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AUTOMATED ON-LINE DIALYSIS AND 
COLU M N -S W ITCH I N G H PLC DETERM I NATION 

OF FLUMEQUINE AND OXOLlNlC ACID IN 
FISH LIVER 

ALF T. ANDRESEN AND KNUT E. RASMUSSEN 
Institute of Pharmacy 

Utiiversity of Oslo 
P .  0. Box 1068 

Blindern, N-0316 Oslo 3, N o r w a y  

ABSTRACT 
An automated method f o r  r e s i d u e  a n a l y s i s  of o x o l i n i c  a c i d  
and f lumequine i n  l i v e r  of  A t l a n t i c  salmon i s  d e s c r i b e d .  
O x o l i n i c  a c i d  and f lumequins a r e  e x t r a c t e d  from l i v e r  w i t h  
0 . 4  M p h o s p h a t e  b u f f e r  pH 1 0  and  t h e  e x t r a c t s  a r e  
a u t o m a t i c a l l y  a n a l y s e d  by o n - l i n e  d i a l y s i s  a n d  column- 
s w i t c h i n g  i n  an HPLC system. The l i m i t  of  d e t e c t i o n  was 4 
p.g/kg f o r  o x o l i n i c  a c i d  and 7 p.g/kg f o r  f lumequine w i t h  
f l u o r e s c e n c e  d e t e c t i o n .  The on-l ine combination o f  d i a l y s i s  
and column-switching HPLC was shown t o  be  a r e l i a b l e  
t echn ique  f o r  r e s i d u e  c o n t r o l  of t h e s e  drugs i n  f i s h  l i v e r .  

INTRODUCTION 

The e x t e n s i v e  u s e  of  o x o l i n i c  a c i d  and f lumequine by t h e  
f i s h  farming i n d u s t r y  f o r  t r e a t m e n t  of  b a c t e r i a l  i n f e c t  ons  

i n  f i s h  h a s  c r e a t e d  a demand f o r  au tomated  methods f o r  

r e s i d u e  c o n t r o l  of  t h e s e  d r u g s  i n  f i s h .  U s u a l l y  1 v e r  

samples  and e v e n t u a l l y  muscle samples are c o l l e c t e d  from 

A t l a n t i c  salmon f o r  d rug  r e s i d u e  a n a l y s i s .  Because of the  
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4052 ANDRESEN AND RASMUSSEN 

complex n a t u r e  of  t h e  m a t r i x  sample p r e p a r a t i o n  i s  a n  
e s s e n t i a l  p a r t  o f  a drug r e s i d u e  a n a l y s i s .  
S e v e r a l  me thods  b a s e d  on 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 p h y  (HPLC)  h a v e  b e e n  p u b l i s h e d  f o r  t h e  

de te rmina t ion  of o x o l i n i c  acid and flumequine i n  f i s h  t i s s u e  
(1 -7 ) .  A l l  methods app ly  e x t r a c t i o n  o f  t h e  compounds w i t h  
o r g a n i c  s o l v e n t s  and t h e  manual work-up p rocedures  i n c l u d e  
t r e a t m e n t  such as l i q u i d - l i q u i d  e x t r a c t i o n  (1-6)  o r  s o l i d -  
phase e x t r a c t i o n  (5 -7 ) .  I n  p r i n c i p l e  a l l  these methods can 
be automated by  u s i n g  modern t echno logy  such  as r o b o t i c  
systems, b u t  many problems may a r i s e  because of  t h e  complex 
m a t r i x .  
R e c e n t l y  t h e  o n - l i n e  combinat ion of  d i a l y s i s  and  column- 
swi t ch ing  high-performance l i q u i d  chromatography (HPLC)  has  
been used for automated a n a l y s i s  of d rug  r e s i d u e s  i n  e d i b l e  
p r o d u c t s  (8 -10) .  The a n a l y t e s  were e x t r a c t e d  from t i s s u e  
wi th  an aqueous s o l v e n t  w h i l e  l i q u i d  p r o d u c t s  such as m i l k  

and eggs were decreamed and/or  d i l u t e d  b e f o r e  i n j e c t i o n  i n t o  
t h e  d i a l y s e r ,  On-line d i a l y s i s  removes p r o t e i n s  and other 

