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CATION TO PHARMACOKINETIC STUDIES 
ELECTROCHEMICAL DETECTION: APPLI- 

Darrel R. Abernethy, Elizabeth L. Todd, 
Josephine L. Egan, and George Carrum 

Section on Hypertension and Clinical Pharmacology 
Department of Medicine 

and the Institute for Lipid Research 
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Houston, Texas 77030 

ABSTRACT 

L a b e t a l o l  de te rmina t ion  i n  human plasma by a s e n s i t i v e  ( t o  
2.5 ngfml) and s e l e c t i v e  method us ing  l i q u i d  chromatography w i t h  
e l e c t r o c h e m i c a l  d e t e c t i o n  i s  descr ibed .  Plasma i s  e x t r a c t e d  w i t h  
d i e t h y l  e t h e r  under m i l d l y  b a s i c  (pH 9 )  c o n d i t i o n s ,  back-ext rac ted  
i n t o  a n  aqueous a c i d i c  b u f f e r ,  then i n j e c t e d  d i r e c t l y  on colunn.  
Standard curves  u s i n g  propranolo l  as  a n  i n t e r n a l  s tandard  a r e  
l i n e a r  f o r  c o n c e n t r a t i o n s  from 2.5 t o  200 ngfml. Within-day and 
between-day r e p r o d u c i b i l i t y  i s  s a t i s f a c t o r y  wi th  c o e f f i c i e n t  of  
v a r i a t i o n  less than 8% f o r  a l l  c o n c e n t r a t i o n s .  Sample recovery  
from the  e x t r a c t i o n  i s  complete a t  a l l  c o n c e n t r a t i o n s .  U t i l i t y  of 
the  method i s  demonstrated by a pharmacokinet ic  s tudy i n  a 
hyper tens ive  v o l u n t e e r  who rece ived  43.75 mg l a b e t a l o l  by 10 minute  
in t ravenous  i n f u s i o n .  

INTRODUCTION 

L a b e t a l o l ,  a n  a d r e n e r g i c  a n t a g o n i s t  which e x h i b i t s  beta-1,  

beta-2,  and a lpha-1  blocking p r o p e r t i e s  ( l ) ,  has  r e c e n t l y  been 
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2154 ABERNETHY ET AL. 

in t roduced  i n t o  c l i n i c a l  u s e  f o r  the  t rea tment  of hyper tens ion  ( 2 ) .  

Methods f o r  i t s  a n a l y s i s  i n  b i o l o g i c a l  samples have inc luded  a 

r a d i o r e c e o t o r  a s s a y  ( 3 1 ,  s p e c t r o f l u o r i m e t r y  (4), high p r e s s u r e  

l i q u i d  chromatography us ing  f l u o r i m e t r i c  d e t e c t i o n  ( 5 - 9 ) ,  and high 

p r e s s u r e  l i q u i d  chromatography u s i n g  UV d e t e c t i o n  (10,ll). These 

methods have hecn l i m i t e d  i n  s e n s i t i v i t y  t o  about  10 ng/ml 

Laheta lo l  c o n c e n t r a t i o n  i n  plasma d u e  t o  l i m i t e d  d e t e c t o r  

s e n s i t i v i t y .  T h i s  i s  s a t i s f a c t o r y  f o r  many a p p l i c a t i o n s ,  however 

when e v a l u a t i n g  l a b e t a l o l  s ing le-dose  pharmacokinet ics ,  i t  i s  

u s e f u l  t o  a c c u r a t e l y  and p r e c i s e l y  d e t e c t  lower c o n c e n t r a t i o n s  t o  

more r i g o r o u s l y  d e f i n e  the  s l o p e  of  t h e  te rmina l  e l i m i n a t i o n  phase. 

Martin e t  a l .  (12) observed t h a t  l a b e t a l o l  can undergo 

o x i d a t i o n  and is t h e r e f o r e  amenable t o  e lec t rochemica l  d e t e c t i o n  

a f t e r  l i q u i d  chromatographic s e p a r a t i o n .  This  d e t e c t i o n  technique 

is i n h e r e n t l y  more s e n s i t i v e  than t h e  a b o v e - l i s t e d  methods, with 

s e n s i t i v i t y  of a n a l y s i s  for some endogenous subs tances  a s  low a s  

25-50 pg/ml (13). Here w e  r e p o r t  t h e  s e n s i t i v e  and s e l e c t i v e  

a n a l y s i s  of l a b e t a l o l  i n  human plasma using l i q u i d  chromatography 

f o r  s e p a r a t i o n  and e lec t rochemica l  o x i d a t i o n  a s  a means of  

d e t e c t i o n .  

