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IN PLASMA BY REVERSED PHASE HIGH- 

S. Bouquet, B. Regnier, S. Quehen, A. M. Brisson, 
Ph. Courtois, and J .  B. Fourtillan 

Laboratoire de Pharmacocinitique 
U.E.R. de Medecine et de  Pharmacie 

34 rue de Jardin des Plantes 
86034 Poiters, Cedex, France 

AB STR AC T 

A 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 i c  m e t h o d  h a s  

b e e n  d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  a new a n t i v i r a l  d r u g  : 
A c y c l o v i r  [9-(2 h y d r o x y e t h o x y m e t h y l )  g u a n i n e ]  , i n  human p l a s m a ,  

u s i n g  a r e v e r s e d - p h a s e  m e t h o d ,  w i t h  u l t r a v i o l e t  d e t e c t i o n  a t  2 5 4  

nm. 

t o  q u a n t i t a t i o n .  T h e  p l a s m a  s a m p l e  was d e p r o t e i n i z e d  w i t h  a c e t o -  

n i t r i l e  a n d  t h e  c l e a r  o b t a i n e d  s u p e r n a t a n t  was c l e a n u p  w i t h  me-  

t h y l e n e  c h l o r i d e ,  t h e n  d i r e c t l y  a n a l y z e d  i n  t h e  c h r o m a t o g r a p h i c  

s y s t e m .  T h e  l i m i t  o f  d e t e c t i o n  was a b o u t  0 . 2 5  p g / m l  o f  p l a s m a  w i t h  a 

p r e c i s i o n  o f  -+ 7 . 4  X .  

T h e  i n t e r n a l  s t a n d a r d ,  a c e t a m i n o p h e n ,  was u s e d  as an  a i d  

T h e  m e t h o d  i s  u s e d  f o r  q u a n t i t a t i v e  a c y c l o v i r  i n  

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

a n d  p r e c i s i o n .  E n d o g e n o u s  s u b s t a n c e s  a n d  a v a r i e t y  o f  d r u g s  

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

t h e  a s s a y .  

I663 

Copyright 0 1985 by Mares1 Dekksr, Inc. 0148-39 19/85/0809-1663$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1664 

INTRODUCTION 

BOUQUET ET AL. 

A c y c  o v i r  ( F i g u r e  1) .  a new a n t i v i r a l  a g e n t  w i t h  a 

h i g h  l e v e l  o f  a c t i v i t y  a g a i n s t  h e r p e s  v i r u s  (1, 2 )  i s  u s e d  f o r  a 

f e w  y e a r s  i n  h e  U n i t e d  S t a t e s  a n d  i n  E u r o p e .  S e v e r a l  m e t h o d s  h a -  

ve  b e e n  d e s c r i b e d  i n  p h a r m a c o k i n e t i c  s t u d i e s  ( 3 ,  4 ,  5) a n d  f o r  

t h e  m o n i t o r i n g  o f  p l a s m a  c o n c e n t r a t i o n s  o f  a c y c l o v i r  i n  p a t i e n t s  

w i t h  r e n a l  f a i l u r e  (6, 7 ,  8). R a d i o i m m u n o a s s a y  m e t h o d s  (9, 1 0 ,  

11, 1 2 )  d e p e n d  o n  t h e  p u r i t y  a n d  s p e c i f i c i t y  o f  t h e  a n t i b o d i e s .  

I n t e r f e r e n c e s  a n d  c r o s s  r e a c t i o n s  h a v e  b e e n  r e p o r t e d  f o r  b o t h  

t e c h n i q u e s  (9, 1 0 ,  1 1 ) .  

b e e n  u s e d  ( 1 3 ,  1 4 ,  1 5 ) .  T h e  i o n - e x c h a n g e  p r o c e d u r e  ( 1 3 1 ,  i s  l i m i -  

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

i n  a w o r k i n g  d a y .  

( 1 4 ,  1 5 )  w e r e  v e r y  s p e c i f i c  a n d  h a v e  a g o o d  r e c o v e r y ,  b u t  t h e  

c h r o m a t o g r a p h i c  p e a k  o f  a c y c l o v i r  was p o o r l y  r e s o l v e d  f r o m  t h e  

e n d o g e n o u s  p e a k s  a t  l o w  c o n c e n t r a t i o n .  T h e  h i g h  p e r f o r m a n c e  li- 
q u i d  c h r o m a t o g r a p h i c  m e t h o d  d e s c r i b e d  h e r e ,  was d e s i g n e d  t o  p r o -  

v i d e  an a c c u r a t e ,  s e n s i t i v e ,  s p e c i f i c  a n d  r a p i d  a c y c l o v i r  a s s a y ,  

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

p h a r m a c o k i n e t i c  a n d  d i s p o s i t i o n  s t u d i e s .  

