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SOLID-PHASE EXTRACTION OF 
CARBAMAZEPINE AND TWO MAJOR 
METABOLITES FROM PLASMA FOR 

ANALYSIS BY HPLC 

R. Hartley, M. Lucock, W. I .  Forsythe, 
and R. W. Smithells 

University Department of Paediatvics and Child Health 
Paediatn'c Research Unit 
D Floor, Clarendon Wing 

The General Infirmary at Leeds, 
Leeds LS2 9NS, United Kingdom 

ABSTRACT 

A r a p i d ,  s e n s i t i v e  and s imp le  t o  ope ra te  HPLC method f o r  t h e  
s imul taneous d e t e r m i n a t i o n  o f  carbamazepine, carbamazepine 1 0 , l l -  
epoxide and 10,ll-dihydro-l0,11-trans-dihydroxycarbamazepine i n  
plasma i s  descr ibed.  The drug and i t s  m e t a b o l i t e s  are e x t r a c t e d  
f rom plasma u s i n g  commerc ia l ly  a v a i l a b l e  reversed-phase 
o c t a d e c y l s i l a n e  bonded-s i l i ca  columns (Bond E l u t  c18, 2.8 m l  
c a p a c i t y ) .  Separa t i on  was achieved by reversed-phase 
chromatography, u s i n g  a mob i l e  phase c o n s i s t i n g  of a c e t o n i t r i l e  - 
methanol - w a t e r  (19:37:44) a t  a f l o w - r a t e  o f  1.8 ml/min i n  
c o n j u n c t i o n  w i t h  a Waters Assoc. Nova-Pak C 8 column. The 
a n a l y t i c a l  column, i n  Radial-Pak c a r t r i d g e  Iorm, was used i n  
comb ina t ion  w i t h  a Waters Assoc. Z-module RCSS and p r o t e c t e d  by a 
Waters Assoc. Guard-Pak p reco l  umn module c o n t a i n i n g  a Guard-Pak 
VBondapak c18 i n s e r t .  
l e v e l s  i n  t h e  r e g i o n  o f  50-100 ng/ml f o r  CBZ and i t s  m e t a b o l i t e s  
can be measured w i t h  o n l y  250 ~1 o f  plasma. The method has been 
used t o  determine s teady -s ta te  concen t ra t i ons  of t h e  drug and i t s  
m e t a b o l i t e s  i n  p a e d i a t r i c  p a t i e n t s .  

Us ing u l t r a v i o l e t  d e t e c t i o n  a t  214 nm, 

2393 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2394 HARTLEY ET AL. 

INTRODUCTION 

I t  i s  w i d e l y  recognised t h a t  t h e  a n t i c o n v u l s a n t  drug, 

carbamazepine (CBZ), p rov ides  optimum s e i z u r e  c o n t r o l  when plasma 

c o n c e n t r a t i o n s  a re  ma in ta ined  i n  t h e  range 4-12 ug/ml C11. 

However, poor c o r r e l a t i o n  between CBZ dose and s teady -s ta te  plasma 

l e v e l s  i n  long- term e p i l e p t i c  p a t i e n t s  C2l n e c e s s i t a t e s  

i n d i v i d u a l  d rug - leve l  m o n i t o r i n g  t o  m a i n t a i n  t a r g e t  

concen t ra t i ons .  

d i v e r s e  metabol ism o f  CBZ [S] or ,  a l t e r n a t i v e l y  s i n c e  CBZ induces 

i t s  own metabolism C41, it cou ld  r e s u l t  f r o m  t h e  e f f e c t s  o f  

a u t o i  n d u c t i  on. 

