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SEPARATION AND DETERMINATION OF 
PROPRANOLOL ENANTIOMERS IN PLASMA 

CHROMATOGRAPHY WITH 
FLUORESCENCE DETECTION 

BY HIGH-PERFORMANCE LIQUID 

GANG SHAO, JUNICHI GOTO, 
AND TOSHIO NAMBARA 

Pharmaceutical Institute 
Tohoku University 

Aobayama, Sendai 980, Japan 

ABSTRACT 

The s e p a r a t i o n  and de te rmina t ion  of  (-)- and (+ I -  
p roprano lo l s  i n  plasma by high-performance l i q u i d  chromatography 
(HPLC) a r e  desc r ibed .  The newly developed method i s  based on 
precolumn d e r i v a t i z a t i o n  wi th  a c h i r a l  a x i s  r e a g e n t ,  (-)-2- 
methyl-l,l'-binaphthalene-2'-carbonyl cyanide (MBNCC) , t o  form 
d ia s t e reomer i c  e s t e r s .  The d i a s t e reomers  were sepa ra t ed  on a 
normal phase column by HPLC wi th  f luo rescence  d e t e c t i o n  
employing 0.3I  methanol i n  hexane-ethyl a c e t a t e  (15:1,  v / v )  a s  
t h e  mobile phase.  The clean-up of p roprano lo l  i n  plasma was 
e f f i c i e n t l y  a t t a i n e d  by t h e  combined use  of  a Sep-pak C 
c a r t r i d g e  and an  i o n  exchange g e l ,  carboxymethyl Sephadex LH-2b8 
The d e t e c t i o n  l i m i t  of  each p roprano lo l  enantiomer was 100 pg. 

I N T R O D U C T I O N  

A r e l i a b l e  method f o r  t h e  s imul taneous  de t e rmina t ion  o f  

each enant iomer ic  drug  i n  b i o l o g i c a l  f l u i d s  is a p r e r e q u i s i t e  

f o r  pharmacokinetic s t u d i e s  of t h e  racemate.  Among va r ious  
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754 SHAO, GOTO, A N D  NAMBARA 

methods , high-per formance  l i q u i d  chromatography (HPLC) h a s  been  

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

The d i a s t e r e o m e r i c  method,  employing  a c h i r a l  d e r i v a t i z a t i o n  

r e a g e n t ,  i s  more f a v o r a b l e  f o r  t h e  d e t e r m i n a t i o n  o f  e n a n t i o m e r i c  

d r u g s  i n  b i o l o g i c a l  spec imens  w i t h  r e s p e c t  t o  s e n s i t i v i t y  and 

v e r s a t i l i t y .  I n  t h e  p r e v i o u s  p a p e r s ,  we r e p o r t e d  t h e  prepa-  

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

e n a n t i o m e r i c  amines [ l ]  and c a r b o x y l i c  a c i d s  [ 2 , 3 1 ,  and t h e i r  

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

i n  b i o l o g i c a l  f l u i d s  by HPLC [ 4 , 5 1 .  We a l s o  s y n t h e s i z e d  new 

c h i r a l  f l u o r e s c e n c e  d e r i v a t i z a t i o n  r e a g e n t s ,  (-1- and 

(+)-2-methyl-l,l'-binaphthalene-Z'-carbonyl c y a n i d e s  (MBNCC), 

h a v i n g  c a r b o n y l  c y a n i d e  as a r e a c t i n g  group toward t h e  h y d r o x y l  

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

o f  e n a n t i o m e r i c  h y d r o x y l  compounds by HPLC [ 6 ] .  T h i s  p a p e r  

d e a l s  w i t h  t h e  u s e  o f  t h e  precolumn d e r i v a t i z a t i o n  r e a g e n t  f o r  

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

plasma by HPLC on a normal  p h a s e  column. 

