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STRAIGHT-PHASE I O N - P A I R  CHROMATOGRAPHY OF ZIMELIDINE AND SIMILAR 
DIVALENT AMINES 

PART I BIOANALYSIS 

Douglas Westerlund, Lars B N i l s s o n  and Yvonne Jaksch 
Department o f  A n a l y t i c a l  Chemist ry  

ASTRA LXKEMEDEL AB, Research and Development L a b o r a t o r i e s  
S-151 85 S o d e r t a l j e  SWEDEN 

ABSTRACT 

Methods a r e  presented f o r  t h e  q 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  
ZIMELIDINE, a new an t idep ressan t  drug,  and i t s  a c t i v e  m e t a b o l i t e  
norZIMELIDINE i n  b i o l o g i c a l  m a t e r i a l  (whole bfood, Dlasma, u r i n e  
and r a t  b r a i n ) .  The e x t r a c t i o n  i s  op t im ized  r e g a r d i n g  r e c o v e r i e s  
and b l a n k  chromatograms and the  compounds a r e  separated by h i g h  
performance i o n - p a i r  l i q u i d  chromagraphy w i t h  p e r c h l o r a t e  as 
coun te r  i o n  i n  the  s t a t i o n a r y  phase. I n t e r n a l  s tandards a r e  c h l o r  
pheniramine and t h e  geomet r i ca l  isomer t o  n o r z i m e l i d i n e .  The p re -  
c i s i o n  f o r  de te rm ina t ions  i n  plasma ranges 2 - 7 % (CV) f o r  t h e  
concen t ra t i ons  100 - 5 ng/ml, and t h e  d e t e c t i o n  l i m i t s  a r e  150 
pg/ml b u t  can be lowered about f i v e  t imes  by u s i n g  l a r g e r  sample 
volumes. The s e l e c t i v i t y  a g a i n s t  m e t a b o l i t e s  i s  i n v e s t i g a t e d  and 
t h e  use o f  t h e  method i n  r o u t i n e  i s  d iscussed.  The i s o l a t i o n  and 
i d e n t i f i c a t i o n  o f  t h e  p r imary  amine m e t a b o l i t e  by c o l l e c t i n g  t h e  
peak f o r  subsequent GC-MS-analysis i s  demonstrated. 

INTRODUCTION 

Z i m e l i d i n e  i s  a new an t idep ressan t ,  which l i k e  i t s  main me- 

t a b o l i t e ,  norZIMELIDINE i s  a r a t h e r  s e l e c t i v e  i n h i b i t o r  o f  t h e  up- 

take  o f  s e r o t o n i n  ( 1 ) .  Several c u r r e n t  i n v e s t i g a t i o n s  have s t r e s s -  

ed t h e  importance o f  m o n i t o r i n g  t h e  plasma l e v e l s  o f  p a t i e n t s  du r -  

i n g  t rea tmen t  w i t h  such drugs s i n c e  s teady s t a t e  l e v e l s ,  which a r e  

b o t h  t o o  l ow  and t o o  h igh ,  seem t o  r e s u l t  i n  l o w  e f f i c a c y ,  e.g. 

n o r t r i p t y l i n e  (2,  3, 4 )  a m i t r i p t y l i n e  (5, 6 )  p r o t r i p t y l i n e  ( 7 ) .  
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Copyright 0 1979 hy Marcel Dekker, Inc. All  Rights Reserved. Neither this work nor any part 
may be reproduced or transmitted in any form or by any means, electronic or mechanical, including 
photocopying, microfilming, and recording, or by any information storage and retrieval system, 
without permission in writing from the publisher. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



374 WESTERLUM), NILSSON, AND JAKSCH 

The determination of drugs a n d  metabolites in biological ma- 
t e r i a l  requires s e l ec t ive  and in many cases very sens i t i ve  analy- 
t i c a l  methods. The s e l e c t i v i t y  i s  needed because f requent ly  there 
i s  a c lose  s t ruc tu ra l  re la t ionship  between the  d r u g  and i t s  meta- 
bol  i t e s  and a1 so because the presence of many endogenic substances 
may d i s t u r b  the quant i ta t ion .  High  s e n s i t i v i t y  i s  of ten  needed, 
espec ia l ly  fo r  pharmacokinetic inves t iga t ions .  

Such h i g h  demands on the ana ly t ica l  method a r e  compatible 
only w i t h  ra ther  sophisticated techniques. For example the  t r i -  
cyc l ic  antidepressants have been determined in blood plasma by 
g a s  chromatography with flame ionisa t ion  ( 8 ) ,  electron-capture 
( 9 )  and nitrogen (10) de tec tors ,  a s  well a s  by mass fragmentogra- 
phy (11, 1 2 ) ,  and by HPLC and UV-detection (13) .  The a n t i h i s t a -  
minic d rug  brompheniramine, s t r u c t u r a l l y  re la ted  to  ZIMELIDINE, 
has been determined i n  biological f l u i d s  by gas chromatography 
using an e lec t ron  capture de tec tor  (14 ) .  

The method presented i n  t h i s  paper i s  based on ion-pair  pa r -  
t i t i o n  chromatography, a technique in which medium-size supports 
a r e  primarily used (15, 1 6 ) ,  b u t  where s i l i c a  micro p a r t i c l e s  a r e  
equally su i t ab le  a s  supports f o r  the s t a t iona ry  phase a s  demonst- 
rated i n  s tud ies  on sulphonamides ( 1 7 ) ,  aminophenols ( 1 8 ) ,  t r i -  
cyc l ic  antidepressants (13) ,  phenylacetic acid der iva t ives  (19), 
glucuronides and  sulfate-conjugates (20)  , and several amine-drugs 
and biogenic ac ids  ( 2 1 ) .  Some s tud ie s  on the chromatography of 
ZIMELIDINE have a l so  been published: a s  ch lor ide  ion-pair  on me- 
dium s i z e  ce l lu lose  ( 2 2 ) ,  as perchlorate ion-pair  on P a r t i s i l  10 
(23 ) ,  and with methanol/ammonium n i t r a t e  a s  mobile phase on Par- 
t i s i l  5 (24) .  A bioanalytical  method based on gas chromatography 
and e lec t ron  capture detection has a l so  recent ly  been submitted 
fo r  pub1 ication (25) .  

The chromatographic system used in this  study comprises an 
ac id ic  perchlorate solution a s  s t a t iona ry  phase on i r r egu la r  s i -  
l i c a  microparticles (5  p) with a mixture o f  methylene ch lor ide  
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ZIMELIDINE. I. BIOANALYSIS 375 

and n-butanol as m o b i l e  phase. I t s  b a s i c  chromatographic  proper-  

t i e s  w i l l  be desc r ibed  elsewhere ( 2 6 ) .  I n  t h i s  paper, a p p l i c a t i o n  

o f  t h i s  system t o  b i o a n a l y s i s  i s  descr ibed.  

