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L I Q U I D  CHROMATOGRAPHIC DETERMINATION OF MECLOFENAMIC 
A C I D  I N  EQUINE PLASMA 

I. M o n i k a  J o h a n s s o n  a n d  M a r i e - L o u i s e  E k l u n d  

S w e d i s h  U n i v e r s i t y  o f  A g r i c u l t u r a l  S c i e n c e s ,  
D e p a r t m e n t  o f  P h a r m a c o l o g y  a n d  T o x i c o l o g y ,  

F a c u l t y  o f  V e t e r i n a r y  M e d i c i n e ,  
B i o m e d i c a l  C e n t e r ,  Box 573,  S-751 23  U p p s a l a ,  Sweden. 

ABSTRACT 

M e c l o f e n a m i c  a c i d  i s  e x t r a c t e d  t o  d i c h l o r o m e t h a n e  
t o g e t h e r  w i t h  t h e  i n t e r n a l  s t a n d a r d  d i c l o f e n a c  s o d i u m .  
A f t e r  e v a p o r a t i o n  o f  t h e  o r g a n i c  s o l v e n t  t h e  r e s i d u e  i s  
d i s s o l v e d  i n  t h e  c h r o m a t o g r a p h i c  e l u e n t  and a n a l y z e d  b y  
l i q u i d  c h r o m a t o g r a p h y .  The a c i d s  a r e  s e p a r a t e d  on  a 
c o l u m n  p a c k e d  w i t h  S p h e r i s o r b  ODS w i t h  m e t h a n o l  - p h o s -  
p h a t e  b u f f e r  a s  t h e  e l u e n t  and d e t e c t e d  a t  280 nm. A 
p o s s i b l e  m e t a b o l i t e  o f  m e c l o f e n a m i c  a c i d  was a l s o  de-  
t e c t e d  i n , t h e  c h r o m a t o g r a m s .  The d e t e c t i o n  l i m i t  f o r  
m e c l o f e n a m i c  a c i d  i n  p l a s m a  was 0 .361 pmol /L  (0 .107 
pg/ml)  f o r  1.5 m l  s a m p l e  s i z e .  The c o n d i t i o n s  o f  quan-  
t i t a t i v e  e x t r a c t i o n  o f  m e c l o f e n a m i c  a c i d  a n d  d i c l o f e n a c  
t o  d i c h l o r o m e t h a n e  a r e  g i v e n .  

INTRODUCTION 

M e c l o f e n a m i c  a c i d  i s  a p o t e n t  n o n - s t e r o i d a l  a n t i -  

- i n f l a m m a t o r y  a g e n t  b e l o n g i n g  t o  t h e  f e n a m a t e  g r o u p  

[11. The m e t a b o l i s m  o f  t h e  d r u g  i n  man h a s  b e e n  s t u d i e d  

w i t h  t r i t i u m - l a b e l e d  d r u g  i n  c o m b i n a t i o n  w i t h  f l u o r o -  
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1610 JOHANSSON AND EKLUND 

m e t r y ,  g a s  c h r o m a t o g r a p h y ,  and t h i n - l a y e r  c h r o m a t o g r a -  

p h y  [ 2 , 3 1 .  The d r u g  h a s  been a p p r o v e d  i n  some c o u n t r i e s  

f o r  t h e  t r e a t m e n t  o f  h o r s e s  and a n a l y s i s  o f  m e c l o f e n a -  

m i c  a c i d  i n  e q u i n e  p l a s m a  h a s  been p e r f o r m e d  w i t h  f l u -  

o r o m e t r i c  a s s a y  [4 ,51 .  

M e c l o f e n a m i c  a c i d  was i n c l u d e d  i n  a s t u d y  o f  t h e  

e f f e c t s  o f  d r u g s  o n  p e r f o r m a n c e  i n  t h e  h o r s e  [61. 

Q u a n t i t a t i v e  a n a l y s i s  o f  t h e  a c i d  i n  e q u i n e  p l a s m a  was 

r e q u i r e d  t o  c o r r e l a t e  p o s s i b l e  e f f e c t s  o f  t h e  d r u g  w i t h  

t h e  p l a s m a  c o n c e n t r a t i o n s .  Our m e t h o d  i n v o l v e s  l i q u i d  

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

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

t o g e t h e r  w i th  t h e  i n t e r n a l  s t a n d a r d ,  d i c l o f e n a c  sod ium.  

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

was t e s t e d  b u t  p h o t o m e t r i c  d e t e c t i o n  a t  280 nm c a v e  

b e t t e r  s e n s i t i v i t y .  

