
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Determination of Penicillinase-Resistant Penicillins In Serum Using High-
Pressure Liquid Chromatography
James T. Rudrika; Roger E. Bawdona

a Departments of Immunology and Microbiology, Pathology Wayne State University School of
Medicine, Detroit, Michigan

To cite this Article Rudrik, James T. and Bawdon, Roger E.(1981) 'Determination of Penicillinase-Resistant Penicillins In
Serum Using High-Pressure Liquid Chromatography', Journal of Liquid Chromatography & Related Technologies, 4: 9,
1525 — 1545
To link to this Article: DOI: 10.1080/01483918108064827
URL: http://dx.doi.org/10.1080/01483918108064827

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918108064827
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 4 ( 9 ) ,  1525-1545 (1981) 

DETEMINATION OF PENICILLINASE-RESISTANT PENICILLINS IN 
SERUM USING HIGH-PRESSURE LIQUID CHROMATOGRAPHY 

James T. d u d r i k  and  Koger E .  iiawdon 
D e p a r t n e n t s  of  I rmunolo&y and I l i c r o b i o l o g y ,  and P a t n o l o g y  

Wayne S t a t e  U n i v e r s i t y  bchool  o f  B e d i c i n e  
Ue t r o i t  , d i c h i g a n  482UL 

ABSTRACT 

A inetnod f o r  t n e  d e t e r m i n a t i o n  o i  m e t h i c i l l i n ,  o x a c i l l i n ,  
c l o x a c i l l i n ,  d i c l o x a c i l l i n ,  and n a f c i l l i n  i a  se rum u s i n g  i i igh- 
p r e s s u r e  l i q u i d  chromatograpny (kipLC) i s  d e s c r i b e d .  The d r u g s  
were e x t r a c t e d  f r o a  serum u s i u g  a two-s t ep  p r o c e d u r e  employing  
a c e t o n i t r i l e  fo l lowed  by methy-lene c n l o r i d e .  The e x t r a c t i o n  
p r o c e d u r e  c o n c e n t r a t e d  t h e  a n t i b i o t i c s  i n  a smaller volume w n i t n  
a l l o w s  more a c c u r a t e  d e t e r m i n a t i o n s  of low serum l e v e l s .  ' The 
t r e a t e d  s e r a  were ana lyzed  by HPLL on a r e v e r s e - p h a s e  column and  
d e t e c t e d  by u l t r a v i o l e t  l i g h t  a b s o r p t i o n  d t  254 nm. Serutn concen- 
t r a t i o n s  were m e a s u r a b l e  as low as U.5 pg /ml .  Kecovery  proce-  
d u r e s  showed less  t h a n  2.5% v a r i a t i o n  i n  peak  i i e i g a t s  when t n e  
a n t i b i o t i c s  lvere e x t r a c t e u  froiii d i f f e r e n t  p o o l s  of serum. N O  

i n t e r f e r i n g  a b s o r p t i o n  was found i n  e x t r a c t s  of s e r u m  salnples 
poo led  from h e a l t h y  v o l u n t e e r s ,  irom a commerc ia l  s o u r c e ,  or from 
two seru,ii p o o l s  from p a t i e n t s  r e c e i v i n g  a v a r i e t y  o f  o t h e r  d r u g s .  
Two s p i k e d  serulii specil l lens p r e p a r e d  f o r  eacn  a n t i b i o t i c  were 
a s s a y e d  f o u r  times by HPLC and by t h e  m i c r o b i o l o g i c a l  a g a r  
d i t f u s i o n  method. No s i g n i f i c a n t  s t a t i s r i c a l  d i f i e r e n c e s  between 
tile [netnods were o b s e r v e d .  C o n t r o l  materials were a s s a y e d  f o r  
be tween-ba tch  and w i t h i n - b a t c h  r e p r o d u c i b i l i t y  i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  a n  i n t e r n a l  s t a n d a r d .  R e s u l t s  f o r  oe tween-ba tcn  
r e p r o d u c i b i l i t y  d e m o n s t r a t e  C V ' s  of  a o o u t  5%. 'This p r o c e d u r e  
p r o v i d e s  a s e n s i t i v e ,  s p e c i f i c ,  a c c u r a t e ,  and r a p i d  method f o r  
d e t e r m i n i n g  a n t i b i o t i c  l e v e l s  i n  r o u t i n e  c l i n i c a l  spec i inens .  