EXPERIMENTAL 

Apparatus 

The chromatographic equipment comprised a Mi l ton-Roy Minipump 

w i t h  a pu l se  dampener (Labora to ry  Data Con t ro l  (LDC) Model 711-47 

s o l  v e n t  d e l  i v e r y  system) ; a UV-detector w i th  a f i x e d  wave1 ength 

o f  254 nm, (LDC Model 1265 UV m o n i t o r  and a Waters Model 440, 

equipped w i t h  8 and 10 pl f l o w  c e l l s  r e s p e c t i v e l y ) ,  and w i t h  va- 

r i a b l e  wavelength ( C e c i l  212 w i t h  a 8 ~ 1  f l o w  c e l l  used a t  262 

nm); t h e  i n j e c t o r  was e i t h e r  Valco, 7000 o r  6000 p s i ,  equipped 

w i t h  a s h o r t  t e f l o n  tube, 20 x 0.5 mm (1 x i . d . ) ,  a t  t h e  l o o p  i n -  

l e t  f o r  d i r e c t  i n j e c t i o n  w i t h  a sy r inge ,  o r  Rheodyne Model 7120. 

The columns were o f  p r e c i s i o n - b o r e  316 s t a i n l e s s  s t e e l  ( A l -  

t e x  o r  Handy ii Harman) , l e n g t h  150 mm, I D  4 mm, OD 1 /4  i n . ,  and 

were equipped w i t h  mod i f i ed ,  ze ro  dead volume, SVAGELOK end f i t t-  

i n g s  and bed suppor ts  w i t h  2 Fm f r i t s  ( A l t e x ) .  

temperature i n  a c o o l i n g  i n c u b a t o r ,  Termaks 2000 (Norway). An 

a i r - d r i v e n  g a s - a m p l i f i e r  pump, Haskel 7150-C, was used f o r  t h e  

column packing. 

S t a t i c  pho tomet r i c  measurements were c a r r i e d  o u t  w i th  a 

Zeiss Spektra lphotometer  PMQ I 1  and t h e  pH measurements w i t h  

an O r i o n  D i g i t a l  I o n a l y z e r  model 801 A. 
U l t r a s o n i c  d i s i n t e g r a t i o n s  were performed w i t h  a Labsonic 

1510 ( B  Braun Melsungen AG, West Germany), and u l t r a s o n i c  homo- 

g e n i s a t i o n s  o f  t h e  pack ing s l u r r y  w i t h  a Bransonic  220 (Branson, 

Heusenstamm, West Germany). L i q u i d  s c i n t i l l a t i o n  measurements 

P a r t s  o f  t h e  l i q u i d  chromatograph were kep t  a t  a cons tan t  
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376 WESTERLUND, NILSSON, AND JAKSCH 

were performed on a Packard T r i c a r b  2450. GC-MS s t u d i e s  were per-  

formed on a LKB 2091. E x t r a c t i o n s  were performed w i t h  a r o t a t i n g  

dev i ce ,  Heto RK 20 VS (Denmark). 

Chemicals and Reagents 

ZIMELIDINE and norZIMELIDINE were used as t h e  hyd roch lo r i des ,  

t he  norZIMELIDINE E-isomer ( X )  as t h e  o x a l a t e  and ch lo rphen i rami -  

ne as t h e  maleate s a l t .  The m e t a b o l i t e s  and o t h e r  ZIMELIDINE-l ike 

compounds were used as bases, hyd roch lo r i des  o r  oxa la tes .  The 

chemical s t r u c t u r e s  o f  t h e  compounds a r e  g i v e n  i n  F i g  3.  

Dichloromethane,70 % p e r c h l o r i c  a c i d  and sodium p e r c h l o r a t e  

were z u r  Analyse p roduc ts  f rom E Merck, (Darmstadt, GFH). The 

n - b u t y l a l c o h o l ,  "Pronalys" ,  was f rom May & Baker (England) .  D i -  
e t h y l  e the r ,  anhydrous, f rom May & Baker (England) and n-hexane, 

f u r  d i e  Spektroskopie,  f rom E Merck (Darmstadt) were used f o r  

t h e  e x t r a c t i o n s .  

r i s s ,  (E Merck, Darmstadt) and hexanes ( c e r t i f i e d ;  F i s h e r  Scien- 

t i f i c ,  US) were used f o r  column pack ing.  

A l l  o t h e r  chemicals  used were o f  a n a l y t i c a l  grade o r  c o r r e -  

sponding q u a l i t y .  INSTAGEL (Packard, USA) was used as s c i n t i l l a -  

t i o n  c o c k t a i l ,  

1 ,1 ,Z,Z-tetrabromoethane, purum, t e t r a c h l o r o e t h y l e n e ,  pu- 

Chromatographic Support 

P a r t i s i  1 5, i r r e g u l a r  s i l  i c a - m i c r o p a r t i c l e s  (mean p a r t i c l e  

s i z e  6 pm) f rom Whatman, Enqland was used. 

Column Packing and Coat ing 

The columns were packed by a balanced d e n s i t y  s l u r r y  tech-  

n ique.  A s l u r r y  o f  1.6 g o f  P a r t i s i l  5 and 16 m l  o f  t h e  balanced 
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ZIMELIDINE. I. BIOANALYSIS 377 

the balanced dens i ty  mixture has 
with about 200 ml of hexane and 
methanol before coating with the  

For coating about 100 m l  of 
phase and acetone, 75 + 25 v / v ,  

dens i ty  mixture (tetrabromoethane + tetrachloroethylene 6+4 w / w )  
i s  prepared by treatment with an u l t rasonic  bath f o r  1 m i n .  The 
s lu r ry  i s  t ransfer red  t o  the r e se rvo i r ,  a s t a i n l e s s  s t e e l  column 
300 x 9 mm (1  x i . d . )  t o  which the ana ly t ica l  column, 150 x 4 m m ,  
f i l l e d  with the balanced density mixture i s  attached. Another few 
ml of the  balanced density mixture i s  p u t  above the  s l u r r y  a n d  
f i n a l l y  the  column i s  completely f i l l e d  with hexane and attached 
t o  a 5 m long s t a i n l e s s  s t ee l  tube equipped with a manometer a n d  
a whitey-valve. W i t h  the valve in the  closed pos i t ion ,  t he  pressu- 
r e  i s  raised t o  about 400 bars by pumping  hexane, t he  valve i s  
then opened t o  p u s h  the  s lu r ry  in to  the  ana ly t ica l  column. When 

passed, t he  column i s  washed 
00 m l  of dichlorornethane and 
s t a t iona ry  phase. 
a mixture of the s t a t iona ry  
s pumped through the column 

a t  a flow r a t e  of about 1 ml/min. The column i s  t ransfer red  t o  
the  thermostated incubator,  attached t o  the in jec t ion  valve, and 
the de tec tor  and mobile phase, which has been ca re fu l ly  e q u i l i -  
brated with the s ta t ionary  phase by shaking f o r  a t  l e a s t  1 h ,  i s  
pumped through the system a t  t h a t  flow r a t e  which i s  t o  be used 
in the  ana ly t ica l  determinations, normally about 0 .8  ml/min. 

then s t a b l e  f o r  months. The mobile phase in  the r e se rvo i r ,  about 
1 / 2  1 ,  i s  covered by a layer of s t a t iona ry  phase, 75 - 100 ml, 

The equi l ibra t ion  takes place overnight,  b u t  the system i s  

phase. 
l e  phase 

in order t o  maintain a careful equ i l ib ra t ion  of the 
The column, t h e  de tec tor  and the supply o f  mob 

where kept in an a i r  thermostat a t  23.0 - + 0.3OC. 
The volume o f  the s t a t iona ry  phase (V,) on the  

was 0.79 m l  a s  determined by e lu t ing  the column w i t  

column 

an- 
hydrous methanol and measuring the water content by a Karl 
Fischer t i t r a t i o n .  The void volume of mobile phase ( V m )  was de- 
termined a s  1.02 ml by in jec t ion  o f  an unretained sample ( to lue-  
ne) .  
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3 78 WESTERLUND, NILSSON, AND JAKSCH 

