i t y  was a tta in ed  fo r  th ese  p re lim in a ry  s tu d ies  using a

m od ifica tion  o f  the method o f  R i le y  and James (1986).

5 .4 .2  Experimental Design

Male Sprague-Dawley ra ts  were cannu lated (s e c t io n  2 .4 .2 ) and 12 h la te r  

placed in  re s tra in in g  cages. V a riou s doses o f  ketoconazo le  (2.5mg/Kg 

n=7, 5mg/Kg n=8, lOmg/kg n=7) were adm in istered  in  PEG: PPG (9 :1 )

(lm l/Kg) v ia  the Jugular ve in . S e r ia l  blood samples were taken from  the 

c a ro t id  a r te ry  (n=9, 250pl) over 120 min (2.5mg/Kg), 150 min (5mg/kg) or 

180 min (lOmg/Kg). Samples were an a lysed  as d escr ib ed  in s e c t io n  2 .5 .4 .
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5.4.3 Results and Discussion

The r e s u lt s  o f  the plasma k in e t ic  stu d ies  are shown In ta b le  5 .8  and 

f ig u r e s  5 .9  and 5.10. The dose range studied was w ith in  the range o f 

doses used th e ra p eu t ic a lly  fo r  the treatment o f  fungal in fe c t io n s  in 

man. There was a decrease in  clearance o f  k é to con azo le  as the dose was 

In creased  from 2 .5  to  10 mg/Kg w ith a consequent In crease  In h a l f - l i f e .  

Vhen norm alized fo r  dose, the area under the p lasm a concen tra tion -tim e 

p r o f i l e  (AUC) showed an increase as the dose o f  kétoconazo le  was 

In creased  (f ig u r e  5 .1 0 ). The apparent volume o f  d is t r ib u t io n  was not, 

however, s ig n i f ic a n t ly  a lte r e d  < t-test>  by changes in  the adm in istered  

dose. These r e s u lts  are con s is ten t w ith p re v io u s  rep o rts  In  man 

(Daneshmend e t a l.  , 1983; Huang e t  a l. , 1986) o f  the dose-dependent 

k in e t ic s  o f kétoconazo le  as ind ica ted  by the d isp ro p o r t io n a te  in crease  

in  AUC with dose. The h a l f - l i f e  and AUC observed , at the lOmg/Kg dose 

le v e l ,  was con s is ten t w ith  the l i t e r a tu r e  (G ascoigne a t a l.  , 1981) 

( t a b le  5 .8 ). K étoconazole h a l f - l i f e  fo llo w in g  i v  adm in is tra tion  was much 

s h o r te r  than tha t determined by NONLIH in  the prev iou s study fo r  ip  

adm in is tra tion  a t corresponding dose le v e ls .  T h is  d iscrepancy may have 

re s u lte d  from ra te  l im it in g  absorption  from the  p e r iton ea l c a v i t y ,  due 

to  th e  slow  uptake from the o i l y  v eh ic le  in  w h ich  the kétoconazo le  was 

adm in istered  in  the previous study.

5 .4 .4  Conclusions

The purpose o f  these in v e s t ig a t io n s  was to  o b ta in  estim ates o f  c lea ran ce  

and apparent volume o f  d is t r ib u t io n  fo r  k é to con azo le . On the b a s is  o f 

the pharmacokinetic parameters derived  here, fu rth er s tu d ie s  were 

designed  to  produce a range o f s tead y -s ta te  k é to con azo le  con cen tra tion s  

in  r a t s  which a llow ed  study o f the in h ib i t o r y  in te ra c tion  between 

kétoconazo le  and a n tip y r in e . Although dose-dependent k in e t ic s  were 

observed, i t  was expected that f a i r l y  low s te a d y  s ta te  con cen tra tion s



Table 5 .8  Pharm acokinetic Parameters o f  Kétoconazole fo l lo w in g  

A dm in istra tion  o f  variou s Doses

would produce s ign ifican t Inhibition as Judged by the previous study

(section 5 .3 ).

DOSE

<ag/Kg)

n CLEARANCE

(ml/mln/SRV)

HALF-LIFB

(min)

VOLUME OF 
DISTRIBUTION 

(L/SRV)

AREA UNDER 
CURVE m  

(mg/L x min)

2.5 7 2 .00  (0 .01) 49.1 (11 .3 ) 0.14 (0 .02 ) 343 .7 (113.3)

5.0 8 1.94 (0 .48) 41.8 (13 .8 ) 0.11 (0 .05 ) -6 6 9 .5 (189.1)

10.0 7 **1.35 (0 .24) *>69.1 (13 .2 ) 0.13 (0 .03 ) -1876 .3 (410.3)

S ig n i f ic a n t ly  d i f fe r e n t  from the 2.5mg/Kg dose; 
-  p < 0.05; p < 0.01; • p < 0.001
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F igure 5 .9  K étoconazo le  Plasna C oncentration-T ina Curves at

Various Dosage L eve ls  (Mean Data)

▲ -  K étoconazo le  2.5mg/Kg 
■  -  K étoconazo le  5.0mg/Kg 
•  -  K étoconazo le  lO.Omg/Kg

F igure 5.10 R e la t io n sh ip  Between the AUC and Kétoconazole Dose 

Adm in istered
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KETOCONAZOLE CONCENTRATION (NC/L)

ARIA UNDER CURVE («g x mn/L)



5 .5  I1H IB ITI0V OF AITIPYBIBB BY STBAD Y STATB COICBMTKATIOIS OF 

KBTOCOB AZOLB

5 .5 .1  In trod u ction

The p rev iou s  in - v iv o  in h ib it io n  study (s e c t io n  5 .3 ) suggested that 

k étoconazo le  was a f a i r l y  poten t in h ib ito r  o f  a n t ip y r in e  m étabolisa. The 

s tu d ies  o n ly  produced q u a l i t a t iv e  in fo rm ation , however, s in ce  the 

k in e t ic s  o f  kétoconazole were not monitored. O ther problems arose due to  

the rap id  e lim in a tion  o f  kétoconazo le  during th e  time course o f  the 

experim ent. I t  was th e re fo re  decided  to  des ign  a steady s ta te  inhibition 

study by in fu s in g  k étoconazo le  throughout the experiment and 

s im u ltaneously m onitoring kétoconazo le  plasma concen trations and 

a n t ip y r in e  k in e t ic s  fo llo w in g  adm in is tra tion  o f  a bolus dose. A su itab le  

regimen f o r  kétoconazo le  was p red ic ted  u s ing  the pharmacokinetic 

param eters p rev iou s ly  determ ined (s e c t io n  5 .4 ).

5 .5 .2  Experim ental Design

Male Sprague-Dawley r a ts  were cannulated (s e c t io n  2 .4 .2 ) and 12 h la te r  

were p la ced  in  r e s tra in in g  cages. Various bo lus doses o f kétoconazole (0 

t o  2.6 mg/Kg, lml/Kg> were adm in istered fo llo w e d  by a bolus dose o f di­

m ethy l-1 *C )-a n t ip y r in e  <50mg/Kg, lml/Kg, lpC l/Kg). Kétoconazole 

in fu s ion s  were then commenced (0 -2 .5  mg/h/Kg, 0.15 ml/h in  PBG:PPG 9 :1 ). 

S e r ia l b lood  samples were taken from the c a r o t id  a r te ry  (n=9, 150pl-

a n t ip y r ln e ; n=5, 250p l-ketoconazole>  over 10 h. Samples were analysed as 

descr ib ed  in  s ec tion  2 .5 .1  f o r  a n tip y r in e  and sec tion  2 .5 .4  fo r  

kétoconazo le .

At th e  end o f  the experim ent, ra ts  were k i l l e d  with a le th a l dose o f 

pen tobarb itone (2ml/Kg) and th e ir  b ladders d ra in ed . Urine samples were 

c o l le c t e d  and trea ted  as describ ed  in  s e c t io n s  2 .4 .1 . Urine was analysed 

fo r  a n t ip y r in e  m etabo lites  (s e c t io n  2 .5 .5 ).
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R ad io -la b e lled  a n t lp y r in e  was used in  o rder to  estim ate th e  recovery 

o f  adm in istered a n tip y r in e , e ssen tia l s in ce  u rine was on ly  c o l le c t e d  fo r  

10 h.

5 .5 .3  Data A n a lys is

S u itab le  dosage regimen were determined using the equ ations  5.12 and

5.13 fo r  bolus dose and in fu s io n  ra te  r e s p e c t iv e ly .