EXPERIMENTAL 

A p p a r a t u s  

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

C o n s t a m e t r i c  I pump ( M i l t o n  Roy Company, R i v i e r a  Beach,  

F l a . ,  U.S.A.), a s a m p l e  i n j e c t i o n  v a l v e  w i t h  a 20 p1 

l o o p  (Rheodyne,  B e r k e l e y ,  C A ,  U .S .A . ) ,  a n d  an  u l t r a -  

v i o l e t  d e t e c t o r  w i t h  v a r i a b l e  w a v e l e n g t h ,  LDC S p e c t r o  

M o n i t o r  111. 
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MECLOFENAMIC ACID IN EQUINE PLASMA 1611 

The c h r o m a t o g r a p h i c  co lumns were o f  316 s t a i n l e s s  

s t e e l ,  100 mm x 3.0 mm, e q u i p p e d  w i t h  z e r o  volume 

Swagelok u n i o n s  and co lumn end f i t t i n g s .  Two-pm s t a i n -  

l e s s  s t e e l  f r i t s  f r o m  A l t e x  were used.  The co lumns were 

packed  w i t h  L i C h r o s o r b  RP-18, 5 pm (Merck ,  Darms tad t ,  

G.F.R.) o r  S p h e r i s o r b  ODs, 1 0  pm (Phase S e p a r a t i o n s  

L t d . ,  Q u e e n s f e r r y ,  U n i t e d  Kingdom).  

A Shimadzu s p e c t r o p h o t o m e t e r ,  UV-210 A,  was used  

f o r  t h e  p h o t o m e t r i c  measurements i n  t h e  b a t c h  e x t r a c -  

t i o n  e x p e r i m e n t s  and t h e  d e t e r m i n a t i o n  o f  pH was p e r -  

f o rmed  w i t h  a Metrohm 620 pH-meter .  

Chemica ls  and Reagents  

M e t h a n o l  and d i c h l o r o m e t h a n e  were o f  a n a l y t i c a l -  

- r e a g e n t  g r a d e  q u a l i t y  and o b t a i n e d  f r o m  Merck.  Mec lo -  

f e n a m i c  a c i d  (mo l .  w t .  = 296.2) and mefenamic a c i d  were 

k i n d l y  s u p p l i e d  by Parke ,  D a v i s  & Co. ( P o n t y p o o l ,  

U n i t e d  K ingdom) ,  d i c l o f e n a c  sod ium by  C iba -Ge igy  A G  

( B a s l e ,  S w i t z e r l a n d )  and f l u n i x i n  meglumine by S c h e r i n g  

C o r p o r a t i o n  ( K e n i l w o r t h ,  NJ, U.S.A.) .  T h e i r  s t r u c t u r e s  

a r e  g i v e n  i n  T a b l e  1. Te t rabu ty lammon ium hyd rogen-  

s u l f a t e  (TEA) was o b t a i n e d  f r o m  H'a'ssle A6 (ME lnda l ,  

Sweden). The phospha te  b u f f e r s  used  i n  t h e  b a t c h  e x -  

t r a c t i o n  and c h r o m a t o g r a p h i c  e x p e r i m e n t s  were p r e p a r e d  

f r o m  sod ium d i h y d r o g e n  phospha te  and d i s o d i u m  h y d r o g e n  
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1612 JOHANSSON AND EKLUND 

TABLE 1. 