macromolecular  compounds f r o m  t h e  sample.  The d i a l y s a t e  
c o n t a i n i n g  the a n a l y t e s  i s  c l e a n e d  and c o n c e n t r a t e d  on a 
trace enrichment column. Upon column-switching t h e  a n a l y t e s  
are  e l u t e d  from t h e  t race e n r i c h m e n t  column i n t o  t h e  

a n a l y t i c a l  column of  t h e  l i q u i d  chromatograph.  D i a l y s i s  
e f f i c i e n c i e s  of 50-60 % can  be  a c h i e v e d  i n  5-6 min.  
N i t r o f u r a n  r e s i d u e s  i n  e d i b l e  p r o d u c t s  such a s  mi lk ,  eggs 
and meat have been a u t o m a t i c a l l y  d e t e r m i n e d  by  o n - l i n e  
d i a l y s i s  and column-switching HPLC. T h e  l i m i t s  of d e t e c t i o n  
ranged from 1 t o  10 pg/kg wi th  UV d e t e c t i o n  (10). A f l a t o x i n  
M 1  was determined i n  m i l k  w i t h  a l i m i t  of  d e t e c t i o n  o f  50 

ng/kg wi th  f l u o r h e t r i c  d e t e c t i o n  ( 9 ) .  On-line d i a l y s i s  and 
column s w i t c h i n g  HPLC has a l s o  b e e n  u s e d  f o r  t h e  
d e t e r m i n a t i o n  of o x o l i n i c  acid and f lumequine i n  e d i b l e  
muscle of A t l a n t i c  salmon (11). The d r u g s  w e r e  e x t r a c t e d  
from muscle w i t h  0 .05  M phosphate b u f f e r  pH 9 .  The l i m i t  of  
d e t e c t i o n  w a s  2-3 pg/kg w i t h  f l u o r i m e t r i c  d e t e c t i o n .  T h i s  

procedure was not  found u s e f u l  f o r  t h e  a n a l y s i s  of o x o l i n i c  
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FLUMEQUINE AND OXOLINIC ACID 4053 

a c i d  and flumequine i n  l i v e r  from A t l a n t i c  salmon because  

t h e  e x t r a c t i o n  r ecove ry  was low- T h i s  pape r  d e s c r i b e s  an 

o p t i m i z e d  p r o c e d u r e  f o r  a n a l y s i s  o f  o x o l i n i c  a c i d  and 
flumequine i n  salmon l i v e r .  

EXPERIMENTAL 

O x o l i n i c  a c i d  w a s  s u p p l i e d  by Sigma ( S t .  Louis,  MO, U.S.A.) 
a n d  f l u m e q u i n e  was p u r c h a s e d  f rom Solchemn I t a l i a n a  
(Mulazzano, I t a l y ) .  Sodium d i h y d r o g e n p h o s p h a t e ,  sodium 

hydrogenca rbona te ,  disodium t e t r a b o r a t e ,  sodium hydrox ide  
and o r t h o p h o s p h o r i c  a c i d  w e r e  a l l  of  a n a l y t i c a l - r e a g e n t  
g r a d e  f rom E .  Merck  ( D a r m s t a d t ,  F . R . G ) .  HPLC-grade 
a c e t o n i t r i l e  a n d  t e t r a h y d r o f u r a n  were f rom R a t h b u r n  

(Walkerburn, U . K . ) .  HPLC g r a d e  w a t e r  w a s  o b t a i n e d  from a 
M i l l i - Q  (Mi l l i po re ,  MA, U.S.A.) water p u r i f i c a t i o n  system. 

I3- 
Standa rd  s o l u t i o n s  of flumequine and o x o l i n i c  a c i d  (1 mg/ml) 

were p repa red  i n  0 . 0 1  M sodium hydroxide.  Working s t a n d a r d s  
( 2  pg/ml) were p repa red  by d i l u t i o n  wi th  0 . 0 5  M phospha te  

b u f f e r  pH 1 0 .  Spiked l i v e r  s t a n d a r d s  were p repa red  from t h e  
working s t a n d a r d s .  L ive r  from A t l a n t i c  salmon were k e p t  a t  
- 2OOC u n t i l  a n a l y s i s .  