Determination of Distribution Data 

Determination of ex t rac t ion  y ie lds  from plasma were perform- 
ed with radioactive compounds; 14C-ZIMELIDINE ( spec i f i c  a c t i v i t y  
= 7.41 x 10 becquerel/mmol, l abe l led  in the aminomethyl g r o u p )  
a n d  H-norZIMELIDINE ( spec i f i c  a c t i v i t y  = 2.53 x l o7 ,  becquerel/ 
mmol unspec i f ica l ly  l abe l l ed ) .  The compounds were incubated with 
plasma for  = 30 min before the ex t rac t ion  t h a t  was performed i n  
centrifuge tubes a t  room temperature. After cen t r i fuga t ion  a t  
2000 - 3000 rpm f o r  5 - 10 minutes an a l iquo t  of the organic 
phase was pipetted in to  a counting v i a l ,  10 ml of INSTAGEL was 
added and the samples were measured by l iqu id  s c i n t i l l a t i o n .  The 
quant i ta t ions  were made in the external standard r a t i o  mode and 
only chemical quenching was assumed. 

7 
3 

Analytical Methods 

Chromatographlr-systell! 
S u p p o r t :  P a r t i s i l  5 
Stationary phase: 
Mobile phase: dichloromethane + n-butanol (89 + 11 v / v )  

0.2 M HC104 + 0.8 M NaC104 

carefu l ly  equi l ibra ted  with the s t a t iona ry  
phase 

Flow r a t e :  0.7 - 0.8 ml/min 

Fxtra_c_tzJn 
A Plasma and whole blood 
1 1.0 ml sample + 10 p1 each o f  in te rna l  standard so lu t ions  

CHLORPHENIRAMINE and norZIMELIDINE E-isomer + 
1 m l  1 M NaOH a re  mixed and extracted f o r  20 min with 5.0 ml 
diethyl e the r  / n-hexane (80 + 20 v / v ) .  
After cen t r i fuga t ion  f o r  6 min a t  2500 - 3000 rpm the  organ- 
i c  phase i s  t ransfer red  with a pasteur p ipe t t e  to a small 

2 
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ZIMELIDINE. I. BIOANALYSIS 379 

g l a s s  tube and evaporated a t  room temperature u s i n g  a g e n t l e  

stream o f  compressed a i r .  

100 p l  o f  t h e  mob i l e  phase i s  added t o  t h e  tube and t h e  

r e s i d u e  i s  d i s s o l v e d  by t rea tmen t  w i t h  a W h i r l i m i x e r  f o r  

10 - 15 s 
The s o l u t i o n  i s  i n j e c t e d  on t h e  separa t i on  column u s i n g  an 

i n j e c t i o n  v a l v e  equipped w i t h  an 80 ~1 loop.  

The q u a n t i t a t i o n s  a r e  made f rom a s tandard cu rve  r e l a t i n g  

t h e  peak h e i g h t  r a t i o s  o f  t h e  samples t o  t h e  i n t e r n a l  stand- 

a rds  vs t h e  concen t ra t i ons ,  and ob ta ined  by a n a l y z i n g  known 

amounts o f  t h e  compounds added t o  plasma. 

U r i n e  

U r i n e  no rma l l y  con ta ins  such a h i g h  c o n t e n t  o f  t h e  com- 

pounds t h a t  t h e  e x t r a c t i o n  can be performed on d i l u t e d  

samples. The same e x t r a c t i o n s  as f o r  plasma a r e  a p p l i c a b l e .  

Rat  b r a i n  

The b r a i n  m a t e r i a l  has, l i k e  u r i n e ,  a r a t h e r  h i g h  c o n t e n t  
o f  t h e  compounds t o  be analysed and de te rm ina t ions  a r e  

n o r m a l l y  performed on d i l u t e d  samples. 

The b r a i n s  a r e  homogenized by u l t r a s o n i c  d i s i n t e g r a t i o n  

( o u t p u t  power: 350 W )  a f t e r  t h e  a d d i t i o n  o f  about 2 m l  o f  

deonized water .  The homogenate i s  d i l u t e d  t o  25.00 m l  w i t h  

water ,  and 0.5 m l  o f  t h e  suspension i s  analyzed acco rd ing  

t o  t h e  same method g i ven  f o r  plasma samples. 

I d e n t i f i c a t i o n  o f  t he  ZIMELIDINE Pr imary Amine M e t a b o l i t e  

F i v e  m l  a l k a l i n i z e d  u r i n e  was e x t r a c t e d  w i t h  t e n  m l  o f  t h e  

d i e t h y l  e t h e r  - hexane m i x t u r e  and a f t e r  t h e  chromatographic se- 

p a r a t i o n  t h e  p r i m a r y  amine peak, c o n t a i n i n g  3 - 4 pg  o f  t h e  com- 

pound, was c o l l e c t e d  and t h e  m o b i l e  phase was evaporated a t  room 

temperature under a g e n t l e  stream o f  a i r .  The r e s i d u e  was d i s s o l v -  

ed i n  100 ~1 o f  t h e  mob i l e  phase and rechromatographed f o r  p u r i -  

f i c a t i o n .  A f t e r  evapora t i on  o f  t h e  e l u e n t  f rom t h e  c o l l e c t e d  peak, 
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380 WESTERLUND, NILSSON, AND JAKSCH 

equal volumes o f  an a l k a l i n e  b u f f e r  and methy lene c h l o r i d e  were 

added and the  amine e x t r a c t e d  f rom accompanying p e r c h l o r a t e  i ons .  

The o rgan ic  phase was then  evaporated and t h e  r e s i d u e  was t r e a t e d  

w i t h  100 p1  o f  t r i f l u o r o a c e t i c  anhydr ide a t  5OoC f o r  15 minutes.  

The s o l u t i o n  was evaporated under n i t r o g e n  and t h e  r e s i d u e  d i s -  

so l ved  i n  100 p1 o f  e t h y l  ace ta te .  The i d e n t i f i c a t i o n  was per-  

formed by mass fragmentography by simultaneous r e c o r d i n g  of f o u r  

t y p i c a l  fragments (m/e 384 (Mt), 271 (base peak) ,  386 and 273 

(bromine i s o t o p e s ) )  and comparing w i t h  s y n t h e t i c  compound. (GC-  

c o n d i t i o n s :  3 % OV-17 on Gas Chrom Q (100 - 120 mesh); 25OOC). 

