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AN IMPROVED MICROANALYTICAL PROCEDURE FOR THE QUANTITATION 

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 
OF PROCAINAMIDE AND N-ACETYL PROCAlNAMIDE IN SERUM BY 

Stephen C. S u  and kiilliam Y .  FI. Au 
Clinical Pharmacology Unit, Departments of Medicine and 

of Arkansas for Medical Sciences, Little Rock, Arkansas. 
Pharmacology, Veterans Administration Hospital and University 

AbSTRACT 

A high-performance liquid chromatographic method f o r  analysis 
of procainamide (PA), and N-acetyl procainamide (NAPA) is presented. 
Sample preparation employs a simple base-acid double extraction 
procedure and analysis is carried out on a reverse phase chromato- 
graphic system using a VBondapak C1g column and buffered aqueous 
acetonitrile as the mobile phase. The extraction procedure gives 
quantitative recovery of b o t h  PA and NAPA, and chromatographic 
results show that drug levels of as low as 0 . 3  mg per liter of 
serum can be conveniently analyzed without significant background 
interferences. The small volume (0.2 ml) of serum needed to perform 
an analysis makes this method suitable for pharmacokinetic studies 
in humans and animals as well as f o r  clinical therapeutic drug 
monitoring studies. 

INTRODUCTION 

Procainamide (PA) has been extensively used as an anti- 

arrhythmic agent (1). The proposed therapeutic concentration 

range in serum is 4 to 8 mglliter, and the incidence of its 

toxicity increases when concentration exceeds 16 mglliter ( 2 ) .  

Recent reports (2-4) have indicated that N-acetyl procainamide 
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784 SU AND AU 

(NAPA), the major metabolite of PA, also possesses similar 

antiarrhythmic properties but appears to be less toxic ( 5 ) .  

Due to variations in drug absorption, metabolism, and elimination 

characteristics, serum concentrations of PA and NAPA in individuals 

receiving similar dosages of PA can differ widely ( 6 , 7 ) .  

in order to achieve therapeutic concentrations and to minimize 

toxic effects of these drugs in a given patient, careful monitoring 

of the serum levels of both PA and NAPA is recommended. In 

pharmacokinetic studies of drugs in humans or animals, large 

numbers of individual blood samples are usually needed. 

analytical methods developed for such studies utilizing a very 

small quantity of serum per analysis are desirable. 

Thus, 

Hence, 

Measurement of PA and/or NAPA in serum has been done by 

fluorometric (a), thin layer (TLC) (5,9), gas-liquid (GLC) (2,3,10), 

and high-performance liquid chromatographic (HPLC) (11-15) methods. 

Fluorometric and TLC detection methods often lack specificity and/or 

linearity of concentration response (5,8) and GLC appears to 

suffer from some adsorption problems in the chromatographic column 

( 2 ) .  The high specificity and sensitivity attainable by HPLC 

makes it the apparent method of choice for quantitative measurements 

of PA and NAPA in serum. 

The present report describes a HPLC assay for serum levels 

of PA and NAPA. A sample preparation procedure which requires 

small amounts of serum is presented and its advantages over the 

existing procedures are discussed. 
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PROCAINAMIDE AND N-ACETYL PROCAINAMIDE I N  SERUM 

MATERIALS AND METHODS 

7 a 5  

Reagents  : 

A l l  o r g a n i c  s o l v e n t s  were of Chrom AR g rade  ( M a l l i n c k r o d t ,  

S t .  Lou i s ,  MO.). Sodium a c e t a t e ,  0.1 M sodium hydrox ide ,  and 

g l a c i a l  a c e t i c  a c i d  were o b t a i n e d  from F i s h e r  Chemical Co. 

(Fa i r l awn ,  N . J . ) .  Procainamide HC1 and N-acetyl procainamide 

s t a n d a r d s  were s u p p l i e d  by Squibb & Son, I n c .  ( P r i n c e t o n ,  N.J.) 

and Arnar-Stone L a b o r a t o r i e s  (Mount P r o s p e c t ,  IL.)  , r e s p e c t i v e l y .  

The i n t e r n a l  s t a n d a r d ,  p r o c a i n e ,  w a s  o f  U.S.P. g r a d e  from Mal l in -  

c k r o d t .  Con t ro l  serum and s e r a  from p a t i e n t s  on PA t h e r a p y  were 

o b t a i n e d  from Ve te rans  A d m i n i s t r a t i o n  H o s p i t a l ,  L i t t l e  Rock, Ark. 

S tock  s o l u t i o n s  o f  p r o c a i n e  (PRO), (2 ,10  and 100 mg i n  100 m l  

w a t e r )  and s t o c k  s o l u t i o n s  o f  PA and NAPA (2,10 and 1C)Omg i n  100 

m l  w a t e r )  were p repa red  by s e r i a l  d i l u t i o n  and s t o r e d  a t  4 ° C .  

