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ABSTRACF 

Improved high-performance l i q u i d  c h r o m a t o g r a p h i c  me thods  have 
been deve loped  f o r  t h e  d e t e r m i n a t i o n  of  c l a v u l a n i c  a c i d  and s u l b a c -  
tam i n  p l a sma  and u r ine .  The p l a sma  s a m p l e s  c o n t a i n i n g  c l a v u l a n i c  
a c i d  o r  s u l b a c t a m  were u l t r a f i l t e r e d  u s i n g  Amicon YMT membranes,  
and t h e  u r i n e  s a m p l e s  were f i l t e r e d  w i t h  a 0.45-pm a c r y l a t e - c o p o l y -  
mer membrane a f t e r  t e n - f o l d  d i l u t i o n  w i t h  d i s t i l l e d  water. There-  
by, t h e y  were e a s i l y  s e p a r a t e d  f rom t h e  no rma l  components  o f  p l a sma  
and u r i n e  on a CI8 r eve r sed -phase  column u s i n g  a n  e l u e n t  c o n t a i n i n g  
me thano l  as  an  o r g a n i c  m o d i f i e r .  The e f f l u e n t  was l e d  t o  p o s t c o l -  
umn a l k a l i n e  d e g r a d a t i o n  i n  0.5-0.75 M sodium hydrox ide  s o l u t i o n ,  
w h i c h  h a d  t h e  same m e t h a n o l  c o n t e n t  a s  t h a t  o f  t h e  HPLC e l u e n t .  
Subsequen t ly ,  t h e  d e g r a d a t i o n  p r o d u c t s  were d e t e c t e d  a t  272 nm f o r  

* To whom cor re spondence  shou ld  be  addres sed .  
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2522 HAGINAKA ET AL. 

c l a v u l a n i c  a c i d  and a t  278 nm f o r  su lbac tam.  These methods,  which 
a r e  a c c u r a t e  a n d  p r e c i s e ,  p e r m i t  d e t e r m i n a t i o n  o f  2 5  ng/mL o f  
c l a v u l a n i c  a c i d  and s u l b a c t a m  i n  plasma. A t  a c l a v u l a n i c  a c i d  or 
s u l b a c t a m  c o n c e n t r a t i o n  o f  0.5 pg/mL i n  p l a s m a ,  w i t h i n -  a n d  be-  
t w e e n - r u n  p r e c i s i o n s  were o f  t h e  o r d e r  o f  1.89-5.65% a n d  1.33- 
3.2 1%, r e s p e c t i v e l y .  

INTRODUCTION 

The i n c r e a s e  i n  t h e  p r e v a l e n c e  o f  B - l a c t a m a s e - p r o d u c i n g  

s t r a i n s  o f  bo th  Gram-pos i t i ve  and Gram-negat ive b a c t e r i a  h a s  nar-  

rowed t h e  a n t i b a c t e r i a l  s p e c t r u m  of  B-lactam a n t i b i o t i c s .  One way 

t o  r e s o l v e  t h i s  problem is t h e  c o a d m i n i s t r a t i o n  of  a B-lactamase 

i n h i b i t o r  w i t h  a c o n v e n t i o n a l  B-lactam a n t i b i o t i c ,  C l a v u l a n i c  a c i d  

and s u l b a c t a m ,  r e s p e c t i v e l y ,  are t h e  p o t e n t  B-lactamase i n h i b i t o r s  

i s o l a t e d  f rom ATCC 27064 by Beecham g r o u p s  (1) and semi - syn thes i zed  

by P f i z e r  g r o u p s  (2) .  

I n  p r e v i o u s  p a p e r s  (3 ,4) ,  w e  r e p o r t e d  t h a t  c l a v u l a n i c  a c i d  and 

s u l b a c t a m  are r a p i d l y  deg raded  i n  a l k a l i n e  m e t h a n o l i c  s o l u t i o n s  t o  

me thy l  8-hydroxy-6-oxo-4-aza-2-oc.tenoate and 5-carboxy-6-methyl-6- 

sulfino-4-aza-2-heptenoate, which show u l t r a v i o l e t  a b s o r p t i o n  maxi- 

ma a t  267  a n d  276  nm, r e s p e c t i v e l y ,  a n d  we d e v e l o p e d  a c c u r a t e ,  

s e n s i t i v e  high-perf  ormance l i q u i d  c h r o m a  t o g r a p h i c  (HPLC) m e t h o d s  

f o r  t h e  d e t e r m i n a t i o n  of c l a v u l a n i c  a c i d  and s u l b a c t a m  i n  p l a sma  