RESULTS AND DISCUSSIONS 

E x t r a c t i o n  from Plasma 

In e x t r a c t i o n s  f rom b i o l o g i c a l  m a t e r i a l s  i t  i s  i m p o r t a n t  t o  

avoid e x t r a c t i o n  systems t h a t  g i v e  v e r y  h i g h  d i s t r i b u t i o n  r a t i o s  

s i n c e  t h i s  i nc reases  t h e  r i s k  o f  c o e x t r a c t i o n  o f  i n t e r f e r i n g  en- 

dogenous compounds. The complex-binding by endogenous macromole- 

cu les  (e.g.  27) can decrease t h e  d i s t r i b u t i o n  r a t i o  o f  compounds 

t o  be analysed, b u t  an i nc rease  i n  e x t r a c t i o n  caused by t h e  b i o -  

l o g i c a l  m a t e r i a l  has a l s o  been observed i n  some cases, e.g. f o r  
amines and a qua te rna ry  ammonium compound i n  serum ( 2 8 ) .  Q u a n t i -  

t a t i v e  e x t r a c t i o n  of t h e  drug w i l l  o f  course i nc rease  t h e  s e n s i t i -  

v i t y  o f  t h e  a n a l y t i c a l  method and i t  i s  a l s o  b e n e f i c i a l  f o r  i t s  

r e p r o d u c i b i l i t y .  

The amines can be e x t r a c t e d  i n t o  an o r g a n i c  s o l v e n t  as bases 

o r  as i o n - p a i r s  and b o t h  p o s s i b i l i t i e s  were t r i e d .  Hexane was cho- 

sen as t h e  main s o l v e n t  f o r  t h e  base e x t r a c t i o n s  s i n c e  i t  i s  non- 

p o l a r  and g i v e s  a l o w  c o e x t r a c t i o n  o f  endogenous compounds. D i s -  

t r i b u t i o n  data,  - l o g  kd x K I H A  i s  6.52 f o r  ZIMELIDINE and 8.4 

f o r  norZIMELIDINE, i n d i c a t e  t h a t  q u a n t i t a t i v e  e x t r a c t i o n  should 

be ach ievab le  a t  pH>10.5 w i t h  equal phase volumes. The r e c o v e r i e s  
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f r om plasma a t  pH 11.5 were however, v e r y  l o w  (Table 1 ) ,  and s i n c e  
t h e y  i nc rease  w i t h  t h e  c o n c e n t r a t i o n , l o s s e s  by a d s o r p t i o n  a r e  i n -  
d i c a t e d .  S i l a n i z a t i o n  o f  t h e  equipment d i d  n o t  improve t h e  r e -  

s u l t s .  

NorZIMELIDINE i s  a secondary amine t h a t  i s  s o l v a t e d  by  hydro- 

gen-accept ing s o l v e n t s .  D i e t h y l  e the r ,  d i i s o p r o p y l  e t h e r ,  e t h y l  
ace ta te ,  bu tano l ,  t o l u e n e  and t h e  hydrogen-donating h e p t a f l u o r o -  

bu tano l  were t r i e d  as e x t r a c t i o n  media. The b e s t  r e s u l t s  were 
ob ta ined  w i th  n-hexane-d iethy l  e t h e r  m i x t u r e s  and a q u a n t i t a t i v e  
recove ry  i s  ob ta ined  w i t h  80 % o f  d i e t h y l  e t h e r  (Table 2 ) ;  The 
e x t r a c t  gave a good b lank  chromatogram ( F i g  1)  which has l a r g e  
peaks a t  t h e  f r o n t  b u t  i s  c lean  a f t e r  3 minutes.  The use o f  pure 
d i e t h y l  e t h e r  g i v e s  d i s tu rbances  i n  t h e  chromatogram n e c e s s i t a t i n g  
f u r t h e r  c l e a n i n g  up e x t r a c t i o n  s teps  ( c . f .  2 2 2 3 ) .  D i f f e r e n t  
e x t r a c t i o n  t imes, 10 - 60 min, d i d  n o t  a f f e c t  t h e  r e c o v e r y  n o r  d i d  
a v a r i a t i o n  i n  pH between 10.5 and 11.5. 

The compounds a r e  d i v a l e n t  amines and can be e x t r a c t e d  as 

TABLE 1 
E x t r a c t i o n  Of NorZIMELIDINE f rom Plasma w i t h  Hexane 

Procedure: Plasma (pH 11.5) e x t r a c t e d  w i t h  an equal volume o f  
hexane a f t e r  i n c u b a t i o n  f o r  60 min w i t h  norZIMELIDINE. The organ- 
i c  phase i s  evaporated and t h e  r e s i d u e  i s  measured by  l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g  a f t e r  a d d i t i o n  o f  INSTAGEL. 

n g h l  Recovery ( X )  

20 
50 

100 

2.0 
12.5 
28 

Sample : 3H-1 abe l  ed norZIMELIDINE 
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382 WESTERLUND, NILSSON, AND JAKSCH 

TABLE 2 
Extraction of NorZIMELIDINE from PLASMA w i t h  Hexane-Diethylether 
Mixtures 

Sample: 'H-labeled norZIMELIDINE, 250 ng/ml 

Procedure: 2.0 m l  plasma t 0.5 ml 5 M NaOH a r e  extracted with 
4.0 ml organic phase, followed by evaporation and measurements 
by l iqu id  s c i n t i l l a t i o n .  

Extraction medium X extracted 

Diethyl e the r  100 

(80 t 20 v / v )  99.7 
Diethyl e the r  t hexane 

Diethyl e the r  + hexane 
(50 t 50 v / v )  84.8 

1 t 1 and/or 1 t 2 ion-pairs depending on pH and the hydrophobi- 
c i t y  o f  the counter ion. With small ions the 1 t 1 ion-pair  i s  
usually eas i e r  t o  ex t r ac t  while la rge  hydrophobic anions a r e  ex- 
pected t o  increase the ex t rac t ion  of the 1 t 2 ion-pair  (28, 29).  

Screening experiments were made with 2-naphthalenesulfonate (BNS) 
and perchlorate a t  pH 3 using methylene ch lor ide .  I t  can be as- 
sumed t h a t  ex t rac t ion  of a 1 t 1 ion-pair dominates a t  t h i s  pH. 
The r e s u l t s ,  given in Table 3 ,  show t h a t  r a the r  low degrees of 
ex t rac t ion  a r e  obtained f o r  norZIMELIDINE both from aqueous so- 
lu t ions  and plasma. An i n t e re s t ing  f a c t  i s  t h a t  addition of plas- 
ma gives a d r a s t i c  decrease in the  d i s t r ibu t ion  r a t i o  of the  
BNS ion-pairs,  while a considerable increase i s  observed with 
perchlorate as the counter ion. The l a s t  observation i s  in ac- 
cordance with the f ind ings  in r e f  (28) ,  while the r e s u l t s  with 
BNS might be due t o  strong protein-binding of t h i s  counter ion 
( c . f .  31) .  
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A = 0.001 I 

c 1 
A 

I 1 I I 1 I I 1 I I I 
min 10 8 6 4 2 

F i g  1 B lank Chromatogram f rom Plasma 

Procedure: Accord ing t o  " A n a l y t i c a l  Method" 
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384 WESTERLUND, NILSSON, AND JAKSCH 

T A B L E  3 
Ion-Pair  Ext rac t ion  of ZIMELIDINE and NorZIMELIDINE from Plasma 

Sample: 

Procedure: Aqueous o r  plasma s o l u t i o n s  of  the sample a r e  mixed 

with counter  ion s o l u t i o n  ( f i n a l  pH = 3 )  and e x t r a c t e d  with an 
equal volume o f  methylene c h l o r i d e .  The organic  phase i s  evapo- 
r a t e d  and measured by l i q u i d  s c i n t i l l a t i o n  count ing .  