T h i s  v a r i a b i l i t y  may b e  a consequence o f  t h e  

The major  m e t a b o l i t e  o f  CBZ, carbamazepine 1 0 , l l - e p o x i d e  

(CBZ-EP), e x h i b i t s  a n t i c o n v u l s a n t  p r o p e r t i e s  i n  r a t s  C5l b u t  t h i s  

a c t i v i t y  has n o t  y e t  been conf i rmed i n  man. I n  s imul taneous 

s t u d i e s  o f  CBZ and CBZ-EP, s teady -s ta te  plasma l e v e l s  o f  t h e  

m e t a b o l i t e  c o r r e l a t e d  more c l o s e l y  w i t h  CBZ dose than  d i d  plasma 

l e v e l s  o f  t h e  drug i t s e l f  C6l. 

i t s  epoxide m e t a b o l i t e  a r e  a l t e r e d  i n  p a t i e n t s  r e c e i v i n g  ch ron ic  

dos ing  C71 

C6-81. It has been suggested, t h e r e f o r e ,  t h a t  i n d u c t i o n  o f  t h e  

epox ide -d io l  pathway (see FIG. 1) occurs b o t h  i n  l ong - te rm 

p a t i e n t s  C91 and i n  those r e c e i v i n g  combinat ion therapy [lo]. 

T h i s  i s  suppor ted by me tabo l i c  s t u d i e s  o f  CBZ which i n d i c a t e  a 

h i g h e r  u r i n a r y  e x c r e t i o n  o f  1 0 , l l - d i  h y d r o - l 0 , l l - t  rans- 

d i  hydroxycarbamazepine (CBZ-DIOL) i n  l ong - te rm p a t i e n t s  and 

i n  those  r e c e i v i n g  e i t h e r  phenytoin, phenobarbitone, pr imidone o r  

The r e l a t i v e  l e v e l s  o f  CBZ and 

and i n  those on combinat ion an t i convu lsan t  t he rapy  
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SOLID-PHASE EXTRACTION OF CARBAMAZEPINE 2395 

A HQ OH 

CBZ CBZ-EP CBZ-DIOL 

FIG. 1. Chemical s t r u c t u r e s  o f  carbamazepine (CBZ) , 
carbamazepi ne 10 , 11-epoxide (CBZ-EP) 
t r a n s - d i  hydroxycarbamazepine (CBZ-DIOL). 

and 10  , 1 1-d i  hyd ro -10 , l l -  

v a l p r o i c  a c i d  concomi tan t l y  [ll]. 

d i o l  pathway to -da te  has c h i e f l y  i n v o l v e d  measurements o f  u r i n a r y  

m e t a b o l i t e s  [9-111. Consequently, q u a n t i t a t i v e  i n f o r m a t i o n  

r e g a r d i n g  plasma l e v e l s  o f  CBZ-DIOL i s  l i m i t e d  [12-14]. 

I n v e s t i g a t i o n  o f  t h e  epoxide- 

Techniques c u r r e n t l y  a v a i l a b l e  f o r  t h e  simultaneous 

d e t e r m i n a t i o n  o f  CBZ, CBZ-EP and CBZ-DIOL i n  plasma i n c l u d e  TLC 

[15] and HPLC [14,16-181. 

measured i n  u r i n e  u s i n g  HPLC [111 and GLC-mass spect rometry  [9- 

11,191. In a d d i t i o n ,  CBZ-DIOL has been es t ima ted  i n  microsomal 

suspensions u s i n g  HPLC C201. 

CBZ and i t s  m e t a b o l i t e s  have a l so  been 

T h i s  paper desc r ibes  a r a p i d  and s imp le  t o  ope ra te  HPLC 

procedure f o r  q u a n t i f y i n g  CBZ, CBZ-EP and CBZ-DIOL f o l l o w i n g  

so l i d -phase  e x t r a c t i o n  f rom plasma. 

MATERIALS AND METHODS 

Reagents - 

Ethanol  (abso lu te  a1 coho1 AR qua1 i ty )  was purchased from 

James Burrough, London, UK. A c e t o n i t r i l e  (HPLC S grade) and 

methanol  (HPLC grade)  were ob ta ined  f rom Rathburn Chemicals, 
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2396 HARTLEY ET AL. 

Walkerburn, UK. Carbamazepine, carbamazepine 10, 11-epoxide, 10- 

methoxycarbamazepine and 1 0 , l l - d i  h y d r o - l 0 , l l - t r a n s - d i  hydroxy- 

carbamazepine were g i f t s  f r o m  C i  ba-Geigy, Horsham, UK. 

was donated by Roche Products ,  Welwyn Garden City, UK. 