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  ( H . P . L . C . )  h a s  

T h e  l i q u i d  c h r o m a t o g r a p h i c  m e t h o d s  u s i n g  r e v e r s e d - p h a s e  

MATERIAL A N D  METHODS 

R e a q e n t s  a n d  m a t e r i a l s  : 

W e l l c o m e  l a b o r a t o r i e s  - M o n a c o  - F r a n c e  a n d  B o t t u  l a b o r a t o r i e s  - 
N a n t e r r e  - F r a n c e ,  r e s p e c t i v e l y .  

W a t e r  was d e i o n i z e d  t h e n  d o u b l y  d i s t i l l e d  a n d  f i l t e r e d  

t h r o u g h  a 0.22 um - t y p e  G C  - c e l l u l o s e  e s t e r  f i l t e r ,  M i l l i p o r e  
c o r p . ,  B e d f o r d ,  M a s s .  01730. 

a c e t a m i n o p h e n  ( 2 0 0  u g / m l ) ,  w e r e  p r e p a r e d  i n  w a t e r  a n d  s t o r e d  s u b -  

s e q u e n t l y  a t  + 4°C f o r  a week ,  i n  t h e  d a r k .  T h e  a p p r o p r i a t e  

c o n c e n t r a t i o n s  o f  s t a n d a r d  s o l u t i o n s  w e r e  p r e p a r e d  b y  d i l u t i n g  
t h e  s t o c k  s o l u t i o n s  i n  w a t e r .  H.P.L.C. g r a d e  a c e t o n i t r i l e ,  

p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e ,  m e t h y l e n e  c h l o r i d e  w e r e  p u r c h a s e d  
f r o m  C a r l o - E r b a  - M i l a n  - I t a l y  a n d  H.P.L.C. g r a d e  m e t h a n o l .  s o -  

A c y c l o v i r  a n d  a c e t a m i n o p h e n  ( i . s ) ,  w e r e  s u p p l i e d  b y  

S t a n d a r d  s t o c k  s o l u t i o n s  o f  a c y c l o v i r  ( 1 0 0  u g / m l  a n d  
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ACYCLOVIR IN PLASMA 1665 

d i u m  h y d r o x y d e  30 % R . P . ,  s o d i u m  c h l o r i d e  G R ,  p h o s p h o r i c  a c i d  

8 5  % R . P . ,  c h l o r h y d r i c  a c i d  38 % ,  h e p t a n  s u l f o n i c  a c i d ,  w e r e  

p u r c h a s e d  f r o m  M e r c k  - G a r m s t a d t  - G . O . R .  

A p p a r a t u s  : 

H.P.L.C. s y s t e m  c o n s i s t e d  o f  a 

v e r y  s y s t e m  a n d  a m o d e l  710 A w i s p  samp 

A s s o c i a t e s ,  I n c . ,  M i l f o r d  - Mass  - 0175 
a b s o r b a n c e  d e t e c t o r  o p e r a t i n g  a t  2 5 4  nm 

t h e  a b s o r b a n c e  d e t e c t o r  s e n s i t i v i t y  s e t  

m o d e l  6 0 0 0  A s o l v e n t  de  

e i n j e c t o r  ( W a t e r s  
- U . S . A . ) .  A m o d e l  4 4 0  

( W a t e r s  A s s o c i a t e s ) ,  w i  

a t  0 .005 a b s o r b a n c e  u n i t s  

f u l l  s c a l e  ( a . u . f . s . ) ,  f o r  p l a s m a  s a m p l e s .  

( H o u s t o n  I n s t r u m e n t  - G i s t e l  - B e l g i u m ) .  T h e  m o b i l e  p h a s e  was 

p r e p a r e d  d a i l y .  I t  c o n s i s t e d  o f  0 . 2 5  m l  a c e t o n i t r i l e  i n  9 9 9 . 7 5  
m l  0.01 M p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e  b u f f e r  ( p H  2 . 3 )  c o n t a i -  

n i n g  0 .9  g h e p t a n  s u l f o n i c  a c i d .  T h e  s o l u t i o n  was f i l t e r e d  

t h r o u g h  0 .22  p m  f i l t e r .  U n d e r  t h e s e  c o n d i t i o n s ,  a c y c l o v i r  a n d  t h e  

i n t e r n a l  s t a n d a r d  w e r e  e l u t e d  w i t h  r e t e n t i o n  t i m e s  o f  9.3 m i n .  