S t r u c t u r e  06 t h e  A c i d s  
~~~ 

Formula Name R i  R 2  R 3  R r  

Mefenamic a c i d  COOH H CH3 CH3 

&Q, M e c l o f e n a m i c  a c i d  COOH C 1  CH3 C 1  

D i c l o f e n a c  sod ium CH2COONa C1 H C 1  

phospha te .  C i t r a t e  b u f f e r ,  p r e p a r e d  f r o m  c i t r i c  a c i d  

a n d  sod ium h y d r o x i d e ,  was used  i n  t h e  p r e p a r a t i o n  o f  

p lasma samples.  A l l  b u f f e r s  had  an i o n i c  s t r e n g t h  o f  

0.1 and  were p r e p a r e d  w i t h  ion -exchanged  and d i s t i l l e d  

w a t e r .  

D e t e r m i n a t i o n  o f  D i s t r i b u t i o n  R a t i o  

M e c l o f e n a m i c  a c i d  was d i s s o l v e d  i n  0.1 M sodium 

h y d r o x i d e  as t h e  a c i d  has  a l i m i t e d  s o l u b i l i t y  a t  

lower pH. The s o l u b i l i t y  o f  rnec lo fenamic  a c i d  a t  pH 7 

i s  ca. 9 1  pmol/L (27  pg/ml)  CSI. D i c l o f e n a c  sod ium 

was d i s s o l v e d  i n  0.05 M d i s o d i u m  hyd rogen  phospha te .  

B u f f e r  s o l u t i o n s  w i t h  known c o n c e n t r a t i o n s  o f  t h e  

a c i d s  were p r e p a r e d .  The excess  o f  sodium h y d r o x i d e ,  

used  t o  d i s s o l v e  t h e  m e c l o f e n a m i c  a c i d ,  was n e u t r a l -  
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MECLOFENAMIC ACID I N  EQUINE PLASMA 1613 

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

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

e q u a l  vo lumes o f  d i c h l o r o m e t h a n e  a t  25'C i n  a w a t e r  

b a t h  f o r  30 min .  A f t e r  phase s e p a r a t i o n ,  t h e  absorbance 

o f  t h e  aqueous phase was measured p h o t o m e t r i c a l l y  and 

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

278 nm, E = 6570 f o r  mec lo fenamic  a c i d  and 276 nm, E = 

10600 f o r  d i c l o f e n a c .  The c o n c e n t r a t i o n  o f  t h e  a c i d  i n  

t h e  o r g a n i c  phase was t h e n  c a l c u l a t e d  f r o m  t h e  i n i t i a l  

c o n c e n t r a t i o n .  The pH o f  t h e  aqueous phase was a l s o  

measured a f t e r  phase s e p a r a t i o n .  

Chromatog raph ic  Techn ique 

The e l u e n t s  were p r e p a r e d  by m i x i n g  m e t h a n o l  and 

phospha te  b u f f e r  pH 6.1. The s o l u t i o n  was a l l o w e d  t o  

s t a n d  o v e r n i g h t  and was t r e a t e d  i n  an u l t r a s o n i c  b a t h  

f o r  some m i n u t e s  b e f o r e  use.  TBA, when used,  was 

d i s s o l v e d  i n  t h e  phospha te  b u f f e r .  

T h e  co lumns were packed  a t  39 MPa w i t h  m e t h a n o l  a s  

t h e  d r i v i n g  l i q u i d .  L i C h r o s o r b  RP-18 was suspended i n  

d i c h l o r o m e t h a n e  (0.1 g /ml )  and t h e  co lumn was packed  

downwards [ c f .  71. S p h e r i s o r b  ODS was suspended i n  

m e t h a n o l  and t h e  co lumn was packed  by t h e  upwards s l u r -  

r y  p a c k i n g  t e c h n i q u e  [81. 

The v o i d  volume o f  t h e  co lumn,  V m ,  was d e t e r m i n e d  

by i n j e c t i n g  s u l f a t h i a z o l e ,  w h i c h  was n o t  r e t a i n e d  i n  
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1614 JOHANSSON AND EKLUND 

t h e  system. T h i s  v a l u e  o f  V m  was used  t o  c a l c u l a t e  t h e  

c a p a c i t y  r a t i o ,  k '  . 
Samp 1 i n  CJ 

B l o o d  samples  were c o l l e c t e d  i n  vacuum t u b e s ,  

V e n o j e c t  , c o n t a i n i n g  sod ium h e p a r i n .  P lasma was p r e -  

p a r e d  and s t o r e d  f r o z e n  a t  - 2 O ' C  u n t i l  a n a l y z e d .  

8 

P o o l e d  e q u i n e  p lasma f rom f o u r  h o r s e s  t h a t  had n o t  

r e c e i v e d  any d r u g  was used as b l a n k  p lasma.  

Sample P r e p a r a t i o n  

M e c l o f e n a m i c  a c i d  was d i s s o l v e d  i n  0.025 M d i s o d i u m  

phospha te  w i t h  t h e  a d d i t i o n  o f  0 . 1  M sod ium h y d r o x i d e .  