E x t r a c t i o n  columns and vacuum apparatus 

Nitrazepam 

Rapid sample p rocess ing  was achieved u s i n g  Bond E l u t  c 1 8  

columns, 2.8 m l  capac i t y ,  i n  c o n j u n c t i o n  w i t h  a Vac-Elut vacuum 

apparatus. These a re  bo th  manufactured by Analy t ichem 

I n t e r n a t i o n a l  (Harbor City, C A Y  USA) and s u p p l i e d  by Jones 

Chromatography (Llanbradach, UK). 

- Equi  pment 

The high-performance l i q u i d  chromatograph cons is ted  o f  a 

Waters Assoc. Model 510 constant-volume pump, U6K i n j e c t o r ,  

Lambda-Max Model 481 va r iab le -wave leng th  LC spect rophotometer  and 

a Model 730 da ta  module. 

Chromatography 

A Waters Assoc. Z-Module RCSS was used i n  c o n j u n c t i o n  w i t h  a 

Nova-Pak c18 Radial-Pak c a r t r i d g e  

s p h e r i c a l ,  f u l l y  capped, c18 b o n d e d - s i l i c a )  and p r o t e c t e d  by a 

Waters Assoc. Guard-Pak p r e c o l  umn module c o n t a i  n i  ng a Guard-Pa k 

UBondapak c18 i n s e r t .  F r e s h l y  prepared m o b i l e  phase c o n s i s t i n g  

o f  a c e t o n i t r i l e - m e t h a n o l - w a t e r  (19:37:44) was f i l t e r e d  th rough  a 

0.22 - um M i l l i p o r e  f i l t e r  (Durapore t y p e  GVWP) and degassed p r i o r  

t o  use. Chromatography was performed a t  ambient temperature u s i n g  

a f l o w - r a t e  o f  1.8 ml /min which produced a back-pressure i n  t h e  

r e g i o n  of 6.82 MPa (1000 p s i ) .  A va r iab le -wave leng th  LC 

(10 cm x 8 mm I D ,  4-um 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SOLID-PHASE EXTRACTION OF CARBAMAZEPINE 2391 

spect rophotometer  (Lambda-Max Model 481) o p e r a t i n g  a t  214 nm w i t h  

a s e n s i t i v i t y  s e t t i n g  o f  0.05 a.u.f.s. was used t o  mon i to r  t h e  

e l u e n t .  T h i s  was l i n k e d  t o  a Model 730 d a t a  module programmed t o  

p r o v i d e  a char t -speed o f  198 m / h r .  

P r e p a r a t i o n  of I n t e r n a l  Standard S o l u t i o n  

The i n t e r n a l  standard, nitrazepam, was d i s s o l v e d  i n  e t h a n o l  

( 1 0  mg i n  100 m l )  t o  p r o v i d e  t h e  work ing c o n c e n t r a t i o n  o f  100 

pg/ml. T h i s  s o l u t i o n  was i n c o r p o r a t e d  i n t o  t h e  sample by adding a 

25  p1 a l i q u o t  t o  250 p1 o f  plasma as desc r ibed  i n  t h e  e x t r a c t i o n  

procedure. 

E x t r a c t i o n  Procedure 

CBZ, CBZ-EP and CBZ-DIOL were e x t r a c t e d  f rom plasma u s i n g  

reversed-phase o c t a d e c y l s i l a n e  b o n d e d - s i l i c a  columns (Bond E l u t  

c18, 2.8 m l  c a p a c i t y ) .  

t o  use by drawing two column volumes o f  a c e t o n i t r i l e  ( 2  x 2.8 m l )  

f o l l o w e d  by a s i m i l a r  volume o f  wa te r  t h rough  t h e  column under 

vacuum. 

f o l l o w e d  by 25 p1 o f  t h e  i n t e r n a l  s tandard s o l u t i o n  (nitrazepam, 

100 pg/ml i n  e t h a n o l )  were loaded o n t o  t h e  column. 

c o n t a i n i n g  i n t e r n a l  s tandard was a l lowed t o  e q u i l i b r a t e  f o r  1 min 

before r e a p p l y i n g  t h e  vacuum. F o l l o w i n g  l oad ing ,  t h e  vacuum was 

a g a i n  re leased  and a f u r t h e r  e q u i l i b r a t i o n  p e r i o d  o f  2 min 

preceded t h e  washing stage. Washing was achieved by drawing one 

column volume o f  water  f o l l o w e d  by a s i m i l a r  volume o f  water-  

a c e t o n i t r i l e  (95:5)  t h rough  t h e  column under vacuum. 

