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A. M. MOWO 
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There i s  a general  recognition now of the  importance of  
drug metabolim s tudies  i n  the process of drug development and 
the drug regulatory au thor i t ies  c e r t a i n l y  expect t o  m e  the 
results of such studies. However, it is  not a l w a y s  appreciated 

just  how closely such s tudies  must be integrated with many 

other  aspects  o f  drug development. 

metabolim s tudies  are carried out by the  netabolism scientist 
working c lose ly  with the pharmacologist , the  pharmacist, the  

toxicologis t  and the cl iniqiau;  
should play a key ro le  i n  determining the s t ra tegy of such 

studies. 

In normal pract ice ,  

these in te rac t ions  can, and 

Iet us f i r s t  consider the time-scale which appl ies  t o  met- 

bol isn s tudies  in safety evaluation. In Fig. 1, the left  hand 
column shows the major s teps  i n  the evaluation of the desirable  
biological  e f f e c t s  of the drug. After ident i f ica t ion  of  prom- 

ising a c t i v i t y  i n  animal models and completion of sa t i s fac tory  

i n i t i a l  t o x i c i t y  studies,  come the first s tudies  i n  man, e i t h e r  
i n  normal volunteers or i n  pat ients ,  followed by I W h e r  s tud ies  

(phase 11) t o  es tab l i sh  the e f f icacy  of the compound, phase I11 
s tudies  involving wide-scale comparative trials, and f i n a l l y  
hope,^ully the launch of  the drug. 

the Figure, the drug may first en ter  a t o x i c i t y  screen designed 
On the r igh t  hand side of 

* Based on a lecture  given before the Society of Drug 
Research (U.K.) on December 16th, 1975 
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DRUG SAFETY EVALUATION 379 

t o  detect  some specif ic  toxic phenomenon expected from t h i s  c l a s s  
of drug or it may go d i r e c t l y  in to  more general  range-finding 
studies.  After t h i s  the drug w i l l  probably be subpcted  simult- 

aneously t o  short-term t o x i c i t y  s tud ies  lasting for a period 
usually between two weeks end three months, and t o  teratology 

studies.  In  the event of a sa t i s fac tory  r e s u l t  from phase I 

s tudies  i n  man, chronic t o x i c i t y  studieo and fur ther  reproductive 
s tud ies  i n  animals w i l l  commence. 

can be seen where drug metabolism studies  come in. They may w e l l  

be involved i n i t i a l l y  i n  a pharmacokinetic assessment of whether 
the pr imary a c t i v i t y  of the compound i n  animal s tud ies  i s  l i k e l y  

t o  extend t o  man. But c e r t a i n l y  thereaf te r  they w i l l  be intimate- 
l y  involved with the t o x i c i t y  s tudies  - amongst other  things with 

the absorption charac te r i s t ics ,  species differences in aretabolic 
f a t e ,  and routes  of excretion of  the drug. The time-scale of the  

overal l  operation is' such t h d  toxicologis ts  are not going t o  w a i t  
f o r  al l  t h i s  information before proceeding, but they w i l l  expect 

it t o  emerge during the course of t h e i r  studies. Thus the  f i r s t  
phase of metabolian s tudies  i s  confined t o  a period o f  only a few 

months. 

It i s  highly desirable  t o  gut phamacokinetic data from the 

In the centre  of  the figure 

e a r l y  s tud ies  in  man, since t h e m  can be critical t o  the design 

of fur ther  t o x i c i t y  studies. 

teratology and reproductive studies can only r e a l l y  be inter-  
preted fully alowr with pfwmsokine t lc  and metabolisn s tud ies  

run concurrently. Also, the  metabolim s c i e n t i s t  w i l l  almost 
c e r t a i n l y  be involved i n  studying b ioavai lab i l i ty  in order t o  

optimise the formulation being used in  man :  t h i s  mey happen 

at one of several  points  in  the detrslopment process and, of 

COUTSB, can car ry  safety implications with it. Then as the  drug 
proceeds i n  the c l i n i c s  the metabolism s c i e n t i s t s  w i l i  be irr- 

volved in studying drug interact ions,  Md other  fac tors  a f fec t ing  

the metabolian of the drug in question. 
metabolism studies may extend over several  pars. 