t i o n  of l i v e r  

0 . 4  M phosphate  b u f f e r  pH 10 was used f o r  e x t r a c t i o n  of  t h e  
d rugs  from t h e  l i v e r  of A t l a n t i c  salmon. Flumequine w a s  used 

as i n t e r n a l  s t a n d a r d  f o r  t h e  de t e rmina t ion  of  o x o l i n i c  a c i d  
and o x o l i n i c  a c i d  as i n t e r n a l  s t a n d a r d  f o r  f lumequine.  The 

i n t e r n a l  s t a n d a r d  s o l u t i o n  ( 2  pg/ml) w a s  p r e p a r e d  i n  0 .05  M 
p h o s p h a t e  b u f f e r  pH 10 f o r  d e t e r m i n a t i o n s  i n  t h e  
c o n c e n t r a t i o n  r ange  of  50-200 pg/kg. To 2 grams o f  l i v e r  
w e r e  added 200 p1 i n t e r n a l  s t a n d a r d  s o l u t i o n ,  20  ml b u f f e r  
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ANDRESEN A N D  RASMUSSEN 4054 

and 5 ml hexane. The mixture was homogenized for 1 min in an 
Ultra-Turrax T 25 homogenizer (Ika Werk, Staufen, F.R.G.) 
and sonicated for 4 min. The mixture was then centrifuged 
for 5 min (1920 9). The upper hexane phase was discarded. 
The aqueous extract was filled into the autosampler vials 
and automatically injected into the dialyser of the sample 
preparation system. 

htomated in7ection. on - Line dialvs is and co ncentration of 
the dialvsate 
The sample preparation system was a Gilson ASTED (Automated 
Sequental Trace Enrichment of Dialysates) unit (Gilson 
Medical Electronics, Villiers-le Bell France) consisting of 
a Model 231 Auto-Sampling Injector, two 401 dilutors 
equipped with 1 ml syringes and one flat-bed dialyser with a 
donor channel volume of 370 pl and a recipient channel 
volume of 650 pl, fitted with a cuprophan membrane, 15 kD 
molecular weight cut-off. An automated six port Model 7010 
valve (Rheodyne, Berkely, CAI USA) connected a trace 
enrichment column either with the recipient channel of the 
dialyser or with the mobile phase used in the analytical 
column of the HPLC system. The trace enrichment column 
(1Omm x 2mm) from Chrompack (Middelburg, The Netherlands) 
was packed with 36 pm particle size polystyrene- 
divinylbenzene (Dynospheres,Dyno Particles A.S., Lillestrgm, 
Norway). 

. I  

, .  nce liauid chromatoaraphy 
The liquid chromatograph was an LC 6A (Shimadzu, Kyoto, 
Japan) equipped with a Model RF 535 (Shimadzu) fluorescence 
detector with a 12 p1 flow cell operated at an excitation 
wavelength of 325 nm and an emission wavelength of 365 nm. 
Peak heights were recorded on a Chromatopac C-R3A integrator 
(Shimadzu). The analytical column (150 x 4,6mm I.D.) was 
packed with 5 pm particle diameter polystyrene- 
divinylbenzene PLRP-S (Polymer Labs., Churchstretton, U.K.). 
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FLUMEQUINE AND OXOLINIC ACID 4055 - 
The ASTED u n i t  w a s  o p e r a t e d  i n  t h e  c o n c u r r e n t  mode w i t h  
automated i n j e c t i o n s  eve ry  1 4  min. One d i l u t o r  w a s  used t o  
i n j e c t  370 p1 e x t r a c t  i n t o  t h e  donor  c h a n n e l  o f  t h e  

d i a l y s e r .  The sample was h e l d  s t a t i c  i n  t h e  donor  channe l  
f o r  6 min 2 4  s while  t h e  o t h e r  d i l u t o r  t r a n s p o r t e d  4 m l  o f  

0.02 M phosphate b u f f e r  pH 5 i n  t h e  pu l sed  mode th rough  t h e  
r e c i p i e n t  channel  of  t h e  d i a l y s e r  and i n t o  t h e  precolumn. 