CBZ,  CBZ-EP and CBZ-DIOL t o g e t h e r  w i t h  t h e  i n t e r n a l  s tandard were 

These were c o n d i t i o n e d  immediate ly  p r i o r  

On r e l e a s i n g  t h e  vacuum, 250 v1 o f  t h e  plasma sample 

The sample 

F i n a l l y  , 
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2398 HARTLEY ET A L  

e l u t e d  f rom t h e  Bond E l u t  c18 column w i t h  750 p1 o f  acetone. 

T h i s  acetone e x t r a c t  was evaporated t o  dryness under n i t r o g e n  a t  

55OC and t h e  r e s i d u e  was r e c o n s t i t u t e d  i n  250 u1 o f  mob i l e  phase. 

The r e c o n s t i t u t e d  samples were i n j e c t e d ,  u s i n g  10-25 p1 a l i q u o t s ,  

d i r e c t l y  i n t o  t h e  chromatograph. 

P r e p a r a t i o n  o f  C a l i b r a t i o n  Standards 

Stock s o l u t i o n s  o f  CBZ (lmg/ml and 100pg/ml), CBZ-EP 

(100 pg/ml) and CBZ-DIOL (100 pg/ml) were made up i n  

a c e t o n i t r i l e .  C a l i b r a t i o n  s tandards c o n t a i n i n g  a l l  t h r e e  

components were prepared f rom these  by adding a p p r o p r i a t e  a l i q u o t s  

t o  plasma t o  produce concen t ra t i ons  o f  0.5, 1, 5, 10 and 20 u g h 1  

i n  t h e  case o f  CBZ and 0.25, 0.5, 1, 2 and 5 f o r  each o f  t h e  two 

metabo l i t es .  

E x t r a c t i o n  Recovery Experiment 

Samples were prepared i n  plasma by adding a u t h e n t i c  CBZ, 

CBZ-EP and CBZ-DIOL t o  produce c o n c e n t r a t i o n s  o f  0.5 and 5 pg/ml 

f o r  CBZ and 0.25 and 1 ug/ml f o r  each o f  t h e  two m e t a b o l i t e s  CBZ- 

EP and CBZ-DIOL. 

procedure, 10-20 p1 samples were i n j e c t e d  i n t o  t h e  chromatograph. 

The peak h e i g h t s  ob ta ined  were compared w i t h  those f rom i n j e c t i o n s  

o f  s tandard s o l u t i o n s  and t h e  percentage recove ry  determined. 

F o l l o w i n g  e x t r a c t i o n  by t h e  p r e v i o u s l y  d e s c r i b e d  

RESULTS 

The chromatogram i l l u s t r a t e d  i n  FIG. 2A i s  t h a t  o b t a i n e d  

f o l l o w i n g  an i n j e c t i o n  of a u t h e n t i c  components prepared i n  mob i l e  

phase. CBZ, CBZ-EP and CBZ-DIOL a r e  w e l l  separated w i t h  r e t e n t i o n  
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TIME ( m i n s )  

FIG.  2: Chromatogram o f  ( A )  a u t h e n t i c  components i n  
m o b i l e  phase; ( 6 )  e x t r a c t e d  d r u g - f r e e  plasma; ( C )  a 
t y p i c a l  e x t r a c t e d  plasma sample f r o m  a p a t i e n t  r e c e i v i n g  
l ong - te rm carbamazepine monotherapy. 
CBZ, CBZ-EP and CBZ-DIOL were found t o  be (us ing  a 15 p1 
i n j e c t i o n )  7.13, 2.10 and 0.86 pg/ml r e s p e c t i v e l y .  
Peaks: 1 = CBZ-DIOL, 2 = CBZ-EP, 
( i n t e r n a l  s tandard) .  