The s o l u t i o n  was d i l u t e d  w i t h  0.025 M d i s o d i u m  

phospha te  t o  o b t a i n  aqueous samples  c o n t a i n i n g  1.6-81 

pmol/L (0 .48-24 pg/ml)  o f  m e c l o f e n a m i c  a c i d .  Plasma 

samples were s p i k e d  w i t h  0.68-16 pmol/L ( 0 . 2 0 - 4 . 8  

pg/ml)  ( 5 0  p l / m l  p lasma) .  

A n a l y t i c a l  Method 

P lasma (1.50 m l )  was m i x e d  w i t h  2.00 m l  o f  c i t r a t e  

b u f f e r  pH 4.6, c o n t a i n i n g  0 . 5 3  pmol/L (0 .15 pg/ml)  o f  

d i c l o f e n a c  sod ium as i n t e r n a l  s t a n d a r d ,  5 . 0 0  m l  o f  d i -  

ch lo romethane  was added and t h e  t u b e  was r o t a t e d  

f o r  30 m i n u t e s .  A f t e r  c e n t r i f u g a t i o n ,  ca.  3 m l  o f  t h e  

o r g a n i c  phase was t r a n s f e r r e d  t o  a n o t h e r  t u b e  

and e v a p o r a t e d .  The r e s i d u e  was d i s s o l v e d  i n  
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MECLOFENAMIC ACID IN EQUINE PLASMA 1615 

200 p1 o f  t h e  c h r o m a t o g r a p h i c  e l u e n t  

and 20 ~1 was i n j e c t e d  o n t o  t h e  l i q u i d  c h r o m a t o g r a p h i c  

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

co lumn c o n t a i n i n g  S p h e r i s o r b  ODS (10  pm) w i t h  40 % 

m e t h a n o l  i n  phospha te  b u f f e r  pH 6.1 as t h e  e l u e n t .  The 

a n a l y s i s  t i m e  was 1 4  m i n u t e s  a t  a f l o w - r a t e  o f  0 . 8  

ml/min. U V - d e t e c t i o n  was p e r f o r m e d  a t  280 nm. 

A l l  c a l c u l a t i o n s  o f  t h e  d r u g  c o n c e n t r a t i o n s  were 

based on peak  h e i g h t  measurements.  

RESULTS AND D I S C U S S I O N  

Cho ice  o f  L i q u i d  Chromatog raph ic  System 

F l u n i x i n ,  d i c l o f e n a c  sodium, and mefenamic a c i d ,  

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

were i n c l u d e d  i n  t h e  c h r o m a t o g r a p h i c  s t u d y  as  c o n c e i v -  

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

f i r s t  L i C h r o s o r b  RP-18 was used  as s u p p o r t  w i t h  m i x -  

t u r e s  o f  m e t h a n o l  - b u f f e r  pH 6.1 as e l u e n t s .  

Mec lo fenamic  a c i d  and mefenamic a c i d  d i d  n o t  s e p a r a t e  

f r o m  each  o t h e r  on t h i s  s u p p o r t .  F l u n i x i n  was e l u t e d  

t o o  c l o s e  t o  t h e  f r o n t  and c o n s e q u e n t l y  d i c l o f e n a c  was 

chosen as t h e  i n t e r n a l  s t a n d a r d .  F i g u r e  1 A  shows how 

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

m e t h a n o l  i n  t h e  e l u e n t .  E x t r a c t s  f r o m  e q u i n e  p lasma 
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FIGURE 1. I n f l u e n c e  o f  t h e  M e t h a n o l  C o n t e n t  i n  t h e  
E l u e n t  on t h e  C a p a c i t y  R a t i o s .  
S u p p o r t :  A = L i C h r o s o r b  RP-18; B = S p h e r i s o r b  ODs .  
E l u e n t :  M e t h a n o l  i n  phospha te  b u f f e r  pH 6.1. 
A = m e c l o f e n a m i c  a c i d ;  V = mefenamic a c i d ;  

= d i c l o f e n a c ;  o = f l u n i x i n ;  7 = i n t e r f e r i n g  peak 

showed, however ,  a peak  t h a t  i n t e r f e r e d  w i t h  d i c l o f e n a c  

i n  t h e  chromatogram. A s e p a r a t i o n  c o u l d  n o t  be a c h i e v e d  

by c h a n g i n g  t h e  pH o r  t h e  m e t h a n o l  c o n c e n t r a t i o n  o f  t h e  

e l u e n t .  

However, t h e  s e p a r a t i o n  was p o s s i b l e  a f t e r  t h e  

a d d i t i o n  o f  TBA t o  an e l u e n t  c o n t a i n i n g  66  % m e t h a n o l .  

I n  t h i s  sys tem t h e  i n t e r f e r i n g  peak was e l u t e d  i n  t h e  

f r o n t  and t h e  a c i d s  emerged l a t e r ,  m i g r a t i n g  as i o n -  
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MECLOFENAMIC ACID IN EQUINE PLASMA 1617 

- p a i r  w i t h  TBA. One d i s a d v a n t a g e  o f  t h e  use  o f  TBA was 

