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T h e  f r n s t  p a r t  e f  t h L s  L h e s i s  d e a l s  w i  l h  L h e  r e l a L i o n s h i p  b e t w e e n  t h e

chem ica l  s t r uc tu re  and  pha rmacok ine t i c  behav iou r  o f  a  se r i es  o f  f ou r t een

^ ' r á l ê n n 2 r v  ' n m . . ' r r n  e n m n o u n d s  í O A c ' s )  i n  l h e  r a l  i n  v - i v o .  F r o m  t h i s

s e r i e s  o f  Q A C ' s  s u b s e q u e n L l y  t h r e e  r e p r e s e n t a r i v e  m o d e l  c o m p o u n d s

w e r e  c h o s e n  f o r  t h e  s È u d y  o f  L h e  m e c h a n i s m s  o f  t h e  h e p a t c r b i l i a r y

L r a n s p o r L  i n  t h e  i s o l a t e d  o r g a n .  F u n t h e n m o r e  s o m e  p r e l i m i n a r y  l r a n s -

p o r ^ L  s t u d i e s  w e r e  p e r f o r m e d  i n  r s o l a t ê d  s e g m e n t s  o f  t h e  s n a l l  i n t e s t i n e

i n  s i t u .
) 4

C h a p t e r  I  d e s c r r b e s  t h e  s y n t h e s i s  o f  L h ê  
-  

C - l a b e l l e d  O A C r s .

, n "  , * L s  w e r e  p r e p a r e d  l n o m  L h e  c o n n e s p o n d r n g  t e r L i a r y  a m L n e s

w i t n  a n  e q u i m o l a r  a n o u n t  o f  
l 4 C - l a b e I l e d  

m e r  h y l i o d i d e .  M e - L L - L n g  p o r n t s ,

oc tano l -wa te r  and  oc tano l -K rebs -so lu t i on  pa r t i t i on  coe f f i c ren t s  ( 1og  P

o r  L o g  P ,  ,  )  ,  t n e  H P L í -  c a p a c i t y  l a c t o r  (  I o g  k ' ,  a  p a r a m e t e r
"  k rebs

i n d i c a l i n g  L h e  t i p o p h i l i c - h y d r o p h i - I i c  b a l a n e e )  a s  w e l  L  a s  p r o L e i n

t - . n . t i . o  i n  n l a c n a  t r , ê r e  e s t i m a t e d .

T h e  I i p o p h i t i c i  t - y  a n d  p l a s m a  p r o L e i n  b i n d i n g  (  i l  p r e s e n t )  c o r r e l a t e d

w e l l ,  i r r e s p e c t i v e  w h e t h e r  p a r t i t i o n  c o e f f i c i e n t s  w e r e  d e t e r m i n e d  i n

l h p  n - e q e n n a  n f  n l v c ' n l ó o i . . ó r . c n l n a i i . n q  o l  e l e e l r o r v l e s  í K r e b S -

s o l r r t ' o n )  e x e e q s  o f  i o e l i d e  n n  i n  q ' m n  ^  ^ ^ l a n n l - " r a f o n ' - - - ' i L i o n
l i r  v - " . v  P d r  u .

q v c i p r c  ' f l p q p  l i n n n h i l i n i l v  n a - a n a f c n q  e n r n e ' a l . o r J  n o o n l v  w i L h  m o - l e c u l a rJ J  J  !  U  I J  t

w e i g L . t  w i t h i n  t h e  w h o l e  s e r i e s ,  b u t  f a i r ^ l y  w e l l  w i t h i n  m e r c '  h o r r o l o g o u s

s u b g r o u p s  i n  t h e  s e r - i e s  o f  c o m p o u n d s .  A n  a t t e m p L  w a s  m a d e  t o  d e L e r m - L n e

t h e  p r e d i c t i v e  v a l u e  o f  t h e s e  p a n a m e t e r s  w i L h  r e g a r d  L o  I h e  r e l a t i v e

con t r i bu t i on  o f  hepa t l c  ,  r ena l  ,  and  i n t es t i na l  exc re t i on  t o  t he  ove ra l l

h a À r r  n r  T h i ó  i s  d e s c r i b e d  i n  c h a p t e r  I I I .

