
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Automatic Determination of Indomethacin in Human Plasma Using
Liquid-Solid Extraction on Disposable Cartridges in Combination with
HPLC
Ph. Huberta; J. Crommena

a Laboratory of Drug Analysis Institute of Pharmacy University of Liege rue Fusch, Liege, Belgium

To cite this Article Hubert, Ph. and Crommen, J.(1990) 'Automatic Determination of Indomethacin in Human Plasma
Using Liquid-Solid Extraction on Disposable Cartridges in Combination with HPLC', Journal of Liquid Chromatography
& Related Technologies, 13: 19, 3891 — 3907
To link to this Article: DOI: 10.1080/01483919008049576
URL: http://dx.doi.org/10.1080/01483919008049576

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483919008049576
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUiD CHROMATOGRAPHY, 13( 19), 3891-3907 (1990) 

Original Article 

PH. HUBERT AND J. CROMMEN 
Laboratory o f  Drug Analysis 

Institute o f  Pharmacy 
University o f  Liege 

rue Fusch, 5 
B-4000 Liege, Belgium 

A B S T R A C T  

A s e n s i t i v e  and au tomat i c  method f o r  t h e  a n a l y s i s  o f  i ndomethac in  i n  
plasma has been developed u s i n g  l i q u i d - s o l i d  e x t r a c t i o n  (LSE) on d i s p o s a b l e  
e x t r a c t i o n  c a r t r i d g e s  (DECs) coup led  t o  h igh-per formance l i q u i d  chromatogra-  
phy (HPLC). The f u l l y  automated system hand les  t h e  p lasma samples by  
p e r f o r m i n g  t h e  same o p e r a t i o n s  as i n  a manuel p rocedure  by means o f  an auto-  
sampler equipped w i t h  a r o b o t i c  arm a t  which i s  a t t a c h e d  a need le  d i s p e n s i n g  
t h e  d i f f e r e n t  l i q u i d s .  The DEC i s  f i r s t  c o n d i t i o n e d  w i t h  methanol  and phos- 
pha te  b u f f e r  pH 7.4. A 1.0-mL volume of plasma i s  then  a p p l i e d  o n t o  t h e  DEC; 
t h e  l a t t e r  i s  washed w i t h  t h e  same b u f f e r  b e f o r e  t h e  e l u t i o n  w i t h  0.25 mL o f  
methanol .  The e l u t i n g  s t r e n g t h  o f  t h e  e l u a t e  i s  reduced  by d i s p e n s i n g  0.30 mL 
o f  phosphate b u f f e r  pH 7.4 i n  t h e  c o l l e c t i o n  tube  p r i o r  t o  t h e  i n j e c t i o n  o n t o  
t h e  HPLC column v i a  a 0.1-ml loop.  The ch romatog raph ic  s e p a r a t i o n  i s  p e r f o r -  
med on an o c t a d e c y l s i l i c a  columh w i t h  a m i x t u r e  o f  me thano l  and phosphate 
b u f f e r  pH 7 . 4  as m o b i l e  phase ( 6 0 : 4 0 ,  v / v )  and i n d o n e t h a c i n  i s  m o n i t o r e d  pho- 
t o m e t r i c a l l y  a t  254 nm. The e f f e c t  o f  t h e  plasma d i s p e n s i n g  f l o w  r a t e  on t h e  
d r u g  r e c o v e r y  and t h e  impor tance  o f  t h e  guard column f o r  t h e  s t a b i l i t y  o f  t h e  
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3892 HUBERT AND CROMMEN 

a n a l y t i c a l  co lumn have been s t u d i e d .  The a b s o l u t e  r e c o v e r y  o f  t h e  d r u g  i s  
96.0 9s and t h e  l i m i t  o f  d e t e c t i o n ,  2 ng/mL. A t  t h e  c o n c e n t r a t i o n  o f  100  
ng/mL, r e l a t i v e  s t a n d a r d  d e v i a t i o n s  o f  1.5 X ( w i t h i n - d a y )  and 2.3 % (be tween-  
d a y )  have been o b t a i n e d .  

INTRODUCTION 

I n  o r d e r  t o  e l i m i n a t e  p r o t e i n s  and o t h e r  h y d r o p h i l i c  endogenous com- 

a p r e l i m i n a r y  c l e a n - u p  s t e p  i s  pounds wh ich  m i g h t  i n t e r f e r e  i n  t h e  a n a l y s i s ,  

u s u a l l y  needed i n  t h e  d e t e r m i n a t i o n  o f  d r u g s  i n  p lasma by  HPLC. 

Moreover ,  t h e  a n a l y t e  i s  o f t e n  p r e s e n t  i n  p lasma a t  l o w e r  c o n c e n t r a t i o n s  

t h a n  100 ng/mL, as i t  i s  e.g. t h e  case i n  t h e  b i o a v a i l a b i l i t y  s t u d y  o f  i n d o -  

m e t h a c i n  a f t e r  e x t e r n a l  a p p l i c a t i o n  t o  t h e  s k i n  as a s p r a y  s o l u t i o n .  Under  

t h e s e  c o n d i t i o n s  i t  i s  n e c e s s a r y  t o  c o u p l e  an e n r i c h m e n t  s t e p  t o  t h e  samp le  

work-up i n  o r d e r  t o  o b t a i n  a s u f f i c i e n t  deg ree  o f  s e n s i t i v i t y .  