t h e  p o o r  co lumn s t a b i l i t y  and a n o t h e r  p r o b l e m  was t h e  

l o w  s o l u b i l i t y  o f  m e c l o f e n a m i c  a c i d  i n  t h e  e l u e n t  con-  

t a i n i n g  TEA. 

S m a l l  d i f f e r e n c e s  i n  t h e  s e l e c t i v i t y  between t h e  

a c i d s  were o b t a i n e d  by  e x c h a n g i n g  L i C h r o s o r b  RP-18 f o r  

S p h e r i s o r b  ODS as t h e  s u p p o r t  ( F i g u r e  l B ) .  About  10 % 

l e s s  m e t h a n o l  was needed i n  t h e  e l u e n t  t o  g e t  t h e  same 

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

w i t h  L i C h r o s o r b  RP-18. F i g u r e  18 shows t h e  i n f l u e n c e  o f  

m e t h a n o l  on t h e  r e t e n t i o n .  The r e t e n t i o n  o f  t h e  i n t e r -  

f e r i n g  peak was much l e s s  i n f l u e n c e d  t h a n  was t h e  r e -  

t e n t i o n  o f  t h e  d r u g s  by t h e  c o n c e n t r a t i o n  o f  me thano l .  

A chromatogram o f  a s t a n d a r d  s o l u t i o n  o f  t h e  a c i d s  i s  

g i v e n  i n  F i g u r e  2. 

D u r i n g  t h e  i n v e s t i g a t i o n ,  i t  was o b s e r v e d  t h a t  

p lasma e x t r a c t s  f r o m  o n l y  one h o r s e  c o n t a i n e d  t h e  i n -  

t e r f e r i n g  peak i n  t h e  chromatogram and t h a t  t h i s  peak 

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

p lasma samples.  The caps were exchanged f o r  f u r t h e r  

work.  S p h e r i s o r b  ODS was used  f o r  t h e  p lasma s t u d i e s  

w i t h  40 % m e t h a n o l  i n  phospha te  b u f f e r  pH 6 . 1  as  t h e  

e l u e n t .  

E x t r a c t i o n  

B o t h  m e c l o f e n a m i c  a c i d  and d i c l o f e n a c  a r e  p r o t o -  

l y t e s  i n  aqueous s o l u t i o n s  and can be t r a n s f e r r e d  i n  
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1618 JOHANSSON AND EKLUND 

4 3 2 1  T 
A =  0.001 

rnin 15 

FIGURE 2 .  Chromatogram o f  Some A c i d i c  Drugs .  
S u p p o r t :  S p h e r i s o r b  ODs,  10  pm. 
E l u e n t :  40 % m e t h a n o l  i n  phospha te  b u f f e r  pH 6.1 (0 .8 
m l / m i n ,  3500 kPa) .  
Peaks: 1 = f l u n i x i n  ( 2 5  n g ) !  2 = d i c l o f e n a c  ( 1 8  n g ) ;  
3 = mefenamic a c i d  (50  n g ) ;  4 = m e c l o f e n a m i c  a c i d  (152  
n g l .  

uncharged  f o r m s  i n t o  o r g a n i c  s o l v e n t s .  The degree  o f  

e x t r a c t i o n  w i l l  depend b o t h  on t h e  n a t u r e  o f  t h e  o r -  

g a n i c  s o l v e n t  and t h e  pH o f  t h e  aqueous s o l u t i o n  [ 9 I .  

The e x t r a c t i o n  o f  an a c i d ,  HX,  can  be e x p r e s s e d  by t h e  

d i s t r i b u t i o n  r a t i o ,  DHX 

where 
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MECLOFENAMIC ACID IN EQUINE PLASMA 1619 

= d i s t r i b u t i o n  c o n s t a n t  o f  HX I 2 1  

aH+' r x - I  
K ' H X  = = a p p a r e n t  d i s s o c i a t i o n  c o n s t a n t  (31 

[ H X l  o f  HX 

I f  t h e  c o n s t a n t s  a r e  known t h e  d i s t r i b u t i o n  r a t i o  

can be e s t i m a t e d  a t  any pH and t h e  degree  o f  e x t r a c -  

t i o n ,  P %,  t o  t h e  o r g a n i c  s o l v e n t  c a l c u l a t e d  by use o f  

1 Va q The F o r m u l a  P% = 100 .(1+ 
v o r g  O D H X  

( 4 )  

where Vorg  and Vaq a r e  t h e  vo lumes o f  t h e  o r g a n i c  

s o l v e n t  and t h e  aqueous s o l u t i o n ,  r e s p e c t i v e l y .  

The d i s t r i b u t i o n  r a t i o s  o f  m e c l o f e n a m i c  a c i d  and 

d i c l o f e n a c  were d e t e r m i n e d  between d i c h l o r o m e t h a n e  as 

o r g a n i c  s o l v e n t  and phospha te  b u f f e r s  o f  pH 7 . 5 - 9 . 5 .  

I n v e r s i o n  o f  eq.  (1) g i v e s  

- 1 =  1 + K '  HX 

DHX KD KD'aH+ 
( 5 )  

P l o t s  a c c o r d i n g  t o  eq. ( 5 )  gave l i n e a r  r e l a t i o n -  

s h i p s  and K ' H x / K ~  was c a l c u l a t e d  f r o m  t h e  s l o p e .  The 