As with other  t o x i c i t y  studies,  

This later phase of  
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380 Mom0 

Thus i n  drug safety evaluation, metabolism s tud ie s  are 
inevi tably c e r r i e d  out within c e r t a i n  time constraints .  

obviously the re  m 4 y  be occasions when the o the r  d i s c i p l i n e s  must 

w a i t  for tne results of Borne metabolism studies, i n  general  

pract ice  the tox ico log i s t s  and the  c l i n i c i a n s  w i l l  be proceeding 

stepwiee, learning from the  results o f  metabolism s tud ie s  as 

they go. 

Although 

There is  one p r a c t i c a l  consideration t o  mention at t h i s  

point regarding t he  timing o f  studies.  

of US* radioactively-labelled compounds f o r  metabolism studies ,  

it i s  not always necessary t o  prepare a label led compound p r i o r  

t o  commencement of toxicology studies.  However, it i s  almost 

always valuable t o  have an assay for the  unchanged drug in  body 

f l u i d s  avai lable  as soon as possible. 

o f  phawocokinetic methods t o  the evaluat ion of the t o x i c i t y  of 

a drug is determined t o  a large extent  by the q u a l i t y  o f  the 

assay methods avai lable  at the  time they are required. 

the assey must be specif ic :  too many assays do not d i s t i ngu i sh  

between the drug and one or more o f  its metabolites. 

the assay must be accurate t o  a i d  in dist inguishing between the 

various phmnacokinetic alternatives ('see l a t e r ) .  

assay must be reproducible. 

s ens i t i v i ty :  

perhaps more samples, and allow a l s o  the study o f  the l a t e r ,  slow 

elimination phases of e l iminat ion of drug. 

should be as simple and rapid as possible:  
scope for e r r o r  and can l i m i t  the number of  samples which can be 

analysed within a reasonable time. 

Despite t he  advantages 

Indeed, the contr ibut ion 

F i r s t l y ,  

Secondly, 

Thirdly,  t he  

Fburthly, the assay must have good 

t h i s  w i l l  allow the use of snaller samples, and so 

Final ly ,  the assay 

complex assays give 

let US now consider in more d e t a i l  s a fe ty  evaluat ion s tud ie s  

i n  animals. Study of the t o x i c i t y  of a substance a t  several 
dose-levels should suggest a dose-respose r e l a t ionsh ip  which nay 

enable us to  estimate a "no-effect" or "lowest e f f ec t "  dose i n  
t h a t  species. However, a no-effect dose-level i n  an animal 

species w i l l  not necessar i ly  provide a d i r e c t  indicat ion o f  the 
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DRUG SAFEn EVALUATION 381 

corresponding n e a f f e c t  doao-level in man or any other species. 

In M)W c i r cms tmces  the "no4ffect" dom-love1 or the "lowest 
effect" doe&lenl  can be umd t o  de t e r r im  a therapeutic r a t i o  
i n  tha t  species, ud mmh infoxmation can be a umful guide t o  
the l ike ly  approximate safety of a compound in  man. Another 
approach to  the correlation of dona-levels and effect  in 
differant  species is t o  uaa aa a basis  for corppariron the bloodL 
levels of the substance producod in each species at a given do- 
level.  the^ M - very impressive e w p l e s  of muzcessful 
coralations of  t h i s  sort, but it is oqrully important t o  
recogniae that there M alw many exmples wh6m no apprrant 
cor l r la t ion  can k found by following t h i s  approach. 

In Table I M l i s t ed  BOW of tho,factors  which contribute 
T ~ O N  t o  species Piffemnces in the toxic reaponan t o  a dmg. 

is, of course, a c l a m  h te r - r e l a tbn8h ip  betwen am of the 
factors  l igted in different  groups. 

a high metabolic rate, or  d i rz th t ivm chrractor i . t ics  in its 
gratro-intestinal tract or  excretory wchur im,  w i l l  reflect them 
properties in the manner by which chemical aub.t.acoa .Qini&eNd 
t o  the species M hud led  ud u l t l i t e l y  rarond Ror the 
O r g M i s l D .  S p c i o s  differenc6s i n  re8ponrs  t o  toxic agmnts ..y 
be erplicable simply in t a m s  of the h o w  physiolog o r  biol. 
chemistry relating t o  the species, g= a l t e m a t i m l y  on tho 
basis of matabolim or phummcokimtias. 
factors  w i l l  need t o  be connidered. 