I n d o m e t h a c i n ,  w i d e l y  used as  a n t i - i n f l a m m a t o r y  d rug ,  has ,  among o t h e r  

c h a r a c t e r i s t i c s ,  a v e r y  l ow  s o l u b i l i t y  i n  w a t e r  a t  a c i d i c  pH and a s t r o n g  

tendency  t o  be bound t o  p lasma p r o t e i n s  (up  t o  99 X) (1). 

S e v e r a l  p a p e r s  can be f o u n d  i n  t h e  l i t e r a t u r e  w h i c h  d e s c r i b e  t h e  d e t e r -  

m i n a t i o n  o f  i n d o m e t h a c i n  i n  p lasma by  HPLC. Most  o f t e n ,  an o f f - l i n e  l i q u i d -  

l i q u i d  e x t r a c t i o n  o f  t h e  d r u g  by  o r g a n i c  s o l v e n t s  a f t e r  a c i d i f i c a t i o n  i s  used  

as sample  p u r i f i c a t i o n  s t e p  and t h e  e v a p o r a t i o n  o f  t h e  o r g a n i c  s u p e r n a t a n t ,  

as c o n c e n t r a t i o n  s t e p  (2 -9) .  The e x t r a c t i o n  i s  somet imes  p e r f o r m e d  a f t e r  

p r e c i p i t a t i o n  o f  p r o t e i n s  by  a c h e m i c a l  r e a g e n t  (2,5,6,8,9).  I n  some cases ,  

t h e  sample  p r e t r e a t e m e n t  o n l y  c o n s i s t s  o f  such  a p r o t e i n  p r e c i p i t a t i o n  

(10,11,12).  

The p o s s i b i l i t y  o f  e n h a n c i n g  t h e  s e l e c t i v i t y  and s e n s i t i v i t y  o f  

d e t e c t i o n  by  measurement o f  f l u o r e s c e n c e  a f t e r  a l k a l i n e  h y d r o l y s i s  o f  

i n d o m e t h a c i n  has  been e x p l o i t e d  e i t h e r  i n  t h e  p re -co lumn mode ( 4 )  or i n  t h e  

pos t - co lumn mode (3,10,13,14). 

I n  r e c e n t  y e a r s ,  l i q u i d - s o l i d  e x t r a c t i o n  (LSE) ,  w h i c h  c a n  e a s i l y  be au- 

tomated ,  has  been used i n c r e a s i n g l y  as  an a l t e r n a t i v e  t o  l i q u i d - l i q u i d  
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INDOMETHACIN IN HUMAN PLASMA 3893 

e x t r a c t i o n  f o r  t h e  c lean -up  of p lasma samp les  ( 1 5 - 2 0 ) .  We have d e v e l o p e d  

p r e v i o u s l y  a f u l l y  au tomated  HPLC method f o r  t h e  a n a l y s i s  o f  i n d o m e t h a c i n  i n  

p lasma i n v o l v i n g  a co lumn s w i t c h i n g  sys tem w i t h  e l u t i o n  i n  t h e  f o r e - f l u s h  

mode ( 1 9 ) .  

The p u r p o s e  o f  t h i s  p a p e r  is t o  d e s c r i b e  a n o t h e r  a u t o m a t i c  t e c h n i q u e  f o r  

t h e  d e t e r m i n a t i o n  o f  i n d o m e t h a c i n  i n  p lasma i n  w h i c h  LSE i s  p e r f o r m e d  on d i s -  

p o s a b l e  e x t r a c t i o n  co lumns (DECs) b e f o r e  o n - l i n e  i n j e c t i o n  i n t o  t h e  HPLC 

sys tem.  The p lasma samples  a r e  t r e a t e d  i n  t h e  same way as i n  a manua l  p r o c e -  

d u r e  b y  a r o b o t i c  samp le r  w i t h  an XYZ-mot ion arm e q u i p p e d  w i t h  a n e e d l e  

d i s p e n s i n g  t h e  d i f f e r e n t  l i q u i d s .  The f i n a l  e x t r a c t ,  w h i c h  has  a l o w e r  

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

t h e  s e p a r a t i o n  co lumn w i t h  t h e  same need le .  T h i s  a l l o w s  peak  c o m p r e s s i o n  a t  

t h e  t o p  o f  t h e  a n a l y t i c a l  co lumn ( 2 0 ) .  I n d o m e t h a c i n  i s  q u a n t i f i e d  b y  UV 

d e t e c t i o n  a t  254 nm. 

The dependence o f  t h e  d r u g  r e c o v e r y  on t h e  p lasma d i s p e n s i n g  f l o w  r a t e  

and on t h e  k i n d  o f  s o r b e n t  used i n  t h e  DECs have been s t u d i e d .  The p o s s i b l e  

e f f e c t  o f  t h e  a i r  p r e s s u r i z i n g  vo lume a p p l i e d  t o  t h e  p l a s m a  sample,  as  w e l l  

as  t h e  i n f l u e n c e  o f  t h e  vo lume o f  p lasma e x t r a c t  i n j e c t e d  and  t h e  g u a r d  

co lumn on  t h e  l i f e t i m e  o f  t h e  a n a l y t i c a l  co lumn have a l s o  been  i n v e s t i g a t e d .  