i n t e r c e p t  was t o o  s m a l l  t o  e n a b l e  a c a l c u l a t i o n  o f  Kg. 

The r e s u l t s  a r e  g i v e n  i n  T a b l e  2 t o g e t h e r  w i t h  t h e  

e x p e r i m e n t a l  c o n d i t i o n s .  

I n  o u r  a n a l y t i c a l  p r o c e d u r e  t h e  e x t r a c t i o n  i s  p e r -  

f o rmed  a t  a pH o f  a b o u t  5.2,  w h i c h  f o r  b o t h  m e c i o f e n a -  
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1620 JOHANSSON AND EKLUND 

TABLE 2. 
P a r t i t i o n  C o e f f i c i e n t s  

Aqueous s o l u t i o n :  Phospha te  b u f f e r  (p = 0 .1 ) .  
O r g a n i c  s o l v e n t :  D i c h l o r o m e t h a n e .  

A c i d  

M e c l o f e n a m i c  0.25-0.97 0.53-1.3 8.4-9.4 -9 .11 4a 
a c i d  

D i c l o f e n a c  1 .4  -3.7 0.92-3.2 7.5-8.5 -7.84 4.0b 

CHX deno tes  t h  t o t a l  c o n c e n t r a t i o n  o f  t h e  a c i d  i n  
m o l / L .  a R e f .  f l l  , b R e f .  [ l o ] .  

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

99.8 % (eq .  4 ) .  The a c i d s  a r e  c o n c e n t r a t e d  a b o u t  4.5 

t i m e s  by t h e  e x t r a c t i o n  p r o c e d u r e .  

B u f f e r  s o l u t i o n s  o f  m e c l o f e n a m i c  a c i d ,  

1 .6-81 umol/L (0 .48-24 pg /ml ) ,  a n a l y z e d  a c c o r d i n g  t o  

t h e  method,  showed a d e v i a t i o n  f r o m  l i n e a r i t y  a t  h i g h e r  

c o n c e n t r a t i o n s  o f  m e c l o f e n a m i c  a c i d .  The o b t a i n e d  

s t a n d a r d  c u r v e  was compared w i t h  s t a n d a r d s  o f  mec lo-  

f enamic  a c i d  - d i c l o f e n a c  d i s s o l v e d  i n  t h e  e l u e n t  and 

n o t  t a k e n  t h r o u g h  t h e  e x t r a c t i o n  s t e p ,  F i g u r e  3. The 

n o n - l i n e a r i t y  m i g h t  be due t o  t h e  l ow  s o l u b i l i t y  o f  

m e c l o f e n a m i c  a c i d  i n  a c i d i c  aqueous s o l u t i o n s .  The 

s t a n d a r d  c u r v e  was c o n s i d e r e d  l i n e a r  up t o  17  p v o l / L  

( 5  ug/ml) .  The same degree  o f  l i n e a r i t y  has  p r e v i o u s l y  

been r e p o r t e d  f o r  t h e  f l u o r o m e t r i c  a n a l y s i s  o f  mec lo -  

f enamic  a c i d  [ 5 I .  
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MECLOFENAMIC ACID IN EQUINE PLASMA 1621 

peak height ratio 
x factor  

25 50 75 100 

meclofenarnic acid (prnol/L) 

FIGURE 3. S t a n d a r d  Curve  o f  M e c l o f e n a m i c  A c i d .  
0 = mec lo fenamic  a c i d  d i s s o l v e d  i n  0.025 M phospha te  
b u f f e r  pH 9.2 and e x t r a c t e d  a c c o r d i n g  t o  t h e  A n a l y t i c a l  
Method;  o = mec lo fenamic  a c i d  d i r e c t l y  i n j e c t e d  o n t o  
t h e  co lumn.  I n t e r n a l  s t a n d a r d :  D i c l o f e n a c .  
Chromatog raph ic  c o n d i t i o n s  as  i n  F i g u r e  2. 

D e t e r m i n a t i o n  o f  M e c l o f e n a m i c  A c i d  i n  Equ ine  Plasma 

The s t a n d a r d  c u r v e  i n  F i g u r e  4 i s  p r e p a r e d  f r o m  

s p i k e d  e q u i n e  p lasma i n  t h e  r a n g e  o f  0.68-16 umol/L 

(0.20-4.8 pg/ml) .  An a b s o l u t e  r e c o v e r y  o f  95 % was ob-  

t a i n e d .  The r e c o v e r y  was n o t  i n c r e a s e d  by d o u b l i n g  t h e  

e x t r a c t i o n  t i m e .  

F i g u r e  5 shows chromatograms o f  t w o  p lasma samples  

t a k e n  b e f o r e  and 45 m i n  a f t e r  an o r a l  dose o f  m e c l o f e -  
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Peak height ratio 

l o t  

JOHANSSON AND ECLUND 

5 10 15 20 
meclofenamic acid (pmol I L) 

F I G U R E  4 .  S t a n d a r d  C u r v e  f o r  t h e  D e t e r m i n a t i o n  o f  
M e c l o f e n a m i c  A c i d  i n  E q u i n e  P l a s m a .  A n a l y s e s  p e r f o r m e d  
a c c o r d i n g  t o  t h e  A n a l y t i c a l  M e t h o d  w i t h  d i c l o f e n a c  
(0 .53  ymo l /L )  a s  t h e  i n t e r n a l  s t a n d a r d .  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  a s  i n  F i g u r e  2 .  