No decompos i t ion  was observed ove r  s e v e r a l  weeks. 

Chromatographic System: 

Analyses  were c a r r i e d  o u t  on a l i q u i d  chromatograph c o n s i s t i n g  

of a s o l v e n t  d e l i v e r y  system (Model M6000, Waters  A s s o c i a t e s ,  M i l f o r d ,  

MA.), a n  i n j e c t o r  (Model U6K, Waters A s s o c i a t e s ) ,  a r eve r se -phase  

a n a l y t i c a l  column ( u  Bondapak C18, Waters  A s s o c i a t e s ) ,  a v a r i a b l e  

wavelength u l t r a v i o l e t  d e t e c t o r  (Model LC-55, Perkin-Elmer Co., 

Norwalk, GO.) o p e r a t e d  a t  275 run, and a 1 mV c h a r t  r e c o r d e r  

(Model A-25, V a r i a n  Aerograph, Walnut Creek,  CA) . The mob i l e  

phase  was b u f f e r e d  aqueous a c e t o n i t r i l e :  85% 0.02 M sodium a c e t a t e  

a d j u s t e d  t o  pH 4 . 5  w i t h  a c e t i c  a c i d  - 1 5 %  a c e t o n i t r i l e .  

system was o p e r a t e d  a t  room t empera tu re  and t h e  mobile  phase  f low 

r a t e  w a s  set a t  1 . 5  mllmin. 

The 
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786 SU AID AU 

Procedure: 

A 0.2 m l  p o r t i o n  of b lank  serum was p i p e t t e d  i n t o  a 10 c m  x 

10  mm t es t  tube  w i t h  a Teflon-l ined cap.  

and NAPA s t o c k  s o l u t i o n  was added w i t h  a 25 p 1  o r  100 p1 s y r i n g e  

followed by 0.2 m l  of 0.01 M sodium hydroxide - 1.0 M sodium c h l o r i d e  

s o l u t i o n  and 0.8 m l  of methylene c h l o r i d e .  The test  t u b e  w a s  shaken 

b r i e f l y  and an  a p p r o p r i a t e  volume of a PRO s t o c k  s o l u t i o n  added. 

s o l u t i o n s  were mixed v i g o r o u s l y  f o r  one minute  on a v o r t e x  type  

mixer.  

1500 x g f o r  3 minutes .  The aqueous phase was a s p i r a t e d  and d i s c a r d e d .  

A f r e s h  p o r t i o n  (0.4 ml) of t h e  sodium hydroxide s o l u t i o n  was added. 

The test tube  c o n t e n t s  were a g a i n  mixed, c e n t r i f u g e d ,  and t h e  aqueous 

phase d iscarded .  

t h e  tube  was c a r e f u l l y  r i n s e d  twice  w i t h  0.5 m l  p o r t i o n s  of  d i s t i l l e d  

water  t o  remove t h e  l a s t  trace of  sodium hydroxide.  F i n a l l y ,  0.4 m l  

of t h e  mobile  phase s o l u t i o n  w a s  added and t h e  mixture  was vor texed  f o r  

30 seconds and c e n t r i f u g e d ,  The aqueous phase (25 p 1  o r  50 u l )  was 

An a c c u r a t e  volume of PA 

The 

The p a r t i t i o n  phases  were s e p a r a t e d  by c e n t r i f u g a t i o n  a t  

Without d i s t u r b i n g  the methylene c h l o r i d e  g e l  l a y e r ,  

i n j e c t e d  d i r e c t l y  i n t o  t h e  chromatograph. 

RESULTS 

A chromatogram of PA, NAPA and PRO s t a n d a r d s  is shown in 

Figure  1. The s o l u t e  peaks a r e  completely reso lved  and are 

symmetr ical .  Detec tor  response,  as measured from peak h e i g h t s ,  

w a s  l i n e a r  up t o  a t  least  3 pg f o r  each s o l u t e .  The minimum 

d e t e c t i o n  l i m i t s  were 2 ng f o r  PA and 3 ng f o r  NAPA. 

A series of serum samples c o n t a i n i n g  0.3 t o  4.0 mg each of 

PA, NAPA and PRO p e r  l i t e r  were prepared  and ana lyzed .  Chromato- 
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a T 
0 . 0 0 2 A . U .  

