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A RAPID LIQUID CBROMAMGRAWIC MEZHOD FOR DETERMINATION 
OF FLECAINIDE I N  WMAN BLOOD PLASMA USING ULlRAVIOLET DE'IEmION 

J. Boutagy. F.M. Rumble and G.M. Shenf ie ld  

Department of C 1  i n i  c a1 Pharma c 010 gy, 
Royal North Shore H o s p i t a l ,  

S t .  Leonards, N.S.W. 2065, A u s t r a l i a .  

ABSTRACT 

A l i q u i d  chromatographic method f o r  t h e  a s s a y  of t h e  
an t ia r rhythmic  drug f l e c a i n i d e  i n  plasma has  been developed. ' h e  
method i s  r a p i d ,  simple and w i t h  s u f f i c i e n t  d e t e c t i o n  s e n s i t i v i t y  
t o  render  i t  s u i t a b l e  f o r  t h e r a p e u t i c  drug monitor ing.  F l e c a i n i d e  
and added i n t e r n a l  s tandard,  a non-f luorinated analogue,  were 
e x t r a c t e d  by a s i n g l e  e t h e r  e x t r a c t i o n  f r m  a l k a l i n i z e d  plasma 
fol lowed by a back-ext rac t ion  of t h e  e t h e r  w i t h  d i l u t e  phosphoric  
ac id .  A p o r t i o n  of t h e  a c i d  e x t r a c t  was t h e n  a p p l i e d  d i r e c t l y  t o  
a 30 cm ODS column e l u t i n g  i s o c r a t i c a l l y  w i t h  309b a c e t o n i t r i l e  i n  
water  conta in ing  0.01M dibutylamine phosphate. Monitoring was by 
u l t r a v i o l e t  d e t e c t i o n  a t  214 nm and the  t o t a l  r u n  time was 8 min. 
This method i s  s p e c i f i c  and can  q u a n t i t a t e  plasma l e v e l s  t o  l e s s  
than 30 ng/ml ( f r e e  base)  from 0.5 m l  of plasma without  
i n t e r f e r e n c e  from ant ia r rhythmic  drugs commonly used i n  therapy .  

INTRODUCTION 

F l e c a i n i d e  a c e t a t e  (R818) i s  a r e l a t i v e l y  new a n t i a r r h y t h m i c  

drug r e c e n t l y  introduced i n t o  c l i n i c a l  medicine f o r  e v a l u a t i o n  (1- 

3 ) .  It i s  a n  o r a l l y  a c t i v e  drug e f f e c t i v e  i n  suppress ing  

v e n t r i c u l a r  arrhythmias  and h a s  been des igna ted  a C l a s s  1 

ant ia r rhythmic  agent  (4-7).  The pharmacological p r o p e r t i e s  of  

Copyright 0 1984 by Marcel Dekker, Inc. 
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2580 BOUTAGY, RUMBLE, AND SHENFIELD 

f l e c a i n i d e  der ived  f r a n  c l i n i c a l  and animal s t u d i e s  have been w e l l  

documented i n  a r e c e n t  symposium devoted t o  t h i s  drug ( 8 ) .  

To d a t e ,  t h e r e  i s  no e s t a b l i s h e d  t h e r a p e u t i c  range i n  man f o r  

f l e c a i n i d e  plasma l e v e l s  a l though t h e r e  i s  mounting evidence t h a t  

t h e r e  i s  an e f f e c t i v e  plasma c o n c e n t r a t i o n  range w i t h i n  which the  

drug i s  c l i n i c a l l y  a c t i v e .  This  range i s  between 200 and 900 

ng/ml (10.11) but  a s  more da ta  becomes a v a i l a b l e  these  v a l u e s  may 

be modified. It i s  t h e r e f o r e  l i k e l y  t h a t  a s  f o r  o t h e r  Class  1 

ant ia r rhythmic  drugs t h e  rout ine  monitor ing of plasma f l e c a i n i d e  

l e v e l s  w i l l  be a u s e f u l  ad junc t  t o  therapy.  