Thus, rp.cios posmssing 

Fmqurmtly all them - 
In the  Table, metabol ia  is included under the heading of 

phamacokinstics, s-0 hrowled&O of fho wt.bo& fat0 O f  a 
compound i s  insuff ic ient  without som und.r.t.rdbg of its 
kinet ics ,  i.e.. the rate procesms by which it is tzmnsfomd 
into its various metabolites ud by which them sub&t.aees math 

target organs ud M excoclatod f'rom tho body. 

The headings in T ~ b l e  I1 provid. a uahr l  platforn fYom 

which t o  e x m h  the phmmcokimtiCS of 8 drug during todc i ty  
studies. Wer %bs0rptionn tm mi& consider not only the 
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TABU I 
Basis of Species Differences in Toxicity 

Anatoaical/physiologicd - lporphologicJ - eadocrinologicrl - reproduetiu9 system 

- gurtrointeat ixul  tract - emretory  wchanisna - t i  3u. responsivemas to  s t i rnu l i  

Biochemical - metabolic rate 
- enzyme levah and dis t r ibu t ion  - nut r i t ion  b a s i s  - intermdiary wt rbo l i su  

- matabolim - rates of absorption 

Pharnacokimt ic 

dis t r ibu t  ion 

elininat ion 

amount absorbed, but also the site at uhich a drug is absorbed 

and the rate at which it is absorbed. Ya must d s o  consider 

how the absorption pattern during a 24 hour period depends on 

its method of  administration - whether the drug is &ministered 

by g8Vega or  mixed m the diet. 

important because moat drugs emr-t t h e i r  e f f ec t s  at some point 
outside the bloodstream. So does the concentration o f  drug in 

the blood reflect t h a t  in the tissues? Should M be concerned 

w i t h  drug or its metabolites? Under %etabolisna wa must 

acquire basic da ta  regard- species differences in metabolic 

handlmg o f  the drug, mmy of which can be anticipated t o  some 

er ten t  nou; 

"Distribution" is c lear ly  

then ue want to  k n o w  whather toxic e f f ec t s  (LPB 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DRUG SAFETY NALUTION 383 

TAEIE I1 
Phumacokinetics in Toxicology 

Absorption - slpount 

- r a t e  

- d i e t a r y  administration 

Distr ibut ion - blood VS tissues - drug v s  metabolites 

hie t abo 1 i sn - species differences 

- toxic  metabolites 

E 1 im inat ion - route 

- rate - chronic administration 

being mediated v i a  t h e  unchanged d r u g  o r  via metabolites. 

'rLlimination" i s  the word umd t o  describe a11 means whereby the  
drug is removed from the body: t h i s  can be divided in to  metabolism 

(and the f a t e  of t h e  metabolites i s  an addi t ional  complication) and 
excretion of unchanged drug i t s e l f .  
of elimination, the r a t e  of elimination, and whether elimination 
r a t e s  are affected by chronic b i n i s t r a t i o n  of  drug. 

Fieure 2 i l l u s t r a t e s  the nature of the  phamacokinetic 
problem confronting t h p  metabolim s c i e n t i s t  trying t o  understand 
species differences in  response i n  e a r l y  t o x i c i t y  studies. The 

d a t a  are derived from a mathematical model and show how a plas la  

concentration VS. time curve (A)  can be affected by c h u y i n g  

each of  the parmeters :  
elimination r a t e ,  urd t insue dis t r ibut ion.  
the changes have been chosen de l ibera te ly  t o  demonstrate the 