n a m i c  a c i d .  F rom t h e  c h r o m a t o g r a m  t h e  p r e s e n c e  o f  a 

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

c a n  be i s o l a t e d  a n d  q u a n t i f i e d  w i t h  t h e  p r e s e n t  l i q u i d  

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

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

a s s a y  L4,51 where  p r o b a b l y  t h e  m e t a b o l i t e  i s  c o d e t e r -  

m i n e d  w i t h  t h e  p a r e n t  d r u g  a f t e r  e x t r a c t i o n  f r o m  a c i d i -  

f i e d  s o l u t i o n s  w i t h  c a r b o n  t e t r a c h l o r i d e  C3I. 

The s i m p l e  w o r k - u p  p r o c e d u r e ,  w i t h  a s i n g l e  e x t r a c -  

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

by e v a p o r a t i o n  o f  t h e  o r g a n i c  s o l v e n t  a n d  r e d i s s o l v i n g  

i n  a s m a l l  v o l u m e  o f  e l u e n t ,  w i l l  r e s u l t  i n  r a t h e r  
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I 

A =  

2 

B 

i 

T 3  

A 

T 

1 
A = 0.00  1 

i ii 
m i n  10 5 0 rn in 10 5 0 

F I G U R E  5 .  Chromatog rams  f r o m  E q u i n e  P l a s m a .  
C o n d i t i o n s  a s  i n  F i g u r e  2. P e a k s :  1 = p o s s i b l e  m e t a b -  
o l i t e ;  2 = d i c l o f e n a c  ( i n t e r n a l  s t a n d a r d ) ;  
3 = m e c l o f e n a m i c  a c i d ;  A = b l a n k  p l a s m a ;  B = p l a s m a  
s a m p l e  45 m i n u t e s  a f t e r  o r a l  a d m i n i s t r a t i o n  o f  m e c l o -  
f e n a m i c  a c i d ,  2.2 mg/kg body  w e i g h t .  C a l c u l a t e d  c o n c e n -  
t r a t i o n  o f  m e c l o f e n a m i c  a c i d ,  7 .4 pmo l /L  (2 .2  p g / m l ) .  

d i r t y  s a m p l e s  t o  be i n j e c t e d  o n t o  t h e  l i q u i d  ch roma-  

t o g r a p h i c  c o l u m n .  T h i s  c a u s e s  no p r o b l e m  p r o v i d e d  t h e  

c o l u m n  is c h a n g e d  a f t e r  t h e  i n j e c t i o n  o f  200 p l a s m a  

samDles .  

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

m e t h o d ,  s u m m a r i z e d  i n  T a b l e  3, w e r e  c a l c u l a t e d  f r o m  

r e p e a t e d  a n a l y s e s  o f  s p i k e d  e q u i n e  p l a s m a  a t  t h e  c o n -  
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TABLE 3 .  
Recovery  and P r e c i s i o n  o f  t h e  Method.  

Da ta  o b t a i n e d  w i t h  i n t e r n a l  s t a n d a r d ,  d i c l o f e n a c  sodium 
0.47 pmol/L (0 .15 pg/ml>.  The 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 y  %, i s  c a l c u l a t e d  f rom r e p e a t e d  a n a l y s e s  o f  
s p i k e d  p lasma samples.  

D rug  added Drug f o u n d  
u m o W  ug/ml % Sr % n 

6.50 1.92 102.3 4.95 9 

1.30 0 . 3 8 4  96.3 12.6 5 

c e n t r a t i o n  l e v e l s  o f  6.50 pmol/L and 1.30 pmol/L. The 

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 ,  4.95 % and 12.6 % ,  r e -  

s p e c t i v e l y ,  can  p r o b a b l y  be r e d u c e d  by t h e  i n j e c t i o n  o f  

a l a r g e r  volume o n t o  t h e  co lumn t o  i n c r e a s e  t h e  s i g n a l  

t o  n o i s e  r a t i o .  W i t h  t h e  p r e s e n t  i n j e c t i o n  o f  a 20 p1 

sample,  t h e  d e t e c t i o n  l i m i t  i n  e q u i n e  p lasma,  d e f i n e d  

as t h e  c o n c e n t r a t i o n  w h i c h  g i v e s  a s i g n a l  t w i c e  t h e  

b a s e - l i n e  n o i s e ,  was 0 .361 umol/L (0 .107 pg/ml)  f o r  

mec lo fenamic  a c i d .  

F i g u r e  6 shows t h e  p lasma c o n c e n t r a t i o n  o f  m e c l o f e -  

namic  a c i d  o b t a i n e d  f r o m  one h o r s e  a f t e r  o r a l  admin-  

i s t r a t i o n  o f  m e c l o f e n a m i c  a c i d ,  2.2 mg/kg body w e i g h t .  

With o u r  method,  m e c l o f e n a m i c  a c i d  can be d e t e r m i n e d  i n  

e q u i n e  p lasma up t o  1 2  h o u r s  a f t e r  a s i n g l e  o r a l  dose. 