T h e  p h a r m a c o k j n e L i c  p r o p e n L i e s  w e r e  s l u d i e d  i n  a n a e s c h e t i z e d  r a t s

a f t e r  i n t r avenous  bo lus  i n j ec t i on  and /o r  cons tan t  i n f us i on ,  Th i s  i s

d e q c r i h c d  i n  C h a n l e -  T T .

O r g a n  d t = a r t O r , t . .  a n d  e l j m i n a L i o n  r a t e  i n t o  b i  l e ,  u r i n e  a n d

i n t e s L i n a l  f l u i d  a s  w e l l  a s  p l a s m a  d i s a p p e a r a n c e  w e r e  i n v e s t i g a t e d .

A I I  c o m p o u n d s  s h o w e d  a  b i e x p o n e n L i a l  p l a s m a  d i s a p p e a r a n c e  p a t t e r n .  T o t a l

p l a s m a  c l e a r a n c e  a m o u n t e d  f l r o m  2 . 3  t o  I 3 . 7 m 1 l m i n  i n  g e n e r a l  i n c r e a s i n g

w i t h  m o l e c u l a r  w e i g h t .  T h e  r e l a t i v e  c o n t r i b u t i o n  o f  b i l i a r y  ,

u r i n a r y  ,  a n d  i n L e s t i n a l  e l i n i n a L i o n  t o  t h e  t o L a l  p l a s m a  c l e a r a n c e
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varied widely within the series of QAC's. Renal clearances exceeded

that of mannitol,  indicating invol-vement of act ive renal transport

processes for al l  compounds. Renal clearance was the'only important

excretory pathway for the compounds wi.th a molecular weight < 2OO,

Only the higher molecular weight compounds showed a profound bi le/ plasma

concentratÍon rat io. Some of the high molecular weight compounds seem

to be el iminated in bi le from a compartmentrelát ively slowly

equil ibrat ing with the plasma. For these conpounds also an "uphi11t '

excretion process into the gut lumen seems to be involved.

Correlat ions between l ipophil ici ty and rnolecular weight on one hand and some

pharmacokinetic parameters as clearance (C1), el imination rate constant

(k"^), volume of distr ibution (V) and termj.nal exponential slope ( tr ,
l-u

on the other hand are presented in 9!g.!er_IIL The structure-pharmaco-

kinetics relat ions were f i t ted by l inear, parabolic or sigmoid curves.

The relat ionship between total plasma clearance, hepatic, renal and

intestinal clearance, and l ipophil ici ty could be described most properly

by the equation y = I / ( aX" + c) where Y stands for the logarithm

of the relat ive pharmacokinetic parameters (CI, kl-. ,  V, xz )and X

represents the logarithm of the relat ive values of some physicochemical

parameters ,  such as  the  par t i t ion  coef f Íc ien t  (P) ,  the  (HPLC)  capac i t !

factor k'and the nolecular wéight (UW). gepatic and intestinal clearances

in relat ion to the l ipophil ici ty showed similar sigmoid correlat i-on

patterns, in contrast to the renal clearance, which by al l  means corre-

1-ated poorly with l ipophil ici ty.

I t  is concluded that l ipophil ici ty is a better physicochemical

parameter than molecular weight for the pi'ediction of the pharmacokinetic

behav iour  o f  QACrs .

Calculat ion of the clearance (plasma clearance or total body

clearance) can be perforned on the basis of various concepts. Each of them

is based on certain assumptions. For instance such calculat ions may be

nodel-dependent or model-independent. Various methods for the calculation

of the clearance were considered theoretically in Chapter IV. Using

several equations the clearance values of

1 0 q



f ou r  c rose l y  r e l a ted  qua te rna ry  ammon ium compounds  we re  ca f cu la ted

f rom the  expe r imen ta r  obse rva t i ons  and  t he  d i f f e rences  be tween  - cne

ob ta i ned  va lues  we re  d i scussed .  App rop r i a te  de f i n i t i on  o f  t he  d i s t r i bu t i on

vo lume  o f  t he  pe r i phe ra r  compar tmen t  i n  an  open  two  compar tmen t  mode l

i s  c ruc i a l .  I f  a  d rug  i s  c l ea red  f r om the  pe r i phe ra l compar tmen t  t he  appa ren t