The method d e v e l o p e d  has  been v a l i d a t e d  and  r e p r o d u c i b i l i t y  r e s u l t s  a r e  

p r e s e n t e d .  

MATERIALS AND METHODS 

A p p a r a t u s  

L i q u i d  ch romatog raphy  was p e r f o r m e d  on a Wate rs  mode l  6000 A s o l v e n t  

d e l i v e r y  sys tem c o u p l e d  t o  a Wate rs  mode l  440 s i n g l e  w a v e l e n g t h  d e t e c t o r  mea- 

s u r i n g  a t  2 5 4  nm ( W a t e r s  A s s o c i a t e s ,  M i l f o r d ,  MA, U S A ) .  

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



3894 HUBERT AND CROMMEN 

L i q u i d - s o l i d  e x t r a c t i o n  (LSE)  was made on d i s p o s a b l e  e x t r a c t i o n  c o l u m n s  

(DECS) and c o n t r o l l e d  b y  an ASPEC s y s t e m  ( A u t o m a c t i c  Sample  P r e p a r a t i o n  w i t h  

E x t r a c t i o n  Co lumns)  f r o m  G i l s o n  ( V i l l i e r s - l e - E e l ,  F r a n c e ) .  The ASPEC s y s t e m  

h a d  t h r e e  components  : a s e t  o f  r a c k s  ( s o l v e n t  r a c k ,  s a m p l e  r a c k ,  LSE r a c k ) ,  

a m o d e l  4 0 1  d i l u t o r  and an a u t o m a t i c  s a m p l i n g  i n j e c t o r  m o d u l e  w h i c h  was 

e q u i p p e d  w i t h  an e l e c t r i c a l l y  a c t u a t e d  s i x  p o r t  Rheodyne v a l v e  and w i t h  a 

r o b o t i c  arm h o l d i n g  a n e e d l e  t h r o u g h  w h i c h  t h e  d i f f e r e n t  l i q u i d s  were  d i s -  

pensed.  The sample  l o o p  h a d  a vo lume o f  0.1 mL. The LSE r a c k  c o n s i s t e d  o f  a 

DEC h o l d e r ,  a d r a i n  c u v e t t e  and a c o l l e c t i o n  r a c k .  The n e e d l e  of  t h e  a u t o -  

s a m p l e r  modu le  c o u l d  move t h e  DEC h o l d e r  i n  s u c h  a way t h a t  e a c h  DEC c o u l d  be  

a u t o m a t i c a l y  p l a c e d  above t h e  d r a i n  c u v e t t e  d u r i n g  c o n d i t i o n n i n g ,  sample  l o a -  

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

A L iChroCART a n a l y t i c a l  c o l u m n  (125 x 4 mm, i . d . )  was u s e d  i n  combi -  

n a t i o n  w i t h  a LiChroCART g u a r d  c o l u m n  ( 4  x 4 mm, i . d . ) ,  

t h e  same s u p p o r t  m a t e r i a l  ( M e r c k ,  

35.0 0.1OC i n  a m o d e l  02PT923 w a t e r - b a t h  f r o m  H e t o  ( B i r k e r z d ,  Denmark).  

b o t h  p r e p a c k e d  w i t h  

Darmstad,  FRG). They were  t h e r m o s t a t t e d  a t  

A mode l  BD 9 t w o - c h a n n e l  r e c o r d e r  f r o m  K i p p  and Zonen ( D e l f t ,  The Ne- 

t h e r l a n d s )  and a m o d e l  4270 i n t e g r a t o r  f r o m  S p e c t r a - P h y s i c s  (San-Jose,  C A ,  

USA) were  u s e d  s i m u l t a n e o u s l y  f o r  d a t a  c o l l e c t i o n .  

C h e m i c a l s  and R e a g e n t s  

I n d o m e t h a c i n  was o b t a i n e d  f r o m  S igma ( S a i n t - L o u i s ,  MO, USA). P o t a s s i u m  

monohydrogen p h o s p h a t e  and s o d i u m  h y d r o x i d e  were  o f  p,a. q u a l i t y  f r o m  E. 

Merck  ( D a r m s t a d ,  F R G ) .  M e t h a n o l  was o f  HPLC g r a d e  f r o m  Lab-Scan ( D u b l i n ,  I r e -  

l a n d ) .  Water  u a s  g l a s s - d i s t i l l e d .  

CHROMABOND DECs ( c a p a c i t y  : 1 mL) p a c k e d  w i t h  100 mg o f  b o n d e d  s i l i c a  

35-40 urn) were u s e d  a s  s u p p l i e d  b y  M a c h e r e j - N a g e l  m a t e r i a l  ( p a r t i c l e  s i z e  : 

(Di i ren ,  F R G ) .  

The LiChroCART c o l u m n s  were p r e p a c k e d  w i t h  L i C h r o s p h e r  100 RP 18, 5 um 

( M e r c k ) .  
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Chromatographic  Technique 

The mob i l e  phase c o n s i s t e d  o f  methanol -phosphate b u f f e r  pH 7 . 4  ( 6 0 : 4 0 ,  

v / v ) .  The f l o w  r a t e  was 0.7 mL/min. B e f o r e  u s e ,  t h e  m o b i l e  phase was degassed 

i n  a u l t r a s o n i c  ba th .  