EXPERIMENTAL 

Mat e r  i a Is 

The d e r i v a t i z a t i o n  r e a g e n t ,  (-)-MBNCC, was s y n t h e s i z e d  i n  

t h e  manner p r e v i o u s l y  r e p o r t e d  [ 61. B u f u r a l o l  e n a n t i o n e r s  w e r e  

k i n d l y  d o n a t e d  by Roche P r o d u c t s  Ltd .  (Welwyn Carden ,  E n g l a n d ) .  

Carboxymethyl  Sephadex LH-20 (CM-LH-20)(1 mequiv . /g)  was 

18 p r e p a r e d  a c c o r d i n g  t o  t h e  known method [ 7 ] .  The Sep-pak C 

c a r t r i d g e  was purchased  from M i l l i p o r e - W a t e r s  ( M i l f o r d ,  MA, 

U.S.A.  ) and washed s u c c e s s i v e l y  w i t h  e t h a n o l ,  5% aqueous b o v i n e  

serum a lbumin  s o l u t i o n  and t h e n  w a t e r  p r i o r  t o  u s e .  All o t h e r  

c h e m i c a l s  employed 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 .  S o l v e n t s  

were p u r i f i e d  by d i s t i l l a t i o n  p r i o r  t o  use .  A l l  g l a s s w a r e  used 

was s i l a n i z e d  w i t h  t r i m e t h y l c h l o r o s i l a n e .  
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PROPRANOLOL ENANTIOMERS IN PLASMA 755 

Ins t ruments  

The appara tus  used f o r  t h i s  work was a M-45 s o l v e n t  

d e l i v e r y  system (Mi l l ipore-Waters )  equipped wi th  a 650-1OLC 

f luo rescence  spec t rophotometer  ( e x c i t a t i o n  wavelength 318 nm; 

emiss ion  wavelength 408 nm)(Hi tachi ,  Tokyo). A S p h e r i c a l  S i l i c a  

( 5  U m ,  15 cm x 4.6 mm I .D.)(Mill ipore-Waters) column was used 

a t  ambient tempera ture .  

Procedure f o r  t h e  s e p a r a t i o n  and de te rmina t ion  of p roprano lo l  
enantiomers i n  plasma 

To a plasma specimen ( 1  m l )  was added ( + ) - b u f u r a l o l  (10 ng) 

a s  an i n t e r n a l  s t anda rd  ( I S ) ,  and t h e  whole w a s  d i l u t e d  wi th  

0.5M sodium phosphate b u f f e r  (pH 7 . 0 ,  4 m l )  and passed  through a 

Sep-pak C18 c a r t r i d g e .  Af t e r  washing wi th  water  ( 5  ml) and 30% 

e t h a n o l  ( 5  m l ) ,  B-blockers were e l u t e d  wi th  e t h a n o l  ( 8  ml ) .  The 

e l u a t e  was evapora ted  down, mixed wi th  ( - ) -MBNCC (200 p g )  i n  

0.01% q u i n u c l i d i n e  i n  a c e t o n i t r i l e  (100 1; l ) ,  and t h e  r e s u l t i n g  

s o l u t i o n  was hea ted  a t  6OoC f o r  20 min. The excess  r eagen t  was 

decomposed wi th  methanol (50 111) and t h e  mixture  was evapora ted  

down. The r e s i d u e  obta ined  was r e d i s s o l v e d  i n  90% e t h a n o l  (1  

m l )  and app l i ed  t o  a column (18 mm x 6 mm I.D.) of CM-LH-20 (100 

mg). E l u t i o n  was c a r r i e d  out  a t  a flow r a t e  of  0 . 2  ml/min. 

A f t e r  washing wi th  90% e t h a n o l  t o  remove n e u t r a l  and a c i d i c  

compounds, d ias te reomers  formed were e l u t e d  wi th  0.1M 

methylamine i n  90% e t h a n o l  ( 3  ml). The d r i e d  e l u a t e  was 

r e d i s s o l v e d  i n  t h e  mobile phase (50-100 p 1 )  and a 10-20 1-11 

a l i q u o t  of  t h e  s o l u t i o n  was i n j e c t e d  i n t o  t h e  HPLC system. 