There a r e  methods descr ibed  f o r  the  assay of f l e c a i n i d e  i n  

blood or  plasma. These inc lude  a spectrophotometr ic  method (9) 

which s u f f e r s  t h e  disadvantage of i n t e r f e r e n c e  from quin id ine  and 

propranolol ,  gas-1 iqu id  chromatography methods r e q u i r i n g  

d e r i v a t i z a t i o n  (10-11) and s e v e r a l  high-performance l i q u i d  

chromatographic (HPLC) methods (12-16). The methods by HPLC a l l  

use f luorescence d e t e c t i o n  f o r  s e l e c t i v i t y  and s e n s i t i v i t y  and 

most r e q u i r e  one m i l l i l i t r e  of plasma. Of the  two more simple of 

these procedures  one method (14) u s e s  a phenyl column t o  achieve 

s e p a r a t i o n  t o g e t h e r  w i t h  a f l u o r i n a t e d  isomer of  f l e c a i n i d e  a s  t h e  

i n t e r n a l  s tandard but without  good b a s e l i n e  r e s o l u t i o n  of s tandard  

and drug. Also with  t h a t  chromatographic procedure diazepam co- 

e l u t e s  w i t h  f l e c a i n i d e  becoming a p o t e n t i a l  source of i n t e r f e r e n c e  

should u l t r a v i o l e t  d e t e c t i o n  be used (15). The second method (16)  

uses  normal-phase chranatography r e q u i r i n g  small  plasma volumes. 

In our  own drug assay  l a b o r a t o r y  where a n  HPLC instrument  used f o r  
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FLECAINIDE I N  HUMAN BLOOD PLASMA 2581 

r o u t i n e  drug a s s a y  i s  dedica ted  t o  reverse-phase chramatography 

the cons tan t  switching t o  normal-phase would become inconvenient .  

We have t h e r e f o r e  developed a simple and r a p i d  assay  f o r  t h e  

a n a l y s i s  of f l e c a i n i d e  i n  plasma us ing  reverse-phase 

chrmatography and u l t r a v i o l e t  d e t e c t i o n  a t  214 xm giv ing  

s u f f i c i e n t  s e n s i t i v i t y  and s e l e c t i v i t y  t o  enable  use i n  r o u t i n e  

drug monitor ing.  The procedure i s  e s s e n t i a l l y  a m o d i f i c a t i o n  of 

the  method used i n  our  l a b o r a t o r y  f o r  t h e  a n a l y s i s  of most 

commonly used a n t i a r r h y t h m i c  drugs (unpubl ished d a t a ) .  The method 

c o n s i s t s  of a s i n g l e  e x t r a c t i o n  of a l k a l i n i z e d  plasma w i t h  d i e t h y l  

e t h e r  followed by a back e x t r a c t i o n  i n t o  d i l u t e  aqueous a c i d .  The 

chromatography i s  performed on a s tandard  C18 reverse-phase column 

e l u t i n g  w i t h  a c e t o n i t r i l e - w a t e r  mobile phase c o n t a i n i n g  di-  

butylamine phosphate  a s  a m o d i f i e r  and monitor ing u s i n g  a f i x e d  

wavelength d e t e c t o r  wi th  a z i n c  lamp and f i l t e r  f o r  214 xm output .  

The i n t e r n a l  s tandard  used f o r  t h e  assay  i s  the  non-f luor ina ted  

analog of  f l e c a i n i d e .  

MATERIALS 

F l e c a i n i d e  a c e t a t e ,  2,5-bis-(2,2,2-trifluoroethoxy)-N-(2- 

piper idylmethyl )  benzamide monoace t a t e  and t h e  i n t e r n a l  s tandard  

2,5-diethoxpN-(2-piperidylmethyl) benzamide hydrochlor ide (S- 

15177) were suppl ied  by Riker L a b o r a t o r i e s  (Thornleigh,  N. S. W. 

Aust) .  A c e t o n i t r i l e  was L.C. grade (Ashland Reagent, Ashland 

Chemical Co.,  Columbus, (18. U . S . )  Water was double d i s t i l l e d  

through a n  a l l  g l a s s  s t i l l  and f i l t e r e d  through a 0.45 pm f i l t e r  

( M i l l i p o r e ) ,  Dibutylamine phosphate was purchased a s  D-4 reagent  
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2582 BOUTAGY, RUMBLE, AND SHENFTELD 

(Millipore-Waters Assoc ia tes ,  Lane Cove, N.S.W., Aust . )  A l l  o t h e r  

r e a g e n t s  were A.R. grade. Drug f r e e  plasma was obta ined  from 

pooled blood suppl ied  by the  Blood Bank a t  t h i s  h o s p i t a l .  

METHODS 

ChromatonraDhp 

Analysis  was performed on a Varian Model 5000 l i q u i d  

chromatograph coupled t o  a V i s t a  401 c o n t r o l l e r .  Detec t ion  was 

with a Waters Model 441 U/V d e t e c t o r  o p e r a t i n g  w i t h  z i n c  lamp a t  

214 nm (0.02 a u f ) .  Sample i n j e c t i o n  was by a Rheodyne i n j e c t o r  o r  

by an automated i n j e c t o r  (Wisp Model 710B, Waters A s s o c i a t e s ) .  