We wish t o  know the route 

absorption rate, amount absorbed, 
'The magnitude of 
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DRUG SAFETY EVALUATION 385 

potent ia l  d i f f icu l ty  in distinguishing between them f s t o r s .  
It can be seen that  i f  blood m p l e s  M taken at only om or 
two a rb i t r a r i l y  choaen t h u s  after administration o f  the dolr,  

comparison of t h e  concentrations w i l l  not provido .n mawar t o  
the question of vhy a drug givos ria8 t o  a certain plasp.  c o b  
centration VS. time prof i le  in  om species, ud a quite d i f fe ren t  
one i n  another. Pbr example *low" plasaa concentrations m a y  not 
represent poor absorption (which may possibly be imprond by re- 
fornulation) but instead may re f lec t  an unalterable in t r in s i c  
property such m a high elimination rate, o r  high t issue d ib .  

tr ibution. 
at M ear ly  stage of tox ic i ty  evaluation, the as- for  the drug 

i n  plasma m a y  not be suff ic ient ly  w l l  developed t o  provide the 
necessary accuracy and sensit ivity.  

An additional handicap t o  interpretat ion is tha t ,  

Returning to  Table 11, let us discuss *absorption*. How 
does one m c a a w  abaorption of an ora l ly  administered drug? 
height of the p l sma  concentretiorbtime curva depends not only 
upon the ra te  and amount o f  abaorption, but also upon the di-  
t r ibu t ion  and elimination rate of th4 substance in qrystion. 
Thus platma concentrations of 8 drug M of limited value u 8 

means of datemining the amount of drug abrrorbd. 
and jmportant exception t o  t h i s  is i f  one can administer tho 
substance in question by intravenous or other p w n t e r a l  route: 
then the comparison of the plrraa-time prof i le  a f t e r  ora l  and 
perenteral  administration z, under certain circumstances g i n  
a measum of the  mount of drug-abnorbed. 

The 

The major 

~e8surements o f  the substance or  its metabolites excreted in 
the urine are obviously sound evidence for the  minimum mount of 
drug absorbed. Conversely though, failure t o  excrete dmg o r  
metabolite in  the urine does not mean that the substance hsa not 
been absorbed. This i s  bacruae elimination v i a  the d i v a  o r  
b i l e  can lead t o  excretion of and metabolite. with the 
faeces. 
i n  urine and faeces a f t e r  a pamnteral  do- of the drug can 

Again the pattern of excretion of drug and mtabol i tea  
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386 MONRO 

provide a vdurblo  base-lim aguinst which Lo cornp- d a t a  

after orsl administration of drug. 

beSom acmmencing tox ic i ty  studies is the so lubi l i ty  of the drug 

ia s i ru l r tod  gutrolinteatinrl f luids.  There a m  two points to  
k ID& hra relating t o  compounds OP low solubi l i ty:  the first 

i a  tha t  s a a  capounda which ham exceptionally Lou solubi1itie:i 

m, in fact absorbed t o  quite a aurprising extent. 
becuaa it i a  not so lubi l i ty  per so which datemines absorption, 

but the g of d iawlu t ion  under what a m  cal led "sink con- 

d i t i o n p ,  tha t  is uhen the material dissolving is  being con- 
tinuously removed, for  e u P p l e  by absorption through the gut 
w a l l .  The second point about ccwpounds of low so lubi l i ty  is 

that  them can com a stage when, as the dose level is increased, 

even t h e  

mount of compound can dissolve in the gut f lu id  per uni t  time. 

The resul t  is th8t i n c r e a a i q  the dose r e su l t s  i n  no f 'urther 

incrseaes in absorption. Such a finding can be most ill- 

inating in explaining uhy dom-response curves BPB not as 

0rP.c ted. 

hu piece of in lor ra t ioa  which should always be available 

This is 

of dissolut ion is inadequate, and only a limited 

Dietary administration of drugs t o  rodents produces, as one 

might expect, a rather  different  absorption prof i le  from t h a t  

following gavage administration. Rodents tend to  eat  most of' 

t h e i r  food by night and t o  ertend t h i s  ac t iv i ty  over a con- 
siderable period of time. In order to  detewine what t h i s  

means in  tenns o f  drug absorption ue a t  Pfizer ham carr ied 
out a number ot' studies w i t h  compounds administered t o  rodents 
via the d i e t ;  plasma concentrations *re detenained at in te rva ls  
throughout the day and n. *fit. Not surprisingly we found a broad 

peak of drug concentration durrng the hours or' darkness, the peak 

level being perhaps no more than a .quarter of t h a t  achieved. wnen 

the whole da i ly  dose w a a  administered as a single gavage dose. 