Bolus dose = C » »  . equation  5.12

In fusion  ra te  = Cm» . CL equation  5.13

Cm» -  steady s ta te  con cen tra tion  

Vd -  apparent volume o f  d is t r ib u t io n  

CL -  clearance

Equation 5.13 can be rearranged  in to  a form which a llow s  d eterm ination  

o f  ketoconazole in t r in s ic  clearance, Vm. K and Km f o r  compounds 

e x h ib it in g  M ichaelis-M enten k in e tic s :

C ,« -  1 = Km + C « ,  = Km + Cm» equation  5.14

R CL Vm«.x VinaM Vm.K

R -  In fusion  ra te

Km -  M ichaelis-M enten constan t

VmaM -  maximum v e lo c i t y  o f  the rea c tion

Two In h ib it io n  models were f i t t e d  using a non lin ear re g re s s io n  program 

(PHARM G> t o  the c lea ran ce  data d e r iv ed  fo r  a n t lp y r in e  and i t s  

m etabo lites  (equations 5 .15  and 5 .16 ). Model I i s  a s in g le  b ind ing  s i t e
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model, w h ils t model I I  Includes a constan t term which a llow s  fo r  the

presence o f k e to con a zo le -re s ls ta n t isoenzym es in vo lved  In  the metabolism 

o f  an tip y r in e . These models have p re v io u s ly  been f i t t e d  to  s im ila r  data 

fo r  c lm etid ln e  (Adedoyin e t  a l . ,  1987).

Model I : -

CLx *  CL equation  5.15

1 + Cmm/Kl

CLx -  to ta l  o r form ation  c lea ran ce  in  th e  presence o f  in h ib ito r  

CL -  c learance  in  the absence o f  in h ib it io n  

Ki -  in h ib ito r  constant

Model I I I —

CLx = _____ CLx + CLa equation  5.16

1 + C ../K x

CLi -  c learance  fo r  enzymes su scep tib le  to  kétoconazole In h ib it io n  

CLa -  c learance fo r  enzymes r e s is ta n t  t o  kétoconazole in h ib it io n

5 .5 .4  R esu lts and D iscussion

The dose dependency o f  kétoconazo le  pharm acokinetics observed in  s e c t io n

5.4  were confirm ed by these s te a d y -s ta te  stu d ies  ( f ig u r e  5.11, ta b le  

5 .9 ) .  At con cen tra tion s  above 5mg/L, th e  s tea d y -s ta te  concen tra tions  

ach ieved  were g re a te r  than those p re d ic te d  by the s in g le  do6e <2.5mg/Kg) 

study. L in e a r is a t io n  o f  the r e la t io n s h ip  between in fu s ion  ra te  and 

s te a d y -s ta te  con cen tra tion  (equation  5 .14  and fig u re  5 .12 ) produced an 

estim a te  o f  kétoconazo le  in t r in s ic  c lea ran ce  o f 2 .9  ml/min/SRV. S ince
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the p re lim in ary  s tu d ies  produced a c learance estim a te  o f  2.1 ml/mln/SRV 

a t  a dose o f  2.5ng/Kg, th is  suggested th a t dose-dependency was e v id en t 

even a t th is  dose le v e l .  Values determined f o r  Vm»x  and K„, were 

0 .ômg/h/SRV and 4.5mg/L re s p e c t iv e ly .  The k étocon azo le  con cen tra tion ­

tim e p r o f i l e  ( f ig u r e  5 .9 ) f o r  the 2.5mg/Kg had a Co o f  4.8mg/L and so 

concen tra tions  la r g e ly  f e l l  c lo s e  to  the Km va lu e  o f  4.5mg/L. Th is 

suggested tha t on ly  a t doses below 2.5mg/Kg would the k in e t ic s  o f  

kétoconazo le  be l in e a r  and h igher doses w i l l  show dose-dependent 

k in e t ic s .  The in fu s ion  data and the p revious s in g le  dose data a re  thus 

con s is ten t (s e c t io n  5 .4 ).

The data f o r  a n tip y r in e  are shown in  f ig u r e  5 .13  and ta b le  5.10. 

There was a decrease in  t o t a l  plasma c learance o f  an tip yr in e  as the 

s tea d y -s ta te  con cen tra tion  o f  kétoconazole in creased  w ith a consequent 

increase  in  h a l f - l i f e .  The apparent volume o f  d is t r ib u t io n  o f  a n tip y r in e  

was not s ig n i f i c a n t ly  a lte r e d  (one way ANOVA) by kétoconazo le  

adm in is tra tion . At maximal kétoconazole in h ib it io n , a n tip y r in e  c lea ran ce  

was on ly  decreased by 55%. The form ation  c lea ran ces  o f  a l l  the 

m etabo lites  o f  an tip y r in e  were decreased by kétoconazo le  (ta b le  5 .1 1 ) to  

a s im ila r  ex ten t. The NOR pathway was in h ib ited  by 60% w h ils t the 3H and 

4H pathways were in h ib ite d  by about 50% (ta b le  5.11 and fig u re  5 .1 4 ).

M etabo lite  u rinary  e x c re t io n  data was expressed  as a p roportion  o f 

an tip y r in e  e lim in a ted  during the experim ent. Although the amount 

excreted  in  10 h was on ly  a fr a c t io n  o f  the t o t a l ,  i t  was considered  

more app rop ria te  to  analyse u rine excreted  under steady s ta te  

kétoconazo le  con cen tra tion  con d ition s ; r e la t i v e  values f o r  the 

m etabo lites  being s im ila r  to  that obtained fo r  complete c o l le c t io n .  

Although the fr a c t io n s  o f 3 -hydroxym ethylantlpyrlne and 4- 

hydroxyan tlpyrine excre ted  were e s s e n t ia l ly  u n a ffe c ted  by kétoconazo le  

in h ib it io n , th ere  was a s ig n if ic a n t  decrease in  f™ fo r  noran tlp yrln e  at 

a l l  o f the mean steady s ta te  concen tra tions excep t the h ighest. A marked
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increase in  renal e x c re t io n  was a ls o  apparent (ta b le  5.13 and f ig u r e  

5 .1 5 ).

A n tipyrin e  c learance  and rena l c learance  data to ge th e r w ith  the 

a n tip y r in e  m etabo lite  form ation  c lea ran ce  data were analysed using two 

models (equation  5.15 and 5.16; ta b le  5 .1 4 ). Model I produced a good 

estim ate o f  a n tip y r in e  c learance  in  c o n tro l animals, but p red ic ted  much 

lower c lea ran ces  than were observed a t high kétoconazo le  steady s ta te  

concen tra tions. Th is  was because t h is  model assumed tha t k étoconazo le  

cou ld  com p lete ly  in h ib it  a n t ip y r in e  metabolism a t a p a r t ic u la r  

concen tra tion . In fa c t  fo llo w in g  a ra p id  decrease in  c learance  a t low  

kétoconazole s te a d y -s ta te  con cen tra tion s , th ere  appeared to  be v e ry  

l i t t l e  fu r th e r  a lt e r a t io n  in  a n t ip y r in e  c lea ran ce  a t k étoconazo le  

concen tra tions  above 5mg/L. Th is suggested  tha t a p roportion  o f  th e  

isoenzymes in vo lved  in  the metabolism  o f  a n tip y r in e  were ex trem ely  

s e n s it iv e  t o  kétoconazo le  in h ib it io n , w h ils t o th ers  were r e s is ta n t .  

S im ila r trends were observed in  the m etab o lite  data ( f ig u r e  5 .1 6 ). Model 

I I ,  which a llow s  fo r  c la s s e s  o f  r e s is ta n t  and s e n s it iv e  isoenzymes 

c le a r ly  produced a b e tte r  f i t  w ith  the data ( f ig u r e s  5.16 to  5 .1 9 ). 

Indeed the goodness o f  f i t  c r i t e r i a  ( ta b le  5 .15 ) f o r  a l l  the c lea ran ce  

terms measured were c o n s is te n t ly  more n ega tive  fo r  model I I  In d ic a t in g  

that th is  was more app rop ria te  than model I. The c lea ran ce  param eters 

estim ated from the f i t t i n g  o f  model I I  were in  keeping w ith the da ta  

(ta b le  5 .1 2 ). Model I I  produced two c learance  terms, one o f  which 

ind ica ted  the con tr ib u tion  to  a n t ip y r in e  c learance  made by ketocon azo le - 

s e n s it iv e  (C L i> and - in s e n s it iv e  (CLa) isozymes. An tip yrin e  ren a l 

c learance was u n a ffected  by kétocon azo le  in h ib it io n  ( f ig u r e  5 .20 ).

