
 

 

 University of Groningen

Bioanalysis and Pharmacokinetics of Carbamazepine
Westenberg, Herman Gerrit Marinus

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1980

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Westenberg, H. G. M. (1980). Bioanalysis and Pharmacokinetics of Carbamazepine. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 03-06-2022

https://research.rug.nl/en/publications/a69caf2d-4a31-40aa-98db-f50a2d47779d


h

SU}EÍARY

C a r b a m a z e p i n e  ( 5 - f f - d i b e n z  ( b , f ) a z e p i n e - 5 - c a r b o x a m i d e ) ,  a  d e r i v a t i v e  o f

i m i n o s t i l - b e n e ,  i s  f r e q u e n t l y  u s e d  i n  t h e  t r e a t m e n E  o f  t r i g e m i n a l  n e u r a l g i a

a n d  c e r t a i n  t y p e s  o f  e p i l e p s y .

T h i s  t h e s i s  p r e s e n t s  t h e  r e s u l t s  o f  a n  i n v e s c i g a t i o n  c o n c e r n i n g  t h e  b i o -

a n a l y s i s  a n d  p h a r m a c o k i n e t i c s  o f  c a r b a m a z e p i n e .  I t  i s  d i v i o e d  i n t o  t h r e e

p a r t s .

P a r t  o n e ,  e n t . i c l e d  " I n t r o d u c t i o n " ,  c o n s i s t s  o f  E w o  c h a p t e r s .

, h " O t e v '  7  g i v e s  a  p r o f i l e  o f  t h e  d r u g  a t  i s s u e .  I n  i t  s o m e  a n a l y t i c a l

c h e m i c a l ,  p h a r m a c o k i n e t i c ,  p h a r m a c o l o g i c a l  a n d  E o x i c c l o g i c a l  p r o p e r t i e s  o f

t h i s  d r u g  a r e  r e v i - e w e d .

Chap te r  2 ,  i n t roduces  some fundamenta l  aspec ts  o f  modern  l i qu id  ch roma-

t o g r a p h y ,  S p e c i a l  a l t e n t i o n  i s  p a i d  t o  f a c t o r s  a f f e c t i n g  o p t i m i z a t i o n  o f

t h e  a n a l y s i s .

PJ r . t . . ï l s  dea ls  w i th  che  b ioana lys i s  o f  ca rbamazep ine  and  scme o f  i t s  rne ta -

b o l i t e s .  I t  i s  e n t i t l e d  " B i o a n a l y s i s " ,

Í n  C i t r t p b e r  7  t h e  d e v e l o p m e n t  o f  a  s e n s i t i v e  a n d  s e l e c t i v e  m e t h o d  f o r  t h e

de l -e rm ina t ion  o f  ca rbamazep ine  and  ca rbamazep ine -epox ide  in  b io log ica l

m a t e r i a l  i s  d e s c r i b e d .  A f t e r  a  s i n g l e  e x t r a c t i o n ,  t h e  c o m p o n e n t s  a r e  s e p a -

r a t e d  a n d  d e E e r m i n e c i  q u a n t i t a t i v e l y  b y  m e a n s  o f  m o d e r n  l i q u i d  c h r o m a t o g r a -

p h y .  A  c h r o m a t o g r a p h i c  s y s t e m  w i t h  a  h i g h  s e p a r a t i o n  e f f i c i e n c y  f o r  t h e

a n a l y s i s  o f  s e v e r a l  a n Ë i c o n v u l s a n t s  h a s  b e e n  o b t a i n e d . w i t h  a  m i x t u r e  c o n -

s i s t i n g  o f  d i c h l o r o m e t h a n e  a n d  t c t r a h y d r o f u r a n  a s  e l u e n t  a n d  s i l i c a  g e l  a s

s t a t i o n a r y  p h a s e .  T h e  m e Ë h o d  p r o v e d  t o  b e  s u f f i c i e n t l y  s e n s i t i v e  t o  m e a s u r e

t h e  c o n c e n t r a t i o n s  o f  b o t h  s u b s t a n c e s  i n  v a r i o u s  b o d y  f l u i d s  a n d  t i s s u e s .

T h e  q u a n t i t a t i v e  m e E h o d  f o r  t h e  d e t e r m i n a t i o n  o f  c a r b a m a z e p i n e  b y  l i q u i d

ch romatography  i s  compared  w i th  a  gas  ch romatograph ic  assay  p rocedure .