The chromatography was performed i s o c r a t i c a l l y  on a 30 cm, 10 pm 

1-Bondapak C18, reverse-phase column (Waters A s s o c i a t e s )  i n  l i n e  

w i t h  a Bondapak-C18/Corasil pre-column. The mobile phase was 

a c e t o n i t r i l e - w a t e r  (30:70), t h e  w a t e r  c o n t a i n i n g  0.01 m o l e l l i t r e  

dibutylamine phosphate. The pH of t h e  mobile phase was 3.2 and 

was not  a d j u s t e d .  The mobile phase was pumped a t  a flow r a t e  of 

1.5 ml/min and the chromatography was performed a t  ambient 

temperature .  

Standard Solu t ions  f o r  Assay C a l i b r a t i o n  

A s t o c k  s o l u t i o n  of f l e c a i n i d e  a c e t a t e  i n  w a t e r  conta in ing  

10 mg/100 m l  (8.73 mg/100 m l  o f  f l e c a i n i d e  base)  was prepared and 

s t o r e d  a t  4 degrees  C. S i m i l a r l y  a s t o c k  s o l u t i o n  of t h e  i n t e r n a l  

s tandard (8 mg1100 m l )  was prepared in water  and s t o r e d  a t  4 

degrees .  To p r e p a r e  s tandard  s o l u t i o n s  i n  plasma, 0.25 m l  of 

f l e c a i n i d e  s tock  s o l u t i o n  was made up t o  20 m l  w i t h  drug  f r e e  

plasma g iv ing  a f i n a l  c o n c e n t r a t i o n  of 1092 ng/ml of f l e c a i n i d e  a s  
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FLECAINIDE IN HUMAN BLOOD PLASMA 2583 

f r e e  base.  T h i s  was f u r t h e r  s e r i a l l y  d i l u t e d  w i t h  drug f r e e  

plasma t o  g ive  a s e r i e s  of c o n c e n t r a t i o n s  t o  27.3 ng/ml of 

f l e c a i n i d e  base. The s tandard  curve was c o n s t r u c t e d  from drug 

f r e e  plasma conta in ing  added f l e c a i n i d e  i n  t h e  range between these  

two concent ra t ions .  

Plasma E x t r a c t i o n  and Assay C a l i b r a t i o n  

To e i t h e r  s tandard  cont ro l  o r  p a t i e n t  plasma samples (0.5 m l )  

i n  1 5  x 115 mm g l a s s  tubes  was added i n t e r n a l  s tandard  s o l u t i o n  

( 0 . 2  m l )  made by d i l a t i n g  t h e  s t o c k  i n t e r n a l  s t a n d a r d  1:50 with 

water .  Aqueous sodium hydroxide (2Y, 50 p1) was t h e n  added and 

t h e  samples were e x t r a c t e d  once w i t h  d i e t h y l  e t h e r  (3  m l )  by 

v o r t e x  f o r  30 sec. Af te r  c e n t r i f u g a t i o n  a t  3000 rpm f o r  5 min t h e  

e t h e r  e x t r a c t  was t r a n s f e r r e d  t o  a second tube c o n t a i n i n g  100 p1 

0.1M phosphoric a c i d .  The mixture  was a g a i n  v o r t e x e d  f o r  30 sec  

and a f t e r  c e n t r i f u g a t i o n  t h e  e t h e r  l a y e r  was removed a s  completely 

a s  p o s s i b l e  and d iscarded .  A g e n t l e  s t ream of n i t r o g e n  was blown 

f o r  approximately one minute over  t h e  remaining aqueous a c i d  

e x t r a c t  t o  remove t r a c e s  of v o l a t i l e  m a t e r i a l  and a n  a l i q u o t  

2 0  o r  50 p l )  was i n j e c t e d  i n t o  t h e  l i q u i d  chromatograph. The assay 

was c a l i b r a t e d  from s e r i a l  plasma samples c o n t a i n i n g  added 

f l e c a i n i d e  a t  c o n c e n t r a t i o n s  of 27.3 t o  1092 ng/ml ( f r e e  base)  by 

measuring peak a r e a  r a t i o  of  f l e c a i n i d e  t o  t h a t  of i n t e r n a l  

s tandard .  