Estim ates fo r  kétoconazo le  Ki were 0.9mg/L (1.7pM> fo r  the nor- and 

4-hydroxyan tipyrine m etabo lites  and 1.2mg/L (2.2pM) fo r  the 3 - 

hydroxym ethylantipyrine m etabo lite  and an tip y r in e  I t s e l f  (ta b le  5 .1 4 ).

179



Figure 5.11 R e la tion sh ip  Between Kétoconazole S teady S ta te  

Concentration and i t s  In fu s ion  Rate

F igure 5 . 12 Kétoconazole Steady S ta te  C on cen tra tion :In fu s ion  Rate 

R atio  versus Kétoconazole Steady S ta te  Concentration
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Table 5 .9  Steady S ta te  ConcentratIans o f  K étoconazole fo llo w in g  

Adm in istration  o f  various Doses

Nominal C ..  
(mg/L)

Bolus Dose 
<mg/Kg>

In fu s ion  Rate 
(mg/h/Kg)

Actual Css 
(mg/L)

0
(n=7 )

1ml/Kg 0. 15ml/h 0

1.5
(n=6)

0.92 (0 .37 ) 0.90 (0 .3 7 ) 1.49 (0 .2 5 )

3. 0 
(n=6)

1.61 (0 .42) 1.57 (0 .4 2 ) 3.84 (0 .7 3 )

3 .5
(n *7 )

1.85 (0 .30 ) 1.81 (0 .3 1 ) 7. 16 (0 .56 )

4 .0
(n=7)

2.38 (0 .16 ) 2.33 (0 .1 6 ) 13. 19 (2 .4 3 )

Table 5. 10 Pharmacokinetic Parameters o f  A n tip y r in e  in  the Presence o f  

Various Steady S ta te  Concen trations o f  Kétoconazole

Kétoconazole C learance H a lf- l i f e Voluine o f
C . . D is tr ib u t io n

(mg/L) (ml/min/SRV) (m in) (L/SRV)

0
(n=7 )

2. 07 (0 .40 ) 100. 0 (19 .3 ) 0.30 (0 .0 2 )

1. 49 (0 .25 ) 
(n=6>

•1.36 (0 .29 ) -156.2 (31 .7 ) 0. 30 (0 .0 3 )

3. 84 (0 .73 ) 
(n=6)

-1 .26 (0 .23 ) -175.3 (25 .1 ) 0.31 (0 .0 3 )

7. 16 (0 .56 ) 
(n=7 )

-0 .96 (0 .19) -217.9 (35 .6 ) 0.29 (0 .0 3 )

13. 19 (2 .43 ) 
(n*7>

-0 .92 (0 .18 ) -236.1 (45 .8 ) 0.31 (0 .0 3 )

S lg n ic a n t ly  d i f f e r e n t  from co n tro ls  •  p < 0.001 
Determined using one way ANOVA
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F igu re  5.13 T yp ica l A n tip y r in e  Blood C oncen trâ tion -T in e  Curves 

During Steady S ta te  In h ib it io n  by K étoconazo le

-  Kétoconazole Omg/L

♦ -  K étoconazole 1 .3ag/L

■ -  Kétoconazo le 4 .5ng/L

• -  Kétoconazole 10 .7mg/L
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Table 5. 11 The E f fe c ts  o f  K étoconazo le  a t  variou s Steady S ta te  

Concentrations on ren a l c lea ran ce  o f  an tip y r in e  and

form ation  c lea ran ce  o f  i t s  m e tab o lites

KETOCOIAZOLE STEADY FORMATION CLEARANCE RENAL CLEARANCE
STATE CONCENTRATION

<mg/L) (ml/min/SRV) (ml/min/SRV)

40H- ■OR- 30HMe-

0 0.43 (0. 09) 0.27 <0.05) 0.39 (0 .11 )

COod

<0.03)
(n*7 )

1.49 (0 .25 ) to0. 26 <0. 12) «=0. 15 <0. 03) -0 .26 (0 .12 ) 0. 04 (0 .02 )
<n=6)

3.84 (0 .73) **0. 28 <0. 13) «=0. 14 (0. 05) -0 .25 <0.10) 0. 07 <0.02)
<n=6>

7.16 (0 .56) «=0.20 (0 .0 6 ) «=0. 09 <0.02) '0 .  17 (0 .04 ) 0. 06 (0 .02 )
(n=7 )

13.19 (2 .43 ) «=0.21 <0. 07) «=0. 11 (0. 03) «=0. 19 (0 .07 ) 0. 06 (0 .01 )
(n »7 )

S ig n if ic a n t ly  d i f fe r e n t  from  con tro l; 
-  p < 0.05; »  p < 0.01; «  p < 0.001
Determined by one 1way AHOVA

Table 5.12 Parameters estim a te d  from model 2

0
(n=7 )

0.43 0.27 0.39 0.06

1 .49  (0 .2 5 ) 
(n=6 )

0.28 0. 16 0.25 0. 06

3 .8 4  (0 .7 3 ) 
(n=6 )

0 .24 0. 12 0.21 0.06

7 .1 6  (0 .5 6 ) 
(n *7 )

0.22 0. 11 0. 19 0.06

13.19  (2 .4 3 ) 
(n«7>

0.21 0. 10 0. 18 0. 06
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Table 5.13 The e f f e c t  o f  variou s K étoconazo le  Steady S ta te

Concentrations on urinary r e c o v e ry  o f  a n tip y r in e  and i t s  

M etabolites

KETOCOIAZOLB STEADY 
STATB CONCENTRATION

% RECOVERED (FUMCTIOH OF DOSE METABOLIZED IN 10b)

<«g/L)
4H- MOR- 30HMe- AP

0
(n=7 )

20. 4 (4 .8 ) 13. 0 (1 .9 ) 17.8 (4. t ) 3.7 (2. 1)

1.49 (0 .25 ) 
(n=6)

17.8 (4 .9 ) 11.3 (2 .3 ) 18.2 (4 .4 ) 3. 1 (1 .6 )

3.84 (0 .73 ) 
<n=6)

21.2 (7 .6 ) -10.5 (2 .2 ) 19. 0 (5 .4 ) -5 .3 (1 .4 )

7.18 (0 .56 ) 
<n=7)

20.8 (3 .7 ) *9 .3 (1 .4 ) 17.8 (3. 0 ) -6. 1 (1 .4 )

13.19 (2 .43) 
(n=7 )

22.4 (5 .7 ) 11.3 (2 .8 ) 20.6 (4 .4 ) -7. 0 (1 .3 )

S ig n if ic a n t ly  d i f fe r e n t  from con tro l; 
• p < 0.0b; *  p < 0.01 
Determined using one way ANOVA
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Table 5. 14 Parameter estim âtes fo r  the two modela (eq . 5. 15 ft 5. 16) 
f i t t e d  to  the a n tip y r in e  and a n tip y r in e  m é ta b o lite  Data

PARAMETER PARAMETER ESTIMATES

Model 1 Model 2

CL Kt CLi Ki 1 CLa
(ml/min/SRV) (mg/L) (ml/nin/SRV) (mg/L) (ml/min/SRV)

CL(AP) 1.97 6.96 1.34 1. 19 0.81
<0. 10) (1 .30 ) (0 .14 ) (0. 47 ) (0 .1 1 )

CL (4H) 0.39 8.81 0.24 0. 89 0. 19
<0.03) (2 .82 ) (0 .05) (0. 83 ) (0 .0 4 )

CL(3H) 0.36 8.41 0.22 1. 19 0. 17
(0 .03 ) (2 .72 ) (0 .05 ) (1. 11) (0 .0 4 )

CL (V ) 0.26 4. 19 0. 19 0.93 0. 08
(0 .02 ) (0 .86 ) (0 .02 ) (0. 46) (0 .0 2 )

Model 1 - equation 5.15; Model 2 - equation 5. 16

Values in parentheses are standard e r ro rs  from the mean (SE)