METHODS 

Apparatus and Chromatographic Condi t ions  

The h igh-pressure  l i q u j d  chromatographic  system c o n s i s t e d  of  a 

Waters (Graters Assoc., Milford,  MA, 1 E A l  model  A-6000 s o l v e n t  

d e l i v e r y  svstem w i t h  a Waters Assoc. model IThK sample loop.  The 

s e p a r a t i o n  system was a 3.9 mm x 30 cm s t a i n l e s s  s teel  (10 micron)  

C-18 micro Bondapack reversed  phase c o l m n  (Waters). The d e t e c t o r  

was an F S A  model 5100 A (Environmental Sc iences  Assoc., Inc. ,  

Bedford, M A ,  U S A )  d u a l  e l e c t r o d e  coulometr ic  e lec t rochemica l  

d e t e c t o r .  The guard c e l l  was ESA model 5020 and t h e  d e t e c t o r  c e l l  

FSA model 5010. Guard c e l l  v o l t a g e  was 4-1.05 V,  d e t e c t o r  1 of t h e  

dual  e l e c t r o d e  a n a l y t i c a l  c e l l  +0.40 V, and d e t e c t o r  2 ,  +1.00 V. 
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S i E n a l  from d e t e c t o r  2 was used as o u t p u t ,  which was q u a n t i t a t e d  on 

a F i s h e r  ( F a i r  Lawn, N J ,  USA) Model 5000 c h a r t  recorder .  

Mobile phase (68% d i s t i l l e d  water, 32% a c e t o n i t r i l e ,  wi th  

10 m l  g l a c i a l  acet ic  a c i d  added p e r  l i t e r )  was run a t  a f low rate  

of  1.5 ml/min. A l l  a n a l y s e s  were performed a t  room temperature .  

Pure l a b e t a l o l  was k i n d l y  provided by Glaxo, Inc.  (Research 

T r i a n g l e ,  NC, USA) and the  i n t e r n a l  s tandard  propranolo l  by Ayers t  

Co. (New York, NY,  USA) (F igure  1). A l l  o t h e r  r e a g e n t s  a n a l y t i c a l  

g rade  or b e t t e r ,  were purchased from commercial s o u r c e s  wi thout  

f u r t h e r  p u r i f i c a t i o n .  Water was de ionized ,  d o u b l e - d i s t i l l e d ,  and 

then prepared mobile  phase  f i l t e r e d  through a 0.2 micron f i l t e r  

(Rain in  Ins t rument  Co. Woburn, MA, U S A )  and degased under vacuum. 

Reference S tandards  

Standard s o l u t i o n s  were prepared by d i s s o l v i n g  t h e  a p p r o p r i a t e  

q u a n t i t y  of l a b e t a l o l  hydrochlor ide  t o  y i e l d  100 m g  l a b e t a l o l  base  

i n  100 m l  methanol. The i n t e r n a l  s t a n d a r d  propranolo l  was prepared 

i n  a similar manner. Sequent ia l  d i l u t i o n s  t o  1 ug/ml were then 

made. These s o l u t i o n s  were s t o r e d  a t  4OC and are s t a b l e  f o r  a t  

l e a s t  s i x  months. 

P r e p a r a t i o n  of Samples 

Propranolo l  was used as  the  i n t e r n a l  s tandard .  A 100 ~r l  

volume of the  s t o c k  s o l u t i o n  (1 Ug/ml), c o n t a i n i n g  100 ng 

propranolo l  w a s  added t o  a series of 14 m l  (110 x 17  nun) c o n i c a l  

po lye thylene  c e n t r i f u g e  tubes with t i g h t  s e a l i n g  polye thylene  caps  

( S a r s t e d t  S c i e n t i f i c ,  FRG). 

plasma was a d d e d  t o  each tube. L a h e t a l o l  c a l i b r a t i o n  s t a n d a r d s  

A 0.2 t o  2.0 m l  sample of unknown 
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2156 ABERNETHY ET AL. 