The phosphate b u f f e r  was p repared  i n  a 1-L v o l u m e t r i c  f l a s k  by m i x i n g  

250 mL 0.1 M po tass ium monohydrogen phosphate w i t h  195.5 mL 0.1 M sodium 

h y d r o x i d e .  Water was added t o  t h e  volume. The b u f f e r  s o l u t i o n  was t h e n  

f i l t e r e d  t h r o u g h  a paper f i l t e r .  The same b u f f e r  was used i n  t h e  second s t e p  

o f  t h e  DEC c o n d i t i o n i n g  and as washing e l u e n t  f o r  t h e  c lean-up and t h e  d i l u -  

t i o n  s teps .  The auto-sampler  need le  and t h e  e x t e r n a l  t u b i n g  o f  t h e  i n j e c t i o n  

v a l v e  were a l s o  r i n s e d  w i t h  phosphate b u f f e r  pH 7 . 4 .  

The s t o c k  m e t h a n o l i c  s o l u t i o n  o f  i ndomethac in  a t  1 mg/mL was f u r t h e r  

d i l u t e d  w i t h  phosphate b u f f e r  b e f o r e  a d d i t i o n  t o  t h e  plasma samples used f o r  

t h e  c a l i b r a t i o n  cu rves  and w i t h  methanol -phosphate b u f f e r  pH 7 . 4  (50-60, v / v )  

be fo re  d i r e c t  i n j e c t i o n  i n  t h e  r e c o v e r y  measurements. New d i l u t e d  s o l u t i o n s  

were p r e p a r e d  eve ry  day. 

Au tomat i c  Sample P r e p a r a t i o n  

The plasma sample was c e n t r i f u g e d  a t  3000 rpm d u r i n g  10 minutes.  A 2-mL 

volume o f  plasma was i n t r o d u c e d  i n t o  a v i a l  p l a c e d  on t h e  a p p r o p r i a t e  r a c k  o f  

t h e  auto-sampler .  

A f t e r  t h i s  manual o p e r a t i o n ,  t h e  au tomat i c  p rocedure  was s t a r t e d .  B e f o r e  

t h e  b e g i n n i n g  o f  t h e  f i r s t  c y c l e ,  t h e  need le  o f  t h e  auto-sampler  and t h e  

e x t e r n a l  t u b i n g  o f  t h e  i n j e c t i o n  v a l v e  were washed w i t h  1.0 mL o f  phosphate 

b u f f e r  pH 7.4.  Between each s tep,  t h e  need le  was r i n s e d  w i t h  t h e  same volume 

o f  b u f f e r  ( f l o w  r a t e  : 12.0 mL/min) and a 10 m m  a i r  gap was genera ted  i n s i d e  

t h e  t r a n s f e r  t u b i n g  b e f o r e  p i p e t t i n g  t h e  n e x t  l i q u i d ,  i n  o r d e r  t o  a v o i d  

c ross -con tamina t ion .  
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3896 HUBERT A N D  CROMMEN 

The s o l v e n t s  and t h e  p lasma sample  were d i s p e n s e d  u n d e r  a p o s i t i v e  

p r e s s u r e  and t h e y  were t h e n  pushed t h r o u g h  t h e  p a c k i n g  o f  t h e  DEC by  a i r .  f o r  

t h i s  reason ,  s p e c i a l  caps  were p r o v i d e d  t o  s e a l  t h e  DECs d u r i n g  l i q u i d  and 

a i r  d e l i v e r y .  The d i s p e n s i n g  f l o w  r a t e s  o f  l i q u i d s  r a n g e d  f r o m  0.18 t o  96.0 

mL/min. Air p r e s s u r i z i n g  vo lumes c o u l d  a l s o  be v a r i e d .  

The a u t o m a t i c  sequence was p e r f o r m e d  i n  t h e  f o l l o w i n g  way ( t o t a l  c y c l e  

t i m e  : 17 m i n )  : 

- OEC c o n d i t i o n n i n g  ( f l o w  r a t e  : 3.0 mL/min; a i r  vo lume : 0.1 mL) : 

A t  t h e  b e g i n n i n g ,  t h e  DEC h o l d e r  i s  l o c a t e d  above t h e  d r a i n  c u v e t t e  ( f r o n t  

p o s i t i o n ) .  The OEC (CHROMABOND Cl8) i s  f i r s t  washed w i t h  2.0 mL o f  me thano l ,  

t h e n  w i t h  2.0 mL o f  phospha te  b u f f e r  pH 7.4 i n  o r d e r  t o  p r e p a r e  t h e  s o r b e n t  

t o  r e c e i v e  t h e  p lasma sample.  

- L o a d i n g  u i t h  p l a s m a  sample  ( f l o w  r a t e  : 0.18 mL/min;  a i r  vo lume : 1.0 mL) : 

The au to -samp le r  n e e d l e  a s p i r a t e s  1.0 mL o f  p lasma f r o m  t h e  c o r r e s p o n d i n g  

v i a l  and d i s p e n s e s  i t  on t h e  DEC. 