Plasma l e v e l s  o f  

3 = CBZ, 4 = n i t razepam 
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t i m e s  o f  4.93, 3.10 and 2.45 min, r e s p e c t i v e l y .  I n  a d d i t i o n ,  

n i t razepam ( t h e  i n t e r n a l  s tandard )  has a r e t e n t i o n  t ime  o f  

5.56 min. The chromatogram represented i n  F IG.  2B i s  t y p i c a l  o f  

e x t r a c t e d  plasma samples f rom p a e d i a t r i c  p a t i e n t s  p r i o r  t o  

r e c e i v i n g  CBZ. FIG. 2C i s  r e p r e s e n t a t i v e  o f  t h e  chromatograms 

ob ta ined  f rom p a e d i a t r i c  p a t i e n t s  who have achieved s t e a d y - s t a t e  

l e v e l s  o f  CBZ. 

r e t e n t i o n  t i m e  o f  4.93 min, w h i l s t  t h e  two peaks w i t h  r e t e n t i o n  

t i m e s  o f  2.45 and 3.10 m in  correspond t o  CBZ-DIOL and CBZ-EP, 

r e s p e c t i v e l y .  The i n t e r n a l  s tandard (n i t razepam) i s  t h e  l o n g e s t  

r e t a i n e d  component w i t h  a r e t e n t i o n  t i m e  of 5.56 min. 

The peak a t t r i b u t a b l e  t o  t h e  pa ren t  drug has a 

Tab le  1 i n d i c a t e s  t h a t  t h e  recovery va lues f o r  CBZ, CBZ-EP 

and CBZ-DIOL ob ta ined  us ing  so l id-phase e x t r a c t i o n  columns a re  

i n f l u e n c e d  by t h e  composi t ion o f  t h e  s o l v e n t  used i n  t h e  washing 

procedure. 

o f  CBZ and CBZ-EP b u t  had t h e  r e v e r s e  e f f e c t  on t h e  more p o l a r  

CBZ-DIOL. Recovery o f  CBZ-DIOL was s i g n i f i c a n t l y  improved by 

l o w e r i n g  t h e  a c e t o n i t r i l e  component i n  t h e  wash (5%). 

a c e t o n i t r i l e  (95:5,v/v) was se lected,  t h e r e f o r e ,  f o r  t h e  second 

stage o f  t h e  washing procedure s i n c e  adequate r e c o v e r i e s  o f  a l l  

t h r e e  CBZ-related components (9422% i n  a l l  cases), w i t h  accep tab le  

r e p r o d u c i b i l i t y  ( c o e f f i c i e n t s  o f  v a r i a t i o n  <3% i n  a l l  cases), 

a r e  achieved us ing  t h i s  approach. 

High a c e t o n i t r i  1 e con ten t  (20%) p r o v i d e d  good recovery 

Aqueous 

C a l i b r a t i o n  curves were ob ta ined  by p l o t t i n g  graphs o f  t h e  

peak h e i g h t  r a t i o  CBZ o r  CBZ m e t a b o l i t e / i n t e r n a l  s tandard versus 

t h e  a c t u a l  c o n c e n t r a t i o n  o f  CBZ o r  CBZ m e t a b o l i t e  i n  sp i ked  
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TABLE 1 

Recovery of Carbamazepine and Two Major Metabolites from Plasma 
using Solid-Phase Extraction 

2nd s tage  wash - solvent composition 
P 1 asma 

vg/ml Water Acetoni t r i le  Acetoni t r i le  
Component Conc. Water - Water - 

95 : 5 8 0  : 20 

Recovery C V Recovery C V Recovery C V 
% % % % % % 

c BZ 10 61.80 4.17 92.98 2.92 88.00 3.31 

CBZ-EP 2 64.60 2.68 95.50 2.34 91.58 2.82 

C BZ-D IOL 2 85.77 4.43 95.02 2.57 29.90 6.25 

Nitrazeparn 1 0  56.30 2.90 87.34 7.08 94.81 3.13 

a l iquo t s  of plasma. 

working range 0-20 pg/ml f o r  C B Z  and 0-5 wg/ml f o r  each of the two 

C B Z  metabolites.  The cor re la t ion  coe f f i c i en t s  ( r )  and 

corresponding slope values were 0.994 and 0.155, 0.990 and 0.217, 

and 0.991 and  0.159 f o r  C B Z ,  CBZ-EP and  C B Z - D I O L ,  respectively.  