' 
0 4 8 

TIME, m i n u t e  

FIGURE 1 

Chromatogram of a standard mixture of PA,  NAPA, and PRO 

u Bondapak C18; Mobile phase: 0.02 M (50 ng each). 

sodium acetate and acidic acid, pH 4.5/acetonitrile (85:15,v/v); 

Wavelength: 280 nm, Flowrate: 1.4 ml/min.; Injection volume: 

Column: 

25 p1. 

graphic results showed that extraction efficiency was independent 

of the solute concentration, as the peak height versus concentra- 

tion plots were linear (Figure 2). The apparent net recoveries 

(neglecting small volume changes occurring during sample prepara- 

tion) from these samples were 95% for PA and 90% for NAPA and 

PRO. The mean analytical recoveries (relative to the internal 

standard) from eight 10 mg/liter samples were 103 k 2% (mean SD) 

for PA and 100 k 1.5% for NAPA. 

recovery values were 104 k 3% and 102 

respectively. 

For 0.5 mg/liter samples, the 

4% for PA and NAPA, 
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/ 

C O N C E N T R A T I O N ,  vg l rn l  

FIGURE 2 

Plots ot  peak height as a function of plasma concentrations 

of PA, NAPA, and PRO. 

Figure 3 shows the results of a kinetic study of PA in humans. 

A normal volunteer subject was given a single dose of 6 . 5  mglkg of 

PA H C l  orally. Blood samples were drawn at 0, 30, and 60 minutes, 

and then hourly for the next seven hours. The serum concentrations 

of PA and NAPA were determined. The log [PA] versus time plot 

shows that the peak serum level of PA (2.15 mg/liter) was reached 

by two hours. After the distribution phase ( 2  to 4 hours), PA 
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FIGURE 3 

Log serum concentrations of PA and NAPA as a function of 

time after the subject was given 6.5 mg/kg of PA orally. 

was eliminated following first order kinetics with the apparent 

elimination half life, T 1 1 2 ,  measured directly from the graph, 

of 3.2 hr. The [NAPA] versus time plot shows that NAPA began 

to appear in serum within 1 hour and also reached peak level 

(0 .95  mg/iiter) by 2 hours. The disappearance rate, however, 

was much slower than that of PA, apparently influenced by the 

continual conversion of PA into NAPA, and/or decreased urinary 

excretion rate of NAPA. This study compared well with the 
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SU AND AU 790 

results previously published using a different analytical method 

for PA and NAPA ( 6 ) .  

Serum concentrations of PA and NAPA in several patients were 

determined. Each patient studied had been receiving 6-7 mglkg 

oral dose of PA-HC1 every 4-6 hours for several days and blood 

samples were taken 3 hours after the latest dose. Some represen- 

tative chromatograms are illustrated in Figure 4. Figure 4a is a 

chromatogram obtained from a patient with normal renal function 

(BUN and creatinine normal). 

from a patient with severely impaired renal function. 

Figure 4b chromatogram was obtained 

The high 
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FIGUFUi 4 

Chromatogram of sera extracts: Patient's serum (A)  cal- 

culated to contain 3.4 mglliter PA and 2.5 mg/liter NAPA; (B) 

4.9  mgfliter PA, and 9.1 mg/liter NAPA; and (C) 0.1 mg/liter 

PA and 0.3 mg/liter NAPA. 
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NAPAJPA r a t i o  i s  c o n s i s t e n t  w i t h  prev ious  r e p o r t s  of t h e  i n a b i l i t y  

t o  e l i m i n a t e  NAPA by p a t i e n t s  w i t h  r e n a l  i n s u f f i c i e n c y  ( 6 , l l ) .  

Very  low c o n c e n t r a t i o n s  of PA and NAPA were found i n  a n  arrhythmic 

p a t i e n t  who a l s o  had jaundice  (Figure 4 c ) .  

a b s o r p t i o n  of PA may have been a major problem. 

In t h i s  p a r t i c u l a r  c a s e ,  

DISCUSSION 

HPLC is a recognized method f o r  t h e  de te rmina t ion  of PA 

and NAPA i n  serum and v a r i o u s  p r e p a r a t i o n  o r  clean-up procedures  

have r e c e n t l y  been proposed (11-15). The c h a r c o a l  a d s o r p t i o n  

(13) and e t h e r  e x t r a c t i o n  (12) techniques  were found t o  g i v e  

low s o l u t e  r e c o v e r i e s .  Better q u a n t i t a t i v e  r e s u l t s  were obta ined  

wi th  procedures  us ing  more p o l a r  organic  e x t r a c t i o n s  (14, 1 5 ) .  

However, s o l u t e  d i s s o l u t i o n  d i f f i c u l t i e s  a t t r i b u t e d  t o  " g l a s s  

adsorp t ion"  (14) appeared t o  b e  a common problem. I n  a d d i t i o n ,  

g e l  f r e q u e n t l y  formed i n  t h e  p a r t i t i o n  phases  dur ing  these types  

of e x t r a c t i o n s ,  i n t e r f e r i n g  w i t h  c o n s i s t e n t  q u a n t i t a t i v e  recovery 

of s o l u t e .  