- Wash ing  ( f l o w  r a t e  : 1.5 mL/min; a i r  volume : 1.0 mL) : 

2.0 mL o f  p h o s p h a t e  b u f f e r  pH 7.4 a r e  d i s p e n s e d  on t h e  DEC. The p a c k i n g  i s  

t h e n  f l u s h e d  w i t h  1.0 mL o f  a i r .  

- E l u t i o n  ( f l o w  r a t e  : 1.5 mL/min; a i r  vo lume : 1.0 mL) : 

The DEC h o l d e r  i s  pushed by t h e  n e e d l e  o v e r  t h e  c o l l e c t i o n  r a c k .  A 0.25-mL 

vo lume o f  m e t h a n o l  i s  a p p l i e d  on t h e  DEC. The e l u a t e  i s  c o l l e c t e d  i n  t h e  t u b e  

p o s i t i o n e d  under  t h e  DEC. 

- D i l u t i o n  ( f l o w  r a t e  : 1.5 mL/min; a i r  vo lume : 1.0 mL) : 

0.3 mL of phospha te  b u f f e r  pH 7 .4  a r e  d i s p e n s e d  on t h e  DEC. The DEC h o l d e r  i s  

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

- n i x i n g  : 

The d i l u t e d  e l u a t e  i s  s u c c e s s i v e l y  a s p i r a t e d  and d i s p e n s e d  i n  t h e  c o l l e c t i o n  

t u b e  by  t h e  n e e d l e .  These o p e r a t i o n s  a r e  r e p e a t e d  t h r e e  t i m e s .  

- I n j e c t i o n  : 

The n e e d l e  a s p i r a t e s  t h e  who le  vo lume o f  t h e  f i n a l  e x t r a c t  in t h e  c o l l e c t i o n  

t u b e  and d i s p e n s e s  i t  i n  t h e  l o o p  f i l l e r  p o r t .  B y  s w i t c h i n g  o f  t h e  i n j e c t i o n  
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INDOMETHACIN IN HUMAN PLASMA 3897 

TABLE 1 

Type o f  S t a t i o n a r y  Phase Used i n  t h e  D i s p o s a b l e  E x t r a c t i o n  Columns 

Type o f  S o r b e n t  A b s o l u t e  R e c o v e r y  ( X )  

CN 
c 2  
C8 
C18 

3 
66 
8 9  
96 

OECs : CHROMABOND (100 mg) 

D i s p e n s i n g  f l o w  r a t e  o f  p l a s m a  : 0.18 mL/min;  a i r  p r e s s u r i z i n g  v o l u m e  a p p l i e d  

on  p l a s m a  : 1.0 mL; w a s h i n g  e l u e n t  : p h o s p h a t e  b u f f e r  pH 7.4 

O t h e r  c h r o m a t o g r a p h i c  c o n d i t i o n s  as d e s c r i b e d  i n  M a t e r i a l s  and Methods  

Sample  : s p i k e d  p l a s m a  ( i n d o m e t h a c i n  c o n c e n t r a t i o n  : 100 ng/mL)  

v a l v e ,  0.1 mL o f  t h e  e x t r a c t  is i n j e c t e d  i n t o  t h e  HPLC c o l u m n ,  t h e  e x c e s s  

b e i n g  d i r e c t e d  t o  t h e  waste .  

The c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  t h e  p r e p a r e d  s a m p l e  was p e r f o r m e d  

d u r i n g  t h e  LSE o f  t h e  n e x t  sample  ( s e q u e n t i a l  mode). 

RESULT AND DISCUSSION 

Type o f  S o r b e n t  Used f o r  t h e  C lean-up S t e p  

The d i f f e r e n t  k i n d s  of OECs t e s t e d  c o n t a i n e d  b o n d e d  s i l i c a s  c o v e r i n g  a 

r e l a t i v e l y  w i d e  r a n g e  o f  p o l a r i t y  ( c f r  T a b l e  1). I n  a l l  c a s e s ,  p h o s p h a t e  
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3898 HUBERT AND C R O W N  
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FIGURE 1 

T y p i c a l  c h r o m a t o g r a m s  o b t a i n e d  b y  u s i n g  LSE on d i s p o s a b l e  e x t r a c t i o n  
c a r t r i d g e s  i n  c o m b i n a t i o n  w i t h  HPLC. 
DEC : CHROMABOND C18; d i s p e n s i n g  f l o w  r a t e  o f  p l a s m a  : 0.18 mL/min.  
O t h e r  c h r o m a t o g r a p h i c  c o n d i t i o n s  as d e s c r i b e d  i n  M a t e r i a l s  and Methods .  
Sample : A : b l a n k  p l a s m a  

Peak : 1 : I n d o m e t h a c i n  ( 9 . 1  n g ) .  
6 : s p i k e d  p l a s m a  ( i n d o m e t h a c i n  c o n c e n t r a t i o n  : 50 ng/mL).  

b u f f e r  pH 7.4 was s e l e c t e d  as w a s h i n g  e l u e n t  i n  o r d e r  t o  a v o i d  t h e  memory 

e f f e c t s  f r e q u e n t l y  o b s e r v e d  w i t h  i n d o m e t h a c i n  i n  t h e  a c i d i c  DH r a n a e  (19) .  