The s i m p l e  sample t r e a t m e n t ,  h i g h  co lumn s t a b i l i t y ,  
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Plasma level 
(prnoll L) 

2 4 6 8 1 0 1 2  
time (hours) 

FIGURE 6. Plasma L e v e l s  o f  M e c l o f e n a m i c  A c i d  a f t e r  
O r a l  A d m i n i s t r a t i o n .  A d m i n i s t e r e d  dose: 2.2 mg/kg body 
w e i g h t .  

r a p i d  l i q u i d  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  m e c l o f e n a m i c  

a c i d ,  and t h e  p o s s i b i l i t y  o f  m e t a b o l i t e  d e t e r m i n a t i o n  

c o n s t i t u t e  a p o w e r f u l  t o o l  f o r  p h a r m a c o k i n e t i c  measure-  

ments  (work  i n  p r o g r e s s ) .  

ACKNOWLEDGEMENTS 

Our t h a n k s  a r e  due t o  P e t e r  K a l l i n g s  f o r  s u p p l y i n g  

t h e  p lasma samples,  t o  Anne-Ca th r ine  A d l e r c r e u t z  f o r  

s k i l l f u l  p r e p a r a t i o n  o f  t h e  m a n u s c r i p t ,  and t o  t h e  

Swed ish  T r o t t i n g  A s s o c i a t i o n  f o r  f i n a n c i a l  s u p p o r t .  

REFER EN CES 

1. Winder ,  C .V . ,  Pharmaco logy  o f  t h e  Fenamates, Ann. 
Phys. Med., Supp l . ,  9 ,  7, 1967. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1526 JOHANSSON AND EKLUNI) 

2. G l a z k o ,  A , , J . ,  M e t a b o l i c  D i s p o s i t i o n  o f  t h e  
F e n a m a t e s ,  Ann. P h y s .  Med., S u p p l . ,  9 ,  24,  1967 .  

3.  G l a z k o ,  A . J . ,  Chang, T. ,  B o r o n d y ,  P.E., D i l l ,  
W . A . ,  Young, R. a n d  C r o s k e y ,  L . ,  M e t a b o l i c  D i s p o s i t i o n  
o f  M e c l o f e n a m i c  A c i d  (Mec lomen@)  i n  L a b o r a t o r y  A n i m a l s  
a n d  i n  Man, C u r r .  T h e r .  Res.,  S u p p l . ,  23, 22,  1978 .  

R.W.,  A r q u e l  (C1-5831,  A New N o n - S t e r o i d a l ,  
A n t i - I n f l a m m a t o r y  D r u g  f o r  Horses ,  P r o c .  A m .  Ass .  
E q u i n e  P r a c t . ,  19, 81 ,  1 9 7 3 .  

5 .  Snow, D.H., B a x t e r ,  P .  a n d  W h i t i n g ,  B., The 
P h a r m a c o k i n e t i c s  o f  M e c l o f e n a m i c  A c i d  i n  t h e  H o r s e ,  3 .  
V e t .  P h a r m a c o l .  The rap . ,  4, 147,  1981 .  

6. K a l l i n g s ,  P. a n d  P e r s s o n ,  S., E f f e c t s  o f  T h e o p h y l -  
l i n e  a n d  N o n - S t e r o i d a l  A n t i - I n f l a m m a t o r y  D r u g s  o n  P u l s e  
and  B l o o d  L a c t a t e  R e s p o n s e s  t o  E x e r c i s e  i n  t h e  H o r s e .  
1 s t  I n t e r n a t i o n a l  C o n f e r e n c e  o n  E q u i n e  E x e r c i s e  P h y s i -  
o l o g y ,  22 -24  Sep., O x f o r d ,  E n g l a n d ,  A b s t r a c t ,  49, 1952 .  

7.  M a j o r s ,  R.E. ,  H i g h  P e r f o r m a n c e  L i q u i d  C h r o m a t o g r a -  
phy  on S m a l l  P a r t i c l e  S i l i c a  G e l ,  A n a l .  Chem., 44, 
1722 ,  1 9 7 2 .  

8. B r i s t o w ,  P.A., B r i t t a i n ,  P.N., R i l e y ,  C.M.  a n d  

4. C o n n e r ,  H,.G., R i l e y ,  W.F., B e c k ,  C .C .  a n d  Coppock ,  

W i l l i a m s o n ,  B . F . ,  Upward  S l u r r y  P a c k i n g  o f  L i q u i d  
C h r o m a t o g r a p h y  C o l u m n s ,  J. C h r o m a t o g r . ,  131, 57,  1977 .  

R e l a t e d  O r g a n i c  Compounds, S w e d i s h  Academy o f  
P h a r m a c e u t i c a l  S c i e n c e s ,  S t o c k h o l m ,  1978 .  

18. R i e s s ,  W . ,  S t i e r l i n ,  H., Degen, P.,  F a i g l e ,  I . W . ,  
G C r a r a i n ,  A . ,  M o p p e r t ,  I., S a l l m a n n ,  A. ,  Schmid ,  K . ,  
S c h w e i z e r ,  A . ,  S u l e ,  M. ,  T h e o b a l d ,  W .  a n d  Wagner,  I., 
P h a r m a c o k i n e t i c s  a n d  M e t a b o l i s m  o f  t h e  A n t i - I n f l a m m a -  
t o r y  A g e n t  V o l t a r e n ,  Scand .  J. R h e u m a t o l o g y ,  S ~ p p l . ,  

- 7  22 17 ,  1978 .  

9. S c h i l l ,  G . ,  S e p a r a t i o n  M e t h o d s  f o r  D r u g s  a n d  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