RESULTS AND DISCUSSION 

D e r i v a t i z a t i o n  of p roprano lo l  enant iomers  wi th  ( - ) -MBNCC i n t o  
d i a s t e reomer i c  e s t e r s  

In  t h e  prev ious  pape r ,  we demonstrated t h a t  @-b locke r s  such 

a s  p roprano lo l  and penbu to lo l  were e a s i l y  d e r i v a t i z e d  i n t o  
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PROPRANOLOL ENANTIOMERS IN PLASMA 157 
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FIGURE 2. T i m e  c o u r s e  f o r  d e r i v a t i z a t i o n  o f  p r o p r a n o l o l  
enant iomers  w i t h  (-)-Z-methyl-l,l'-binaphthalene- 
2 ' -carbonyl  cyanide .  

d i a s t e r e o m e r i c  e s t e r s  through t h e  i n h e r e n t  secondary  a l c o h o l i c  

group a t  t h e  c h i r a l  c e n t e r  w i t h  f l u o r e s c e n c e  d e r i v a t i z a t i o n  

r e a g e n t s ,  (-)- and (+)-MBNCC ( F i g .  1 ) [ 6 ] .  T h e r e f o r e ,  s u i t a b l e  

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

were i n v e s t i g a t e d .  P r o p r a n o l o l  enant iomers  (each  100 ng)  and 

( - )MBNCC (200 p g )  w e r e  d i s s o l v e d  i n  0.01% q u i n u c l i d i n e  i n  

a c e t o n i t r i l e  (100 p1) and a l lowed t o  s t a n d  a t  6OoC. An a l i q u o t  

of t h e  s o l u t i o n  was a p p l i e d  t o  HPLC and t h e  y i e l d s  o f  f l u o r e s -  

c e n t  es te rs  were e s t i m a t e d  by comparison of t h e  peak  a r e a s  w i t h  

t h o s e  o f  t h e  s t a n d a r d  samples .  As shown i n  F ig .  2 ,  t h e  r e a c t i o n  

r a t e  i n c r e a s e d  a l o n g  w i t h  t h e  r e a c t i o n  t i m e  up t o  10 min, 

r e s u l t i n g  i n  a q u a n t i t a t i v e  f o r m a t i o n  of d i a s t e r e o m e r i c  e s t e r s .  

No r a c e m i z a t i o n  o f  t h e  r e a g e n t  i t s e l f  took  p l a c e  d u r i n g  t h e  
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18 FIGURE 3 .  E l u t i o n  p a t t e r n  o f  p r o p r a n o l o l  on  a Sep-pak C 
c a r t r i d g e .  
E l u e n t :  a )  30% e t h a n o l ,  b )  e t h a n o l .  

c o n d e n s a t i o n  r e a c t i o n .  On t h e  b a s i s  o f  t h e s e  d a t a ,  p r o p r a n o l o l  

e n a n t i o m e r s  were t r e a t e d  w i t h  (-)-MBNCC i n  0.01% q u i n u c l i d i n e  i n  

a c e t o n i t r i l e  a t  6OoC f o r  20 min. 

Clean-up o f  p r o p r a n o l o l  i n  plasma 

The s e p a r a t i o n  and d e t e r m i n a t i o n  of  t r a c e  components i n  

b i o l o g i c a l  specimens a re  markedly  i n f l u e n c e d  by t h e  c lean-up  

p r o c e d u r e  employed. The c a r t r i d g e  packed w i t h  ODS bonded s i l i c a  

i s  w i d e l y  used f o r  e x t r a c t i o n  o f  d r u g s  and t h e i r  m e t a b o l i t e s  i n  

'18 b i o l o g i c a l  f l u i d s .  I n  t h e  p r e s e n t  s t u d y ,  a Sep-pak 

c a r t r i d g e  w a s  used  f o r  e x t r a c t i o n  o f  p r o p r a n o l o l  i n  plasma.  
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PROPRANOLOL ENANTIOMERS IN PLASMA 159 