The through lev81 during daylight hours depended upon the half- 
l i f e  of  the drug, tho= drugs w i t h  half-lives of more than aboui 
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DRUG SAFETY N U T I O N  387 

t h e  hours maintaining significant concentrations i n  t h e  pl-a 

t h r o w o u t  th day, 
The a f f in i ty  of drugs urd metabolites for tissues is governed 

As met- t o  a major extent by t h e i r  physiochemical properties. 

l i t e s  M usui l ly  considerably more pol- than the parent drug, 
the proportions of drug and metabolites which are circulatmg in 
the plrana may -11 not be repremnta t iw of t h e  proportions 
which M stored i n  tismm sites, including target organs for  
toxic effects. 

A s t r ik ing  e-ple of t h i s  occurred recently in the Pfizer 
laboratories during the study of  the hepato- and cardiotoxic 
e f f ec t s  of a very l ipophi l ic  drug. 

chanpd in the urine; 
substance which om would expect t o  be metabolimd extensively 
at the liver before excretion. S i s i l r r l y  exmirut ion o f  the 
drug-related substances in the plrepr  showed th8t them w a s  Only 
traces of drug pramnt, but .a multitude of polar metabolites. 
A t  t h i s  point the problea was &oat abrrdormd becausa of the 
daunting prospect of  identioing the matrbolites, and then 
aynthesising th.m d evaluating t h e i r  toxicity. Howevar, on 

uulysis of  the drug-ralatad substuacrs premnt i n  the cri t ical  
organs, -1y the he& ud l iver ,  more than 90$ of the drug- 

re la ted substances ua6 foound t o  be w h m r i p ?  drug; 

therefom with confidenee that  the toxic e f f ec t s  of t h i s  
drug could be aecribod t o  the drug i t m l f  ud not t o  8 metabolite. 

A comonly umd method for dud- the dis t r ibut ion of a 
drug urd its metabolites is th8t  of  whols-body au tord iogrwhy 
after administtzrtion of radioact ivi ty  labelled drug. 
technique is -11 described in mveral tests '**& 
the results can be tiw consuming (from mwraril days t o  mvural 
montha). 
adminiatration one oan 1eun much rbout the kimtics of d i s t r t  

bution ud of the clerrunce of  the dru& ud its wtrbolites from 
the tis.~ds. 

No drug w a s  excreted un- 
t h i s  VUI predictable for  such a l ipophi l ic  

it w a s  

The 
Obtrining 

By varyiag the plum of mct ion ud t h e  ai'ter drug 

However, them M some drawbacks t o  the technique. 
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388 Homo 

The f i r s t  is the coat: 

(%, 14C or 35S) is required, 4 the dnrg must of COUPSU be 
labelled in UI appropriate met.balica.lly-stable site in the 

arolecule. 
om detecto; 

t o  de tomim wfwthr the r d i o v l t i v i t y  emanates flwn the drug o r  
o m  or mom of its metabolites. 

drug with f a i r l y  high specific ac t iv i ty  

A socold drawback is tha t  it is oaly radioact ivi ty  whitb 

d d i t i o n r l  t iwlconnrr iag  studies mw ba required 

Another wt of the d is t r ibu t ion  of drugs which has come 

d r  scrutiny in tha la few p u s  is that in the pregnant 

U. 
mechaniss and not a l l  of  them require the drug t o  c ross  the 

p l r e n t a  and r e e h  the foetus, it is mvertheless  great ly  re- 
assuring, when ON finds 8 rmgative result in a teratology study, 
to  k r o w  that  the drug has actual ly  revlhed the foetus. 

dis t r ibut ion within the foetus i t m l f  can, M h e m o r e ,  give us 
an insight into tho nnchuri?n o f  any teratogenic or embryotoxic 

e f fec ts  which are oboammd. 