The graphs obtained were l i nea r  over the  

Table 2 shows the  e f f e c t s  o f  sample storage on t h e  

reproducib i l i ty  of r e su l t s  obtained u s i n g  t h i s  method. 

were ca r r i ed  out on two s e r i e s  of r ep l i ca t e  plasma samples 

containing e i t h e r  0.5, 0.25 and 0.25 vg/ml o r  5, 1 and 1 pg/ml 

f o r  C B Z ,  CBZ-EP and CBZ-DIOL, respectively.  These were stored a t  

-20°C and analysed a t  weekly in t e rva l s  up t o  8 weeks followed by a 

f i n a l  estimation a f t e r  3 months. Recovery values in the  range 

Analyses 
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TABLE 2 

HARTLEY ET AL. 

R e p r o d u c i b i l i t y  o f  Measurements Obtained f rom Samples Prepared i n 
Plasma - E f f e c t  o f  Storage a t  -2OOC. 

Conc. u g h 1  Recovery C o e f f i c i e n t  Number o f  
Component o f  v a r i a t i o n  determin-  

Added Determined % % a t i  ons 
~ ~ ~ ~ _ _  

C B Z  0.5 0.55 110.0 7.89 14 

5.0 5 .OO 100.0 6.02 1 5  

CBZ-EP 0.25 0.27 108.0 8.93 14 

1.0 1 .oo 100.0 6.00 1 5  

CBZ-DIOL 0.25 0.27 108.0 8.93 14 

1 .o 1.01 101.0 8.57 1 5  

105+5% and c o e f f i c i e n t s  o f  v a r i a t i o n  <8.95% i n d i c a t e  t h a t  s t o r a g e  

a t  -20°C f o r  up t o  3 months has l i t t l e  e f f e c t  on t h e  recovery o r  

r e p r o d u c i b i l i t y  o f  t h e  method descr ibed.  

DISCUSSION 

The method desc r ibed  p e r m i t s  t h e  s imul taneous determi n a t i o n  

o f  CBZ, CBZ-EP and CBZ-DIOL i n  plasma f r o m  e p i l e p t i c  p a t i e n t s .  

Rapid separa t i on  o f  CBZ and i t s  m e t a b o l i t e s  was achieved by us ing  

a t e r n a r y  mob i l e  phase ( a c e t o n i t r i l e - m e t h a n o l - w a t e r )  and a sho r t ,  

e f f i c i e n t  column (10cm x 8mm. I.D. Waters Assoc: Nova-Pak c18, 

4-um s p h e r i c a l  p a r t i c l e s ) .  The r e s o l u t i o n  p rov ided  by t h i s  

combinat ion i s  apparent f rom Tab le  3 which con ta ins  t h e  r e t e n t i o n  

d a t a  o f  a v a r i e t y  o f  drugs commonly used i n  p a e d i a t r i c  medicine. 
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TABLE 3 

R e t e n t i o n  Data o f  Some Drugs Commonly Used i n  P a e d i a t r i c  Medic ine.  

Retent  i o n  R e t e n t i o n  
Compound t i m e  Compound t i m e  

Acetazolamide < 2 m i n  
Theophyl 1 i ne 
Ca f f  e i  ne 
Cefuroxime 
Ch 1 o r o t  h i  a z i  de 
Acetami nophen 
C BZ-D IOL 2.45 
Ampici 11 i n  2.75 
Konakion ( V i t  K l ( 2 0 ) )  2.80 
Phenobarbi t o n e  2.92 
CBZ-EP 3.10 
Predni sone 3.95 

I1 

I1 

I t  

0 ,  

I 1  

~~ 

E t  hoxyzol ami de 
Ch lo rme th iazo le  

e d i  s y l  a t e  4.32 
Phenytoi n 4.34 
Predni  s o l  one 4.75 
CBZ 4.93 
C1 onazepam 5.37 
N i  trazepam 5.56 
10-methoxy CBZ 6.25 
Diazepam 13.3 5 
N e t i l m i c i n  N.P.* 
A c e t y l s a l i c y l i c  A c i d  N.P. 
D,L-a-Tocopherol N.P. 