As c a n  be  s e e n  f r o m  T a b l e  1, t h e  f a i r l y  p o l a r  c y a n o  p h a s e  gave a v e r y  

l o w  r e c o v e r y  u n d e r  t h e s e  c o n d i t i o n s .  Among t h e  a l k y l b o n d e d  p h a s e s ,  t h e  r e c o -  

v e r i e s  o f  i n d o n e t h a c i n  were  f o u n d  t o  i n c r e a s e ,  a s  e x p e c t e d ,  w i t h  t h e  number 

o f  c a r b o n  a toms i n  t h e  a l k y l  c h a i n s .  H i g h  r e c o v e r i e s  w e r e  o b t a i n e d  w i th  DECs 

c o n t a i n i n g  o c t y l  and o c t a d e c y l s i l i c a  ( c f r  T a b l e  1). On t h e  o t h e r  hand,  t h e  
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B 

T 
1 

0.001 A 

Figure 1 (continued) 

two phases gave r i s e  t o  ve ry  s i m i l a r  chromatograms, 

f rom plasma components a t  t h e  r e t e n t i o n  t i m e  o f  i ndomethac in  ( c f r  F i g .  

F i n a l l y ,  

a f f i n i t y  f o r  t h e  drug. 

d e v o i d  o f  i n t e r f e r e n c e s  

1). 

t h e  C18 phase was g i v e n  t h e  p r e f e r e n c e  owing t o  i t s  somewhat h i g h e r  

D i s p e n s i n g  F low Ra te  o f  Plasma on t h e  DEC 

F i g .  2 shows t h a t  t h e  f l o w  r a t e  a t  which t h e  plasma i s  a p p l i e d  o n t o  t h e  

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

The l a t t e r  approaches 100 % a t  t h e  l o w e s t  f l o w  r a t e  when t h e  DEC s o r b e n t  

c o n s i s t s  o f  o c t a d e c y l s i l i c a  (see also Table 1) b u t  decreases d r a s t i c a l l y  w i t h  

i n c r e a s i n g  f l o w  r a t e .  A f a i r l y  c o n s t a n t  r e c o v e r y  of abou t  20 % i s  o b t a i n e d  a t  
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3900 HUBERT AND CROMMEN 

F I G U R E  2 

I n f l u e n c e  o f  t e  d i s p e n s i n g  f l o w  r a t e  o f  p l a s m a  on t h e  r e c o v e r y  o f  i n d o m e t h a -  
c i n .  
O E C  : CHROMABOND C18 (100 mg). 
O t h e r  c o n d i t i o n s  as d e s c r i b e d  i n  M a t e r i a l s  and Methods .  
R : a b s o l u t e  r e c o v e r y  o f  i n d o m e t h a c i n .  
F : d i s p e n s i n g  f l o w  r a t e  o f  t h e  p l a s m a  sample .  

d i s p e n s i n g  f l o w  r a t e  h i g h e r  t h a n  2 mL/min. Under  t h e s e  c o n d i t i o n s ,  t h e  t y p e  

o f  s o r b e n t  seems t o  h a v e  v e r y  l i t t l e  e f f e c t  s i n c e  O E C s  f i l l e d  w i t h  t h e  C 2  

phase g i v e  a p p r o x i m a t e l y  t h e  same r e c o v e r y  as t h o s e  c o n t a i n i n g  t h e  C 1 8  phase.  

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

( w a s h i n g ,  e l u t i o n ,  m i x i n g )  c o u l d  be  o p t i m i z e d  b y  u s e  o f  aqueous s t a n d a r d  

s o l u t i o n s  o f  i n d o m e t h a c i n  i n s t e a d  o f  p l a s m a  s a m p l e s  (20 ) .  On t h e  c o n t r a r y ,  

t h e  s t r o n g  e f f e c t  of t h e  d i s p e n s i n g  f l o w  r a t e  i l l u s t r a t e d  i n  F i g .  2 was o n l y  

o b s e r v e d  when t h e  O E C s  were l o a d e d  w i t h  p l a s m a  samples .  T h i s  i n d i c a t e s  t h a t  

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

p r o t e i n s  (1). A t  h i g h  d i s p e n s i n g  f l o w  r a t e s ,  t h e  r e s i d e n c e  t i m e  o f  t h e  p l a s m a  

sample  i n  t h e  O E C  i s  r e d u c e d  t o  s u c h  an e x t e n t  t h a t  o n l y  a p a r t  o f  t h e  d r u g  
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INDOMETHACIN IN HUMAN PLASMA 390 1 

T A B L E  2 

Recoveries obtained w i t h  d i f f e r e n t  a i r  p re s su r i z ing  volumes 
dispensed o n  the DEC 

Air p re s su r i z ing  volume (ml)  Absolute recovery (f) 

0.25 
0.30 
0.40 
0.50 
1 .oo 
1.50 
2.00 

97.0 
93.0 
97.8 
95.7 
98.0 
99.2 
97.2 

mean recovery 
RSD (n= 7) 

96.8 
2.1 

O E C s  : CHROMABOND C18 (100 mg) 

Dispensing flow r a t e  of plasma : 0.18 m L / m i n  

Other condi t ions  as described i n  Mater ia l s  and Methods 

Sample : spiked plasma (indomethacin concent ra t ion  : 100 ng/mL)  

i s  d isp laced  from i t s  b i n d i n g  t o  p ro t e ins  and can be d i s t r i b u t e d  t o  the  D E C  

sorbent .  