Counter ion s o l u t i o n s :  2 -naphtha lenesul fona te  (BNS) 0.2 M 

14C-labeled Z I M E L I D I N E  and 3H-labeled norZIMELIDINE 

p e r c h l o r a t e  1 M 

Compound n g h l  Counter Milieu % e x t r a c t e d  
ion 

ZIMELIDINE 
I, 

I t  

I, 

,I 

I 1  

NorZIMELIDINE 
I, 

20 
I, 

100 
I 1  

20 
II 

100 
! I  

20 
11 

100 
I, 

20 

100 

BNS 
I, 

c104 
I I  

BNS 
I, 

I, 

I, 

c1 o4 

II 

water  
plasma 
water  
plasma 
water  
plasma 
water  
plasma 
water  
plasma 
water  
plasma 
water  
plasma 
water  
plasma 

44.2 
19.9 
53.0 
8 . 9  

48.0 
93.3 
47.7 
93.2 
13.4 
4.2 

11.5 
2.8 
8 . 4  

27.7 
5.9 

21.8 
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I n t e r n a l  Standard 

I t  i s  well-known t h a t  amines o f t e n  have t h e  tendency o f  
g e t t i n g  adsorbed t o  g l a s s  boundar ies i n  e x t r a c t i o n  and evapora- 
t i o n  vesse ls  ( 3 2 )  g i v i n g  r i s e  t o  l osses  o f  t h e  compounds d u r i n g  
an a n a l y t i c a l  procedure. The i o n i c  s t r e n g t h ,  t h e  techn ique  o f  
t r a n s f e r r i n g  t h e  o rgan ic  phase and s i l a n i z a t i o n  o f  t h e  equipment 
may reduce t h e  l osses  (28) as w e l l  as the  a d d i t i o n  o f  adsorp-  
t i o n  i n h i b i t o r s  such as a l c o h o l s  (e.g. 28), o r  amines (33),  and 

by u s i n g  r e e x t r a c t i o n  i ns tead  o f  e v a p o r a t i o n  (34) .  

l o s s e s  f r e q u e n t l y  occu r red  wi th  norZIMELIDINE and seve ra l  o f  t h e  

above mentioned p o s s i b i l i t i e s  o f  reduc ing  t h e  l osses  were t r i e d ,  
b u t  none increased t h e  e x t r a c t i o n  t o  an accep tab le  l e v e l .  

P r e l i m i n a r y  e x t r a c t i o n  s t u d i e s  showed t h a t  severe a d s o r p t i o n  

Compensation f o r  a d s o r p t i o n  l osses  by  use o f  an i n t e r n a l  
s tandard p u t s  severe r e s t r i c t i o n s  on t h e  s t r u c t u r e  o f  t h e  i n t e n d -  
ed compound. The geomet r i ca l  isomer o f  norZIMELIDINE ( X  i n  F i g  3 )  
was t r i e d  as i n t e r n a l  s tandard f o r  b o t h  norZIMELIDINE and ZIME- 
LIDINE and t h e  r e s u l t i n g  s tandard curves a r e  shown i n  F i g  2. Th is  
works w e l l  w i t h  norZIMELIDINE, b u t  f o r  ZIMELIDINE t h e  r a t i o  in -  

creases a lmos t  e x p o n e n t i a l l y  w i t h  c o n c e n t r a t i o n  i l l u s t r a t i n g  t h e  
h i g h e r  a d s o r p t i o n  l osses  o f  t h e  s tandard compared t o  t h e  t e r t i a r y  

ami ne . 
The a d s o r p t i o n  l osses  o f  ZIMELIDINE a r e  i n  most cases n e g l i -  

g i b l e ,  and i t  i s  p o s s i b l e  t o  use e x t e r n a l  s tandards f o r  t h i s  com- 
pound. The a p p l i c a t i o n  o f  an i n t e r n a l  s tandard has however t h e  i m -  
p o r t a n t  advantage o f  l a r g e l y  s i m p l i f y i n g  t h e  r o u t i n e  work: i t  i s  
n o t  necessary t o  work w i t h  e x a c t l y  known volumes i n  t h e  d i f f e r e n t  
t r a n s f e r  procedures i n  t h e  a n a l y t i c a l  method. Fur thermore sma l l  

v a r i a t i o n s  i n  t h e  chromatographic  system (e.g. t h e  f l ow  r a t e )  
t h a t  a f f e c t  t h e  peak shapes can a l s o  be compensated by t h e  i n t e r -  
n a l  s tandard technique,  improv ing  t h e  p r e c i s i o n  and r e p r o d u c i b i l i -  

ty. Chlorpheni ramine was found t o  g i v e  a s u i t a b l e  r e t e n t i o n  t i m e  
and good standard cu rves  and was chosen as t h e  i n t e r n a l  s tandard  
f o r  ZIMELIDINE. 
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386 WESTERLUND, NILSSON, AND JAKSCH 

17.3 

Peak height ratio 

i 2 

n 

10 30 50 ng/ml 

F i g  2 Standard Curves o f  ZIMELIDINE and NorZIMELIDINE 
Internal Standard: Geometrical Isomer to NorZIMELIDINE 

ZIMELIDINE 
0 norZIMELIDINE 
Content o f  internal standard: 100 ng/ml 
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S e l e c t  i v i  t y  

The m e t a b o l i t e s  o f  ZIMELIDINE ( 3 5 )  i s o l a t e d  f rom r a t  u r i n e  
a f t e r  o r a l  and in t ravenous  a d m i n i s t r a t i o n  a r e  summarized i n  F i g  3. 

The main m e t a b o l i t e s  a r e  norZIMELIDINE, t h e  amine ox ide  ( I )  and 

t h e  a c i d s  ( V I  and V I I ) .  These compounds as w e l l  as t h e  p r i m a r y  

amine ( X I )  have a l s o  been found i n  human u r i n e .  

Capac i t y  r a t i o s  and s e l e c t i v i t y  f a c t o r s  o f  t h e  most i m p o r t a n t  

m e t a b o l i t e s  r e l a t i v e  t o  ZIMELIDINE, norZIMELIDINE, t h e  E-isomer o f  

norZIMELIDINE (X) and ch lo rphen i ramine  a r e  g i v e n  i n  Table 4. It i s  

shown t h a t  a complete chromatographic separa t i on  i s  e a s i l y  ache iv -  

ed. It i s  n o t  l i k e l y  t h a t  t h e  amine ox ides  (I, 11, I V ,  V I I I ,  and 

I X )  and t h e  ac ids  ( V I  and V I I )  a r e  e x t r a c t e d  i n  t h e  " A n a l y t i c a l  

method f o r  b i o l o g i c a l  samples". The aldehyde (V) i s  p robab ly  more 

hydrophobic  t h a n  t h e  a c i d s  and w i l l  consequent ly  be e l u t e d  near  

t h e  f r o n t  g i v i n g  v e r y  h i g h  s e l e c t i v i t y  f a c t o r s .  