T n  C h r t p t e r  2  Ë h e  p r o c e d u r e s  f o r  t h e  i s o l a t i o n  a n d  g u a n t i t a t i v e  d e t e r -

m i n a t i o n  o f  s o m e  m e t a b o l i t e s  o f  c a r b a m a z e p i n e  a r e  d e s c r i b e d .  A f t e r  b e i n g

i s o l a t e d  f r o m  b i l e ,  u r i n e  c r  t i s s u e  h o m o g e n a t e s  b y  m e a n s  o f  e x t r a c t i o n  o r

a d s o r p t i o n ,  t h e  c o m p o n e n t s  a r e  d e t e r m i n e d  q u a n t i t a E i v e l y  b y  m e a n s  o f  m o d e r n

l i q u i d  c h r o m a t o g r a p h y .

"Pharmacok ine t  i  cs  " ,

catbamazepine,  vt -z.

P ar.E._thr-e-e is entit led

t h e  p h a r m a c o k i n e t i c s  o f

Ê\
I n  t h i s$a r t

a b s o r p t i o n ,

v a r i o u s  a s p e c t s  o f

á i c t r i h r r t . i n n
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e l i m i n a t i o n  a n d  m e t a b o l i s m ,  a r e  d i s c u s s e d .

C h a p b e z ' I  d e a l s  w i t h  t h e  p h a r m a c o k i n e t i c s  o f  c a r b a m a z e p i n e  i n  m a n

d u r i n g  a n d  a f t e r  r e p e a t e d  a d m i n i s t r a t i o n .  T h e  r e s u l t s  o b t a i n e d  i n  t h i s

s tudy  demons t ra te  thaE the  p lasma ha i f - l i f e  o f  ca rbamazep ine  a f te r  mu l -

t i p l e  d o s i n g  i s  c o n s i d e r a b l y  s h o r t e r  L h a n  a f t e r  s i n g l e  d o s e  e x p e r i m e n t s .

C o n c o m i t a n t  a d m i n i s t r a t i o n  o f  o t h e r  a n t i - e p i l e p t i c  d r u g s  s e e m s  t o  c a u s e  a

f u r t h e r  s h o r t e n i n g  o f  t h e  c a r b a m a z e p i n e  h a l f - 1 i f e .  S p e c i a l  a t E e n t i o n  i s  p a i d

t o  t h e  c o n c e n t r a t i o n - t i m e  c u r v e  o f  c a r b a m a z e p i n e  i n  s a l i v a .

I t  i s  c o n c l u d e d  t h a t  s a l i v a r y  c o n c e n t r a t i o n  m e a s u r e m e n t s  o f f e r s  a  c o n v e -

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

s e r i a l  s a m p l e s  a r e  n e e d e d .

C h a p t e z ' 2  r e p o r t s  o n  E h e  p h a r m a c o k i n e t i c s  o f  c a r b a m a z e p i n e  i n  t h e

r a t .  T h e  c h a p t e r  i s  d i v i d e d  i n t o  t w o  s e c t i o n s .

S e c t i o n  2 . 1 ,  d e a l s  w i t h  t h e  p h a r m a c o k i n e t i c s  o f  c a r b a m a z e p i n e  i n

u n a n e s t h e t i z e d  r a t s  f o l l o w i n g  s i n g l e  a n d  m u l t i p l e  d o s e s .  T h e  a n i m a l s

w e r e  p r o v i d e d  w i t h  a  p e r m a n e n t  d o u b l e  h e a r t  c a t h e t e r ,  a l l o w i n g  b o t h  c o n -

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

s o m e  a n i m a l s  a  b i l e  c a n u l e  w a s  a l s o  i m p l a n t e d .  T h e  d r u g  w a s  a d m i n i s t e r e d

L - '  - ^ ^ - -  ^ Ê  ^  - e r o - o r d e r  i n f u s i o n .  S e v e r a l  p h a r m a c o k i n e t i c  m o d e l s  w e r eu J  u r g 4 t l D  9 !  4  a

i n v e s c i g a t e d  t o  d e s c r i b e  È h e  p l a s m a  c o n c e n t r a t i o n - t i m e  c u r v e s  o f  c a r b a m a -

z e p i n e  a n d  i t s  e p o x i d e  m e t a b o l i t e "  C a l c u l a t i o n s  w e r e  p e r f o r m e d  w i t h  t h e

n o n - l i n e a r  l e a s t  s q u a r e s  c o m p u t e r  p r o g r a m  N O N L I N .  T h e  p l a s m a  h a l f - l i f e  o f

ca rbamazep ine  in  ra t . s  appear  Eo  be  much  shor te r  t . han  tha t  observed  in  man .