Tab le 5.15 Goodness o f  f i t c r i t e r ia fo r  the two model6 (e q . 5. 15 ft 5 .1 6 )

f i t t e d  t o  th e  an tip yr in e and an tip yr in e m eta b o lite data

M etab o lite 2 x Log L ik e lih ood Akalke Schwarz

Model I Model I I Model I Model I I Model I Model I I

CL(AP) 13.49 -  1.99 4.75 -  4.00 3. 19 -  6.33

CL(4H> -61.02 -66.67 -32.51 -36.34 -34 .01 -38.58

CL(3H) -65.13 -68.51 -34.56 -37.26 -36 .06 -39 .50

CL(V ) -112.75 -124.24 -58.37 -65.12 -59 .87 -67 .37
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Figure 5.14 R e la tlon sh ip s  Between An tip yrin e  M étabolite  Form ation 

C learance  and Rénal C learance and Kétoconazole S teady

S ta te  Concentration

•  -  4-hydroxyant1p y r i ne

■  -  3-bydroxym ethylantipyrlne

#  -  n o ran tlpyrln e

+  -  a n tip y r in e  rena l clearance

P igu re  5.15 R e la tion sh ip s  Between An tip yrin e  M etabo lite  U rinary

E xc re tion  and Renal E xcretion  and Kétoconazole S teady 

S ta te  Concentration

•  -  4 -hydroxyan tipyrine

■ -  3 -h yd roxyaethy lan tipyrln e

*  -  noran tlpyrln e

♦  -  a n tip y r in e  ren a l clearance
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Figure 5 .17  R e la tlon sh ip  between 4 -hydroxyan tipyrin e  C learance and 

Kétoconazole Steady S ta te  C oncen tra tion
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F igu re  5.20 R e la tlon eh lp  between A n tip y r in e  Rénal C learance and 

Kétoconazole Steady S ta te  Concen tration
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5 .5 .5  Conclusions

Th is study has dem onstrated th a t fo llo w in g  acute adm in is tra tion , 

kétoconazo le  in h ib it s  i n - v i v o  metabolism in  the r a t  and con firm s the 

p revious s in g le  dose s tu d ie s  in s e c t io n  5.4 and in  the s tu d ies  by 

Meredith e t a l. , <1985). The In h ib it io n  o f a n tip y r in e  e lim in a t io n  by 

kétoconazole r e s u lts  from  the n o n sp ec ific  in h ib it io n  o f  o x id a t iv e  

metabolism o f  a n t ip y r in e  to  i t s  three main m e ta b o lite s  3- 

hydroxym ethylantipyrine, 4 -hydroxyan tipyrin e  and n o ra n tlp y r in e , as 

measured by th e ir  in d iv id u a l fo rm ation  c learances. The in c rea se  in  h a lf-  

l i f e  i s  as a consequence o f  the decrease  in c lea ran ce . The decrease In 

an tip y r in e  c learance  i s  dependent upon the plasma ketaconazole 

concen tra tion .

These s tu d ies  c o n firm  the Importance o f form ation  c lea ra n ce  data 

determ ination  s in ce  a p a r t  from an i n i t i a l  decrease in  n o ran tipyrln e  

ex c re tio n , there was l i t t l e  d i f fe r e n c e  between co n tro l and in h ib ited  

urinary m etabo lite  e x c r e t io n . An in crea se  in the fr a c t io n  o f  unchanged 

an tip y r in e  in  u rine occu rred  and th is  probably arose  as a r e s u lt  o f  the

increased  con cen tra tion s  o f  a n t ip y r in e  present in  the plasma s in ce  there
\

was no change in  the re n a l c lea ran ce .

S im ila r  s tu d ies  w ith  c im e tid in e  (Adedoyln e t  a l. , 1987) showed a

marked con trast w ith  th e  k étocon azo le  data. C im etid in e  produced a 

s e le c t iv e  e f f e c t  on the a n t ip y r in e  m etabo lite  pathways, having g rea tes t 

a f f i n i t y  fo r  the isoenzym es o f  the 4 -hydroxyan tipyrine pathway (Kx 

0 .04mg/L = 0.2pM) in te rm ed ia te  a f f i n i t y  fo r  th e  isoenzym es o f the

n oran tipyrln e  pathway <Ki 0.25mg/L = 0.9pM) and le a s t  a f f i n i t y  fo r  the 

isoenzymes o f  the 3 -hydroxym ethy lan tipyrln e pathway <Ki 2.2mg/L =

8.7pM). The maximum in h ib i t io n  was, however, s im ila r  f o r  each pathway, 

a t about 90%. These d a ta  in d ic a te  c im etid in e  to  be th e  more potent 

o v e ra l l  in h ib ito r  o f  a n t ip y r in e  metabolism, having a g r e a te r  c ap ac ity  to  

a f f e c t  most o f  the isoenzym es in vo lv ed  in  a n tip y r in e  metabolism. In
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comparison to  c lm etld ln e , k é to con a zo le  had g r e a te r  a f f i n i t y  f o r  the 

isoenzymes in vo lved  in  the form ation  o f  3 -hydroxymethyla n tip y r in e  <Ki = 

2.2pM), s im ila r  a f f in i t y  f o r  those o f  n oran tip yrin e  (Kx = 1.7pM> but 

le s s  fo r  those o f  4-hydroxyan tipyrine (Kx = 1.7pM).

There i s  com parab ility  between th e  in h ib ito r y  a c t io n  o f  kétoconazo le  

in  both i n - v i t r o  and in - v iv o  m etabolism . Ki determ inations  were o f  the 

order o f  2 to  4pM fo r  the i n - v i t r o  s tu d ie s  and o f  the o rder o f  2 to  

2.5pX fo r  the steady s ta te  in - v iv o  s tu d ie s .  The CBR study produced a Kx 

o f  4.6 mg/Kg which, when ad justed  u s in g  the volume o f d is t r ib u t io n , 

determined in  s ec tio n  5 .4 , i s  e q u iv a le n t  to  a k étocon azo le  concen tra tion  

o f  8.2 mg/L (18pX). Th is estim ate was much la r g e r  than tha t determ ined 

in  the steady s ta te  study as a consequence o f  app ly ing  model I I  

(equation  5 .15 ). Indeed th is  value ( ld p K ) is  comparable to  the Kx value 

generated by app ly ing  model I (e q u a t io n  5 .14) t o  the s te a d y -s ta te  data 

(15pX). D espite the use o f d i f f e r e n t  su b s tra tes  f o r  the i n - v i t r o  and i n -  

v iv o  in v e s t ig a t io n s , s im ila r  in h ib i t o r y  p o ten c ies  f o r  kétoconazo le  were 

found.
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C H A P T E R  6
F I N A L  D I S C U S S I O N

Various i n - v i t r o  and in - v iv o  methods o f  a s s e s s in g  drug m etabo liz in g  

c a p a c ity  have been examined by means o f  in d u c t io n  s tu d ies  w ith  the 

c la s s ic a l  inducers, 0-NF and PB, and a th ird  t y p e  o f inducing agent, 

DEHP, and o f  in h ib it io n  s tu d ies  w ith ketocon azo le . R e la tion sh ip s  between 

i n - v i t r o  and i n - v iv o  parameters, in  these s tu d ie s ,  have been compared 

and assessed.

The i n - v i t r o  and in - v iv o  markers used in  the indu ction  s tu d ie s  were 

s e le c te d  on the b as is  o f th e ir  s p e c i f i c i t y  fo r  p a r t ic u la r  isoenzymes o f 

cytochrome P-450. Studies were designed c a r e fu l ly  t o  minimise in t e r -  and 

ln tra - ln d lv ld u a l d if fe r e n c e s  in  drug m e ta b o liz in g  a b i l i t y .  In 

p a r t ic u la r ,  i n - v i t r o  and in - v iv o  components were c a r r ie d  out on the same 

r a ts  and on the same day, using a number o f  in - v iv o  and i n - v i t r o  

markers. A range o f  drug m etabo liz in g  a b i l i t i e s  were ach ieved  in  these 

r a ts  using va riou s doses o f the P450I inducer, J5-NF and th e  P450IIB 

inducer, PB.