Other  agents t h a t  may be used as w e l l  as ZIMELIDINE i n  t h e  

c l i n i c a l  s t u d i e s  a r e  bensodiazepines, which a r e  e l u t e d  v e r y  ear-  

l y  i n  t h e  chromatogram (diazepam k I f  = 0, n i t razepam k I f  = 0.47, 

and oxazepam k I f  = 0.20) and consequent ly  do n o t  i n t e r f e r e  i n  t h e  

de te rm ina t ions .  The an t i dep ressan ts  a m i t r y p l i n e ,  imipramine,  

ch loro imipramine,  n o r t r i p t y l i n e ,  des ipramine and p r o t r i p t y l i n e  

be ing  hydrophobic monovalent amines a r e  a l s o  e l u t e d  w i t h  t h e  

f r o n t ,  w h i l e  opipramole, a d i v a l e n t  amine, g i v e s  k B f  = 1.78, 

i . e .  a s e l e c t i v i t y  f a c t o r  a g a i n s t  ZIMELIDINE o f  1.33, b u t  which 

i s  e l u t e d  toge the r  w i t h  t h e  i n t e r n a l  s tandard ch lo rphen i ramine .  

De te rm ina t ion  i n  plasma 

A chromatogram f rom a r e p r e s e n t a t i v e  sample o f  human plasma 

i s  shown i n  F i g  4. The peaks a r e  e l u t e d  on a c l e a n  b a s e l i n e  

w i t h i n  8 minutes and t h e  n i c e  appearance i s  due t o  t h e  r a t h e r  

s p e c i f i c  e x t r a c t i o n  s tep  where o n l y  hydrophobic b a s i c  and neut-  
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R,  R, R 3  Compound 

Zimelidine - -CH, N(CH, ), H 

Norzimelidine - -CH,NHCH, H 

I 

II 

H 

H 

Ill - -CH,NHCOCH, H 

IV 

V 

VI  

VI I  

Vlll 

n 

-CHO 

-COOH 

H -COOH 

-COOH H 

IX  0 H -COOH 

X’ 1 

XI 

H -CH2NHCH, - 

- -CH, NH, H 

Chlorpheniramine” 

Compounds I - IX  were identified as metabolites by J. L u n d ~ t r O m ~ ~  

a ’  Internal standard 

F i g  3 Chemical Structures o f  ZIMELIDINE and Metabolites 
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ZIMELIDINE. I. BIOANALYSIS 389 

TABLE 4 

S e l e c t i v i t y  between A n a l y t i c a l  Objects  and M e t a b o l i t e s  

Compound l o g  a vs 

X I  ( p r im .  amine) 0.821 0.571 0.449 0.330 0.243 

I (amine ox ide )  0.137 0.114 0.236 0.354 0.441 

V I  ( a c i d )  0.523 0.773 0.896 1.014 1 . l oo  

111 ( a c e t y l a t e d  
pr im.  amine) <-0.52 >0.77 >0.90 >1.01 >1.10 

r a l  compounds a r e  e x t r a c t e d ,  and fu r the rmore  t h a t  i o n - p a i r s  of 

monovalent amines have much h i g h e r  d i s t r i b u t i o n  r a t i o s  than  those 

o f  d i v a l e n t  amines o f  s i m i l a r  s i z e  i n  t h e  chromatographic  system. 
Plasma f rom r a t s ,  dogs and humans have been analyzed and no 

d i s t u r b i n g  peaks have y e t  been observed. 

Some d a t a  on recove ry  and p r e c i s i o n  ( C V )  a r e  g i v e n  i n  Table 

5. Concentrat ions down t o  1 ng/ml can be determined w i t h  accept-  

ab le  p r e c i s i o n  p rov ided  t h a t  1 m l  plasma i s  taken f o r  a n a l y s i s ,  

and t h e  d e t e c t i o n  l i m i t s ,  d e f i n e d  as 3 t imes  t h e  n o i s e  o f  t h e  
b a s e l i n e  ( d e t e c t o r  - Waters model 440) a r e  abou t  150 pg/ml under 

these c o n d i t i o n s ,  b u t  t hey  can be improved f u r t h e r  by t a k i n g  

l a r g e r  plasma samples as demonstrated i n  t h e  t a b l e .  An i l l u s t r a -  

t i o n  o f  t h e  appearance o f  t h e  chromatogram f rom t h e  determina-  

t i o n  o f  100 pg/ml i s  a l s o  g i ven  ( F i g  5 ) .  Such a h igh  s e n s i t i v i -  

t y  i s  of v i t a l  impor tance i n  pharmacokinet ic  s tud ies .  
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J 
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A = 0.001 I 

1 

I I I I 1 I I I I I 
min 8 6 4 2 

Fig 4 Chromatogram from Plasma Sample 
Analysis according to "Analytical Methods" 

1 CHLORPHENIRAMINE 100 ng/ml 
2 ZIMELIDINE 20 ng/ml 
3 norZIMELIDINE 20 ng/rnl 
4 norZIMELIDINE E-isomer ( X )  100 ng/ml 
Detector: Waters model 440 at 254 nm 
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ZIMELIDINE. I. BIOANALYSIS 39 1 

TABLE 5 

Q u a n t i t a t i v e  Determinations of ZIMELIDINE and NorZIMELIDINE i n  
plasma 

The de te rmina t ions  were made according t o  the "Analyt ical  method" 
b u t  performed w i t h  d i f f e r e n t  amounts of plasma: 

A 1 ml o f  plasma; the s tandard  curve comprising 10 s tandards  
i n  the  range 1 - 150 ng/ml 

t h e  range 0.1 - 1.5 ng/ml 
B 5 ml of plasma; t h e  s tandard curve comprising 6 s tandards  i n  

Sample 
Compound volume Added Found cv n 

(ml)  ( n ! m l )  (%I 

5 

NorZIMELIDINE 1 

ZIMELIDINE 1 1.01 1.14 13.4 6 
5.27 5.30 4.6 11 

101.1 102.6 1.9 1 1  

0.202 0.202 14.4 6 
1.01 0.95 7 .8  6 

1 .oo 1.00 17.5 6 
10.01 9.93 6 .9  11 

100.9 103.6 3.2 11 

5 0.200 0.213 16.0 6 
1 .oo 1.04 4.1 6 

In  determinat ions of unknown samples with added s t a n d a r d s ,  
t h e  d e t e c t i o n  l i m i t  a s  def ined above may however not  be v a l i d  since 
then the confidence l i m i t s  o f  the s tandard curve must a l s o  be con- 
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A = 0.0004 I 
1 4 

.,f 

min 6 4 2 

Determination o f  Picogram Amounts in Plasma 
Procedure: 5 ml plasma treated according to "Analytical 
Method I' 

1 CHLORPHENIRAMINE 20 ng/ml 
2 ZIMELIDINE 100 pg/ml 
3 norZIMELIDINE 100 pg/ml 
4 norZIMELIDINE E-isomer ( X )  10 ng/ml 
Detector: Waters model 440 at 254 nm 

F i g  5 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ZIMELIDINE. I. BIOANALYSIS 39 3 

sidered. This problem has been dea l t  with by Hubaux and Vox (36) 
and t h e i r  de f in i t i ons  a r e  used in the  following discussion. A uni- 
versal computer program f o r  l i n e a r  regression (Fortran IV REGSTA) 
developed a t  Astra was u t i l i zed  and examp e s  of i t s  performance 
a re  shown i n  Fig 6 by two standard curves f o r  ZIMELIDINE, one f o r  
the low concentration range, 1 - 10 ng/ml and the o ther  f o r  the  
range 5 - 202 ng/ml. The detection l i m i t s  ( X D )  ranges 0.8 - 1.1 
ng/ml and 1 2  - 17 ng/ml a t  confidence l i m i t s  90 - 99 % f o r  the 
both cases respec t ive ly ,  and as discussed by Hubaux and Vox (36) 
t h i s  value of course depends on the  precision of the method; t ha t  
i s  the degree of f i t  t o  the  s t r a i g h t  l i n e ,  a s  well as the range 
of contents of the standards,  the  modes of r epa r t i t i on  of the  
standards and on the rep l ica t ion  of the  unknown. As a consequence 
the detection l i m i t s  may d i f f e r  from day to  day s ince  the perfor- 
mance of the  standards var ies .  