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

T h o s e  m e t h o d s ,  h o w e v e r ,  n e e d e d  r e l a t i v e l y  l o n g  r u n  times (10-20  

m i n ) ,  a n d  t h e  d e t e c t i o n  l i m i t s  were 0.1 vg/mL i n  p l a s m a .  T h i s  

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

s u l b a c t a m  i n  p l a sma  and u r ine .  I n  o r d e r  t o  a t t a i n  f a s t e r  and more 

s e n s i t i v e  assays, w e  improved t h e  HPLC methods w i t h  r e s p e c t  t o  t h e  

f o l l o w i n g  p o i n t s ,  1) T h e  s e p a r a t i o n  i s  p e r f o r m e d  u s i n g  a h i g h -  

e f f i c i e n c y  smal l  p a r t i c l e  c o l u m n  (5-7 pm). 2 )  P l a s m a  a n d  u r i n e  

samples ,  r e s p e c t i v e l y ,  are u l t r a f i l t e r e d  u s i n g  YMT membranes and 

f i l t e r e d  w i t h  0.45-pm m i c r o f i l t e r s  a f t e r  1 0 - f o l d  d i l u t i o n  w i t h  

d i s t i l l e d  water. 3) T h e  p o s t c o l u m n  r e a g e n t  u s e d  i s  0.5-0.75 M 

sodium hydrox ide  s o l u t i o n ,  wh ich  h a s  t h e  same methano l  c o n t e n t  as 
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CLAVULANIC ACID A N D  SUBLACTAM 2523 

t h a t  o f  a n  HPLC e l u e n t .  The  i m p r o v e d  m e t h o d s  a l low t h e  a s s a y s  t o  

b e  p e r f o r m e d  twice or  t h r e e  times as  f a s t  a n d  f o u r  times as  s e n s i -  

t i v e  as  t h e  p r e v i o u s  m e t h o d s  (3,4) .  

MATERIALS AND METHODS 

Reagents 

P o t a s s i u m  c l a v u l a n a t e  a n d  s o d i u m  s u l b a c t a m  were d o n a t e d  f r o m  

Beecham Yakuhin  (Tokyo,  J a p a n )  a n d  P f i z e r - T a i t o  (Tokyo) ,  r e s p e c t i -  

v e l y .  T e t r a b u t y l a m m o n i u m  b r o m i d e  (TBAB) a n d  o t h e r  c h e m i c a l s  o f  

r e a g e n t  g r a d e  were p u r c h a s e d  from N a k a r a i  C h e m i c a l s  (Kyoto ,  J a p a n ) .  

D e i o n i z e d ,  g l a s s - d i s t i l l e d  water a n d  g l a s s - d i s t i l l e d  m e t h a n o l  were 

u s e d  f o r  t h e  p r e p a r a t i o n s  o f  HPLC e l u e n t s .  

P h o s p h a t e  b u f f e r ,  0.005 M. P r e p a r e d  by d i s s o l v i n g  1.791 g o f  

Na2HP04 12H20 a n d  0.780 g o f  NaH2P04 2 H20 i n  water a n d  d i l u t i n g  t o  

1 L. 

HPLC Equipment and OperatinE Conditions 
Two pumps were u s e d ,  o n e  f o r  d e l i v e r i n g  a n  HPLC e l u e n t  ( T r i -  

rotar-V, J a p a n  S p e c t r o s c o p i c ,  Tokyo)  a n d  t h e  o t h e r  f o r  d e l i v e r i n g  a 

p o s t c o l u m n  r e a g e n t  (NP-DX-2, N i h o n  S e i m i t s u  K a g a k u ,  T o k y o ) .  A 

p o r t i o n  o f  a s a m p l e  s o l u t i o n  was l o a d e d  o n t o  a c o l u m n  v i a  a Model  