In  order to  compare the s p e c i f i c i t y  o f  the i n - v i v o  markers, i t  was 

cons idered  exped ien t to  adm in ister them sim u ltaneously. Th is 

n e cess ita ted  p re lim inary  s tu d ies  to  determ ine whether o r  not co - 

adm in is tra tion  o f  the in - v iv o  markers would a f f e c t  th e ir  in d iv id u a l 

pharm acokinetic parameters. Such s tu d ies  in d ic a te d  that a t  the doses 

adm in istered , no e f f e c t s  were observed in  determ ined  pharm acokinetic 

parameters fo r  e ith e r  a n tip y r in e , to lbutam ide o r  th eop h y llin e  when 

a n tlp y r ln e  was adm in istered w ith  e ith e r  to lb u tam id e  or th eop h y llin e  to  

ra ts .  These in i t i a l  s tud ies a ls o  id e n t i f ie d  s u it a b le  dose l e v e ls  fo r  

each drug, p a r t ic u la r ly  important fo r  th e o p h y llin e  s ince a t h igh doses, 

i t s  k in e t ic s  a re dose-dependent. I t  was determ ined  that a t the dose o f 

th eop h y llin e  chosen fo r  these stu d ies , th e o p h y llin e  was not e x h ib it in g  

dose-dependent k in e t ic s .
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I n -v iv o  and i n - v i t r o  dose response data generated du rin g  the 

c o r r e la t io n  s tu d ie s  were u t i l i s e d  to  p red ic t doses o f  In d u ce r  requ ired 

t o  ach ieve  as w ide a range as p o ss ib le  in  drug m e ta b o liz in g  capacity . 

Although in du ction  s tu d ies  freq u en tly  u t i l i s e  doses o f PB o f  80mg/Kg and 

J3-HF o f  lOOmg/Kg, these s tu d ies  in d ica ted  that maximal in d u c t io n  o f  most 

parameters were ach ieved  a t a dose o f  about 30mg/Kg, hence t h e  m ajority  

o f  r a ts  re c e iv e d  doses low er than 30mg/Kg.

The e lim in a t io n  o f  a n tip y r in e  and th eoph y llin e  was Induced by both PB 

and p-NF ad m in is tra tion , however the la t t e r  was the more p o te n t  inducer. 

Tolbutamide e lim in a t io n  was on ly  su scep tib le  to  in d u c t io n  by PB. 

P rev iou s s tu d ie s  have in d ica ted  that use o f  a n t ip y r in e  m etabolite 

form ation  c lea ra n ce  data can in  c e r ta in  s itu a t io n s  im prove in -v iv o  

c o r r e la t io n s  (Teunissen e t  a l.  , 1986; Van der G raa ff e t  a l.  , 1983a). The 

data genera ted  in  these s tu d ies  in d ica ted  that a lth ou gh  CL(4H) 

c o r r e la te d  more s tro n g ly  than CL<AP> w ith i n - v i t r o  param eters  in  p-HF 

induced ra ts , none o f  the m etabo lite  form ation c lea ran ces  im proved upon 

the c o r r e la t io n s  observed between the parent drug c lea ran ce  <CL<AP)> and 

i n - v i t r o  markers in  PB induced ra ts . The stron g  c o r r e la t io n  between 

CL<TH> and CL<4H> was in  keeping w ith  th e ir  s u p e r io r i t y  as in -v iv o  

markers o f  in creased  le v e ls  o f  P450I fo llo w in g  p-NF In d u c tio n . The i n -  

v iv o  parameter which produced the s tron gest re la t io n s h ip s  w ith  i n - v i t r o  

parameters fo l lo w in g  PB Induction  was CL<TOL>.

C o rre la t io n s  between i n - v i t r o  markers and the variou s i n - v i v o  markers 

were c o n s is te n t ly  s tron ger fo r  the more s p e c i f ic  m arkers o f the 

p a r t ic u la r  typ e  o f  induction  employed. For example EROD, the enzyme 

s p e c i f i c  f o r  P450I and MCOD the enzyme s p e c i f ic  f o r  P450IIB , on ly  

produced s tron g  c o r r e la t io n s  w ith other markers in  p-HF induced  and PB 

Induced r a ts  r e s p e c t iv e ly .  In con trast, strong c o r r e la t io n s  were 

observed w ith  ECOD a c t iv i t y ,  which is  s e n s it iv e  to  in d u c t io n  by both PB 

and P-MF, in  both stu d ies . Th is may be due to  the g r e a t e r  s im ila r it y
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between the c o n s t itu t iv e  isoenzym es which have a r o le  in  the metabolism 

o f  7-EC and o f  the in - v iv o  markers. I t  is  con ce ivab le  that the use o f  

su b s tra tes  w ith  even g rea te r  s p e c i f i c i t y  f o r  p a r t ic u la r  isoenzymes w i l l  

improve upon the c o r r e la t io n s  observed  here.

S tu d ies  w ith  DEHP in d ic a ted  i t  t o  be a weak inducer o f  a n t ip y r in e  

e lim in a t io n , a f fe c t in g  the h yd roxy la tion  pathways in  p re ference  to  the 

N -dem ethylatlon  pathway. The induction  process occurred s lo w ly , 

r e q u ir in g  seven d a i ly  doses b e fo r e  maximal e f f e c t s  were observed, and 

i t s  e f f e c t s  were on ly  in  ev id en ce  fo l lo w in g  adm in is tra tion  o f  a 

r e l a t i v e l y  high dose o f  DEHP <2g/Kg>. The weak e f f e c t s  tha t DEHP 

ad m in is tra tion  had on the i n - v i t r o  parameters, ECOD and EROD a c t i v i t i e s  

con firm ed  i t s  weakness as an inducer o f  the Isoenzymes In vo lved  in  th e ir  

metabolism. The potent In du ction  o f  la u r ic  a c id  hydroxylase a c t i v i t y  in  

l i v e r  microsomes from ra ts  p re tre a ted  w ith  DEHP, confirmed DEHP to  be 

e f f e c t i v e  as a s p e c i f i c  inducor o f  P450IV. These data in d ic a te  th a t 

P450IV has minimal involvem ent in  the metabolism o f  an tip y r in e . Another 

f in d in g  from the DEHP study was the observa tion  that the corn  o i l  

d ilu en t had weak in du ctive  p ro p e r t ie s . Corn o i l  <3ml/Kg) produced a 

doub lin g  in  EROD and ECOD a c t i v i t i e s  and an Increase  in  LAH a c t i v i t y  o f  

o f  about 50%. The e f f e c t s  o f  corn  o i l  and DEHP appeared to  be a d d it iv e .  

I t  was o r ig in a l ly  Intended th a t  DEHP would be used as a th ird  type o f  

inducing agent in  the i n - v i t r o - i n - v i v o  c o r r e la t io n  stu d ies . The la ck  o f  

a s u ita b le  in - v iv o  compound w ith  s e n s i t iv i t y  towards the le v e ls  o f  

P450IV isoenzymes induced by DEHP, however, precluded such stu d ies .

In h ib it io n  o f  drug m etabolism  can be assessed by both i n - v i t r o  and 

i n - v i v o  methods, but few  s tu d ie s  have attem pted to  in v e s t ig a te  the 

potency o f  an in h ib ito r  by a combination o f  such methods. Although the 

in h ib it io n  o f  drug metabolism  by ketoconazo le  has been es ta b lish ed  i n -  

v i t r o  by o ther in v e s t ig a to r s ,  I t s  in h ib ito r y  potency in - v iv o  was 

unc lear. I t  was the in te n t io n  o f  these s tu d ies , th e re fo re , to  compare
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the in h ib ito r y  potency o f  kétoconazole both i n - v i t r o  and in - v iv o  with 

that o f  c im etid in e .

I n - v i t r o  s tu d ies  e s ta b lish ed  the va lue o f  Ki determ inations over IC »o 

determ inations in  the comparison o f  in h ib ito r y  potency, the estim ates o f 

the la t t e r  being dependent, on the su bstra te  concen tra tion  used in  the 

assay. The use o f  microsomes from Induced animals in  the c im etld ln e  

s tu d ies , produced an even g re a te r  dependence o f IC bo on substrate 

concen tra tion . The in h ib it io n  o f  two enzyme a c t i v i t i e s  was determined in 

co n tro l microsomes f o r  both kétoconazo le  and c im etid in e  and in  both 

Instances, kétoconazo le  was about 100 tim es more poten t an in h ib ito r  

than c im etid in e .