RESULTS AND DISCUSSION 

The presence of dibutylamine phosphate a s  a modi fer  i n  t h e  

mobile phase cons iderably  enhanced t h e  chromatography, and t h e  
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2584 BOUTAGY, RUMBLE, AND SHENFIELD 

monitor ing a t  214 nm gave e x c e l l e n t  response. Monitoring a t  t h i s  

wavelength was made because of t h e  enhanced i n t e n s i t y  of 

absorp t ion  by f l e c a i n i d e  a t  s h o r t e r  wavelength compared t o  t h e  

i n t e n s i t y  a t  t h e  a b s o r p t i o n  maxima a t  295 m. The chromatograms 

obta ined  fo l lowing  e x t r a c t i o n  of c o n t r o l  and p a t i e n t  plasma a r e  

shown i n  F igure  1. These a r e  l a r g e l y  f r e e  from endogenous 

i n t e r f e r e n c e  and t h e  f l e c a i n i d e  response from t h e  lowest  

c a l i b r a t o r  27 n g / n l  plasma i s  w e l l  q u a n t i t a t e d  above background. 

The t o t a l  run  time f o r  t h e  a s s a y  was 8 minutes .  The non- 

f l u o r i n a t e d  analog of f l e c a i n i d e  was a s u i t a b l e  s tandard  being 

wel l  separa ted  from the  p a r e n t .  The f l u o r i n a t e d  isomer (2,3-bis  

analog of f l e c a i n i d e )  h a s  been used a s  a n  i n t e r n a l  s tandard  (14.15) 

b a t  under the c o n d i t i o n s  of t h i s  assay  i t  co-eluted wi th  

f l e c a i n i d e  and was t h e r e f o r e  not  s u i t a b l e .  

C a l i b r a t i o n  

The c a l i b r a t i o n  of t h e  assay  from plasma c o n t a i n i n g  added 

f l e c a i n i d e  produced a l i n e a r  c a l i b r a t i o n  c a r v e  from 27.3 t o  1092 

ng/ml ( f r e e  base)  (F igure  2 ) .  These v a l u e s  a r e  w e l l  w i t h i n  t h e  

apparent  t h e r a p e u t i c  range and from t h e  r e g r e s s i o n  d a t a  genera ted  

f o r  each c a l i b r a t i o n  t h e  c o n c e n t r a t i o n  of f l e c a i n i d e  i n  unknown 

samples was determined. 

Recovery 

To determine e x t r a c t i o n  e f f i c i e n c y  known amounts of 

f l e c a i n i d e  i n  0.5 m l  of plasma were e x t r a c t e d  w i t h  e t h e r  a s  

prev ious ly  descr ibed  fol lowed by back-ext rac t ion  i n  0 .1  Y 
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FIGURE 2 .  C a l i b r a t i o n  curve f r m  human plasma w i t h  d u p l i c a t e  
measurements of a r e a  r a t i o  of f l e c a i n i d e  t o  i n t e r n a l  s tandard  
( a r b i t a r y  u n i t s )  versus  f l e c a i n i d e  c o n c e n t r a t i o n  (ng/ml) .  

phosphoric ac id .  The a c i d  e x t r a c t  was then  a d j u s t e d  t o  a known 

volume and a l i q u o t  i n j e c t e d  o n t o  t h e  chramatograph. The response 

was then c m p a r e d  t o  t h a t  o b t a i n e d  from e q u i v a l e n t  amounts of 

f l e c a i n i d e  d i s s o l v e d  i n  t h e  same volume of phopshoric  a c i d .  The 

r e s u l t s  ob ta ined  a r e  shown i n  Table  1. As can be seen the  

recovery of f l e c a i n i d e  i s  c o n s i s t e n t l y  good a t  d i f f e r e n t  

concent ra t ion  v a l u e s  i n d i c a t i n g  good e x t r a c t i o n  e f f i c i e n c y  w i t h  

e t h e r  a t  e l e v a t e d  pE fol lowed by back-ext rac t ion  i n t o  aqueous 

a c i d .  There i s  a l s o  good recovery of t h e  i n t e r n a l  s tandard .  
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TABLE 1 

Recovery of F l e c a i n i d e  and I n t e r n a l  Standard from Plasma. 
E x t r a c t i o n  E f f i c i e n c y  f o r  F l e c a i n i d e  was Calcu la ted  a t  Four 
D i f f e r e n t  Concentrat ions.  For t h e  I n t e r n a l  Standard,  Recovery 
was a t  t h e  Concent ra t ion  Added t o  t h e  Plasma (n = 5 f o r  Each 
Concent ra t ion) .  