INTRODUCTION 

The p e n i c i l l i n a s e - r e s i s t a n t  p e n i c i l l i n s  are s e m i - s y n t n e t i c  

d r u g s  c o n s i s t i n g  of  bu lky  s i d e  g roups  a t t a c h e d  t o  6-aminopeni- 
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1526 RUDRIK AND BAWDON 

c i l l a n i c  a c i d ,  the n u c l e u s  of p e n i c i l l i n .  The s i d e  c h a i n s  

p r o t e c t  t h e  6-lactam r i n g  from trie a c t i o n  of p e i i i c i l l i n a s e s .  

I ~ I e t h i c i l l i n  was t h e  f i r s t  of t h e  r e s i s t a n t  p e n i c i l l i n s  deve loped .  

However, t h e  d r u g  i s  a c i d  s e n s i t i v e  and canno t  be g i v e n  o r a l l y .  

Newer semi - syn the t  i c  d r u g s ,  t h e  i s o x a z o l y l  p e i i i c i  1 l i n s  ( c loxa-  

c i l l i n ,  o x a c i l l i n ,  and d i c l o x a c i l l i n )  and t h e  cLose ly  r e l a t e d  

n a f c i l l i n  are bo th  p e n i c i l l i n a s e  r e s i s t a n t  and r e l a t i v e l y  a c i d  

s t a b  l e  . 
The t o x i c i t y  of  t h e s e  a n t i b i o t i c s  i s  s imilar  t o  t h e  o t h e r  

p e n i c i l l i n s .  La rge  doses  of  m e t h i c i l l i n  can r e s u l t  i n  n e u t r o -  

p e n i a ,  bone na r row d e p r e s s i o n  ( l ) ,  nephropa tny  i n c l u d i n g  hema- 

t u r i a ,  p r o t e i n u r i a ,  and r e n a l  i n s u f f i c i e n c y  (2,  3, 4 ) .  Tile 

i s o x a z o l y l  p e n i c i l l i n s  ,nay be hepa to -  ( 5 )  o r  n e u r o t o x i c  ( 6 ) .  

Sirice l a r g e  d o s e s  of t h e  a n t i b i o t i c s  a r e  f r e q u e n t l y  a d m i n i s t e r e d ,  

r a p i d  and a c c u r a t e  d e t e r m i n a t i o n s  of serum l e v e l s  are c l i n i c a l l y  

i m p o r t a n t  e s p e c i a l l y  wneu r e n a l  f a i l u r e  o c c u r s .  

H igh-p res su re  l i q u i d  chroinatography (HPLC) has  been  success -  

f u l l y  a p p l i e d  t o  t h e  d e t e c t i o n  and q u a n t i t a t i o n  of t h e  p e n i c i l -  

l i n s  i n  pna rmaceu t i ca l  p r e p a r a t i o n s  and i n  u r i n e  ( 7 ,  8 ,  9 ,  10, 

11, 12, 1 3 ,  1 4 ,  15 ,  1 6 ) .  With iew e x c e p t i o n s  ( 1 7 ,  It)), t1PLC has 

n e v e r  been used f o r  t h e  d e t e r m i n a t i o n  of the p e n i c i l l i n s  i n  

b i o l o g i c a l  f l u i d s  (serum, c e r e b r o - s p i n a l  f l u i d ,  j o i n t  f l u i d ,  and 

p l e u r a l  f l u i d ) .  We have s u c c e s s f u l l y  a p p l i e a  HPLC t o  t n e  c l i n i -  

c a l  q u a n t i t a t i o n  of t h e  6- lactamase r e s i s t a n t  p e n i c i l l i n s  i n  

serum and CSF f o r  one and a h a l f  y e a r s .  T h i s  t e c h n i q u e  o f f e r s  

g r e a t e r  accu racy  and speed i n  comparison t o  t h e  s t a n d a r d  micro- 

b i o l o g i c a l  d e t e r m i n a t i o n s .  I t s  major  a d v a n t a g e  o v e r  microbio-  

l o g i c a l  a s s a y s  i s  t h e  a b i l i t y  t o  q u a n t i t a t e  one or  more d r u g s  

g i v e n  i n  combina t ion  wi thou t  i n t e r f e r e n c e .  