I 

I. Labetalol 
I[. Propranolol 

FTGlTRE 1.  S t r u c t u r a l  formulae o f  l a h e t a l o l  (I) and t h e  i n t e r n a l  
s tandard  propranolo l  ( 1 1 ) .  

were prepared by addfng 5, 10, 25, 50, 100, and 200 ng of drug t o  

consecut ive  tubes  c o n t a i n i n g  "blank" plasma. One "blank" sample, 

taken from t h e  p a t i e n t  being s t u d i e d  p r i o r  t o  drug a d m i n i s t r a t i o n ,  

i s  analyzed w i t h  c a l i h r a t i o n  s t a n d a r d s  and each set  of unknown 

samples. 

E x t r a c t i o n  Procedure 

One m i l l i l i t e r  of ammonium a c e t a t e  (1  M) b u f f e r  pH 9 was added 

t o  each plasma sample p r i o r  to e x t r a c t i o n  t o  p e m i t  a l l  e x t r a c t i o n s  

a t  a m i l d l y  b a s i c  c o n s t a n t  pH. Five m i l l i l i t e r s  d i e t h y l  e t h e r  was 

then added t o  each tube.  The tubes  were a g i t a t e d  g e n t l y  by hand 

f o r  f i v e  minutes ,  then c e n t r i f u g e d  a t  4OC f o r  f i v e  minutes  a t  

400 g. The o r g a n i c  l a y e r  was t r a a s f e r r e d  t o  a n o t h e r  14 m l  

po lye thylene  c e n t r i f u g e  tube which conta ined  100 1.11 1% phosphoric  

ac id .  This  mixture  was a g a i n  a g i t a t e d  g e n t l y  by hand f o r  f i v e  
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minutes  and c e n t r i f u g e d  a t  4OC f o r  f i v e  minutes  a t  400 g. 

upper organic  l a y e r  was d iscarded .  Tubes were then l e f t  open i n  

room a i r  €or 30 minutes  t o  a s s u r e  evapora t ion  of a l l  d i e t h y l  e t h e r  

from the  aqueous phase. Ten t o  50 111 of aqueous phase was then 

i n j e c t e d  d i r e c t l y  i n t o  the  sample loop. 

The 

C l i n i c a l  Pharmacokinet ic  Study 

A hyper tens ive  31 y e a r  o l d  male p a t i e n t  p a r t i c i p a t e d  i n  a 

phannacokinet ic  s t u d y  of in t ravenous  l a b e t a l o l  a f t e r  g i v i n g  wr i t t en  

informed consent .  The p a t i e n t  r e c e i v e d  a s i n g l e  dose of 

spproxima t e l v  50 mg l a h e t a l o l  hyrlrocblor ide (GLaxo, Research 

Tr ianRle ,  NC,  IJSA) e q u i v a l e n t  t o  43.75 mg ( a u a n t i t a t e d  by the  

method r e p o r t e d  h e r e )  base by i n f u s i o n  i n t o  an a n t e c u b i t a l  v e i n  

over  I n  minutes .  MuItIpIe venous hIood samples were drawn i n t o  

"Venoiect" hepar in-conta in ing  tubes  (Terumo Medical Corp., Flkton,  

MD, U S A )  Over t h e  fo l lowing  24 hours .  Plasma was separa ted  by 

c e n t r f  f u e a t f o n  (400 e. x 10 minutes;  4OC) and c o n c e n t r a t i o n s  of 

l a h e t a l o l  were determined hy the method descr ibed  above. 

Plasma l a b e t a l o l  c o n c e n t r a t i o n s  were analyzed by i t e r a t i v e  

weiRberl n o n l i n e a r  l e a s t - s q u a r e s  r e g r e s s i o n  a n a l y s i s  ( 1 4 , 1 5 \ .  A f t e r  

c o r r e c t i o n  of  the  der ived  c o e f f i c l e n t s  f o r  the  time of i n f u s i o n  

f 1 6 ) ,  t h e  fo l lowing  pharmacokinet ic  v a r i a h l e s  f o r  l a h e t a l o l  were 

determined: d i s t r i h u t i o n  h a l f - l i f e ,  e l i m i n a t i o n  h a l f - l i f e ,  mean 

r e s i d e n c e  tfme, c e n t r a l  compartment volume, t o t a l  v o l m e  o f  

d i s t r i h u t i o n  a t  s t e a d v  s t a t e  and by t h e  a r e a  method, and t o t a l  

c l e a r a n c e .  