VL-614 l o o p  i n j e c t o r  ( J a p a n  S p e c t r o s c o p i c ) .  The  d e t e c t o r  u s e d  was 

a UVIDEC-100-V s p e c t r o p h o t o m e t e r  ( J a p a n  S p e c t r o s c o p i c )  e q u i p p e d  

w i t h  a n  8 - u L  f l o w - t h r o u g h  c e l l .  D e v e l o s i l  ODS-5 ( 5  u m )  ( N o m u r a  

C h e m i c a l s ,  S e t o ,  J a p a n )  p a c k e d  i n  a 150 x 4.6 m m  i .d .  s t a i n l e s s  

steel t u b i n g  was u s e d  as  a s t a t i o n a r y  p h a s e  e x c e p t  f o r  t h e  a s s a y  o f  

c l a v u l a n i c  a c i d  i n  p l a s m a ,  f o r  w h i c h  Z o r b a x  ODS-7 ( 7  pm)(Du p o n t  

I n s t r u m e n t ,  S y s t e m ,  Delaware, USA) was used .  T h e  p r e c o l u m n  (30 x 

4.6 m m  i .d . )  p a c k e d  w i t h  D e v e l o s i l  ODS-10 (10 p m )  was u s e d  a n d  

f r e q u e n t l y  r e p a c k e d  t o  g u a r d  t h e  m a i n  c o l u m n .  T h e  e l u e n t s  u s e d  

were a s  f o l l o w s ;  e l u e n t s  A a n d  B, 5 m M  TBAB p l u s  5 m M  p h o s p h a t e  

b u f f e r : m e t h a n o l  (2.7/1 a n d  3.5/1, v / v )  f o r  t h e  a s s a y  of c l a v u l a n i c  

a c i d  i n  p l a s m a ;  e l u e n t  C,  5 m M  TBAB p l u s  1 m M  p h o s p h a t e  b u f f e r :  
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2524 HAGINAKA ET AL. 

m e t h a n o l  (2 .5/1,  v / v )  f o r  c l a v u l a n i c  a c i d  i n  u r i n e ,  e l u e n t  D, 5 m M  
TBAB p l u s  0.5 m M  p h o s p h a t e  b u f f e r : m e t h a n o l  (1.5/1, v / v )  f o r  s u l b a c -  

tam i n  p l a s m a ;  e l u e n t  E, 5 m M  TBAB p l u s  0.5 m M  p h o s p h a t e  b u f f e r :  

m e t h a n o l  ( 2 / 1 ,  v / v )  f o r  s u l b a c t a m  i n  u r i n e .  T h e  f l o w  rates o f  t h e  

e l u e n t  i n  a l l  cases were m a i n t a i n e d  a t  0.8 mL/min. The  p o s t c o l u m n  

r e a g e n t  was 0.5 M s o d i u m  h y d r o x i d e  s o l u t i o n  f o r  c l a v u l a n i c  a c i d  a n d  

0.75 M f o r  s u l b a c t a m  ( w h i c h  had  t h e  same m e t h a n o l  c o n t e n t  a s  t h a t  

o f  t h e  HPLC e l u e n t ) ,  a n d  d e l i v e r e d  a t  a f l o w  r a t e  of  0.2 m L / m i n .  A 

0.5 m m  i .d. x 1 m T e f l o n  t u b i n g  was u s e d  a s  a reac tor .  D e t e c t i o n  

was p e r f o r m e d  a t  272 nm f o r  c l a v u l a n i c  a c i d  a n d  278  nm f o r  s u l b a c -  

tam. A l l  s e p a r a t i o n s  a n d  p o s t c o l u m n  r e a c t i o n s  were c a r r i e d  o u t  a t  

a m b i e n t  t e m p e r a t u r e .  

S a m p l e  P r e p a r a t i o n s  

F o r  p l a s m a  s a m p l e s ,  a c l a v u l a n i c  a c i d  o r  s u l b a c t a m  s t a n d a r d  

was d i s s o l v e d  i n  h u m a n  c o n t r o l  p l a s m a .  T h e  p l a s m a  s a m p l e s  were 

u l t r a f i l t e r e d  u s i n g  a n  A m i c o n  MPS-1 m i c r o p a r t i t i o n  s y s t e m  w i t h  