Althouga terrtogenic e f f ec t s  caa k mediated by sswral 

The 

The subJect of species differences in metabolic pathways is 

too vsot t o  discuss he r s ,  and the reader is referred t o  standard 

t e l C L ~ * ~ ~ ~ .  Sufficu it t o  that ident i f icat ion of the mat- 

l i t e s  and the extent of  t he i r  formation a the species under study 

can k v i t a l  For a cooparison of the toxic e f f ec t s  of a substance 

in  different  species. R -  instaace, i f  a substance i s  converted 

to  one major metabolite ir am species and t o  a different  n a j o r  

metabolite in a second species, when we t r y  t o  compare the 

toxici ty  of the parent substame in these twa species, MI m q y  in  

e f fec t  be coolparing the tox ic i ty  of the respective metabolites 

and not that  of  t h e  parent substaace. Another u.y of stating 

t h e  problem is to ask, when om measures the p l a sm concent rh  

t ions or' a compound under study, whether OM is measu rw the 

right substance. O n e  must d m  l a m e m b e r  when comparing the 

toxici ty  o f  a drug daiinistered by several routes that  som 

metabolic reactions occur only while the drug is  being &sorbed, 

whether it be f r o m  the gastro-intestinal t r a c t ,  o r  fron the lung, 
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DRUG ShFMI EVALUATION 389 

or perhaps through the  akin. Thus there m a y  be a fir,%pass 
metabolim effect  unique to  a part icular  route o f  drug a h i e  
i strat ion. 

The discussion of eaeretioa pracesms w i l l  be confined t o  
the kinetic aspects of the elimination as they b e e  on toxici ty  

studies. 
(as occurs during a toxici ty  study) upon drug accumulation? 
Drug accumulation is e s s e n t i a l 4  a -tion of the dosage 
regimen, and t h i s  relationship CUI k expmsoad mathematically 

(Eq. 1.) 

interval  at the steady state w i l l  imrcasa i f  the dose is in- 
creased, or i f  the rate of elimination is mduced, or i f  the 
dosage interval  is decreased. 

be reduced i f  the dosage interval  i n  made longer. 

Firs t ly ,  what i s  the effect  of repeated d o s w  

4 

It can be seen that the plurma level* in a dosag8 

Conversely, the p l a s m  level can 

"Steady s ta te  plimra I fraction absorbed x dose x hali*-life 
concentrat ion* vol.or" dis t r ibut ionx dosing interval xad9 

These am trends o m  would eqmct ~lpm COrJIozL-senca considerations. 
It is isportant t o  realiaa tha t  t h i s  equation tells uo that any 
drug has the potential t o  accumulate. 

One can use t h i s  equation t o  calculate steady s ta te  p l a s a  
levels  from single dose data, but 84 many assmptions are 

necessary for t h i s  extrapolation t o  be valid in  practice that  it 
is generally advisable t o  measure the actual p l m  concent rb  
t ions  achievad during the repeated dosing of a toxici ty  trial. 
In the P2izar laboratory t h i s  is nozmally d o n  on the first dey 
of the study, wain about 10 - 14 days later, and f ina l ly  again 

near the end of the study. The reason for making measurements 

. 

* The "steady state plasma level" in t h i s  context is that  
plurna concentration which when multiplied by the dosage 
interval gives the area measured under the p lasm concen- 
tration/time graph in one dosaga interval at the steady 
state. 
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390 HONRO 

at mmral points during t h e  study is tha t  repeated administration 

of a drug can modify a) the drug's absorption by an effect upon 

gactric motility, intestinal sscrotion proceases or intestinal 
microflora, and b) the drug's rate of  elimination - e i the r  by 
inhibi t ing or stimulating its o m  metabolia. This last 
phenoaonon of hepatic nicrommrl enzyw induction is of widespread 

o c c m n c o  moryst l ipophi l ic  drugs; the subject has been well 
revie tad2' t5 

Anothor aspect of the kinet ic8 of drug elimination which has 
implications I'or the interpretat ion of tox ic i ty  is the possible 

deparxlency of the k ine t ics  upon the do- &ministered. Various 

instances of t h i s  phenomenon tuva been mported. 