The r e c i p i e n t  s o l u t i o n  w a s  t r a n s p o r t e d  th rough  t h e  d i a l y s e r  
a t  a f low rate of 1,s ml/min and w a s  d i v i d e d  i n  6,15 p u l s e s  
of  650 p1. A f t e r  each p u l s e  t h e  r e c i p i e n t  s o l u t i o n  was h e l d  

s t a t i c  i n  t h e  r e c i p i e n t  channel  f o r  33 s. Upon swi t ch ing  o f  
t h e  s i x - p o r t  v a l v e  t h e  a n a l y t e s  t h a t  had been c o n c e n t r a t e d  
i n  t h e  t r a c e  e n r i c h m e n t  column w e r e  b r o u g h t  i n t o  t h e  
a n a l y t i c a l  column by e l u t i o n  f o r  2 min w i t h  t h e  HPLC mobile 

p h a s e .  The mobile  phase was acetonitrile-tetrahydrofuran- 
0 . 0 2  M o r thophosphor i c  a c i d  (20:14:66, v/v)  d e l i v e r e d  a t  a 
f l o w  r a t e  of  0 .7  ml/min. The s i x - p o r t  v a l v e  was t h e n  

s w i t c h e d  t o  b r i n g  t h e  precolumn back  t o  t h e  r e c i p i e n t  
channel  of t h e  d i a l y s e r .  The r e c i p i e n t  s i d e  of  t h e  d i a l y s e r  

and  t h e  precolumn was t h e n  washed w i t h  2 m l  of 0 .02 M 

phospha te  b u f f e r  pH 5 .  The donor s i d e  o f  t h e  d i a l y s e r  was 
s i m u l t a n e o u s l y  washed wi th  2 m l  of 0.02  M phosphate  b u f f e r  
pH 5 c o n t a i n i n g  100 mg/l  T r i t o n  X .  A f t e r  t h e  washing 
procedure t h e  next  sample was i n j e c t e d  i n t o  t h e  d i a l y s e r .  

Eva lua t ion  of  e m a c t i o n  e f f i c i e n c y  

Phosphate,  ca rbona te  and b o r a t e  b u f f e r s  having p H  v a l u e s  i n  
t h e  r ange  of  7-10 were i n v e s t i g a t e d  f o r  e x t r a c t i o n  of  t h e  
d r u g s  from l i v e r .  2 g l i v e r  s p i k e d  w i t h  f lumequ ine  and  
o x o l i n i c  a c i d  (200 pg/kg) were e x t r a c t e d  w i t h  20 m l  b u f f e r  
and 5 m l  hexane. 370 p1 aqueous e x t r a c t  w a s  i n j e c t e d  i n t o  

t h e  d i a l y s i s  c e l l .  A f t e r  d i a l y s i s  and t r a c e  enrichment  t h e  

a n a l y t e s  were s e p a r a t e d  on t h e  a n a l y t i c a l  column. The peak 

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

m e a s u r i n g  t h e  r e c o v e r y  w a s  se t  up a f t e r  a n a l y s i s  of 

* I  
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4056 ANDRESEN AND RASMUSSEN 

s t anda rds  according t o  t h e  same d i a l y s i s  and t r a c e  
enrichment procedure. The standards were dissolved i n  0 . 4  M 
phosphate buffer pH 1 0 .  

on of the D r o c e m  
The standard curves, accuracy and precision of t h e  method 
were evaluated by analysis  of spiked l i v e r  samples. The 
cal ibrat ion curves were based on measuring the peak height 
r a t i o s  r e l a t ive  t o  the internal  standard. 

RESULTS AND DISCUSSION 

action t x o c e m  

Flumequine and oxolinic acid a re  acids  w i t h  low s o l u b i l i t y  
i n  water. Their so lub i l i t y  increases i n  a lkal ine solutions.  
T o  obtain a high extract ion recovery of these drugs from 
t i s s u e  an a lka l ine  buffer  must  be selected a s  ex t r ac t ion  
solvent.  Hexane i s  used f o r  removal of l i p i d s .  The buffer 
should have a favourable pH f o r  dissolution of t he  drugs and 
the  bu f fe r  capacity must  be high enough t o  maintain the  
des i r ed  pH a f t e r  e x t r a c t i o n  of t h e  t i s s u e .  To reduce 
handling t i m e  a s ing le  ex t r ac t ion  i s  d e s i r a b l e .  0.05 M 
phosphate b u f f e r  pH 9 has previously been used f o r  
extract ion of oxol inic  acid and flumequine from the  edible  
muscle t i s sue  of Atlant ic  salmon. The pH of the supernatant 
Of 8.7 gave a reproducible recovery of 85% f o r  both 
oxolinic acid and flumequine (11). T h e  l i v e r  from Atlant ic  
salmon has a high buffer capacity and a high buffer strength 
is necessary t o  ma in ta in  the pH. Table 1 