Air P res su r i z ing  Volume Applied o n  the  Plasma Sample 

After de l ive ry  of l i q u i d s  a t  the  top of t h e  packing, an a i r  volume i s  

a sp i r a t ed  ou t s ide  the  ca r t r idge  and then introduced i n t o  t h e  D E C .  This 

produces a p o s i t i v e  p ressure  wich can force  the  liquids t o  flow through the  

sorbent .  the  a i r  volume applied on the  D E C  d u r i n g  the  loading Consequently, 
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3902 HUBERT AND CROMMEN 

s t e p  w i t h  plasma sample m i g h t  a l s o  have an i n f l u e n c e  on t h e  r e c o v e r y  o f  

i n  dome t h a c i n  . 
However, t h e  d a t a  g i v e n  i n  Tab le  2 show t h a t  t h e r e  a r e  no s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  r e c o v e r i e s  o b t a i n e d  w i t h  a i r  volumes r a n g i n g  f rom 0.25 t o  

2.0 mL, t h e  mean r e c o v e r y  b e i n g  around 97  X. Th is  i s  p r o b a b l y  due t o  t h e  f a c t  

t h a t  t h e  plasma d e l i v e r y  i s  s o  s low  i n  t h i s  case t h a t  t h e r e  i s  v i r t u a l l y  no 

r e s i d u a l  volume o f  plasma a t  t h e  t o p  o f  t h e  s o r b e n t .  The re fo re ,  t h e  a i r  

volume i n t r o d u c e d  i n t o  t h e  OEC cannot  i n f l u e n c e  s i g n i f i c a n t l y  t h e  passage o f  

plasma th rough  t h e  c a r t r i d g e  and t h u s  t h e  d r u g  r e c o v e r y .  With a d i s p e n s i n g  

f l o w  r a t e  h i g h e r  than  0.18 mL/min, t h e  r e s i d u a l  volume o f  p lasma i n c r e a s e s  

and t h e  i n f l u e n c e  o f  t h e  a i r  volume on t h e  passage o f  p lasma becomes 

s i g n i f i c a n t ,  as i t  i s  t h e  case with t h e  o t h e r  l i q u i d s  which a r e  d e l i v e r e d  on 

t h e  DEC a t  h i g h e r  f l o w  r a t e s .  

E f f e c t  o f  t h e  Volume o f  Plasma i n j e c t e d  and t h e  Guard Column on t h e  S t a b i l i t y  

o f  t h e  A n a l y t i c a l  Column 

As can be seen f rom F i g .  3, t h e  h e i g h t  o f  t h e  i ndomethac in  peak has a 

tendency t o  decrease w i t h  i n c r e a s i n g  t o t a l  volume o f  plasma e x t r a c t  i n t r o d u -  

ced i n t o  t h e  ch romatog raph ic  system, i n  which t h e  a n a l y t i c a l  column i s  p rece -  

ded by a s h o r t  guard column packed w i t h  t h e  same s u p p o r t  m a t e r i a l .  The i n t r o -  

d u c t i o n  o f  a t o t a l  volume o f  10 mL o f  plasma e x t r a c t ,  c o r r e s p o n d i n g  t o  100 

i n j e c t i o n s  i n  t h e  method desc r ibed ,  causes a r e d u c t i o n  o f  about  30 % o f  t h e  

e f f i c i e n c y  o f  t h e  ch romatog raph ic  system. T h i s  i s  accompanied by an i n c r e a s e  

i n  back p r e s s u r e  which a l s o  reaches about 30 X w h i l e  t h e  r e t e n t i o n  o f  indome- 

t h a c i n  remains cons tan t .  

No improvements have been o b t a i n e d  by i n t e n s i v e  washing o f  t h e  columns 

i n  t h e  b a c k - f l u s h  mode. On t h e  o t h e r  hand, t h e  rep lacemen t  o f  t h e  guard 

column p r a c t i c a l l y  r e s t o r e s  t h e  i n i t i a l  peak h e i g h t  ( c f r  d o t t e d  l i n e s  i n  F i g .  

3)  as w e l l  as t h e  o r i g i n a l  p ressu re .  O b v i o u s l y  t h e  s u c c e s s i v e  l o s s e s  o f  

e f f i c i e n c y  observed i n  F i g .  3 are e s s e n t i a l l y  due t o  t h e  d e t e r i o r a t i o n  o f  t h e  
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(cm 
14 

12 

10 

a 
6 

F I G U R E  3 

I n f l u e n c e  of t h e  volume of plasma e x t r a c t  i n j e c t e d  and t h e  guard column on 
t h e  l i f e - t i m e  of t h e  a n a l y t i c a l  column. 
Mobile phase : methanol - phosphate  b u f f e r  pH 7.4 (60-40). 
S o l i d  phase : LiChrospher  100 RP-18. 
I n j e c t i o n  loop  : 0.1 m L .  
A n a l y t i c a l  column (125 x 4 m m  i . d . )  p receded  b y  a guard  column ( 4  x 4 m m  
i .d . ) .  
rn : new guard column 
o : used guard column 
h : h e i g h t  of t h e  indomethacin peak 
V : t o t a l  volume of  plasma e x t r a c t  i n j e c t e d .  

guard column and i t  i s  t h e r e f o r e  a d v i s a b l e  t o  r e p l a c e  i t  r e g u l a r l y  ( e v e r y  50 

i n j e c t i o n s  i n  t h e  p r e s e n t  method) i n  o r d e r  t o  maximize t h e  l i f e t i m e  of t h e  

a n a l y t i c a l  column. 