Compound Conce n t r  a t i  on Recovery 
(nglml)  (Mean 9b 5 S.D.) 

F leca in ide  109 8 8 . 1  5 4 . 1  

21 a 90.5 +_ 3 . 2  

436 93 .1  +_ 3 . 0  

a13 94.8 +_ 3 .O 

I n t e r n a l  Std.  640 86.0 +_ 2 . 9  

Prec i s  ion 

The r e p r o d u c i b i l i t y  and p r e c i s i o n  of t h e  assay  fol lowing 

r e p e a t e d  de te rmina t ions  a t  d i f f e r e n t  c o n c e n t r a t i o n  v a l u e s  a r e  

shown i n  Table  2 .  Within-run p r e c i s i o n  was determined by 

a n a l y s i n g  f i v e  samples from the same specimen. The day-to-day 

p r e c i s i o n  was determined by analys ing  samples from t h r e e  c o n t r o l  

specimens e i g h t  t imes a t  random p e r i o d s  over  two months. 

S e l e c t  i v i t p  

Poten t  i a1 

commonly used 

i n t e r f e r e n c e  w i t h  t h e  assay would a r i s e  from 

n t i a r r t h y m i c  drugs  which may be concomi 

o t h e r  

a n t  l y  

adminis te red  and would e x t r a c t  from plasma t o  v a r y i n g  d e g r e e s  

under c o n d i t i o n s  of t h e  assay.  The r e l a t i v e  r e t e n t i o n  t imes of 

these  compounds and r e l a t e d  s u b s t a n c e s  a r e  shown i n  Table  3 .  It 
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TABLE 2 

Assay Reproducib i l i ty .  Within-Run P r e c i s i o n  ( n  = 6 f o r  each 
concent ra t ion)  and t h e  Day-tcrDay P r e c i s i o n  (n = 8) C a l c u l a t e d  
f o r  F leca in ide .  

b a n  Conc. Found C.V. k 
(nglml 5 S.D.) 

With in- Run 

Day- t o-Day 

26 5 1.5 5 . 7  
96 +_ 2 . 0  2 . 1  

194 +_ 5.7 2 .9  
582 +_ 6 . 7  1 . 2  
962 +_ 19 .6  2 .o 

45 5 3 . 0  6.7 
140  5 8.0  5 . 7  
461 +_ 19 .7  4.3 

TABLE 3 

Rela t ive  
and Related Compounds. 

Reten t ion  Times of Commonly used Antiarrhythmic Drugs 

Compound R e l a t i v e  R e t e n t i o n  Time 
( F l e c a i n i d e  = 1.0) 

Procainamide 
N-Acetylprocainamide 
To c a i n i  d e 
Lidoc a i n e  
L x i l e  t i n e  
Quin id ine  
Quin ine  
Dihydroquinidine 
I n t e r n a l  Standard 
Propranolo l  
F1 e c a i  n i d e  

0.23 
0 .26  
0 .30  
0.31 
0.37 
0.38 
0.38 
0 . 4 1  
0 .so 
0 .61  
1 .o 
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can be seen t h a t  each i s  r e s o l v e d  from b o t h  f l e c a i n i d e  and 

i n t e r n a l  s tandard  and do not  i n t e r f e r e  w i t h  t h e  assay.  Also t e s t e d  

were the b a s i c  drugs c i m e t i d i n e  and r a n i t i d i n e  a s  wel l  a s  

theophyl l ine ,  diazepam and amiodarone. None of these  had 

r e t e n t i o n  times c l o s e  o f l e c a i n i d e  o r  t h e  i n t e r n a l  s t a n d a r d  and 

would not  i n t e r f e r e .  

Conclusion 

The procedure descr ibed  i n  t h i s  paper  i s  a p r a c t i c a l  method 

from the  s tandpoin t  of s i m p l i c i t y ,  r e p r o d u c i b i l i t y  and r e l a t i v e  

speed. The chromatograms produced a r e  c l e a r  w i t h  s u f f i c i e n t  

s e n s i t i v i t y  us ing  u l t r a v i o l e t  d e t e c t i o n  t o  c a r r y  o u t  r o u t i n e  

a n a l y s i s  of t h i s  drug. The method h a s  now been i n c o r p o r a t e d  i n  

o u r  l a b o r a t o r y  a s  a s tandard  procedure f o r  a drug w i t h  a r a p i d l y  

i n c r e a s i n g  c l i n i c a l  use. 
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