shows t h e  pH measured i n  the supernatant a f t e r  extraction of 
l i v e r  with 0.025 - 0.8 M phosphate, carbonate and borate 
buffers  pH 1 0 .  Of these bu f fe r s  borate  had t h e  highest  
buffer capacity €or extract ion of l i v e r .  However, 0.13 M i s  
the s o l u b i l i t y  l i m i t  f o r  preparation of borate buffers  ( 1 2 )  
and by s to r ing  0 . 1  M buf fe r s  a t  4 0  C p r e c i p i t a t i o n  may 
e a s i l y  occur. Borate buffers  were the re fo re  omitted from 
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FLUMEQUINE AND OXOLINIC ACID 4057 

TABLE 1 
pH IN EXTRACTS AFTER EXTRACTION OF FISH LIVER WITH PHOSPHATE 
CARBONATE AND BORATE BUFFER pH-1 0. 

Concentration Phosphate Carbonate Borate 
( MI PH PH PH 

0.025 9.53 
0.05 7.90 9.36 9.76 
0.1 0 8.22 9.62 9.86 
0.20 9.10 9.79 
0.40 9.80 9.98 
0.60 9.82 10.09 
0.80 10.04 10.01 

----__----~--I_----------- 

f u r t h e r  i n v e s t i g a t i o n .  Table 1 shows t h a t  a b u f f e r  s t r e n g t h  

e q u a l  t o  o r  l a r g e r  t h a n  0 . 4  M m a i n t a i n s  t h e  d e s i r e d  pH i n  
t h e  e x t r a c t .  The e x t r a c t i o n  recovery i n c r e a s e s  by i n c r e a s i n g  
t h e  pH o f  t h e  e x t r a c t  as shown i n  F i g .  1 f o r  phospha te  
b u f f e r .  A s i n g l e  e x t r a c t i o n  wi th  0 . 4  M b u f f e r  pH 10  g i v e s  an 

e x t r a c t i o n  r e c o v e r y  l a r g e r  t h a n  8 0 % .  The r e c o v e r y  and 
r e p r o d u c i b i l i t y  of  t h e  e x t r a c t i o n  from l i v e r  w i t h  0 . 4  M 

phosphate  and ca rbona te  b u f f e r s  pH 10 a r e  shown i n  Table 2 .  

Both b u f f e r s  gave r ep roduc ib le  e x t r a c t i o n s  f o r  b o t h  o x o l i n i c  
a c i d  and f lumequine wi th  a r ecove ry  of 03% f o r  phospha te  

b u f f e r  and 8 0 %  f o r  c a r b o n a t e  b u f f e r .  Phosphate  b u f f e r  w a s  
s e l e c t e d  f o r  f u r t h e r  s t u d i e s  a l lowing  only one b u f f e r  system 

t o  be u s e d  t h r o u g h  t h e  whole a n a l y t i c a l  p r o c e d u r e  i .  e .  
e x t r a c t i o n ,  on - l ine  clean-up and HPLC a n a l y s i s .  

Schemat i c  r e p r e s e n t a t i o n s  of  t h e  ASTED-HPLC sys t em h a s  
e a r l i e r  been shown i n  s e v e r a l  p u b l i c a t i o n s  (9,10,13) . I n  

t h i s  procedure t h e  ASTED was o p e r a t e d  i n  t h e  concur ren t  mode 
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8 oxolinic acid 
+ flumequine 

go 1 

66 ! 1 I I I 
6 7 a 9 10 

pH In extract 

Fig. 1. 

Recovery of oxol in ic  ac id  and flumequine ex t r ac t ed  from f i s h  

l i v e r  w i t h  0 . 4  M phosphate buf fer  pH 7-10. 