The  epox ide  meta i ro l i t e ,  howr .ve t ,  appears  to  be  e l im ina ted  much  s lower  than

t h e  p a r e n t  d r u g ,  r e s u l c i n g  i n  a n  a c c u m u l a t i o n  o f  t h e  f o r m e r  d u r i n g  c h r o -

n i c  t r e a t m e n t .  R e p e a t e d  a d m i n i s t r a t i o n  o f  t h e  d r u g  t o  r a t s  r e s u l t s  i n  a

^ :  ^ ' ^ "  r : ' :  ̂^ - *  j - . ^ r e a s e  
i n  t h e  e l i m i n a t i o n  r a t e  c o n s t a n t s  o f  b o t h  p a r e n tÈ r é r r r ! r L d l l L  I t I L

compound  and  epox ide  metabo l i t e .  Th is  l ed  to  the  conc lus ion  tha t  ca rbama-

u o n i n o  - ^ q q ê c c ê S  e n z y m e - i n d u c i n g  p r o p e r t i e s .  A n a l y s i s  o f  t h e  d a t a  a c c o r d i n g

+ ^  1 L ^  ^ ^ r f u s i o n  m o d e l  s h o w s  t h a t  i n  r a t s  t h e  d e l i v e r y  o f  t h e  d r u gL V  L r l E  V l  É d L L  P e

t o  t h e  l i v e r  b y  t h e  b l o o d  s t r e a m  i s  a  l i m i t i n g  f a c t o r  i n  t h e  e l i m i n a t i o n

o f  t h e  d r u g  d u r i n g  r e p e a t e d  a d m i n i s t r a t i o n .  I n  r a t s  t h e  g a s t r o i n t e s t i n a l

a b s o r p t i o n  a p p e a r s  È o  b e  r a t h e r  s l o w l  a n d  o n l y  a b o u t  5 0 2  o f  t h e  o r a l L y  a d n r i n i s -

t e r e d  d o s e  r e a c h e s  t h e  s y s E . e m i c  c i r c u l a t i o n  u n c h a n g e d .  T h e  r a t i o  b e t w e e n

t h e  e p o x i d e  m e t a b o l i t e  a n d  t h e  p a r e n t  c o m p o u n d  c o n c e n t r a t i o n  i n  p l a s m a  a f -

t e r  o r a l  a d m i n i s t r a t i o n  d i f f e r s  s u b s t a n t i a l l y  f r o m  t h a t  f o u n d  a f L e r  i n -

t r a v e n o u s  a d m i n i s t r a t i o n .  T h i s  i s  a n  i n d i c a t i o n  f o r  t h e  e x i s t e n c e  o f  t h e
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zep ine  in  man

a ined  in  rh i s

r i n e  a f t e r  m u l -
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v a .
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;  was  ad rn Ín i s  te red

: t i c  mode ls  \ ^ /e re

cu rves  o f  ca rbama-

r r fo rmed  w i th  the

r l a s m a  h a l f - 1 i f e  o f

ra t  observed  in  man .

I  much  s lower  than

fo rmer  du r ing  ch ro -

a t s  r e s u l t s  i n  a

o f  b o t h  p a r e n t

s ion  tha t  ca rbama-

f  t h e  d a t a  a c c o r d i n g

ive ry  o f  t he  d rug

r  E h e  e l i m i n a t i o n

g a s t r o í n t e s E í n a l

c f  t i r e  o r a l l y  a d m í n i s -

l h e  r a t i o  b e t w e e n

L t i o n  i n  p l a s m a  a f -

found  a fLe r  i n -

e x i s t e n c e  o f  c h e

s o - c a l l e d  " f i r s t - p a s s "  e f f e c t .  C a r b a m a z e p i n e  i s  e x c r e L e d  a l m o s t  e x c l u s i v e -

l . r  i -  t h o  f a r m  6 f  m e t a b o l i t e s .  F r o m  t h e  b i l e  a  n e w  N - g l u c u r o n i d e  o f  c a r b a -L J

m a z e p i n e  w a s  i s o l a t e d  a n d  i d e n t i f i e d .  T h e  p o s s i b l e  c o n t r i b u t i o n  o f  t h e

l a t t e r  m e t a b o l i t e  i o  a n  e n t e r o - h e p a t i c  c i r c u l a t i o n  o f  c a r b a m a z e p i n e  i s

b r i e f l y  d i s c u s s e d .

I n  s e c t i o n  2 . 2 ,  L t  i s  s h o w n  t h a t  t h e  b i o t r a n s f o r m a t i o n  o f  c a r b a m a z e -

p i .ne  ' í n  u ' t , t t , o  i s  a f  f ec ted  by  p re t rea tmen t  o f  t he  ra ts  w i th  ca rbamazep ine ,

p h e n y t o i n  o r  p h e n o b a r b i t a l .  M o r e o v e r ,  o n l y  p r e L r e a t m e n t  w i t h  c a r b a m a z e p i n e

L ^ ^  ^  ^ r  ^ - ' :  s ;  ^ ^ t r g  e f  f e c t ,  o n  t h e  m e t a b o l i s m  o f  c a r b a m a z e p i n e - e p o x i d e .r I d J  d  è r Ë r r r r r L d