Amicon YMT membrane a t  1500 x g f o r  10 min. A 20-uL p o r t i o n  of t h e  

u l t r a f i l t r a t e  was a c c u r a t e l y  l o a d e d  o n t o  an HPLC column.  F o r  u r i n e  

s a m p l e s ,  a c l a v u l a n i c  a c i d  o r  s u l b a c t a m  s t a n d a r d  was d i s s o l v e d  i n  

human c o n t r o l  u r i n e .  The  u r i n e  s a m p l e s  were d i l u t e d  1 0 - f o l d  w i t h  

d i s t i l l e d  water,  a n d  f i l t e r e d  w i t h  a 0.45-pm a c r y l a t e - c o p o l y m e r  

membrane (Showa Denko, Tokyo). A 2Q-uL p o r t i o n  of t h e  f i l t r a t e  was 

a c c u r a t e l y  l o a d e d  o n t o  t he  HPLC column.  

C o m p a r i s o n  with R e p o r t e d  HPLC Method or Bioassay 

C l a v u l a n i c  a c i d  s p i k e d  a t  v a r i o u s  c o n c e n t r a t i o n s  i n  p l a s m a  or  
u r i n e  s a m p l e s  was a s s a y e d  by t h e  m o d i f i c a t i o n  of  t h e  m e t h o d  re- 

p o r t e d  by F o u l s t o n e  a n d  R e a d i n g  ( 5 ) .  S u l b a c t a m  s p i k e d  a t  v a r i o u s  

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

d i f f u s i o n  m e t h o d  w i t h  Escher i ch ia  coli C / R  ms 149 a s  t h e  t e s t  

o r g a n i s m .  A l t h o u g h  s u l b a c t a m  i t s e l f  d o s e  n o t  i n h i b i t  g r o w t h  o f  t h e  
t e s t  o r g a n i s m  a t  t h e  c o n c e n t r a t i o n  e m p l o y e d ,  i t  i n a c t i v a t e s  8-  
lactamase, t h u s  r e n d e r i n g  t h e  o r g a n i s m  s u s c e p t i b l e  t o  i n h i b i t i o n  by 

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

a s s a y  v a l u e s  were compared ( F i g u r e s  3 and 4 ) .  

Assay of C l a v u l a n i c  Acid in  P l a s m a  

C l a v u l a n i c  a c i d  (200 me) and t i c a r c i l l i n  ( 3  g) were a d m i n i s -  

t e r e d  t o  a h e a l t h y  male v o l u n t e e r  by a 1-h i n t r a v e n o u s  i n f u s i o n .  A 

b l o o d  s a m p l e  was c o l l e c t e d  a t  0.5, 1, 1.5, 2 ,  4 ,  6, a n d  8 h a f t e r  

i n i t i a t i o n  o f  i n f u s i o n .  The p l a sma  layer was o b t a i n e d ,  and s t o r e d  

a t  - 8 O O C  u n t i l  a s s a y .  The  p l a s m a  l e v e l s  of c l a v u l a n i c  a c i d  were 

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

HPLC Separation and Detection 

I n  t h i s  s t u d y ,  a h i g h - e f f i c i e n c y  small p a r t i c l e  c18 column (5- 
7 pm) w a s  used i n s t e a d  of  a 10-pm d i a m e t e r  pack ing  material used i n  

t h e  p r e v i o u s  s t u d i e s  ( 3 , 4 ) ,  a n d  t h e  f l o w  r a t e  o f  a n  HPLC e l u e n t  

c o n t a i n i n g  me thano l  as  a n  o r g a n i c  m o d i f i e r  was m a i n t a i n e d  a t  0.8 
mL/min. I n  o r d e r  t o  o b t a i n  t h e  optimum pos tco lumn r e a c t i o n  cond i -  

t i o n s ,  t h e  f l o w  i n j e c t i o n  t e c h n i q u e  was adopted.  A carrier s o l u -  

t i o n  ( e l u e n t  A )  was d e l i v e r e d  a t  a f l o w  ra te  o f  0.8 mL/min,  a n d  

t h e n  t h e  f a c t o r s  a f f e c t i n g  t h e  pos t co lumn a l k a l i n e  d e g r a d a t i o n  s u c h  