Some limited s tud ie s  on the s t a b i l i t y  of ZIMELIDINE and 
norZIMELIDINE have shown tha t  they remain unchanged i n  plasma 
stored on a laboratory bench a t  room temperature f o r  a f a i r l y  
l o n g  time, ZIMELIDINE f o r  7 days and norZIMELIDINE for 5 days: 
the compounds a l so  remain unchanged a f t e r  storage in a f reezer  
a t  - 2 O O C  f o r  2 months. Further s tud ie s  on t h i s  subjec t  a r e  i n  
progress. 

Determination i n  Whole Blood 

The concentration of a d r u g  a t  the  s i t e  of ac t ion ,  the biophase, 
i s  t r a d i t i o n a l l y  supposed t o  be re la ted  t o  i t s  plasma l e v e l .  Many 
drugs a r e  however d i s t r ibu ted  t o  the erythrocytes;  f o r  ZIMELIDINE 
and norZIMELIDINE the  concentration r a t i o s  blood cells/plasma 

a re  1.18 and 1 .44  respectively (37 )  and i f  this equilibrium i s  
subjected t o  an individual var ia t ion  i t  might be more relevant t o  
co r re l a t e  t he  biological response w i t h  drug levels i n  whole blood 
ra ther  than i n  plasma. 
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ZIMELIDINE.  I. BIOANALYSIS 395 

I t  was found t h a t  whole b lood  cou ld  be analyzed by t h e  same 
procedure as plasma; b lank  and sample chromatograms a r e  shown i n  

F i g  7.  The r e c o v e r i e s  and p r e c i s i o n  (see Table 6 )  a r e  r a t h e r  s i -  
m i l a r  t o  those ob ta ined  f rom plasma. 

De te rm ina t ion  i n  U r i n e  

U r i n e  c o n t a i n s  more p o l a r  compounds t h a n  b lood  and i n t e r f e r -  
i n g  peaks appear i n  t h e  chromatogram i f  t h e  same e x t r a c t i o n  proce- 
dure as above i s  a p p l i e d  t o  1 m l  o f  u r i n e ,  F i g  8. The magnitude o f  

t h e  d i s tu rbances  can fu r the rmore  be expected t o  v a r y  f rom day t o  

day and even h o u r l y  s i n c e  t h e  degree o f  d i l u t i o n  o f  u r i n e  v a r i e s .  
The c o n c e n t r a t i o n  o f  drugs and metabol i t e s  i n u r i n e  i s  , however, 

o f t e n  much h i g h e r  than  i n  plasma and d i l u t e d  samples can be used. 
An example o f  such an a n a l y s i s  i s  shown i n  F i g  9 where t h e  e x t r a c -  
t i o n  procedure i s  a p p l i e d  t o  l o o p 1  o f  u r i n e .  The sample con ta ined  
t h e  p r i m a r y  amine m e t a b o l i t e  t o  ZIMELIDINE (peak 5 ) .  

De te rm ina t ion  i n  Rat B r a i n  

The accuracy i n  t h e  d e t e r m i n a t i o n  o f  drugs i n  t h e  b r a i n ,  
as w e l l  as o t h e r  t i s s u e s ,  i s  d i f f i c u l t  t o  determine s i n c e  i t  i s  

imposs ib le  t o  s i m u l a t e  t h e  p e n e t r a t i o n  o f  a compound t o  t h e  s i t e  
o f  a c t i o n  i n  t h e  p r e p a r a t i o n  o f  s tandards.  The b r a i n s  o f  r a t s  

which had rece ived  10 mg/kg o f  ZIMELIDINE were analyzed a f t e r  
homogenisation and d i l u t i o n  50 t imes,  and a f t e r  t h i s  procedure 
s tandards were added. I t  was conf i rmed t h a t  a v a r i a t i o n  o f  t h e  
e q u i l i b r a t i o n  t i m e  between 5 and 60 minutes i n  t h e  e x t r a c t i o n  

s tep  d i d  n o t  a f f e c t  t h e  r e l a t i v e  recove ry .  A r e p r e s e n t a t i v e  chro-  
matogram i s  shown i n  F i g  10, where peak No 5 p robab ly  i s  t h e  

p r imary  amine m e t a b o l i t e  o f  ZIMELIDINE. 
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6 4 2 6 4 2 
Fig. 7. Chromatograms from Human Blood. Procedure: According to 
"Analytical Methods". A Blank. B Sample. 1 Chlorpheniramine 
100 ng/ml; 2 Zimelidine 10 ng/ml; 3 norzimelidine 10 ng/ml; 4 
norzimelidine E-isomer (X) 200 ng/ml. Detector: Waters model 4 4 0  
at 254 nm. 
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ZIMELIDINE. I. BIOANALYSIS 397 

TABLE 6 

Q u a n t i t a t i v e  Determinations o f  ZIMELIDINE and NorZIMELIDINE i n  

Whole Blood 

The determinat ions were made according t o  the  "Ana ly t i ca l  method" 
and the standard curve comprised 8 standards i n  the  range 5 - 200 

ng/ml . 

Compound Added Found C V  (%)  n 

ZIMELIDINE 10.09 10.31 4.5 6 

100.9 105.3 1.9 6 

NorZIMELIDINE 10.00 8.73 5.2 5 
100.0 103.3 2.1 6 

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  the Primary Amine Metabo l i te  o f  
ZIMELIDINE i n  Human Urine and Dog Plasma 

As mentioned above, a peak w i t h  the same r e t e n t i o n  t ime as 

the primary amine (X I )  was observed i n  chromatograms from human 

ur ine ,  r a t  b r a i n  and dog plasma, i t  i s  a l so  f requen t l y  observed 
i n  human plasma samples. The compounds i s o l a t e d  from the  body 
f l u i d s  by 1 i q u i d  chromatography were i d e n t i f i e d  by GC-MS a f t e r  
d e r i v a t i z a t i o n  w i t h  t r i f l u o r o a c e t i c  anhydride as described i n  the 
experimental par t .  
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F i g  8 Blank Chromatogram f rom U r i n e  
Procedure: Accord ing t o  " A n a l y t i c a l  Method" 

U r i n e  volume: 1 m l  
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Fig. 9. Sample Chromatogram from Human Urine. Analysis according 
to "Analytical method". Urine volume: 100 u1 (diluted to 1 ml with 
water). 1 Chlorpheniramine 1000 ng/ml; 2 Zimelidine 400 ng/ml; 
3 norzimelidine 1350 ng/ml; 4 norzimelidine E-isomer (X) 2000 ng/ml; 
5 Primary amine (XI) 900 ng/ml. Detector: LDC W-monitor 1285 at 
254 nm. 
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Fig. 10. Sample Chromatogram from Rat Brain. Analysis according 
to "Analytical Method". Rat brain diluted to 1/50. 1 Chlorphen- 
iramine 100 ng/ml; 2 Zimelidine 6 ng/ml; 3 norzimelidine 81 
ng/ml; 4 norzimelidine E-isomer (X) 200 ng/ml; 5 Primary amine 
(XI); Detector: Waters model 440 at 254 nm. 
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Rout ine Use o f  t h e  Method 