Chcrp tez ,  3  desc r ibes  the  in f l uence  o f  uhe  rou te  o f  admin is t ra t i on  on

t h e  a v a i l a b i l i t y  a n d  m e E a b o l i s m  c f  c a r b a m a z e p i n e  i n  d o g s .  F o r  t h i s  p u r p o s e ,

t h e  d r u g  w a s  a d m i n i s E e r e d  o r a l l y  a n d  i n E r a v e n o u s l y  b o c h  v i a  t h e  h e p a t i c -

- ^ ^ s +  a ' r  " ^ ' : *  - - d  d i  r e c f  l v  i  n f  n  ' L  ! ^ * :  ^  ^ i r c u l a t i o n .  I t .  á n n e A r s  f  l i a F- P U r  
L d . L  V g l ! l  d U , u  u r ! 9 L L r )  ! r l u u  L r r g  J ) J L E l t t ! g  L r t L u r ó L r v L ! r  ! L  q v / v 4 L  o  L r r o L

1 4 ' I - 4 3 7 "  o f  t h e  a b s o r b e d  o r a l  d o s e  i s  e l i m i n a t e d  ( m e t a b o L í z e d )  a t  i t s  f i r s t

p a s s a g e  t h r o u g h  t h e  l i v e r .

Chap te r  4  dea ls  w i th  the  d ís t r i bu t . i cn  o f  ca rbamazep ine  and  iEs  meta -

b o l i t e s  i n  t h e  m o n k e y  a n d  È h e  ( p r e g n a n t )  m o u s e .  A f t e r  a d m í n i s t r a t i o n  o f

l a b e l e d  d r u g ,  t h e  d i s E r i b u t i o n  p a t E e r n s  a r e  s t u d i e d  b y  m e a n s  o f  m a c r o -

ó r , f  ̂ r o , i " í  ̂ - r o ^ h r r .  A d d i t i o n a l  i n f o r m a t i o n  w a s  o b t a i n e d  f  r o m  c h r o m a t o g r a p h i cd u L U !  4 u r v 6 r 4 P r r J

. - . 1 , , . i .  i -  - ^ - ; , , - ^ c i ^ -  ' . ' í r h  1 ' : - , , - : , 1  - ^ ; ' - + i l l ^ e - i ^ ^  ^ ^ r r ^ F j - -  ^ f  
t h e  t i S S U e Sd . t l d I y S I 5  l . t I  ( - u l l J  u l t u L I u l l  w I L r r  r t Y u r u  D L ! r r L r ! r d L ! u r r  L v u ! r L r r r ó  v

a n d  b o d y  f l u i d s  l e f t  a f t e r  s e c t i o n i n g  f o r  a u t o r a d i o g r a p h y .  I n  t h e  m o n k e y ,

h i g h  c o n c e n t r a t i o n s  o f  r a d i o a c t i v i t y  w e r e  f o u n d  i n  t h e  e x c r e Ë o r y  o r g a n s .

I n  t h e  b r a i n  t h e  r a d i o a c t i v i t y  w a s  l o c a l i z e d  p r e d o m i n a n t l y  i n  t h e  w h i t e

m a t t e r  s t r u c t u r e s .  H i g h  c o n c e n t r a t i o n s  o f  r a d i o a c t i v i t y ' w e r e  a l s o  f o u n d  i n

t h e  p i t u i t i r r ' , ,  r l a n d  a n d  s o m e  p e r i p h e r a l  n e r v e s .  M o r e o v e r ,  t h e  d r u g  a p p . e a r s

t o  p o s s e s s  a  h i g h  a f f i n i t y  f o r  m e l a n i n  a n d  e l a s L i n  c o n t a i n i n g  t i s s u e s .  T h e

p l a c e n t a l  p a s s a g e  o f  t h e  d r u g  h a s  b e e n  s r u d i e d  i n  p r e g n a n t  m i c e .  I t  a p p e a r s

t h a t  t h e  d r u g  r e a c h e s  t h e  f e t u s ,  a l b e i t  a t  a  s l o w e r  r a t e  t h a n  t h e  m a t e r n a l

t i s s u e s .

T h e  l a s t  c h a p t e r  o f  t h i s  r h e s i s  ( c h a p t e r '  5 )  r e p o r È s  o n  t h e  b i n d i n g  o f

c a r b a m a z e p i n e  a n d  i t s  e p o x i d e  m e t a b o l i t e  o n t o  s y n t h e t i c  m e l a n i n .  T h e  p o s s i - -

b 1 e  p h a r m a c o l o g i c a l  a n d  c o x i c o l o g i c a l  i m p l i c a t i o n  o f  t h i s  b i n d i n g  a r e

d i s c u s s e d  b r i e f l v .
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