P r o p r a n o l o l  i n  sodium p h o s p h a t e  b u f f e r  (pH 7 . 0 )  was a p p l i e d  t o  

t h e  c a r t r i d g e .  A f t e r  washing w i t h  water and 30% e t h a n o l  t o  

remove c o - e x i s t i n g  i n o r g a n i c  s a l t s  and o t h e r  p o l a r  s u b s t a n c e s ,  

t h e  e l u a t e  o b t a i n e d  w i t h  e t h a n o l  was t h e n  s e p a r a t e d  and a n a l y z e d  

by HPLC. A s  i l l u s t r a t e d  i n  F i g .  3 ,  t h e  6 - b l o c k e r  w a s  r e c o v e r e d  

a t  t h e  ra te  o f  more t h a n  90% i n  a n  i n i t i a l  3 m l  o f  t h e  e f f l u e n t .  

F u r t h e r  p u r i f i c a t i o n  w a s  u n d e r t a k e n  employing a l i p o p h i l i c  

c a t i o n - e x c h a n g e r ,  CM-LH-20. A f t e r  d e r i v a t i z a t i o n  w i t h  

(-)-MBNCC, t h e  r e a c t i o n  p r o d u c t  w a s  d i s s o l v e d  i n  90% e t h a n o l  and 

a p p l i e d  t o  a column o f  CM-LH-20. The n e u t r a l  and a c i d i c  

i n t e r f e r i n g  compounds were a l m o s t  e n t i r e l y  removed by e l u t i n g  

w i t h  90% e t h a n o l  and t h e  d e s i r e d  b a s i c  d i a s t e r e o m e r s  were 

q u a n t i t a t i v e l y  r e c o v e r e d  w i t h  0.1M methylamine i n  90% e t h a n o l .  

The e f f i c i e n t  c lean-up p r o c e d u r e  f o r  HPLC o f  p r o p r a n o l o l  i n  

plasma w a s  t h u s  e s t a b l i s h e d  and a n  e x c e l l e n t  chromatogram o f  t h e  

e n a n t i o m e r s  w a s  o b t a i n e d  w i t h o u t  any i n t e r f e r i n g  peaks  ( F i g .  4 a ,  

b ) .  

D e t e r m i n a t i o n  o f  p r o p r a n o l o l  e n a n t i o m e r s  i n  plasma 

The s t a n d a r d  p r o c e d u r e  f o r  t h e  s e p a r a t i o n  and d e t e r m i n a t i o n  

o f  p r o p r a n o l o l  e n a n t i o m e r s  i n  human plasma i s  shown i n  F ig .  5.  

A f t e r  a d d i t i o n  o f  ( + I - b u f u r a l o l  as a n  I S ,  a plasma specimen w a s  

e x t r a c t e d  w i t h  a Sep-pak C18 c a r t r i d g e  and t h e n  t r e a t e d  w i t h  

(-1-MBNCC i n  t h e  p r e s e n c e  of  q u i n u c l i d i n e  i n  a c e t o n i t r i l e  

a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  above. A f t e r  p u r i f i c a t i o n  

w i t h  CM-LH-20, f l u o r e s c e n t  d i a s t e r e o m e r s  o b t a i n e d  were s u b j e c t e d  

t o  HPLC on a S p h e r i c a l  S i l i c a  column u s i n g  0.3% methanol  i n  

hexane-e thyl  a c e t a t e  (15 :1 ,  v / v )  as a mobi le  p h a s e  and moni tored  

by f l u o r e s c e n c e  d e t e c c t i o n  ( e x c i t a t i o n  wavelength  318 m; 

e m i s s i o n  wavelength  408  nm), t h e  l i m i t  o f  d e t e c t i o n  b e i n g  100 

pg. A c a l i b r a t i o n  g r a p h  w a s  c o n s t r u c t e d  by p l o t t i n g  t h e  r a t i o  

of  t h e  peak a r e a  of (-)- o r  ( + ) - p r o p r a n o l o l  t o  t h a t  of 