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

r e a c t i o n  c o i l  l e n g t h  were e x a m i n e d .  The  maximum a n d  c o n s t a n t  

r e s p o n s e  was o b t a i n e d  w i t h  sodium hydrox ide  s o l u t i o n  a t  0.5 M (or 

m o r e )  f o r  c l a v u l a n i c  a c i d  a n d  a t  0.75 M ( o r  m o r e )  f o r  s u l b a c t a m ,  

when t h e  r e a g e n t  was d e l i v e r e d  at  a f l o w  ra te  of  0.2 mL/min t o  a 1- 

m r e a c t i o n  c o i l  (0.5 m m  i.d.). The r e s i d e n c e  time was a b o u t  1 2  s ,  

when t h e  1 - m  r e a c t i o n  c o i l  was used .  The a c t u a l  d e t e c t i o n  wave-  

l e n g t h  was d e t e r m i n e d  by v a r y i n g  t h e  wave leng th  of HPLC d e t e c t o r .  

The o p t i m a l  d e t e c t i o n  wave leng ths  were 272 nm f o r  c l a v u l a n i c  a c i d  

and 278 nm fo r  su lbac tam.  

Under t h e  precolumn r e a c t i o n  c o n d i t i o n s  t h u s  e s t a b l i s h e d ,  t h e  

s e p a r a t i o n  and d e t e c t i o n  of  t h e s e  8-lactamase i n h i b i t o r s  were per-  
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formed, F i g u r e  1 shows t h e  ch romatograms  o f  c l a v u l a n i c  a c i d  and 

su lbac tam i n  p l a sma  t r e a t e d  a c c o r d i n g  t o  t h e  p r e t r e a t m e n t  proce-  

d u r e s  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n .  F i g u r e  2 s h o w s  t h e  

chromatograms of  c l a v u l a n i c  a c i d  and s u l b a c t a m  i n  10-fold d i l u t e d  

u r i n e .  They were w e l l  s e p a r a t e d  from t h e  o r d i n a r y  components  o f  

plasma and u r i n e ,  and e l u t e d  w i t h i n  6 min f o r  p l a sma  s a m p l e s ,  and 9 

m i n  f o r  u r i n e  s a m p l e s .  The  assay o f  a l o w  c o n c e n t r a t i o n  (<  0.1 

pg/mL) of c l a v u l a n i c  a c i d  i n  p l a sma ,  which was i n t e r f e r e d  w i t h  t h e  

o r d i n a r y  t r a c e  c o m p o n e n t s ,  was p e r f o r m e d  by d e c r e a s i n g  m e t h a n o l  

c o n t e n t  of e l u e n t  A ( e l u e n t  B). 
The c a l i b r a t i o n  g r a p h s  f o r  c l a v u l a n i c  a c i d  and s u l b a c t a m  were 

l i n e a r  i n  t h e  c o n c e n t r a t i o n s  r a n g i n g  f r o m  0.05 t o  10 pg/mL f o r  

plasma s a m p l e s  and from 1.0 t o  50 vg/mL f o r  n e a t  u r i n e  s a m p l e s ,  and 

passed  th rough  t h e  o r i g i n .  The l o w e r  limits of a c c u r a t e  d e t e r m i n a -  

t i o n  of  c l a v u l a n i c  a c i d  and s u l b a c t a m  were as' low as  25 ng/mL f o r  

p l a sma  s a m p l e s  and 0.5 ug/mL f o r  n e a t  u r i n e  samples .  

Recovery, Precision and Interference 
Tab le  1 shows r e c o v e r y  o f  c l a v u l a n i c  a c i d  and s u l b a c t a m  from 

s p i k e d  p l a s m a ,  a n d  c o e f f i c i e n t s  o f  v a r i a t i o n .  T h e  r e c o v e r y  o f  

c l a v u l a n i c  a c i d  and s u l b a c t a m  f rom u r i n e  was almost 100%. 

T a b l e s  2 a n d  3 show w i t h i n -  and  b e t w e e n - r u n  p r e c i s i o n s  o f  

c l a v u l a n i c  a c i d  and s u l b a c t a m  a s s a y s  i n  p l a sma  and u r i n e .  

C o e x i s t i n g  a m p i c i l l i n ,  t i c a r c i l l i n  o r  c e f o p e r a z o n e  d i d  n o t  

i n t e r f e r e  w i t h  t h e  c l a v u l a n i c  a c i d  or s u l b a c t a m  as say .  