a n d  7.9 m i n .  r e s p e c t i v e l y ,  as i l l u s t r a t e d  i n  f i g u r e  2 a n d  c a r r i e d  

t h r o u g h  an o c t a d e c y l s i l a n  p - B o n d a p a c k  C18 c o l u m n  ( 3 0  cm x 3.9 
mm, p a r t i c l e  s i z e  10 p m ,  W a t e r s  A s s o c . )  a t  1.0 m l / m i n  a n d  a m b i e n t  
t e m p e r a t u r e .  

E x t r a c t i o n  p r o c e d u r e  : 

T h e  c h r o m a t o g r a m s  w e r e  r e c o r d e d  o n  an O m n i s c r i b e  

i -  

h 

I n  a 10 m l  s c r e w - c a p p e d  t u b e ,  1.0 m l  o f  p l a s m a  ( s a m p l e  

t o  b e  a s s a y e d  o r  s t a n d a r d ) ,  was s u p p l e m e n t e d  w i t h  100 p l  o f  an 
a q u e o u s  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 0 0  p g / m l )  a n d  100 ~1 0.1 M 

h y d r o c h l o r i c  a c i d  s a t u r a t e d  w i t h  s o d i u m  c h l o r i d e ,  t h e n  h o m o g e n i -  
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ACYCLOVIR IN PLASMA 1667 

z e d  b y  s l o w  r o t a t i o n .  A f t e r  a d d i t i o n  o f  2 .0 m l  a c e t o n i t r i l e ,  t h e  

t u b e  was v o r t e x - m i x e d  v i g o r o u s l y  f o r  1 m i n . ,  t h e n  c e n t r i f u g e d  a t  

2000 g .  f o r  10 m i n . .  
An 2 .5  m l  a l i q u o t  o f  t h e  s u p e r n a t a n t  was t r a n s f e r r e d  t o  

a n o t h e r  g l a s s  t u b e  and  m i x e d  w i t h  6 . 0  m l  o f  m e t h y l e n e  c h l o r i d e .  

The  t w o  p h a s e s  w e r e  s e p a r a t e d  b y  c e n t r i f u g a t i o n  f o r  1 0  m i n .  a t  

2000 g .  An a l i q u o t  ( 3 0  ,ul) o f  a q u e o u s  l a y e r  

H .P .L . C  . s y s  t e m .  

C a l i b r a t i o n  : 
Two s t a n d a r d  c o n c e n t r a t i o n  c u r v e s  

n e d  b y  a d d i n g  : 0 - 0 . 2 5  - 0 .50  - 1 . 0  - 2 . 0  

a c y c l o v i r ,  t h e n  5 0  p l  o f  a c e t a m i n o p h e n  ( i  .s 
- 4 . 0  - 6 . 0  - 1 2  - 1 6  - 20  p g / m l  o f  a c y c l o v  

was i n j e c t e d  i n t o  t h e  

F i g u r e  3 )  w e r e  o b t a i -  

- 3 .0  - 4 . 0  ,ug/ml  o f  

( 2 0 0  p g / m l )  a n d  3.0 

r t h e n  1 0 0  p l  of  ( i . s  

2 0 0  p g / m l )  ( F i g u r e  2 1 ,  i n  c o n t r o l  p l a s m a  u n d e r  t h e  same e x p e r i -  

m e n t a l  c o n d i t i o n s .  

RESULT A N D  D I S C U S S I O N  

We f o u n d  a l i n e a r  c o r r e l a t i o n  b e t w e e n  t h e  c o n c e n t r a t i o n  

o f  a c y c l o v i r  a n d  t h e  r a t i o  o f  p e a k  h e i g h t s  : a c y c l o v i r / i . s . ,  i n  

r a n g e s  o f  t h e  t w o  s t a n d a r d  c u r v e s  ( F i g u r e  3 ) .  

b y  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  w e r e  : y = 0 . 0 5 7  X - 
0 . 0 0 1  a n d  y = 0 . 2 0  x - 0 . 0 0 8  f o r  r a n g e s  [ 3 .0  - 2 . 0 1  a n d  1 0 . 2 5  - 
4 . 0  ] p g / m l ,  r e s p e c t i v e l y .  T h e  c o r r e s p o n d i n g  c o r r e l a t i o n  
c o e f f i c i e n t s  ( r )  w e r e  0 . 9 9 9 7  a n d  0 . 9 9 9 8 .  