The in - v iv o  s tu d ie s  were c a r r ie d  out in  two pa rts . F ir s t ly ,  the 

e f f e c t s  o f  s in g le  dose adm in is tra tion  o f  kétoconazo le  on the CER 

parameters were determ ined fo l lo w in g  (H -m ethyl-1*C>-a n tip y r in e  

adm in is tra tion . The e f f e c t s  o f  kétocon azo le  on the an tip y r in e  breath 

t e s t  data were q u ite  dramatic. The shape o f  the CER-time curve was 

a lt e r e d  in  such a way tha t h a l f - l i v e s  f o r  a n tip y r in e  produced by various 

doses o f  kétoconazo le  could not be determ ined. However a marked dose- 

dependency was observed in  the decrease in  CER.,.»>. and the increase in 

t i o « A u c .  The appearance o f  a term ina l phase a t the lower kétoconazole 

doses, s im ila r  in  h a l f - l i f e  to  th a t observed in  c o n tro ls , suggested that 

kétoconazo le  was being  ra p id ly  e lim in a ted  during the time course o f  the 

experim ent. In o rd er to  ob ta in  an es tim a te  o f  kétoconazo le  in h ib ito ry  

potency, a model was f i t t e d  to  the data , using a non lin ear reg ress ion  

program, which took in to  con s id era tion  the fa c t  that kétoconazole le v e ls  

were not constant throughout the experim ent.

S ince the e lim in a t io n  o f  k étoconazo le  was extrem ely  rap id  even 

fo llo w in g  ip  a d m in is tra tion  <t* -  120min>, i t  was necessary to  ca rry  out 

a steady s ta te  in fu s io n  study to  In v e s t ig a te  the r e la t io n s h ip  between 

kétoconazo le  plasma concen tra tion  and in h ib it io n  o f an tip yrin e
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e lim in a tio n . The la ck  o f  pharm acokinetic data fo r  k étocon azo le  in  ra ts , 

in  p a r t ic u la r  fo l lo w in g  l v  adm in is tra tion , n ecess ita ted  pharmacokinetic 

in v e s t ig a t io n s . The pharmacokinetic parameters determ ined in  these 

p re lim in a ry  s tu d ies  were used to  determ ine s u ita b le  kétoconazo le  bolus 

doses and in fu s ion  ra te s  fo r  the s teady s ta te  in h ib it io n  study. Although 

dose-dependent k in e t ic s  o f  k étoconazo le  were id e n t i f i e d  and resu lted  in  

the production o f  much h igher con cen tra tion s  o f  k étoconazo le  than 

p red ic ted , i t  was not considered necessary to  ad ju st the dosage regimen 

s in c e  steady s ta te  con d it ion s  were in  opera tion . A llowance was made fo r  

the n o n lin ea r ity  in  the cho ice o f  regimen so tha t a wide range o f  

k étoconazo le  steady s ta te  con cen tra tion s  was ach ieved . The re s u lts  o f  

the an tip yrin e/ketocon azo le  in te ra c t io n  confirm ed kétoconazo le  to  be a 

p o ten t in h ib ito r  o f  an tip yr in e  metabolism. Models f i t t e d  to  the 

a n tip y r in e  c lea ran ce  data in d ica ted  th e  Kx o f  k étocon azo le  to  be about 

lmg/L. S im ila r  es tim a tes  were d e r iv ed  fo r  each o f  the m etabo lite  

form ation  c lea ran ces  which In d ica ted  that kétocon azo le  was non­

s e le c t  iv e ly  in h ib it in g  a l l  th ree  major pathways. However although the 

in h ib it io n  reached a maximum a t about 5mg/L, a n t ip y r in e  c learance was 

o n ly  in h ib ited  by about 55%. Th is  in d ica ted  th a t about 50% o f  the 

isoenzymes in vo lv ed  in  a n tip y r in e  metabolism were re s is ta n t  to  

in h ib it io n  by kétoconazo le .

I t  is  c le a r  from  both the in du ction  and in h ib it io n  s tu d ies  c a r r ie d  

out in  th is  th e s is  th a t in - v iv o  and i n - v i t r o  approaches o f  determ ining 

drug m etaboliz ing a b i l i t y  are complementary. I n - v i t r o  methods have the 

advantage that they  a llow  a d ir e c t  measurement o f  drug m etaboliz ing  

a b i l i t y  uncom plicated by non-enzymic in flu en ces . However in - v iv o  

d eterm inations a re  requ ired  to  con firm  the re levan ce  o f  these e f f e c t s .  

Possession  o f  both i n - v i t r o  and in - v iv o  data p rov id es  not on ly a more 

d e ta i le d  d e s c r ip t io n  o f  the phenomenon under 6tudy, but a llow s  a fu rth e r 

comprehension o f  the in t r ic a c ie s .  When d ea lin g  w ith  such a complex
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C o r re la t io n  S t u d ie s  fo l lo w in g  p -IF  Induction  (s e c t io n  4 .4 )

Table A. 1 Individual Antlpyrlne Pharmacokinetic Eat Data For the

Pretreatm ent

<sg/Kg) ■1/sln/SRV

H a l f - l i f e

aln

Volune o f
D is tr ib u tion
L/SKV

AUC

mg x min/L

CO 1.04 78.5 0. 19 7903

CO 1.52 00.7 0. 10 0059

CO 1.79 107.0 0.20 4502

CO 2.09 07.3 0.20 5952

CO 2.30 79.3 0.20 5659

p-IF  <3>* 3.74 51.0 0.20 3345

p -IF  (3 ) 3.90 34.5 0.20 3190

p-IF  (3 ) 4. 11 40.0 0.24 2900

p-IF  (5 ) 4.92 43.3 0.31 2574

p-MF (5 ) 3.51 49.2 0.25 3467

p-IF  (7 ) 2.47 51.7 0. 10 5075

P-IF  (7 ) 4.85 30.0 0.21 2024

p-IF  (7 ) 3.72 50.2 0.31 3364

P-IF  (10) 4.09 31.4 0.19 3040

P-IF  (20) 0.43 25. 1 0.23 1914

P-IF  (100) 0.51 21.3 0.20 1960



Table A. 2 Individual Theophylline Pharmacokinetic Bat Data from the

Correlation Studies fo llow in g  0-IF Induction (section  4.4)

Pretreatm ent

<eg/Kg)

C learance

nl/mln/SRV

H a l f - l i f e

n ln

Volume o f
D is tr ib u tio n
L/SRV

AUC

mg x mln/L

CO 1.11 136. 9 0.22 1709

CO 0.08 163. 1 0.23 1001

CO 0.06 208. 8 0.20 1233

CO 1.12 139. 1 0.22 1680

CO 1.38 124. 4 0.29 1383

0-IF  <3>* 2.47 40. O 0. 18 790

0-HF (3 ) 1.77 8 2 .7 0.21 1064

0 -IF  (5 ) 3.83 4 0 .3 0.22 479

0-IF  (9 ) 3.60 3 7 .7 0.20 923

0 -IF  (9 ) 3.26 93 . 7 0.29 962

0-1F (7 ) 2.63 9 8 .2 0.22 714

0 -IF  <7) 4.40 30 . 4 0. 10 432

0-*F  (7 ) 2.12 6 1 .7 0.29 603

0 -IF  (10 ) 4.60 20 . 1 0. 10 400

f i- tP  (20 ) 7.29 9 to 0. 10 294

0-1F (100) 10.63 10 .0 0.20 170

* dose

2Z1



Tabla A. 3 Individual Antipyrine Pc itlon Clearance Kat Data fo r  the

C o r re la t io n  S t u d ie s  fo l lo w in g  8~*F  In d u c t io n  (s e c t io n  4 .4 )

Pretreatm ent For mation C learances

CL(4H> 
ml /mln/SRV

CL(3H) 
ml / mln/SRV

C L (I>  
m l /mln/SRV

CO 0. 11 0. 10 0.00

CO 0. 11 0. 10 0. 00

CO 0.27 0.20 0. 17

CO 0.20 0.26 0. 17

CO 0.36 0.27 0.23

0 - IF  <3>* 0.53 0.32 0.30

fi-MF (3 ) 0.41 0.43 0.37

0 - IF  (3 ) 0.62 0.25 0.48

p -*F  (3 ) 0.66 0.30 0.50

8~IF <5) 0.54 0.27 0.48

8 - IF  <7> 0.47 0.13 0.26

0 - IF  ( 7 ) 1.06 0.60 0.64

p -IF  (7 ) 0.55 0.32 0.40

8 - IF  (20) 1.33 0.24 0.84

0 - IF  (100) 1.45 0.22 0.81

*  dose

ZZ2



Table A.4 Individual In-wltro Eat Data fo r  the C orre la tion  Studl.

f o l lo w in g  0-1F Ind uction  (s e c t io n  4 .4 )