( + ) - b u f u r a l o l  a g a i n s t  t h e  amount o f  p r o p r a n o l o l  e n a n t i o m r s ,  a 
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FIGURE 4.  Chromatograms o f  (-1- and ( + ) - p r o p r a n o l o l s  i n  human 
plasma.  
a )  C o n t r o l  p lasma;  b )  plasma s p i k e d  w i t h  
( - 1 - p r o p r a n o l o l  ( 2 5  n g / m l ) ,  ( + ) - p r o p r a n o l o l  ( 1 3  
ng/ml)  and ( + ) - b u f u r a l o l  (10 n g / m l ) ;  c )  plasma 
o b t a i n e d  1 h r  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  
( + ) - p r o p r a n o l o l  (10 mg). l = ( - ) - P r o p r a n o l o l ;  
2 = ( + ) - p r o p r a n o l o l ;  3 = ( + ) - b u f u r a l o l  ( I S ) .  
C o n d i t i o n s :  column,  S p h e r i c a l  S i l i c a ;  m o b i l e  p h a s e ,  
0 .3% methanol  i n  h e x a n e - e t h y l  a c e t a t e  (15 :1 ,  v / v ) .  

l i n e a r  r e s p o n s e  t o  e a c h  e n a n t i o m e r  b e i n g  o b s e r v e d  i n  t h e  r a n g e  

500 pg-100 ng/ml. 

Apply ing  t h e  s t a n d a r d  p r o c e d u r e  t o  human plasma,  

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

r e p r o d u c i b i l i t y .  Known amounts of p r o p r a n o l o l  were added t o  

plasma and t h e i r  r e c o v e r y  ra tes  were e s t i m a t e d .  A s  l i s t e d  i n  

Table  I ,  b o t h  ( - ) -  and ( + ) - p r o p r a n o l o l s  were r e c o v e r e d  a t  a r a t e  
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R 

Plasma 

Sep-pak C 1 8  

Derivatization 

CM-LH-20 .I 
FIGURE 5. Procedure  f o r  d e t e r m i n a t i o n  o f  p r o p r a n o l o l  

enant iomers  i n  human plasma. 

TABLE I 

:overy of (-1- and ( I -Propranolo ls  Added t o  Human Plasma 
~ ~~ * 

Enant iomer P r o p r a n o l o l  (ng /ml)  Recovery S.D. ( % I  
Added Found 

( - ) -Propranolo l  3 .1  2.8 90.3 + 8.2 
10.9 10.4 95.4 7 - 5.8 

( + ) - P r o p r a n o l o l  2.9 2.6 89 .7  2 8.5 
10.2 9.8 96.1 6.2 

* 
n=8 
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o f  more t h a n  90%. A t y p i c a l  chromatogram o f  p r o p r a n o l o l  

e n a n t i o m e r s  i n  human plasma o b t a i n e d  1 h r  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  ( + ) - p r o p r a n o l o l  ( 1 0  mg) i s  i l l u s t r a t e d  i n  F i g .  4 c .  The 

( - ) -  and (+) -propran0101 peaks  on t h e  chromatogram r e p r e s e n t  

a p p r o x i m a t e l y  3 and 1 ng/rnl, r e s p e c t i v e l y .  T h i s  r e s u l t  i s  

f a i r l y  i n  agreement  w i t h  t h e  p r e v i o u s  f i n d i n g s  [ 8 , 9 ] .  The 

chromatogram w i t h  a s t a b l e  b a s e l i n e  and w i t h o u t  l e a d i n g  and 

t a i l i n g  i s  f a v o r a b l e  f o r  t h e  d e t e r m i n a t i o n  o f  p r o p r a n o l o l  

e n a n t i o m e r s  i n  plasma.  

I t  i s  hoped t h a t  t h e  a v a i l a b i l i t y  of a new method f o r  t h e  

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

f l u i d s  w i t h  s a t i s f a c t o r y  r e l i a b i l i t y  and s e n s i t i v i t y  may p r o v i d e  

more p r e c i s e  i n f o r m a t i o n  on  t h e  p h a r m a c o k i n e t i c s  of a - b l o c k e r s .  
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