T h e  e q u a t i o n s  d e s c r i b i n g  t h e  s t a n d a r d  c u r v e s ,  d e t e r m i n e d  

T h e  i n t r a - a s s a y  p r e c i s i o n  o f  a c y c l o v i r  was a s s a s s e d  b y  

r e p e a t e d  a n a l y s i s  o f  f r e s h  d r u g - f r e e  human s p e c i m e n s  s p i c k e d  w i t h  

known c o n c e n t r a t i o n s  o f  a c y c l o v i r .  
As shown i n  t a b l e  I, t h e  w i t h i n - d a y  p r e c i s i o n  o f  t h e  me- 

t h o d  was i l l u s t r a t e d  b y  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  : 3 . 3 9  % a n d  
7 .38  %, f o r  6.0 a n d  0 . 2 5  p g / m l  r e s p e c t i v e l y .  

As c a n  b e  s e e n  f r o m  F i g u r e  4 ,  n o  e n d o g e n o u s  p e a k  e x t r a c -  

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

i . s . ,  w h i c h  i s  w e l l  b e l o w  t h e  d e t e c t i o n  l i m i t .  
T h e  l i m i t  o f  d e t e c t i o n  o f  t h i s  m e t h o d  was 0 .25  , u g / m l ,  

a l l o w i n g  a s i g n a l - n o i s e  r a t i o  o f  3 ,  when 1.0 m l  o f  p l a s m a  was 
u s e d  ( F i g u r e  5 ) .  T h i s  v a l u e  was t h e  same, t h a t  o b t a i n e d  p r e v i o u s -  

l y  ( 1 4 ,  1 5 ) ,  b u t  t h e  e l u e n t  a n d  t h e  e x t r a c t i o n  m e t h o d  u s e d  h e r e  
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ACYCLOVIR IN PLASMA 1669 

FIGlJRE 4 : Chrorridtogi-apt] of human drug free plasma ext ract .  

(loop : 20 111, h - 0.01 3.u.f.s.) 
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1670 BOUQUET ET AL. 

\ 

FIGURE 5 : Chromatograrn from a spiked plasma sample (0. 2 5  pg Acyclov i r /ml )  

5howing the detection l i m i t  of the method. 

(loop : 20 pl, S - 0.01 a.u.f.s.) 
( A )  Acyclovir (0 )  I.S. 
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TABLE I : I N T R A - A S S A Y  P R E C I S I O N  ACYCLOVIR I N  HUMAN PLASMA 

! ! I I 

! S p i k e d  ! M e a s u r e d  c o n c e n t r a t i o n  I c v  I 

! c o n c e n t r a t i o n !  M e a n  s . d  ( p g l m l )  ( % )  ! 
! ' ( p g / m l )  ! ! I 

I ! ! ! 
! I I ! 

! ( n  = 12) ! I I 

I ! ! ! 
I I ! I 

! ( n  = 1 0 )  ! I I 

! 0.25 I 0.245 ? 0.018 ! 7.38 ! 

! 6.0 I 6.09 f, 0.206 I 3.39 ! 

TABLE I 1  : I N T E R  ASSAY P R E C I S I O N  ( R E P R O D U C T I B I L I T Y )  

I N  PLASMA ( n  6) 

- 
I I ! I I 

! A m o u n t  a d d e d !  A m o u n t  f o u n d  ! cv  ! R e c o v e r y  ! 

! I ! I 

! ! ! ! ! 

! ( p g / m l )  ! m e a n  (: s . d )  ! ( % I  I ( % )  I 

! 2.0 I 1.98 ! 0.10 ! 5.1 I 99.0 I 

! ! I I ! 

! I ! ! ! 

I ! I I I 

I I ! I I 

! 6 .O ! 5.99 +_ 0.22 ! 3.65 99.8 I 

! I ! I I 

! 4.0 I 4.05 1 0.20  ! 4.9 ! 101.3 ! 

I I I I I 

! 8.0 I 8.01 +, 0.22 ! 2.8 ! 100.1 ! 

I I I I ! 

! 16 ! 16.00 0.51 ! 3.2 ! 100.0 I 

I I ! I I 

! ! I I 

! 20 ! 20.03 0.68 ! 3.4 ! 100.2 ! 

I I I I I 
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TABLE 111 : S T A B I L I T Y  OF ACYCLOVIR I N  FROZEN PLASMA SAMPLES 

I I I ! 