I n  t h i s  sample p r e p a r a t i o n  procedure,  t h e  b a s i c  e x t r a c t i o n  

p r i n c i p l e  was adopted but  several m o d i f i c a t i o n s  were made. Sodium 

c h l o r i d e  was f i r s t  added t o  serum as a s a l t i n g - o u t  agent .  The 

e x t r a c t i o n  e f f i c i e n c y  f o r  PA u s i n g  a methylene chlorider'0.01 M 

sodium hydroxide ( 2 : l  v/v)  p a r t i t i o n  system w a s  approximately 80%, 

and appeared t o  decrease  wi th  increased  hydroxide c o n c e n t r a t i o n  

( 2 ) .  The presence of  a s a l t i n g - o u t  agent  i n  t h e  system w a s  found 

t o  markedly improve t h e  e x t r a c t i o n  e f f i c i e n c y .  Secondly, ample 

time (1 minute o r  more) w a s  allowed f o r  mixing t o  e n s u r e  e x t r a c t i o n  
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equi l ibr ium as w e l l  a s  t o  promote a s t a b l e  o r  c o n s i s t e n t  g e l  i n  

t h e  organic  l a y e r .  

l a y e r  dur ing  t h e  washing s t e p s ,  t h u s  minimizing sample l o s s e s .  

Thi rd ly ,  t o  remove r e s i d u a l  p r o t e i n  and co lored  i m p u r i t i e s  from 

t h e  methylene c h l o r i d e  l a y e r ,  a n  a d d i t i o n a l  sodium hydroxide 

e x t r a c t i o n  s t e p  w a s  found necessary .  F i n a l l y ,  PA, NAF'A, and PRO 

were e x t r a c t e d  d i r e c t l y  i n t o  a measured volume of  t h e  mobile  phase. 

This e l imina ted  t h e  t r a n s f e r ,  evapora t ion ,  and r e c o n s t i t u t i o n  s t e p s  

commonly u s e d  by o t h e r  methods (11-15). Q u a n t i t a t i v e  e x t r a c t i o n  

was achieved s i n c e  t h e  s o l u t e s  were h i g h l y  s o l u b l e  i n  t h e  a c i d i c  b u f f e r .  

Sample l o s s e s  a t t r i b u t e d  t o  s o l v e n t  t r a n s f e r  and t h e  " g l a s s  adsorp t ion"  

(14) problems were prevented.  Samples prepared by t h i s  method were 

c l e a r  and ready f o r  HPLC a n a l y s i s .  

This  g e l  prevented d i s t u r b a n c e  of  t h e  organic  

In p r i n c i p l e ,  t h e  clean-up procedure descr ibed  is a p p l i c a b l e  

t o  serum samples of smaller s i z e s .  However, t h e  0.2 m l  sample 

s i z e  appeared t o  be  t h e  p r a c t i c a l  lower l i m i t  f o r  r o u t i n e  p r e p a r a t i o n s  

without  r e s o r t i n g  t o  s p e c i a l  low-volume appara tus  f o r  p r e c i s i o n  

and accuracy.  

PRO, which e x h i b i t s  similar e x t r a c t i o n  and chromatographic 

p r o p e r t i e s  as PA and NAPA, w a s  s e l e c t e d  as t h e  i n t e r n a l  s tandard .  

However, c a u t i o n  must be  e x e r c i s e d  as PRO is s u s c e p t i b l e  t o  r a p i d  

hydro lys is  by esterases p r e s e n t  i n  serum (13) .  I n  our  procedure,  

hydro lys is  w a s  prevented by d e a c t i v a t i n g  t h e  enzymes w i t h  t h e  

sodium hydroxide s o l u t i o n  b e f o r e  t h e  i n t e r n a l  s tandard  was added. 

Once e x t r a c t e d  i n t o  t h e  organic  phase, PRO remained s t a b l e  through- 

out  t h e  experiment. 
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PROCAINAMIDE ANTI N-ACETYL PROCAINAMIDE I N  SERUM 793 

This  HPLC method i s  r e l a t i v e l y  s imple ,  a c c u r a t e ,  and s p e c i f i c  

f o r  s imul t aneous  a n a l y s i s  of PA and NAPA i n  sma l l  serum samples .  

Thus,  i t  can be  used a s  a r e l i a b l e  c l i n i c a l  chemis t ry  l a b o r a t o r y  

p rocedure  a s  w e l l  a s  f o r  pharmacokinet ic  s t u d i e s  o f  procainamide 

and N-acetyl procainamide i n  humans and /o r  an ima l s .  
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