vo lume  o f  t h i s  compar tmen t  i s  dependen t  on  t he  exc re t i on  ra te .  ca l cu l a t i on

o f  t he  c l ea rance  f r om the  exc re t i on  ra te  and  t he  p l asma  concen t ra t i on
d A e , ^(u l  =  
a t  /  Co  )  appea red  t o  be  co r rec t  on l y  i f  t he  d rug  _ i s  c l ea red

f rom the  cen t ra l  compa r tmen t .  when  e f im ina t i on  occu r red  f r om the  pe r i -

phe ra l  compar tmen t  t he  9F  Z  a_  c l ea rance  va lues  we re  h l gh l yd t p
va r i ab re  w i t h  t ime ,  due  t o  non -cons tan t  concen t ra t i on  ra t i os  be tween

V ,  and  V r ,  a l so  i n  t he  t e rm ina l  phase  o f  t he  p l asma  d i sappea rance

cu rve .  D i sc repancy  be tween  c l ea rance  va l - ues  based  on  ra te  cons tan t s  and

d i s t r i bu t i on  vo lumes . jU fO*  U f  o "  k  
20  

x  y ,  )  w i t h  t hose  based  on

the  ca l cu ra t i on  v i a  $ f  /  c ^  can  be  a  d ragnos t i c  t o  es tab r l sho t p
e l im ina t i on  f r om a  pe r i phe ra l  compar tmen t .

Th ree  qua te rna ry  ammon ium co rnpounds  (QAC 's )  w i t h  d i f f e ren t

l i poph i l i c i t y :  t r i e t hy lme thy i -  ammon ium i od ide  (TEMA) ,  t r i p ropy lme thy f

ammon i -um i od ide  (TPMA) ,  and  t r i - n -bu t y lme thy l  ammon ium i od ide  (TBuMA)

were  chosen  f r om th i s  se r i es  o f  QAC ' ' s  f o r  mo re  de ta i l ed  hepa t í c

t ransport  studies (  Chapter V).

They  we re  g i ven  as  a  bo lus  i n j ec t i on  o f  lO  pmo le  and  1  pmo le  i n

an  i so l a ted  pe r f used  l - i ve r .  Two  compounds  showed  sa tu ra t i on  k i ne t i c s

a t  D  =  ro  pmore ,  bu t  no t  when  r -  pmo le  o f  t he  agen t s  was  g i ven .  B i r i a r y

c. l -earance of  rEMA was equal  to the bíre f low, whereas for  TpMA and

TBuMA much  h i ghe r  va l ues  we re  f ound .  B i f e  -  t o -  l i ve r  r a t i os  i nc reased

w i t h  a  f a c t o r  o f  1 0 ,  p r o p o r t i o n a l  t o  t h e  I i p o p h i r i c i L y  o f  t h e  c o m p o u n d s .

L i ve r  -  t o -  p l asma  ra t i os  o f  a l l  t h ree  QACrs  exceeded  a  va lue  o f  4 ,

i nd i ca t i ng  t ha t  accumura t i on  i n  t he  l i ve r  canno t  be  so le l y  exp la i ned

by  pass i ve  equ i r i b ra t i on  acco rd i ng  t o  t he  membrane  po ten t i a l .  T ranspo r t

l n t o  t he  b i l e  appea red  t o  be  a  concen t ra t i ve  p rocess  f o r  TBuMA on f y .  r t

was  concLuded  t ha t  QAC 's  w l t h  a  1ow  l i poph i r i c i t y  such  as  TEMA,  can  be
+ r r h ê n ^ - + ê ^  a h ^ -  * lL r a r r ó p e r  u e u  r r . o m  p r a s m a  i n t o  b i l e  b y  a  p a s s i v e  p r o c e s s ,  w h Í c h  p r o b a b l y .

occu rs  pa race l l u l a r l y .  An  i nc reased  ra te  o f  up take  i n t o  t he  l r ve r  o í

such  compounds  does  no t  r esu l t  i n  an  e l eva t i on  o f  t he  b i r i a r y  ou rpu r ,

QACrs  w i t h  an  i n t e rmed ia te  o r  a  h i gh  l i poph i r i c i t y  a re  p robab ry  t r ans -

po r t ed  by  ca r r i e r  med ia ted  p rocesses  bo th  a t  t he  l eve l  o f  hepa tocy te  up take
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The inf l "uence of  choferesis was invest igated usi-ng sodium taurocholate

( fc) .  fhe excret ion rate of  TEMA appeared to be unaf fected,  whereas the

bi l iary output  of  TPMA and TBuMA was c lear. Iy  e levated when the bi le f low

was increased. The lat ter  ef fect  was explained by an increase in the net

f fux across the canal icular  membranes due to a decreased canal icular

concentrat ion.  Also ion pair  format ion between taurochofate and the

QAC 's  may  p l ay  a  r o l e .