TABLE 2 
RECOVERY AND REPRODUCIBILITY AFTER EXTRACTION OF 2 g LIVER 
WITH 20rnl0.4 M PHOSPHATE AND CARBONATE BUFFER pH=lO 

Recovery f C.V. (%), n=6 

Compound Phosphate Carbonate 

oxolinic acid 83.6 1.9 78.9 f 1.6 
flumequine 83.2 f 2,8 81.1 f 2.0 
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FLUMEQUINE AND OXOLINIC ACID 4059 

w i t h  s t a t i c - p u l s e d  d i a l y s i s  i . e .  t h e  sample i s  h e l d  s t a t i c  
i n  t h e  donor channel  of t h e  d i a l y s e r  wh i l e  t h e  r e c i p i e n t  

s o l v e n t  i s  d e l i v e r e d  a s  p u l s e s  through t h e  r e c i p i e n t  channel  
of t h e  d i a l y s e r .  T h i s  mode g i v e s  a h igh  d i a l y s i s  e f f i c i e n c y  
and i s  p r e f e r r e d  f o r  t h e  a n a l y s i s  o f  ve ry  d i l u t e  s o l u t i o n s  

s u c h  a s  e x t r a c t s  of d r u g s  from t i s s u e .  S t a t i c - p u l s e d  
d i a l y s i s  was a l s o  used f o r  t h e  a n a l y s i s  of o x o l i n i c  a c i d  and 
flumequine i n  e x t r a c t s  from muscle of  A t l a n t i c  salmon (11). 

The donor channe l  of  t h e  d i a l y s e r  ( 3 7 0  p1) i s  f i l l e d  w i t h  

t h e  e x t r a c t  and t h e  volume of r e c i p i e n t  s o l v e n t  a s p i r a t e d  a t  
each p u l s e  i s  equa l  t o  t h e  accep to r  channel  volume (650 pl). 
When t h e  ASTED i s  o p e r a t e d  i n  t h e  c o n c u r r e n t  mode t h e  
fas tes t  p r o c e s s  w i l l  always w a i t  f o r  t h e  s lowes t  p r o c e s s .  I n  
t h e  p r e s e n t  method, t h e  HPLC s e p a r a t i o n  of  t h e  a n a l y t e s  i s  
t h e  s lowes t  p r o c e s s .  The d i a l y s i s  t i m e  be ing  6 min 2 4  s t h e  

ASTED c y c l e  ( d i a l y s i s  of t h e  sample, trace enrichment of t h e  
d i a l y s a t e ,  e l u t i o n  of  t h e  c o n c e n t r a t e d  a n a l y t e s  from t h e  
t r ace  e n r i c h e m t  column i n t o  t h e  a n a l y t i c a l  column a n d  
r e g e n e r a t i o n  of t h e  s y s t e m )  was f i n i s h e d  w i t h i n  e a c h  

chromatogram a l l o w i n g  c o n t i n o u s  i n j e c t i o n s  of  new samples  
eve ry  14 min. 
F i g .  2 shows t h e  d i a l y s i s  e f f i c i e n c i e s  of o x o l i n i c  a c i d  and 

flumequine when t h e y  a r e  d i a l y s e d  from l i v e r  e x t r a c t s  i n  t h e  
p u l s e d  mode and t h e  e x t r a c t  was h e l d  s t a t i c  i n  t h e  donor  
channe l  f o r  6 min 2 4  s whi le  1-8 m l  r e c i p i e n t  s o l u t i o n  was 

p u l s e d  t h r o u g h  t h e  r e c i p i e n t  c h a n n e l .  The expe r imen t  was 
c a r r i e d  o u t  by s p i k i n g  d r u g - f r e e  l i v e r  e x t r a c t s  w i t h  

o x o l i n i c  a c i d  and flumequine (200 pg/kg) and t h e  e f f i c i e n c y  
w a s  d e t e r m i n e d  by p e a k  h e i g h t  measu remen t s  f rom a 
c a l i b r a t i o n  g raph  se t -up  a f t e r  d i r e c t  i n j e c t i o n s  of  t h e  

d r u g s  i n t o  t h e  a n a l y t i c a l  column. 1 m l  a s p i r a t e d  as one 
p u l s e  of  650 p1 and one p u l s e  of  350 pl w i t h  a r e s i d e n c e  
t i m e  o f  2 min 55 s f o r  each p u l s e  volume i n  t h e  r e c i p i e n t  
channe l  of  t h e  d i a l y s e r  gave a d i a l y s i s  e f f i c i e n c y  of  37% 

f o r  b o t h  a n a l y t e s .  The d i a l y s i s  e f f i c i e n c y  i n c r e a s e s  when 
t h e  volume o f  r e c i p i e n t  s o l u t i o n  i s  i n c r e a s e d .  4 m l  
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Oxotinicacid 
Flumequine 