Table I11 demonotrates how the half-life of three drugs varied nhen 

&inistared at tuo dose-levels t o  dogs6' 

Although t h e r e  was a l i t t le  overlap M soae caaes, it can be seen 

t h a t  raising the dose by a factor  of between > t o  7-fold resulted 

in t h e  half-lives of elimination being more than doubled at the 

higher d o a .  

p l a e a  levols of a drug do not =crease with dose because absorption 

is 1 L i t e d  by t h e  in t r ins ic  so lubi l i ty  of t h e  compound i n  the 

f luids  of tho gut. 

M increasa in the half-life of elimination as t h e  dose is raised 

The data i n  

Retrrence has already h e n  made t o  the case where 

Table I11 shows t h e  opposite s i tuat ion,  where 

T A B S  I11 
Dose hpendent Elimination Kinetics in Dogs 

Half-life ( h r )  
N W  Me an 

Pheny 1 but azone 

B i  scoupace tate 

D i  phenyl hydanto in  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DRUG SAFETY EVALUATION 391 

leads t o  higher concentrations of drug in the  p lama than would 

have been predicted. This rnw. happen for  a var ie ty  of reasons 

including saturation of first-pass w t a b o l i a  e f fec t ,  o r  

saturation of an actiw transport process involved in  excretion or 
in transport of drug t o  its s i t e  of elimination, etc. 

One fur ther  aspect of the importance of phanmcokinetic 

studies for  safety evaluation is the e f fec t  of pregnancy upon drug 

kinetics. Clearly pregnancy mabpcts t h e  maternal metabolim t o  

considerable disturbance which could wll  be reflected i0 differ-  

ences i n  drug absorption, dis t r ibut ion a& k i n e t i c s  of elimination. 

The f i r s t  question t o  be considered is how t o  express the dom- 

level. Should it be referred t o  t o t a l  body-wight of the  dm, 

or t o  the corresponding nohpregun t  wight?  Ilrtemal liver 
weight i n c r e a n s  d u r w  preputcy,  but drug metrboliaing enzymes 
concentration drops, so tha t  in general there is not an increasa 

in drYg4etaboliaing capacity.. 

of the hepatic drug metabolising enzymes is deprescrd by pregnancy. 

In the rat these include biphenyl h y d r o ~ l a m ,  a n i l h  hydmlylam, 

nitroanisole reductam, aninopyrine-N4ewthylam .nd UDFCL 

glucuronyl t rurs fe ram 798. 
hepatic enzyme ac t iv i ty  has been recorded, although t h e r e  cur 

apparantly be stimulation of the wtabol ia ing  8nzylo.s of the 11&* 

As yet re la t ive ly  l i t t l e  work has been dona in t h i s  area, but 

undoubtedly it i s  o m  which is going t o  attract i nc re~ ing  
at tent ion in the future. 

In fact ,  the ac t iv i ty  of a number 

In the rabbi t ,  u)# depreasion of 

It m a y  be uaf’ul t o  conclude by returning t o  the opening 

theme: 

most urgent questions uising from the emerging results of tox ic i ty  
trials. 

questions which may be asked: 

dose-responsa C ~ S  o r  t o  spac ie td i f f e lmces  in toxic response 

which are a consequence of differences in absorption, biotrursb 

formation, t issue dis t r ibut ion,  or excretion; or of ch-s in 
drug k ine t ics  following multiple dosing o r  in pregnamy. 

drug metabolim studies should be geared t o  ursw8ring the 

T h i s  paper has presented a pa r t i a l  list of  the m a n y  such 

viz. thom re la t ing  t o  anomalous 

The 
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392 MONRO 

lk r i ta t ions  of 1rbor8torj resources meam tha t  it is not usually 

p r r t i c r b l e  t o  twkh dl them aspects shu l tmsous ly ,  azd the 

emphaaia t o  be given t o  e w h  should be doteminad through d i s .  

cuaaion uith tho  toxicologist and clinician. Uetabolirrr, and 
preferably phuracoldnrtie, studies  aunt k cloaaly integrated 

ui th  toxici ty  studio8 i f  ona is t o  obtain the best in te rpre ta t ion  

of' the toxic e f h c t a  o b r m d  and pr r t i cu l r r ly  i f  OM wishes t o  

extr.polato Rw l .borstory d8ta t o  man. 
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