! Week !Amoun t  a d d e d !  C o n c e n t r a t i o n !  Amoun t  a d d e d !  C o n c e n t r a t i o n  ! 
! ! 2 p g / m l  ! f o u n d  ( p g / m l ) !  10 p g / m l  ! f o u n d  ( p g / m l )  ! 
I ! ! ! ! ! 

! ! ! ! ! 
! l !  I 1.6 I 1 0  .o I 

! ! ! ! 
! 2 !  ! 1 . 9  ! I 1 0 . 1  ! 

! I I I 

! 3 !  I 2.0 l a I 11 .2  ! 
I I I 2 .o ! ! 12 .5  ! 
! I ! ! ! ! 

! 4 !  2 . 1  ! ! 10 .6  I 

! I ! ! ! 

! ! ! ! ! 

! Mean S . D .  ! 1 . 9 3  0 . 1 8  ! ! 1 0 . 9 7  0 . 9 4  ! 
I ! I ! 

! I I ! 

! c v  x ! 9.06 I ! 8 . 5 7  I 

.- 

I, 0, 

,I II 

I, 

4 

6, I, 

! ! I I 

w e r e ,  h o w e v e r ,  f o u n d  t o  l e a d  t o  a m i n i m u m  o f  i n t e r f e r e n c e  i n  t h e  
a n a l y s i s .  U s i n g  p h o s p h a t e  b u f f e r  a n d  c o u n t e r - i o n ,  n o  e n d o g e n o u s  
p e a k  was d e t e c t e d .  

a c c u r a c y  o f  t h i s  a s s a y .  A g o o d  r e p r o d u t t i b i l i t y  was d e t e r m i n e d  a t  
t h e  same c o n c e n t r a t i o n s  ( 6 ) .  i n  s i x  r e p l i c a t e  r u n s ,  o v e r  a p e r i o d  
o f  o n e  m o n t h .  

t i e n t s  r e c e i v i n g  a c y c l o v i r  i n  c o m b i n a t i o n  w i t h  d r u g s  s u c h  a s  : 
a m i k a c i n ,  c e f a z o l i n ,  5 - f l u c y t o s i n e ,  t i c a r c i l l i n .  a m p h o t e r i c i n  B, 
a r a c y t i n e ,  v i d a r a b i n e ,  c i s - p l a s t i n u m ,  v i n c r i s t i n e ,  m e t h o t r e x a t e ,  
5 - f l u o r o - u r a c i l ,  m e l p h a l a n ,  c a f f e i n e .  

T h e  l i f e  t i m e  o f  t h e  c o l u m n  a p p e a r s  t o  b e  v e r y  g o o d ,  as 
i t  i s  s t i l l  i n  e x c e l l e n t  c o n d i t i o n  a f t e r  f o u r  m o n t h s  u s e .  T h e  
s e n s i t i v i t y  o f  R I A  a s s a y  ( 9 ,  10 .  11, 1 2 )  i s  m o r e  i m p o r t a n t  ( 0 . 0 1  

T h e  d a t a  p r e s e n t e d  i n  t a b l e  11, shows  t h e  p r e c i s i o n  a n d  

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

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ACYCLDVIR IN PLASMA 1673 

p g / m l ) ,  t h a n  o u r  H.P.L.C m e t h o d  ( 0 . 2 5  p g / m l ) ,  b u t  c r o s s - r e a c t i o n s  

w i t h  t h i o g u a n i n  c o m p o u n d s ,  a n d  p r e - d i l u t i o n  s t e p s  a r e  n e c e s s a r y  

i n  R I A  a s s a y  ( 3 ,  4 ) .  

d e t e c t e d ,  when s a m p l e s  w e r e  s t o r e d  f o r  p e r i o d s  o f  u p  t o  f o u r  

w e e k s  a t  - 20°C ( T a b l e  1 1 1 ) .  

No d e c r e a s e  i n  t h e  m e a s u r e d  a c y c l o v i r  c o n c e n t r a t i o n  was 

As c o m p a r e d  t o  t h e  o t h e r  H.P.L.C. m e t h o d s ,  i s  i t s  s p e c i -  

I n  c o n c l u s i o n ,  t h e  p r o p o s e d  H.P.L.C. p r o c e d u r e  f o r  t h e  

f i c i t y  a n d  r a p i d i t y .  

q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  a c y c l o v i r  i n  human p l a s m a  o f f e r s  a p -  

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

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

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

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

s t u d i e s ,  a f t e r  a s i n g l e  a d m i n i s t r a t i o n .  
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