1 2 4 6 8 
volume of recipht (ml) 

Fig .  2 

D i a l y s i s  e f f i c i e n c y  of o x o l i n i c  a c i d  and flumequine p l o t t e d  
a g a i n s t  t h e  volume of r e c i p i e n t  s o l v e n t  a s p i r a t e d  i n  t h e  

p u l s e d  mode th rough  t h e  r e c i p i e n t  channel  of t h e  d i a l y s e r .  
For experimental  c o n d i t i o n s  see t e x t .  

r e c i p i e n t  s o l u t i o n  a s p i r a t e d  as 6 p u l s e s  of 650 p1 and one 
p u l s e  o f  100 p1 w i t h  a r e s idence  t i m e  of  33 s f o r  each p u l s e  

volume gave an e x t r a c t i o n  e f f i c i e n c y  of 56% f o r  o x o l i n i c  
acid and 50% f o r  f lumequ ine .  Only a s l i g h t  i n c r e a s e  i n  

e f f i c i e n c y  w a s  obse rved  when t h e  samples  w e r e  d i a l y s e d  
a g a i n s t  l a r g e r  r e s i p i e n t  volumes. D i a l y s i s  was t h e r e f o r e  
c a r r i e d  o u t  w i th  4 m l  of r e c i p i e n t  s o l u t i o n .  

The m a t r i x  d i d  n o t  i n f l u e n c e  d i a l y s i s  e f f i c i e n c y .  The s a m e  
peak h e i g h t s  were o b t a i n e d  a f t e r  d i a l y s i s  o f  s t a n d a r d s  
d i s s o l v e d  i n  b u f f e r  as i n  s t a n d a r d s  d i s s o l v e d  i n  d rug- f r ee  
l i v e r  e x t r a c t s .  Accordingly,  t h e  r e c o v e r i e s  c a l c u l a t e d  f o r  
e v a l u a t i o n  of t h e  e x t r a c t  i o n  p rocedure  cou ld  be determined 
by peak h e i g h t  measurements from a c a l i b r a t i o n  g raph  se t -up  
a f t e r  d i a l y s i s  of t h e  drugs i n  b u f f e r .  
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a 0.2 mV I b 

1 

0.2mV 2 I  

- - 
0 6 12 (min) 0 6 12 (min) 

F i g .  3 

Chromatograms of (a) a n  e x t r a c t  of d rug- f r ee  l i v e r  and (b) 
an e x t r a c t  of l i v e r  sp iked  wi th  50 pg/kg of  o x o l i n i c  a c i d  
and 100  pg/kg of  f lumequine a f t e r  o n - l i n e  d i a l y s i s  and 
c o n c e n t r a t i o n  of t h e  d i a l y s a t e  on t h e  precolumn. De tec t ion :  
f l u o r e s c e n c e  w i t h  e x i t a t i o n  a t  325 nm and emiss ion  a t  365 
nm. P e a k s :  1 = o x o l i n i c  a c i d ;  2 = f l u m e q u i n e .  F o r  
chromatographic cond i t ions  see t e x t .  
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TABLE 3 
ACCURACY AND PRECISION OF THE METHOD AFFER EXTACTION OF FISI- 
LIVER WITH 0.4 M PHOSPHATE-BUFFER pH=lO AND ON-LINE DIALYSIS. 