4.07 m in  

*No peak observed up t o  20 min 

Phenobarbitone and p redn iso lone  a r e  t h e  o n l y  components l i s t e d  

wh ich  m igh t  i n t e r f e r e  w i t h  t h e  e s t i m a t i o n  o f  CBZ-EP and CBZ, 

r e s p e c t i v e l y ,  u s i n g  t h i s  method. 

The i s o c r a t i c  approach adopted here i s  qu i ck  and s imp le  

t o  ope ra te  compared wi th  t h e  g r a d i e n t - e l u t i o n  techn ique  employed 

by Wad [16] o r  t h e  column s w i t c h i n g  method w i t h  s tepped- f low 

g r a d i e n t  desc r ibed  by Kuhnz and Nau [18]. 

Kumps [141 and Kumps e t  a1 1171 desc r ibe  an i s o c r a t i c  approach 

u s i n g  a t e r n a r y  mob i l e  phase t o  achieve separa t i on  o f  

a n t i e p i l e p t i c  drugs which i n c l u d e d  CBZ and i t s  me tabo l i t es ,  b u t  i n  

b o t h  cases t h e  r e t e n t i o n  t imes o f  CBZ and i t s  m e t a b o l i t e s  were 

l o n g e r  t h a n  those r e p o r t e d  here. I n  a d d i t i o n  t o  p r o v i d i n g  a f a s t e r  

Two r e c e n t  papers by 
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2404 HARTLEY ET A L  

chromatographic separation, t he  present method demonstrates b e t t e r  

s e n s i t i v i t y  towards the  metabolites of CBZ than t h e  previously 

mentioned procedures used by Kumps and  co-workers [14,171. 

i s  because the  l a t t e r  employ UV detection a t  254 nm and 

d i f fe rences  i n  UV absorbance cha rac t e r i s t i c s  a t  t h i s  wavelength, 

a r i s i n g  from the absence o f  a double-bond i n  t h e  10 , l l -pos i t ion  of 

t h e  metabolites,  r e s u l t s  i n  poorer s e n s i t i v i t y  towards CBZ-EP and 

CBZ-DIOL. 

r e l a t i v e  responses of CBZ and i t s  metabolites a r e  more equal, i t  

i s  possible t o  achieve improved s e n s i t i v i t y  and e f f ec t  a 

s ign i f i can t  reduction in sample requirement. In paediatri  c 

p a t i e n t s ,  where sample volumes a r e  l imited,  t h i s  i s  pa r t i cu la r ly  

important. 

i n t e rna l  standard t o  accommodate la rge  d i f fe rences  in peak heights 

between C B Z  and i t s  metabolites "211. 

Thi s 

However by se lec t ing  a wavelength (214 n m )  where the  

This approach a l so  obviates t h e  need f o r  a double 

In cases where n i t  razepam i s co-admi ni s te red ,  an a1 t e r n a t  i ve 

in te rna l  standard w i  11 be required, so 10-methoxycarbamazepine 

(10-methoxyCBZ) was evaluated f o r  t h i s  purpose. This compound 

exh ib i t s  s imi l a r  ex t rac t ion  cha rac t e r i s t i c s  t o  CBZ,  CBZ-EP, C B Z -  

D I O L  and nitrazepam (recovery 92.98%) and has a s l i g h t l y  longer 

re ten t ion  time o f  6.25 min ( see  Table 3). 

The l a rge r  capacity (2.8 m l )  Bond E l u t  c18 ex t rac t ion  

columns were adopted because there  was l ess  risk o f  blockage from 

highly viscous plasma samples which are occasionally encountered. 

I n i t i a l  t r i a l s  with the smaller,  1 m l  capacity columns had 

indicated tha t  t h i s  could be a problem, pa r t i cu la r ly  with samples 
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which have been s t o r e d  f r o z e n  f o r  2-3 months. However, more 

r e c e n t l y  we have demonstrated t h a t  h i g h l y  v iscous plasma samples 

can be managed by s imply  d i l u t i n g  t h e  plasma w i t h  wa te r  (1:2).  