P r e -
treatm ent
<ng/Kg>

•KP LV/BV toP-450 « bcod * MCOD cEKOD •ALB

CO 30.0 4 .2 0.364 0.376 0.218 0.050 2. 706

CO 40.6 4 .3 0.372 0.322 0. 185 0.051 2 .4 0 7

CO 42.4 3 .0 0.374 0.201 0. 170 0.070 2. 173

CO 43.0 4 .8 0.411 0.344 0.203 0.052 2 .3 4 0

CO 30.3 5. 1 0.348 0.206 0. 170 0.030 1 .0 8 2

0 -IF  <3>* 30.0 4 .0 0.458 1.258 0.288 0.031 2 .5 7 4

B-IF<3> 40.4 4 .0 0.460 0.800 0.323 0.417 3. 031

P - I F (5 ) 30 .8 4 .5 0.505 1.245 0.387 2.200 2 .2 0 7

f i - t P (5 ) 42.0 5 .0 0.636 0.801 0.364 1.382 2 .8 0 5

f i -MP<5> 40.2 4 .3 0.755 0.877 0.328 1.514 2 .5 0 0

0-*F<7> 33 .0 4 .8 0.527 1.083 0.207 1.074 1 .7 2 5

f i -MP( 7 ) 44 .2 4 .5 0.488 2. 170 0.305 1.445 2 .4 5 0

f i-PP<7> 30 .2 4 .8 0.527 0.858 0.263 0.377 2. 170

P - IF (IO ) 07 .7 4.4 0.740 2.856 0.347 4.701 2 .2 6 7

P~MF(20) 41 .4 5 .2 0.601 3.372 0.301 3. 188 1 .7 0 0

P - IF  <100 00 .4 5 .5 0.022 4.451 0.242 5.030 1 .2 5 0

*  dose
•  IIP = m icrosom al p ro te in  (ng/m l) 
*» nmol/ng m icrosom al p ro te in
« nmol/min/mg microsomal p ro te in

X 1 9



C o r r e la t io n  S tu d ie s  f o l l o w i n g  PB In d u c t io n  (s e c t i o n  4 . 5 )  

(a n t ip y r ln o / th o o p h y l l ln e  s tu d y )

Tabi« A. 5 Individuai Antipyrine PharBcoklnetic Rat Data Por th«

Pretreatm ent C lea rance

nl/min/SRV

H a l f - l i f e

min

Volume o f
D is t r ib u t io n
L/SSV

AUC

mg x mln/L

S a lin a 2. 10 0 1 .8 0.26 6102

S a lin a 1.70 60. 0 0.21 7010

S a lin a 1.66 00. 4 0.24 6706

PB (5 ) * 3 .03 5 2 .5 0.23 4002

PB (3 ) 1.45 87. 1 0. 16 6631

PB (5 ) 4.28 3 8 .7 0.24 2866

PB (10 ) 3 .43 5 1 .3 0.25 3628

PB (10 ) 3. 15 3 2 .5 0.24 3672

PB (20 ) 1.58 0 3 .4 0.21 7637

PB (20 ) 3 .74 5 2 .3 0.26 3282

PB (20 ) 4.54 4 2 .5 0.28 2717

PB (30 ) 4. 10 38. 1 0.23 3004

PB (60 ) 3 .00 5 4 .6 0.24 4010

PB (60 ) 3.37 5 0 .4 0.25 4475

PB (100) 2. 15 7 0 .0 0.25 5671

*  d ose
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Tab le  A. 6 In d iv id u a l T h eo p h y llin e  Ph arm acok inetic  Hat Data For the  

C o r re la t io n  S tu d ie s  fo l lo w in g  PB In d u c t io n  (s e c t io n  4 .5 )  

(a n t ip y r in e / th e o p h y llin e  stu dy )

P re tr e a tm e n t

■ g 'K g

C lea ra n c e

ml/min/SRV

H a l f - l i f e

min

Volum e o f
D is t r ib u t i o n
L/SRV

AUC

mg x  mln/L

S a l in e 0 .82 178.4 0 .2 1 2334

S a l in e 0 .80 180.0 0 .2 2 2114

S a l in e 0 .78 173 .5 © <-> <o 2453

PB ( 5 ) * 1 .08 141.7 0 .2 2 1740

PB (5 ) 0 .82 177 .3 0 .2 1 2282

PB (5 ) 1 .80 7 0 .4 0. 18 1025

PB (1 0 ) 0 .08 147.5 0 .2 0 1047

PB (1 0 ) t .  18 130.5 0 .2 2 1570

PB (2 0 ) 0 .52 38 1 .0 0 .2 7 3503

PB (2 0 ) 1 .17 131 .8 0 .2 2 1588

PB (2 0 ) 1 .17 112.4 0 . 18 1575

PB (3 0 ) 1 .44 128.0 0 .2 8 1283

PB (8 0 ) 0 .82 175. 1 0 .2 1 2281

PB (8 0 ) 1 .22 143.0 0 .2 5 1855

PB (1 0 0 ) 0 .74 181.5 © c 2488



T ab le  A. 7 In d iv id u a l A n t ip y r ln e  l e t a b o l i t e  C lea ran ce  Rat Data f o r  the  

C o r re la t io n  S t u d ie s  (s e c t io n  4 .5 ) f o l lo w in g  PB In d u ction  

(A n tip y rln e/ T h eo p h y llin e  Study)

P re tre a tm a n t F o r n a t lo n  C lea ra n c es

CL(4H ) 
ml /min/SRV

C L(3H ) 
ml /min/SRV

CL ( I )
ml/min/SR V

S a l in e 0. 18 0. 18 0 .13

S a l in e 0 .28 0 .2 5 0 .17

S a l in e 0 .27 0 .26 0 .20

PB (5 ) * 0 .42 0 .43 0 .28

PB (5 ) 0 .14 0. 12 0 .08

PB (5 ) 0 .55 0 .54 0 .40

PB (1 0 ) 0 .28 0 .22 0 .24

PB (1 0 ) 0 .28 0 .21 0. 10

PB (2 0 ) 0 .22 0. 12 0. 10

PB (2 0 ) 0 .44 0 .37 0 .33

PB (2 0 ) 0 .52 0 .48 0 .42

PB (3 0 ) 0 .80 0 .46 0 .38

PB (8 0 ) 0 .35 0 .21 0.21

PB (8 0 ) 0 .48 0 .28 0 .24

PB (100 ) 0. 10 0 .13 0. 11

*  dose
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following PB Induction (section 4.5) (ant ipyrine/theophylline 

study)

Table A. 8 Individual In-vitro Hat Data f r o »  the Correlation Studies

P re -
trea tm en t
<«g/Kg>

-HP LV/BV •»P-450 c BCOD e MCOD « EROD «ALE

S a lin e 4 0 .8 4 .5 0 .344 0 .2 1 8 0. 134 0. 028 2 .281

S a l in e 4 2 .0 4 .2 0. 366 0 .30 0 0 .205 0. 053 1 .508

S a l in e 34. 1 4 .8 0 .37 0 0 .27 1 0. 106 0 .04 5 1 .050

PB ( 5 ) * 4 1 .3 4 .6 0 .58 3 0 .7 2 0 0 .378 0. 064 2 .31 7

PB (5 ) 45. 0 4 .1 0 .541 0 .5 2 5 0 .263 0 .054 1.706

PB (5 ) 3 5 .2 5 .5 0 .56 6 0 .65 2 0 .404 0 .058 2 .73 0

PB (1 0 ) 4 8 .8 4 .2 0 .56 0 0 .00 0 0.410 0 .07 3 3 .803

PB (1 0 ) 3 8 .8 4 .0 0 .571 0 .55 4 0 .205 0 .07 6 1 .758

PB (2 0 ) 4 4 .3 3 .7 0 .58 8 0 .04 1 0.452 0. 105 2 .23 6

PB (2 0 ) 3 8 .8 5 .2 0 .727 0 .6 7 8 0.444 0 .057 2 .76 8

PB (2 0 ) 4 2 .0 4 .4 0 .66 5 0 .80 1 0 .508 0 .03 0 3 .07 2

PB (3 0 ) 4 6 .8 4 .8 0 .80 5 1. 136 0.506 0 . 108 3 .002

PB (8 0 ) 4 7 .4 4 .3 0 .61 5 1 .05 6 0 .705 0. 050 2 .54 2

PB (8 0 ) 4 0 .3 4 .3 0 .721 1 .0 8 8 0 .718 0.071 3. 053

PB (1 0 0 ) 4 7 .4 4 .2 0 .531 0 .5 7 5 0 .254 0 .04 7 1.676

*  doee
> KP s n icroB om al p r o t e in  (mg/ml) 
*» nmol/mg m icrosom al p r o te in  
« nmol/mln/mg m icrosom al p r o t e in