T h i  -  ^ ^ - ^ ^ +  , . , ^ ^  a , , ^ + L ^ ' -  ^ + , , J t  ^ l  . . , i  + L  + L ^' , r .  qè1,su" *- -  fur ther studied wi th the anorganic anion iodide ( I  )

and  an  o rgan i c  an ion  t e t r apheny lbo ra te  (TPB- )  (Chap te r  V I ) .

In the perfusÍon mediumr 25% of  the amount of  NaCI was replaced by

NaI,  whereas in two other ser ies of  exper iments TPB- was added to the

medium in two concentrat ions (  2pM and 20O pM).  NaI d id not  af fect

the bi l iary output  of  the three QAC's al though an increased net  rate

of  hepat ic uptake was found for  a l -1 compounds.  L iver -  to -  p lasma concen-

trat ion rat ios were increased, whi le the rat ios between bi le and plasma

were not  af fected.

TPB in catalyt ic  amounts added to the medium (  2pM) somewhat

decreased the bi l iary output  of  TEMA and TBuMA, whereas the k inet ic

prof i . le  of  TPMA was basical ly  unchanged. A large amount of  TPB (2OO pM),

added to the perfusion medium, dramat ical ly  changed the k inet ic  prof i le

o f  t he  t h ree  QACrs .  I on  pa i r  f o rma t i on  be tween  t he  QAC 's  and  TPB  was

supposed to be responsible for  th is ef fect .  Plasma levels dropped more

rapidly as a resul t  of  an increased rate of  l iver  uptake.  The bi l iary

excret ion of  a l1 compounds however was great ly  reduced in spi te of  a

normal b iLe f fow. The rate of  f iver  uptake of  the QAC's was enhanced in the

presence of  the anion,  which was due to an increase in p lasma to L iver

t r anspo r t  ( k , ^ )  anO a  reduced  l i ve r  t o  p fasma  t r anspo r t  ( k ^ . ) .  Th i s. L Z 2 I

increased net  uptake into the hepatocytes however d id not  resul t  i ,n an

inc reased  b í l i a r y  ou tpu t .  I n  f ac t  t he  e f f ec t s  o f  TPB  on  t he  b i l i a r y

output  were strongly negat ive depending on i ts  concentrat ion.

The remarkable decrease in b i l iary t ransport  of  the QAC's caused by

TPB in h igh concentrat ion can ín pr incip le be explai -ned by reduct ion

of  the ef fect ive intracel lu l -ar  concentrat ion for  the canal i -cu1ar

transport ,  due to Íon pair  format ion and/or  an increased intracel lu lar

binding.  Al ternat ively th is ef fect  might  be the consequence of  an increased

L97



bi le to l iver  t ransport  ( increased bi l iary reabsorpt ion) of  the

uncharged ion pair .

In Chapter VI I  the prel iminary resul ts are given of  t ransport

exper iments wi th TBuMA using an isolated perfused intest inal  loop prepa-

rat ion in s i tu.  The rapid uptake into the intest inal  wal l  and re lat ive-

Iy s low secret ion into the gut  lumen resemble the k inet j .c  behaviour in

the I iver ,  in accordance wi th the c learance -  I ipophi l ic i ty  correlat ions

desc r i bed  i n  Chap te r  I I I .

The present data on the re lat ion between the chemical  features

and pharmacokinetic parameters of organic cations may contribute to a

bet ter  understanding of  the t ransport  rnechanisms involved in the

el iminat ion and dist r ibut ion of  drugs.  This may also improve ant ic ipat ion

of  posssib le interact ions between.basic drugs at  the Ievel  of  membrane

transport  in the excretory organs.
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