D i l u t i o n  can be accomplished on t h e  Bond E l u t  column d u r i n g  sample 

l oad ing ,  p r i o r  t o  a p p l y i n g  t h e  vacuum. T h i s  s imp le  remedy enables 

1 m l  Bond E l u t  c18 e x t r a c t i o n  columns t o  be used r o u t i n e l y .  

Plasma samples c o n t a i n i n g  6.33, 1.24, 0.5 and 10 u g h 1  o f  CBZ, 

CBZ-EP, CBZ-DIOL and nitrazepam, r e s p e c t i v e l y ,  which were 

e x t r a c t e d  u s i n g  t h e  s m a l l e r  c a p a c i t y  e x t r a c t i o n  columns, produced 

recove r ies  o f  89.22%, 93.46%, 88.56% and 97.22% f o r  t h e  r e s p e c t i v e  

components. I n  a l l  cases, t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  were l e s s  

than  6.30% (based on 5 de te rm ina t ions ) .  

o f  t h e  CBZ-related compounds compared w i t h  those  ob ta ined  u s i n g  

2.8 ml  c a p a c i t y  Bond E l u t  c18 columns are not s i g n i f i c a n t  and 

t h e  main advantage o f  u s i n g  t h e  sma l le r  c a p a c i t y  e x t r a c t i o n  

columns i s  t h e  reduced c o s t  f a c t o r .  However, i n  o r d e r  t o  m in im ise  

c o s t s ,  e x t r a c t i o n  columns can be regenerated f o r  r e p e t i t i v e  use by 

washing w i th  methanol as suggested by Kabra e t  a1 C221. 

The changes i n  recovery 

V a l i d a t i o n  o f  t h e  HPLC method by comparison o f  measured 

p a t i e n t  plasma l e v e l s  w i t h  r e s u l t s  ob ta ined  us ing  t h e  EMIT 

procedure was l i m i t e d  t o  CBZ de te rm ina t ions  s ince t h e  l a t t e r  

t e c h n i q u e  does n o t  a l l o w  q u a n t i t a t i o n  o f  t h e  two metabo l i t es .  

However, a n a l y s i s  o f  2 1  plasma samples w i t h  CBZ va lues which 

ranged f rom 2.4 t o  10.9 pg/ml as measured by EMIT (mean k SD 

= 5.93 k 1.91 pg/ml) revea led  a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  

between r e s u l t s  ob ta ined  u s i n g  b o t h  a n a l y t i c a l  procedures 
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2406 HARTLEY ET AL. 

( r  = 0.963, s l o p e  = 1.09, p <0.001) and a p a i r e d  "t" t e s t  showed 

no s i g n i f i c a n t  d i f f e r e n c e  between t h e  two s e t s  o f  d a t a  (p  >0.8). 

The method i s  be ing  used t o  measure s teady -s ta te  plasma 

l e v e l s  o f  CBZ, CBZ-EP and CBZ-DIOL i n  c h i l d r e n  r e c e i v i n g  c h r o n i c  

CBZ monotherapy and some p r e l i m i n a r y  r e s u l t s  are inc luded.  The 

mean CBZ dose f SD r e c e i v e d  by e i g h t  such p a t i e n t s  was 

7.09 f 2.48 mg/kg and t h i s  was admin i s te red  a t  12 h o u r l y  i n t e r v a l s  

(8.00 a.m. and 8.00 p.m.). Blood specimens were taken  p r i o r  t o  

each dose and a t  4 hours post-dose i n  a l l  cases. 

c o n c e n t r a t i o n s  _+ SO determined i n  pre-dose plasma samples were 

5.42 k 1.34, 1.02 f 0.33, and 3.03 fr 1.12 u g h 1  f o r  CBZ, CBZ-EP 

and CBZ-DIOL, r e s p e c t i v e l y .  The mean maximum concen t ra t i ons  

f SO ob ta ined  f r o m  post-dose plasma samples were 8.06 f 1.66, 

1.28 f 0.47 and 2.96 f 1.15 u g h 1  f o r  t he  same components. 

The mean minimum 
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