Fixed-Wavelength UV D e t e c t o r  

As mentioned p r e v i o u s l y  (191, a s i n g l e  wavelength d e t e c t o r ,  measuring a t  

254 nm,  was s e l e c t e d  f o r  t h e  d e t e r m i n a t i o n  of indomethacin a t  lower plasma 
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3904 HUBERT AND CROMMEN 

TABLE 3 

R e p r o d u c i b i l i t y  o f  assay  o f  i n d o m e t h a c i n  

C o n c e n t r a t i o n  W i t h i n - d a y  Between-day  
(ng/mL 1 RSD (%) n RSD (%) n 

500 
100 

20 

1.8 6 - - 
1.5 6 2.3 9 
3.8 6 - - 

c o n c e n t r a t i o n s  t h a n  100 ng/mL, e v e n  i f  t h e  d r u g  p r e s e n t s  a s l i g h t l y  h i g h e r  

m o l a r  a b s o r p t i v i t y  a t  260 nm. Among t h e  i n s t r u m e n t s  t e s t e d ,  t h e  b e s t  s i g n a l -  

t o - n o i s e  r a t i o  was i n  f a c t  o b t a i n e d  w i t h  t h e  f i x e d  w a v e l e n g t h  d e t e c t o r ,  o w i n g  

t o  i t s  p a r t i c u l a r l y  l o w  b a s e l i n e  n o i s e .  

V a l i d a t i o n  o f  t h e  Method 

The a b s o l u t e  r e c o v e r y  o f  i n d o m e t h a c i n  was f o u n d  t o  be  96.0 fi 3.4 % (mean 

r e c o v e r y  S.D; n = 60) ( c f r  a l s o  T a b l e  2 ) .  I t  was e s t i m a t e d  b y  c o m p a r i n g  t h e  

p e a k  h e i g h t s  o b t a i n e d  b y  i n j e c t i o n  o f  s p i k e d  p l a s m a  s a m p l e s  i n t o  t h e  ASPEC 

s y s t e m  w i t h  t h o s e  f o u n d  on d i r e c t  i n j e c t i o n  o f  aqueous s t a n d a r d  s o l u t i o n s  o f  

i n d o m e t h a c i n  o n t o  t h e  a n a l y t i c a l  co lumn.  

The mean c a p a c i t y  r a t i o  o f  i n d o m e t h a c i n  i s  e q u a l  t o  3.15 w i t h  a RSD o f  

0.6 % f o r  s u c c e s s i v e  i n j e c t i o n s  of  s p i k e d  p l a s m a  s a m p l e s  ( n  = 1 1 ) .  

L i n e a r  r e g r e s s i o n  a n a l y s i s  made b y  p l o t t i n g  p e a k  h e i g h t  ( Y )  i n  m m  v e r s u s  

t h e  i n d o m e t h a c i n  c o n c e n t r a t i o n  o f  s p i k e d  p l a s m a  s a m p l e s  ( X )  i n  ng/mL ( e i g h t  

c o n c e n t r a t i o n s  o f  i n d o m e t h a c i n  i n  d u p l i c a t e s ,  r a n g i n g  f r o m  1 0  t o  200 ng/M1) 
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g i v e s  t h e  f o l l o w i n g  e q u a t i o n  w i t h  a c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r 2 )  o f  

0.9986 : Y = 1.089 X + 0.857 (AUFS : 0.01 a t  254 nm). 

C a l c u l a t e d  f r o m  t h e  r e g r e s s i o n  l i n e  ( 2 1 ) .  t h e  l i m i t  o f  d e t e c t i o n  

(L.O.D.) o f  i n d o m e t h a c i n  i s  e q u a l  t o  2 n g / m i  and the  l i m i t  o f  q u a n t i f i c a t i o n  

(L.O.Q.) t o  6 ng/mL. 

The p r e c i s i o n  o f  t h e  method was e s t i m a t e d  b y  c a l c u l a t i n g  t h e  RSD v a l u e s  

a t  t h r e e  d i f f e r e n t  p lasma c o n c e n t r a t i o n s  f o r  t h e  w i t h i n - d a y  r e p r o d u c i b i l i t y  

and a t  100 ng/mL f o r  t h e  between-day r e p r o d u c i b i l i t y  ( c f r  T a b l e  3 ) .  

A t  t h e  r e t e n t i o n  t i m e  o f  i n d o m e t h a c i n ,  t h e  absence o f  i n t e r f e r i n g  

endogenous components  i s  d e m o n s t r a t e d  i n  F i g .  1 w h i c h  shows ch romatog rams  

o b t a i n e d  on i n j e c t i o n  o f  b l a n k  and s p i k e d  p lasma samples .  

The f u l l y  au tomated  method has  been a p p l i e d  s u c c e s s f u l l y  t o  b i o a v a i l a b i -  

l i t y  s t u d i e s  o f  i n d o m e t h a c i n  a f t e r  p e r c u t a n e o u s  a d m i n i s t r a t i o n  and has  p r o v e d  

t o  be  rugged.  
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