RESULTS 

Evaluat ion of  t h e  Method 

Under the  descr ibed  chromatographic  c o n d i t i o n s ,  l a b e t a l o l  and 

propranolol  cave symmetric wel l  reso lved  Chromatographic peaks 
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(F igure  2 ) .  

s e n s i t i v i t y  f o r  ho th  l a b e t a l o l  and propranolo l  was opt imized 

(F igure  3 )  by s e q u e n t i a l  i n f e c t i o n  of  known amounts of s t a n d a r d s  a t  

d i f f e r e n t  a n a l y t i c a l  c e l l  p o t e n t i a l  s e t t i n g s .  The f i r s t  e l e c t r o d e  

of  the  a n a l y t i c a l  c e l l  was used t o  o x i d i z e  background contaminat ion 

p r i o r  t o  o x i d a t i o n  o f  drug or i n t e r n a l  s tandard  which was then 

monitored on e l e c t r o d e  2 .  Therefore  e e c t r o d e  1 o x i d a t i o n  

p o t e n t i a l  was s e t  a t  +c1.40\7, helow the  p o t e n t i a l  r e q u i r e d  f o r  any 

o x l d a t l o n  of d r u g  o r  i n t e r n a l  s tandard  (F igure  3 ) .  

Electrochemical  d e t e c t o r  o x i d a t i o n  v o l t a g e  for maximum 

n t u p - f r e e  hlank plasma samples were c o n s l s t e n t l y  f r e e  of  

endogevous contaminants  a t  the r e t e n t t o n  times corresponding t o  

l a h e t a l o l  and nropranolo l .  The r e l a t l o n  of nlasma l a h e t a l o l  

c o n c e n t r a t i o n  t o  t h e  l a h e t a l o l  :u ropranolo l  peak h e i g h t  r a t i o  was 

l f n e a r  t o  ?nn  np/ml. 

Analys is  of 17  s tandard  c u r v e s  Over an eight-month per iod  

Indica ted  the  c o r r e l a t i o n  c o e f f i c i e n t  of peak h e i g h t  ra t io  t o  

l a b e t a l o l  c o n c e n t r a t i o n  was always .993 or g r e a t e r .  Day- to-day 

c o e f f t c i e n t  of v a r j a t j o n  i n  t h e  s l o p e  of the  c a l i h r a t i o n  curve was 

0.27. 

The l i m f t  O F  s e n s i t i v f t y  of the  method i s  2 . 5  ng/ml of  a 2 m l  

e x t r a c t c d  Dlasma sample. W i  thin-dav c o e f f i c i e n t s  of v a r i a t i o n  for 

i d e n t f c a l  samples o f  l a h c t a l o l  were a t  5 nglml, 6.6% (n=5);  

10 nglml, 8.0% (n=6) ;  2 5  ng/ml, 5.2% (n=5);  50 ng/ml, 3.7% (n=6) ;  

100 ng/ml, 3.W (n=6): and 200 ng/ml, 4.0X (n=h). Residue a n a l y s i s  

i n d i c a t e d  the  e x t r a c t i o n  o f  l a b e t a l o l  was 94 t 4% (n=3) a t  2 5  ng/ml 

and 101 t 3% (n=3)  a t  100 nn/ml e x t r a c t e d  c o n c e n t r a t i o n s  when 

l a h e t a l o l  was added i n  these  c o n c e n t r a t i o n s  t o  1 m l  plasma p r i o r  t o  

e x t r a c t i o n .  

Phermacokinetic Study 

Fikure 4 shows plasma l a b e t a l o l  c o n c e n t r a t i o n s  and t h e  

phannacokinet ic  f u n c t i o n  f o r  the  descr ibed  s u b l e c t .  Derived 

ahannacokine t ic  v a r i a b l e s  a r e  l i s t e d  i n  Tahle  1 .  
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Labetalol 
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L 

Labetalol 

I ,  

1 

1111)1 
10 8 6 4 2 0 

TIME AFTER INJECTION (mid 

FICIRE 2.  Liquid chromatogram of the e x t r a c t  of 1 m l  plasma 
obtained from the pat ient  pr ior  to rece iv ing  l a h e t a l o l  ( I )  and an 
extract  of 1 m l  plasma obtained a f t e r  drug administration (11). 
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ELECTROCHEMICAL OXIDATION 
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FIGIJRF 3 .  Extent  of  e lec t rochemica l  o x i d a t i o n  of i n c r e a s i n g  
o x i d a t i o n  p r o t e n t l a l s  of the  a n a l y t i c a l  c e l l  f o r  l a b e t a l o l  ( 0 - 0 )  
and propranolo l  (0---0). 