Comparison with HPLC or Hicrobiolonical Method 
Plasma s a m p l e s  s p i k e d  a t  v a r i o u s  c l a v u l a n i c  a c i d  c o n c e n t r a -  

t i o n s  were a s s a y e d  by u s i n g  b o t h  t h e  i m p r o v e d  a n d  p r e v i o u s l y  re- 
p o r t e d  (5) HPLC m e t h o d s  ( F i g u r e  3). The  e q u a t i o n  f o r  r e g r e s s i o n  

l i n e  was HPLCimproved = 1.007 x (HPLC) + 0.140, w i t h  a c o r r e l a t i o n  

c o e f f i c i e n t  o f  0.994. F i g u r e  4 s h o w s  t h e  c o r r e l a t i o n  o f  t h e  sul- 
bactam a s s a y  i n  p l a sma  s a m p l e s  by u s i n g  t h e  improved HPLC method 

and bioassay.  The e q u a t i o n  f o r  r e g r e s s i o n  l i n e  was HPLCimproved = 

0.963 x ( b i o a s s a y )  - 0.016, w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  
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F i g u r e  1.  Chromatograms of c l a v u l a n i c  a c i d  (A)  and  s u l b a c t a m  (B) i n  
c o n t r o l  p l a s m a .  C o n t r o l  p l a s m a  s p i k e d  a t  a c l a v u l a n i c  
a c i d  o r  s u l b a c t a m  c o n c e n t r a t i o n  of 0.5 pg/mL was t r e a t e d  
a c c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  i n  t h e  t e x t ,  Elu- 
e n t :  A ,  e l u e n t  A ;  B, e l u e n t  C. S a m p l e  v o l u m e :  20 pL. 
S e n s i t i v i t y :  0.008 a u f s .  Keys: 1 ,  c l a v u l a n i c  a c i d ;  2 ,  
su lbac tam.  
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A 

L 
1 1 1 I 

0 5 10 0 5 10 

Time (min) Time (mln) 

Figure 2. Chromatograms of clavulanic acid (A) and sulbactam (B) in 
control urine. Control urine spiked at a clavulanic acid 
or sulbactam concentration of 5.0 ug/mL was treated ac- 
cording to the procedures described in the text. Eluent: 
A ,  eluent D; B, eluent E. Sample volume: 20 uL. Sensi- 
tivity: 0.008 aufs. Keys are the same as those of the 
legend to Figure 1. 
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F i g u r e  3. Comparison of t h e  improved and p r e v i o u s l y  r e p o r t e d  HPLC 
methods fo r  t h e  assay of  c l a v u l a n i c  a c i d ,  

0 5 10 15 

Bioassay bg/mL) 

F i g u r e  4 .  C o m p a r i s o n  o f  t h e  i m p r o v e d  HPLC a n d  m i c r o b i o l o g i c a l  
methods f o r  t h e  a s s a y  of su lbac tam.  
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0.992. R e s u l t s  s imilar t o  t h o s e  d e s c r i b e d  above were o b t a i n e d  w i t h  

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

Assay o f  Clavulanic Acid in Plasma 
The plasma l e v e l s  o f  c l a v u l a n i c  a c i d  a f t e r  a 1-h i n t r a v e n o u s  

i n f u s i o n  t o  a h e a l t h y  male v o l u n t e e r  were d e t e r m i n e d  by t h e  

improved HPLC method. F i g u r e  5 shows a s e m i - l o g a r i t h m i c  p l o t  o f  

t h e  time course d a t a .  

DISCUSSION 

The a d v a n t a g e s  of  t h e  improved HPLC methods are t h a t  run  times 

are a s  s h o r t  as  6 min f o r  t h e  a s s a y s  of  c l a v u l a n i c  a c i d  and s u l b a c -  

tam i n  plasma s a m p l e s  and t h e  l i m i t s  of a c c u r a t e  d e t e r m i n a t i o n  are 

as  low as  25 ng/mL i n  p l a sma  samples .  These were due t o  h i g h - e f f i -  

c i e n c y  column, u l t r a f i l t r a t i o n  t e c h n i q u e ,  a n d  p o s t c o l u m n  r e a g e n t  

c o n t a i n i n g  methanol .  C l a v u l a n i c  a c i d  and s u l b a c t a m  were w e l l  sepa-  

r a t e d  from t h e  o r d i n a r y  components  of  p l a sma  and u r i n e  i n  a s h o r t  

time by u s i n g  a h i g h - e f f i c i e n c y  small  p a r t i c l e  column. I t  h a s  been 

shown  (5-7) t h a t  t h e  u l t r a f i l t r a t i o n  t e c h n i q u e  u s i n g  a membrane  

f i l t e r ,  which is commonly used f o r  t h e  d rug-p ro te in  b i n d i n g  s t u -  