MATERIALS AND METHODS 

O x a c i l l i n ,  m e t h i c i l l i n ,  c l o x a c i l l i n ,  d i c l o x a c i l l i n ,  and 

n a f c i l l i n  s t a n d a r a  powders were o b t a i n e d  as t h e i r  sodium s a l t s  

from b r i s t o l  L a b o r a t o r i e s  ( S y r a c u s e ,  N . Y . ) .  S t o c k  a n t i b i o t i c  
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PENICILLINASE-RESISTANT PENICILLINS 1527 

s o l u t i o n s  were p repa red  i n  water a t  a c o n c e n t r a t i o n  of  1,000 

pg/ml  and s t o r e d  a t  -2UOC f o r  no more t h a n  one montn. 

A c e t o n i t r i l e ,  inethylene c h l o r i d e ,  and amnoniuin a c e t a t e  were of 

r e a g e n t  g r a d e .  Water used i n  t h e  p r o c e d u r e  was p u r i f i e d  by 

d o u b l e  d i s t i l l a t i o n .  Serum p o o l s  urere p repa red  from specimens 

s u p p l i e d  by a l o c a l  h o s p i t a l  l a b o r a t o r y ,  specimens r e c e i v e d  f o r  

f u n g a l  i m n m o d i  f f u s i o n  by o u r  l a b o r a t o r y ,  from a cominercial  

s o u r c e  (Gibco;  Grand I s l a n d ,  N.Y.), and from f i v e  h e a l t h y  human 

v o l u n t e e r s .  Serum from p a t i e n t s  t r e a t e d  w i t h  t h e  v a r i o u s  

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

Medical  C e n t e r .  

Sample P r e p a r a t i o n .  Serum ( 0 . 4  ml) was mixed w i t n  a n  e q u a l  

volurlie of a c e t o n i t r i l e  and v o r t e x e d  f o r  10 s e c .  'I'he seruin- 

a c e t o n i t r i l e  s l u r r y  was p l a c e d  on a s h a k e r  and s lowly  mixed f o r  

15  inin t o  f a c i l i t a t e  p r o t e i n  p r e c i p i t a t i o n  and t h e n  c e n t r i f u g e d  

f o r  10 min a t  3,OOU I( g a t  amuient t e m p e r a t u r e .  The s u p e r n a t a n t  

f l u i d  was d e c a n t e d  t o  a c l e a n  screw-cap tube  and 4.0 ml o f  

me thy lene  c h l o r i d e  was added. The sample was v o r t e x e d  f o r  10 

sec, shaken f o r  15 min and then  c e n t r i f u g e d  f o r  10 inin a t  3,000 x 

g .  A 50 ~1 a l i q u o t  of t h e  aqueous ( u p p e r )  l a y e r  was i n j e c t e d  

w i t h  a m i c r o s y r i n g e  (ikSl0; Hamil ton Go. ,  Reno, he;.) f o r  chroma- 

tog raphy .  

Chromatographic  C o n d i t i o n s .  Analyses  were performed on a r e v e r s e -  

phase  column (u-Bondapak C18; d a t e r s  A s s o c i a t e s ,  H i l f o r d ,  ililss.) 

a t  ambient  t e m p e r a t u r e .  S e p a r a t i o n  was accomplished w i t h  a 

ALC/GPC 204 l i q u i d  cnromatograpn (Waters  A s s o c i a t e s ,  M i l f o r d ,  

Nass.). I t  was equ ipped  w i t n  a model 6000A s o l v e n t  d e l i v e r y  

sys t em,  a ,nodel U6W u n i v e r s a l  i n j e c t o r ,  and a inode1 44U aoso rb -  

ante d e t e c t o r .  The e l u a n t  was mon i to red  a t  254 tun and t h e  peaks 

r e c o r d e d  on a 10 ,nv c n a r t  r e c o r d e r  (Houston I n s t r u m e n t s ,  Houston,  

Texas )  a t  a c h a r t  speed o f  0 .5  cm/inin. k e p r o d u c i b i l i t y  s t u d i e s  

were completed u s i n g  a n  a u t o m a t i c  sample i n j e c t o r  (Wate r s  