Table A. 9 Individuel Antipyrine Pharaacoklnetic Bat Data fo r the

C o r re la t io n  S tu d ie s  fo l lo w in g  PB In d u ction  (s e c t io n  4 .5>  

(A n t lp y r ln e / T o lb u ta n ld e  stu dy )

P re tr e a tm e n t

* e '  « g

C lea ra n c e

m l/nin/SRV

H a l f - l l f e

min

Volume o f
D is t r ib u t io n
L/SRV

AUC

mg x  mln/L

S a lin e 2 .30 7 0 .8 0 .24 5306

S a lin e 2 .08 7 5 .6 0 .22 6143

S a lin e 2 .30 7 3 .3 0 .24 5390

PB < 2 .5 )* 2 .63 4 7 .2 0. 18 4670

PB (2 . 5 ) 3 .55 4 9 .3 0 .25 3333

PB (5 ) 2 .78 5 7 .8 0 .23 4273

PB ( 7 . 5 ) 3 .22 5 3 .0 0 .25 3704

PB (7 .5 ) 2 .78 4 4 .2 0. 18 4242

PB (1 0 ) 4 .40 3 3 .8 0 .21 2594

PB (1 0 ) 2 .54 6 7 .0 0 .25 4603

PB (1 5 ) 3 .69 5 1 .1 0 .27 3375

PB (1 5 ) 4 .30 36. 1 0 .22 2829

PB (2 0 ) 2 .88 4 7 .9 0 .20 4386

PB (2 0 ) 4 .72 3 6 .3 0 .26 2649

PB (6 0 ) 3 .89 34. 1 o c 3102

PB (8 0 ) 5 .27 2 7 .4 0 .21 2205

*  dose

Z 34-



Table A. 10 Individual Tolbutamide Pharmacokinetic Bat Data fo r  the

C o r r e la t io n  S t u d ie s  fo l lo w in g  PB In d u ction  (s e c t io n  4 .5>  

( A u t lp y r in e / T o lb u ta a ld e  s tu d y )

P re tr e a tm e n t

Bg/Kg

C lea ra n c e

ml/mln/SRV 
x i f *

H a l f - l i f e

min

Volume o f  
D is t r ib u t io n  
L/SRV 
x 10*

AUC

mg x min/L

S a lin e 0 .85 202 .6 2 .8 8 24811

S a l in e 15.35 167.5 3 .71 16481

S a lin e 14.35 172.4 3 .5 7 17307

PB (2 . 5 ) * 17 .70 114.2 2 .0 2 13857

PB (2 .5 ) 16 .62 156.5 3 .7 5 14233

PB (5 ) 15 .25 158.7 3 .4 0 15574

PB <7 .5 ) 18 .32 128.2 3 .3 0 13033

PB (7 .5 ) 17 .05 136.0 3 .5 5 13158

PB (1 0 ) 26 .81 0 3 .5 3 .6 2 8508

PB (1 0 ) 15 .85 177.0 4 .0 5 14744

PB (13 ) 18.84 126.3 3 .4 3 13201

PB (15 ) 26. 04 0 3 .0 3 .5 3 0342

PB (20 ) 2 0 .0 8 123.3 3 .7 3 12058

PB (20 ) 25. 02 104.3 3 .7 7 0008

PB (60 ) 2 7 .7 3 88 .5 3 .5 4 8607

PB (60 ) 37 .85 63 .8 3 .4 8 6140

*  dose
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Table A. 11 Individual In-vltro Bat Data from the Correlation Studies

(s e c t io n  4 .5 ) f a l lo w in g  PB In d u c t io n  (a n t lp y r ln e / to lb u ta a id e  

stu dy )

P r e ­
treatm ent
<»g/K g>

•HP LV/BV t>P-450 - ECOD eMCOD cER0D «ALB

S a l in e 38. 1 4 .7 0 .418 0 .431 0 .35 3 --------  1 .886

S a l in e 4 0 .3 4 .3 0 .527 0 .412 0 .21 2 --------- 1 .408

S a l in e 4 7 .4 4 .5 0 .043 0 .414 0 .20 0 --------  1 .550

PB ( 2 . 5>* 4 0 .7 4 .2 0 .544 0.524 0 .31 0 --------  2 .079

PB (2 . 5 ) 4 3 .7 4 .3 0 .538 0.512 0 .31 0 --------- 2 .37 9

PB  (5 ) 3 4 .0 4 .3 0 .571 0 .058 0 .45 0 --------- 2 .80 5

PB (7 .5 ) 3 3 .5 4 .3 0 .890 0.897 0 .01 0 --------  2 .307

PB (7 .5 ) 4 4 .3 4 .0 0 .588 0.034 0 .37 4 --------  1 .722

PB (1 0 ) 4 0 .0 3 .9 0 .758 0 .910 0 .00 2 --------  2 .10 9

PB (1 0 ) 4 2 .6 4 .3 0 .70 9 0 .518 0 .30 0 --------  1 .031

PB (1 5 ) 3 4 .8 4 .0 0 .04 8 0.827 0 .5 5 5 --------  1 .010

PB (1 5 ) 4 1 .5 4 .3 0 .989 1.388 0 .0 8 3 --------  3 .004

PB (2 0 ) 3 9 .2 5 .0 0 .901 0.893 0 .5 5 9 --------  1 .953

PB (2 0 ) 4 0 .8 4 .5 0 .852 1.033 0 .0 4 7 --------- 2 .553

PB (0 0 ) 35.9 5 .5 0.973 1.328 0.920 ---------  2.521

PB (60 ) 46.6 5 .5 1.000 1.904 1.020 ---------  3 .420

*  dose
•  HP = fflcrosoan l p ro te in  (mg/ml) 
*» nnol/ag microsomal p ro te in
e nmol/min/mg microsomal p ro te in

23 (>



T a b le  A. 12 P h a rm a c o k in e t ic  p a ra m e te rs  o f  a n t ip y r in e  in  th e  p re s e n c e  o f  

v a r i o u s  s te a d y  s t a t e  c o n c e n t r a t io n s  o f  k é to c o n a z o le  f o r  ea ch  

in d i v i d u a l  r a t  ( s e c t i o n  5 .5 )

KETOCOBAZOLE STEADY 
STATE COECEITRATIOB 

<ag/L)

CLBARAICB

(al/m ln/SRV)

HALP-L1PE

(m in )

VOLUME OP 
DISTRIBUTIOI

a / m v )

0 1.54 138.6 0 .31
0 1.99 108.8 0.31
0 2. 13 101.3 0.31
0 2. 15 8 3 .2 0.26
0 2.36 0 0 .0 0.31
0 2.38 83 .8 0. 20
0 2.54 0 3 .6 0.31

1.24 <0 .12 ) 1.80 114.3 0 .30
1.34 <0 .08 ) 1.73 134.0 0.34
1.44 <0 .62 ) 1.36 132. 0 0.26
1.46 (0 .2 6 ) 1. 10 173.2 0.28
1.63 <1 .24 ) 1.03 206 .1 0.31
1.01 <0 .60 ) 1.30 3 0 6 .3 0.57
2.02 <0 .68 ) 1.23 104.0 0 .35
3.00 <0 .5 0 ) 1.62 133.4 0.31
3.64 <0 .04 ) 0.96 196.4 0.27
4.33 <1 .14 ) 1.30 170.6 0.34
4.49 <0 .70 ) 1.08 100.5 0. 30
4.50 <0 .55 ) 1.35 157.2 0.31
6.40 <1 .57 ) 1.27 186. 1 0. 34
6.68 <0 .0 1 ) 0.77 250 .0 0. 28
6.83 <1 .0 5 ) 1.00 108.8 0 .28
7.23 <1 .0 4 ) 0.84 247.4 0 .30
7.28 <1 .46 ) 0. 74 26 4 .0 0. 28
7.76 <1 .05 ) 1.02 173.6 0.26
7.01 <2 .0 3 ) 1.10 204 .6 0.32
0.76 <0 .4 0 ) 0.89 240 .7 0.31

11.47 <3 .11 ) 1. 12 157.2 0.26
12. 15 <1 .84 ) 0.83 255 .7 0.31
12.28 (1 .6 0 ) 0.78 2 7 0 .6 0. 32
14.88 <3 .1 5 ) 1.20 180. 0 0.33
15. 06 <7 .4 0 ) 0.92 253. 8 0.34
16.73 (8 .2 6 ) 0.69 274 .4 0.27
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