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

f o r  HPLC. When p l a s m a  p r o t e i n s  were d e p r o t e i n i z e d  w i t h  o r g a n i c  

s o l v e n t s  ( a c e t o n i t r i l e ,  m e t h a n o l  o r  a c e t o n e ) ,  i n t e r f e r i n g  p e a k s  

o c c u r r e d  on t h e  chromatograms. The main a d v a n t a g e s  o f  t h e  u l t r a -  

f i l t r a t i o n  t e c h n i q u e  are t h a t  t h e r e  are a l m o s t  no i n t e r f e r i n g  peaks 

a n d  t h e  s a m p l e s  n e e d  n o t  b e  d i l u t e d .  T h e  a d d i t i o n  o f  m e t h a n o l  t o  

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

F o u l s t o n e  and Reading ( 5 )  r e p o r t e d  t h a t  t h e i r  HPLC method had 

a good  c o r r e l a t i o n  w i t h  b i o a s s a y .  A l t h o u g h  we were n o t  a b l e  t o  

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

a g r e e d  v e r y  w e l l  w i t h  t h e i r  HPLC a s s a y .  T h e r e f o r e ,  w e  c o n c l u d e d  

t h a t  t h e r e  are good a g r e e m e n t s  between t h e  improved HPLC method and 

b i o a s s a y .  We a l s o  f o u n d  a good  c o r r e l a t i o n  b e t w e e n  t h e  i m p r o v e d  
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TABLE 1 

Recovery of Clavulanic Acid and Sulbactam from Plasma 

Clavulanic acid S u l  bactam 
Concentration, ug/mL 0.5 5.0 0.5 5.0 
Recovery, % 87.3 100 89.1 95.1 
cva, % 4.46 2.29 3.57 0.89 

aCoefficient of variation of five analyses. 

TABLE 2 

Accuracy and Precision of Clavulanic Acid and Sulbactam 
Assay in Plasmaa 

Assay Clavulanic acid Sul bac tam 

l b  
2 
3 

0.483 5.65% 0.498 2.11% 
0.498 3.28% 0.494 1.89% 
0.467 3.22% 0.507 3.46% 

between-runc 0.483 3.21% 0.500 1.33% 

aControl plasma samples spiked with clavulanic acid or sulbactam at 
a concentration of 0.5 ug/mL were treated according to the proce- 
dures described in the text. ‘Mean 
- t CV of three replicates. 

bMean k CV of five replicates. 

Accuracy and Precision of Clavulanic Acid and Sulbactam 
Assay in Urinea 

Assay Clavulanic acid Sul bac tam 

l b  
2 
3 

5.01 0.87% 5.02 1.96% 
5.04 2.61% 5.13 1.75% 
4.96 3.67% 4.90 1.64% 

between-runc 5.01 0.83% 5.02 2.29% 

aControl urine samples spiked with clavulanic acid or sulbactam at 
a concentration of 5.0 ug/mL were treated according to the proce- 
dures described in the text. ‘Mean 
- + CV of three replicates. 

bMean 5 CV of five replicates. 
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Figure 5. Semi-logarithmic plot of plasma concentration of clavula- 
nic acid after intravenous infusion to a healthy male 
volunteer. 

HPLC assay of sulbactam and bioassay. 
The disposition kinetics of clavulanic acid were estimated by 

moment analysis (8 ,9 ) .  The area under plasma concentration-time 

curve was 15.6 (up mL-l h); the mean residence time after intrave- 
nous bolus injection, 1.25 (h); the steady-state volume of distri- 
bution, 16.0 (L) ;  the total body clearance, 12.8 ( L  h-l). The 
pharmacokinetic behavior obtained is consistent with that reported 

previously (10). 

In conclusion, the improved HPLC methods, which are accurate, 
precise and sensitive, are useful for the determination of clavula- 
nic acid and sulbactam in plasma and urine after therapeutic dose. 
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