Corn pond Concentration added Concentration found 
mean f C.V., n=5 ng/g 

flumequine 50 
2QQ 

53.5 f 1.9 
206.3 k 4.7 

Dace enrichment of t h e  d i a l v s a t e  

A t r ace  e n r i c h m e n t  column p a c k e d  w i t h  p o l y s t y r e n e -  
d i v i n y l b e n z e n e  was u s e d  f o r  t r a c e  e n r i c h m e n t  of t h e  

d i a l y s a t e .  T h i s  precolumn has  ea r l i e r  been shown t o  r e t a i n  
t h e  a n a l y t e s  s t r o n g l y  when used i n  column-switching systems 
w i t h  a c i d i c  aqueous e l u e n t s  ( 1 4 ) .  E l u t i o n  w i t h  a l k a l i n e  
e l u e n t s  may r e s u l t  i n  break-through of t h e  a n a l y t e s .  In  t h e  

p r e s e n t  procedure an a l k a l i n e  sample s o l u t i o n  with pH 10 was 
d i a l y s e d .  However, 0 . 0 2  M phosphate b u f f e r  pH 5 as r e c i p i e n t  
s o l u t i o n  b r i n g s  t h e  a n a l y t e s  under a c i d i c  c o n d i t i o n  i n t o  t h e  
t r a c e  enrichment column and no break-through of  t h e  a n a l y t e s  

was obse rved .  F i g .  3 shows chromatograms of e x t r a c t s  of a 
drug-free l i v e r  and of a l i v e r  sp iked  wi th  50 pg/kg o x o l i n i c  
a c i d  and 100 pg/kg f lumequine a f t e r  o n - l i n e  d i a l y s i s  and 

c o n c e n t r a t i o n  of t h e  d i a l y s a t e  on t h e  precolumn. A s  can be  
seen from t h e  chromatograms a narrow f r o n t  and no i m p u r i t i e s  
i n t e r f e r i n g  wi th  t h e  a n a l y t e s  i s  o b t a i n e d .  Th i s  shows t h a t  

t h e  o n - l i n e  combinat ion of d i a l y s i s  and t r a c e  enrichment  
e f f e c t i v e l y  removes macromolecules and s m a l l e r  compounds 

which could have i n t e r f e r e d  with t h e  f l u o r e s c e n c e  d e t e c t i o n .  
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I 

a 0.1 mV b I 

4063 

0.1 mV I 

- - 
0 6 12 (min) 0 6 12 (min) 

F i g .  4 

Chromatograms o f  ( a )  an e x t r a c t  of d rug- f r ee  l i v e r  and (b) 
an e x t r a c t  of l i v e r  sp iked  with 5 pg/kg of o x o l i n i c  a c i d  and 
1 0  pg /kg  o f  f l u m e q u i n e  a f t e r  o n - l i n e  d i a l y s i s  a n d  
c o n c e n t r a t i o n  o f  t h e  d i a l y s a t e  on t h e  precolumn. D e t e c t i o n :  
f l u o r e s c e n c e  w i t h  e x i t a t i o n  a t  325  nm and emiss ion  a t  365 
nm. P e a k s :  1 = o x o l i n i c  a c i d ;  2 = f l u m e q u i n e .  F o r  
chromatographic c o n d i t i o n s  see t e x t .  

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



4064 ANDRESEN AND RASMUSSEN 

The polystyrene-divinylbenzene analytical column and the 
mobile phase are the same as has been described in previous 
publications for the analysis of oxolinic acid and 
flumequine (11,14) . 

of t- 
The internal standard added to the sample before extraction 
with phosphate buffer corrects for variation in recovery 
during extraction and dialysis. The calibration graphs 
obtained by plotting peak height ratios versus concentration 
in muscle were linear in the concentration range 50-1000 
pg/kg with r=0.9999. Results from validation of the 
procedure are shown in Table 3 .  The coefficients of 
variation varied between 1.5-4.7% for samples spiked with 
50 and 200 pg/kg of oxolinic acid and flumequine. 
Fig. 4 shows chromatograms of an extract of drug-free liver 
and of an extract of liver spiked with 5 pg/kg oxolinic acid 
and 10 pg/kg flumequine where the detector was operated at 
the highest sensitivity. At a signal-to-noise ratio of 3 the 
limit of detection was estimated to 4 pg/kg for oxolinic 
acid and 7 pg/kg for flumequine. 

CONCLUSION 
The results presented in this paper show that oxolinic acid 
and flumequine can be extracted from the liver of Atlantic 
salmon with 0.4 M phosphate buffer pH 10 and that sample 
preparation and analysis of the extract can be fully 
automated by HPLC in a on-line dialysis and column-switching 
system. The on-line combination of dialysis and 
concentration of the dialysate on a trace enrichment column 
is a highly reliable technique for fully automated Clean-Up 
of fish liver extracts of oxolinic acid and flumequine. 
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