TARLF: 1 

Derived Lahetat  ol Phannacokinet ic  V a r i a b l e s  A f t e r  a Single 
5rl me. In t ravenous  Pose t o  a Hypertensive 71 Year O l d  Male 

D i s t r i b u t i o n  Ha l  f - L i f e  (minutes)  6.8 
F1 fmina t i o n  Hal f - I  i f e  (hours )  2 . 6 2  
Mean Residence T i m e  (hours) 1.86  
r r n t r a l  rompartmcnt ~~olumc ( l i t e r s / k g )  1.5 
Oolmc o f  n i s t r i h u t i o n  a t  Steady S t a t e  ( l i t e r s / k g )  2 . 3 4  
"olume of D i s t r i h u t i o n  bv Area ( l i t e r s / k g )  4.75 
Total ?l earavce  ( m l  /min/kg) 21.0 
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FJGIJRE 4. Plasma l a b e t a l o l  c o n c e n t r a t i o n s  and the  der ived  
l a b r t a l o l  pharmacokinet ic  f u n c t i o n  fo l lowing  in t ravenous  l a b e t a l o l  
hydrochlor ide  a d m i n i s t r a t i o n  t o  a hyper tens ive  b u t  o therwise  
h e a l t h y  32 y e a r  o l d  male p a t i e n t .  See Table  1 f o r  d e r i v e d  
pharmacokiaet lc  v a r i a b l e s .  

DISCIJSSTON 

A r e l i a h l e ,  s e n s i t i v e ,  and s e l e c t i v e  method is descr ibed  f o r  

a u a n t i t a t i o n  of l a b e t a l o l  i n  human plasma by h igh-pressure  l i q u i d  

chromatographv us ing  e lec t rochemica l  d e t e c t i o n .  Mildly b a s i c  

e x t r a c t i o n  c o n d i t i o n s  a r e  used ( h e r e  pH 9 )  t o  opt imize recovery due 

t o  the  l i m i t e d  t i p o p h i l i c i t y  of l a b e t a l o l  and i t s  amphoter ic  

c h a r a c t e r  ( 1 7 ) .  Plank human plasma samples are f r e e  of 

contamfnants  i n  t h e  a r e a s  corresponding t o  t h e  r e t e n t i o n  times f o r  

l a h e t a l o l  and propranolo l .  Metahol i tes  i d e n t i f i e d  t o  d a t e  i n  t h e  

human a r e  v e r y  p o l a r  g lucuronides  which do n o t  accumulate  and a r e  
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r a p f d l y  e x c r e t e d  i n  the  u r i n e  ( l R ) ,  t h e r e f o r e  do n o t  i n t e r f e r e  wi th  

t h i s  method i n  plasma. 

Advantages of t h i s  method Over p r e v i o u s l y  descr ibed  a n a l y s e s  

a r e  i t s  s e n s i t i v i t y  and the minimal sample p r e p a r a t i o n  requi red .  

nur ing  a normal working day about  40 samples can be e x t r a c t e d  and 

chromatographed. In  a d d i t i o n  use of  t h e  e lec tochemica l  d e t e c t i o n  

system and t h e  ease  wfth which t h e s e  two be ta-adrenerp ic  

a n t a g o n i s t s  a r e  d e t e c t e d  using i t  s u g g e s t s  t h a t  e l e c t r o c h e m i c a l  

o x i d a t i o n  may be a technique w i t h  w i d e r  a p p l i c a t i o n  f o r  a n a l y t i c a l  

de te rmina t ions  i n  t h i s  important  drug c l a s s .  This  is of 

c o n s i d e r a b l e  i n t e r e s t  due to the i n h e r e n t  h i g h  degree of 

s e n s i  t i v I  t v  a t t a i n e d  (13) when coulometr ic  e lec t rochemica l  

o x i d a t l o n  is employed. 
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