The a n a l y t i c a l  method has been used r o u t i n e l y  f o r  abou t  18 
months and t h e  columns have shown an e x c e l l e n t  s t a b i l i t y ,  hav ing  

taken  a t  l e a s t  40 samples a day f o r  seve ra l  months w i t h o u t  any 
change o f  t h e  chromatographic parameters. When s igns  o f  bad reso-  
l u t i o n  appear, t h e  chromatographic performance can be r e s t o r e d  by 
t h e  i n j e c t i o n  of s t a t i o n a r y  phase, no rma l l y  30 - 40 p l  once a week 
i s  s u f f i c i e n t .  A column can l a s t  f o r  12 - 18 months when t r e a t e d  
i n  t h i s  way. A h i g h l y  contaminated column can be recoa ted  a f t e r  
washing o f f  t h e  s t a t i o n a r y  phase by e l u t i o n  w i t h  100 - 150 m l  o f  

acetone o r  methanol. 

o u s l y  f o r  5 days d u r i n g  t h e  r o u t i n e  de te rm ina t ions .  The c o n t e n t  
o f  i m p u r i t i e s  i n  t h e  r e s e r v o i r  w i l l  o f  course increase,  b u t  no 

d i s tu rbances  have been noted i n  t h e  chromatograms; t h e  r i s e  i n  
t h e  b a s e l i n e  i s  e a s i l y  c o r r e c t e d  e l e c t r o n i c a l l y .  A f t e r  5 days t h e  

m o b i l e  phase i s  rep laced  by a f r e s h l y  prepared one; e q u i l i b r a t i o n  
t i m e  about  30 minutes.  

The amines a r e  i n j e c t e d  as bases and w i l l  remove p e r c h l o r a t e  

f rom t h e  s t a t i o n a r y  phase a t  t h e  t o p  o f  t h e  column. No d i s t u r b a n c -  

es have, however, been found s i n c e  t h e  sample c o n c e n t r a t i o n  i s  
v e r y  l o w  and t h e  sample c a p a c i t y  o f  t h e  i o n - p a i r  system on t h e  
column i s  h i g h  because o f  h i g h  coun te r  i o n  c o n c e n t r a t i o n  and low  

e x t r a c t i o n  cons tan ts  ( c f  r e f  16) .  The removed i o n s  a r e  f u r t h e r -  

more c o n t i n o u s l y  rep laced  by i o n s  f rom t h e  m o b i l e  phase which, as  

shown i n  r e f  26, c o n t a i n  a r a t h e r  h i g h  concen t ra t i on ,  2 x 10m3M, 

o f  p e r c h l o r a t e .  
Problems w i t h  t h e  s t a b i l i t y  w i l l  o n l y  a r i s e  i f  t h e  tempera- 

t u r e  c o n t r o l  i s  n o t  adequate; a decrease i n  temperature causes 
aqueous microdrops t o  appear i n  t h e  m o b i l e  phase making t h e  base- 
l i n e  uns tab le .  

The mob i l e  phase (a r e s e r v o i r  o f  1/2 1)  i s  r e c y c l e d  c o n t i n -  
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TABLE 7 

I n f l u e n c e  o f  Blood C o l l e c t i o n  Tubes on Measured Plasma Levels  

Blood samples f rom h e a l t h y  v o l u n t e e r s  p a r t i c i p a t i n g  i n  a pharmaco- 

k i n e t i c  s tudy  were c o l l e c t e d  i n  b o t h  k i n d s  of tubes s imu l taneous ly  
and t h e  samples were analyzed accord ing t o  " A n a l y t i c a l  method". 

Vacu = VACUTAINER tubes 
Veno = VENOJECT tubes 
R = y i e l d  by  Vacu 1 y i e l d  by Veno 

The con ten ts  a r e  g i v e n  i n  ng/ml plasma 

P a t i e n t  n r  Time a f t e r  ZIMELIDINE R NorZIMELIDINE R 
dose (h )  Veno Vacu (%) Veno Vacu (%) 

66 52 
90 78 
20 19 
71 62 

19 19 
16 16 
49 26 
19 15 
55 53 

78.8 34 28 82.4 
86.7 96 85 88.5 
95.0 11 10 90.0 
87.3 95 66 69.5 

100.0 8 8 100.0 
100.0 18 16 88.9 

53.1 106 68 64.2 
78.9 17 14 82.4 
94.6 74 61 82.4 

C o l l e c t i o n  o f  Blood Samples 

A s tudy on t h e  e f f e c t s  o f  t h e  c o l l e c t i o n  tubes on t h e  plasma 
l e v e l s  o f  ZIMELIDINE and norZIMEtIDINE was under taken as  a conse- 
quence o f  a paper by Cotham e t  a1 (38) ,  who found t h a t  b l o o d  sam- 
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p l e s  c o l l e c t e d  i n  VACUTAINER tubes gave s p u r i o u s l y  l ower  concen- 

t r a t i o n s  of p r o p r a n o l o l  t han  samples c o l l e c t e d  i n  a l l  g l a s s  tubes 
o r  i n  another  commercial brand o f  c o l l e c t i o n  tubes, VENOJECT. Th is  

i s  due t o  t h e  presence o f  a substance i n  t h e  s topper  o f  t h e  VACU- 
TAINER tubes, i d e n t i f i e d  as t r i s  bu toxye thy l  phosphate by P i a f s k y  

and Borgd ( 3 9 ) .  The substance i s  d i s s o l v e d  i n  t h e  sample and 

competes w i t h  p r o p r a n o l o l  f o r  t h e  b i n d i n g  s i t e s  i n  t h e  plasma p ro -  

t e i n .  The r a t i o  between f r e e  and bound d r u g  i nc reases  and r e s u l t s  
i n  a r e d i s t r i b u t i o n  o f  p r o p r a n o l o l  i n  t h e  b lood  i n v o l v i n g  t h e  d i s -  

t r i b u t i o n  o f  a l a r g e r  amount o f  t h e  d rug  t o  t h e  e ry thocy tes .  

o f  ZIMELIDINE samples i s  g i ven  i n  Table 7. The y i e l d s  f rom t h e  

VACUTAINER tubes v a r i e s  between 53 - 100 % and 64 - 100 % f o r  
ZIMELIDINE and norZIMELIDINE r e s p e c t i v e l y .  These compounds a r e  

p r o t e i n  bound i n  t h e  range 70 - 90 % and t h e y  a r e  a l s o  as ment ion-  

ed above d i s t r i b u t e d  between t h e  b lood  c e l l s  and t h e  plasma (37 )  

and i t  i s  consequent ly  h i g h l y  p robab le  t h a t  t h e  mechanism r e l a t e d  
above f o r  p r o p r a n o l o l  i s  o p e r a t i v e  a l s o  f o r  these compounds. 

A comparison o f  VACUTAINER and VENOJECT tubes f o r  c o l l e c t i o n  
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