I n t e l l i g e n t  Sainple Yrocesso r  (NISP) 710b; Waters A s s o c i a t e s ,  

t l i  1 f o r d  , Mas s ac hus  e t t s ) . 
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1528 RUDRIK AND BAWDON 

T h e  m o o i l e  pnase  c o n s i s t e d  of a 62:28 :10  m i x t u r e  o f  

d i s t i l l e d  w a t e r ,  a c e t o n i t r i l e ,  and 0 . 2  N aminonium a c e t a t e ,  pti 

5 .6 .  T n i s  ,nobi le  phase was p r e v i o u s l y  sugges t ed  t o r  de te rn i ina-  

t i o n s  of p e n i c i l l i n  i n  p h a r m a c e u t i c a l s  ( 1 9 ) .  The  Duf fe r  was 

f i l t e r e d  t i i rough a 0.5 urn f i l t e r  ( F l u o r o p o r e ;  I . i i l l i po re  Corp . ,  

Bedfo ra ,  r l a s s . )  and was d e a e r a t e d  w i t n  vacuum. The f i o w  rate  was 

1.0 nil/min i a p p r o x i i n a t e l y  S)UU p s i )  f o r  o x a c i i l i n ,  c i o x a c i l l i n ,  

m e t h i c i l l i a ,  and n a f c i l l i n ,  w h i l e  t h e  f low r a t e  f o r  d i c l o x a c i l l i n  

was 3 .0  m l / m i l i  ( a p p r o x i n i a t e l y  2,aUi) p s i ) .  

S t a n d a r d s  were p repa red  by add ing  a l i q u o t s  of t h e  a n t i o i o t i c  

s t o c k  s o l u t i o n s  t o  1.0 ml of serum. T h e  d r u g  c o n c e n t r a t i o n  was 

c o r r e c t e d  f o r  volume and e x p r e s s e d  i n  ug/iiil.  b t a n d a r d  c u r v e s  f o r  

each  d rug  were g e n e r a t e d  by p l o t t i n g  peak h e i g h t  v s  c o n c e n t r a t i o n  

of t h e  a n t i b i o t i c .  

Microbiological Determination. The a s s a y  used  f o r  t h e  d r u g s  was 

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

( 2 0 ) .  The i n d i c a t o r  o rgan i sms  were B a c i l l u s  - s u b t i l i s  ATCC 6633 

and S a r c i n a  l u t e a  ATCC 3341. Two v i a l s  of & s u b t i l i s  s p o r e  

s u s p e n s i o n  ( s p o r e  s u s p e n s i o n  f 2 ;  b i f c o  L a b o r a t o r i e s ,  U e t r o i t  , 
itiich.) o r  3 iril o f  an  o v e r n i g h t  c u l t u r e  of  2. l u t e a  were added t o  

100 m i  of c o o l e a  ( 5 0 ° C )  a s s a y  riiediu4n ( A n t i b i o t i c  a s s a y  mediurii No 

5 ;  U i f c o  L a b o r a t o r i e s ,  U e t r o i t ,  k i ich . ) .  A f t e r  mix ing ,  5 in1 

a l i q u o t s  were t r a n s f e r r e d  i n t o  s t e r i l e  p e t r i  d i snes  ( l W  iiiin 

d i a m e t e r )  and a l l o w e d  t o  s o l i d i f y .  The p l a t e s  were s t o r e d  i n  

s e a l e d  p l a s t i c  bags  a t  4°C u n t i l  u s e d .  P l a t e s  c o n t a i n i n g  &. 
s u b t i l i s  s p o r e s  were used up  t o  one  month a f t e r  p r e p a r a t i o n  w h i l e  

unused  2. l u t e a  p la tes  were d i s c a r d e d  a f t e r  one  week. Three  d i l u -  

t i o n s  of each  a n t i i i i i c r o b i a l  a g e n t  were p r e p a r e d  i n  serum. lwen ty  

s t e r i l e  pape r  d i s c s  were p l aced  i n  a s t e r i l e  p e t r i  d i s h  and f o u r  

d i s c s  were i n o c u l a t e d  w i t h  0 .02 m l  of each  d i l u t i o n .  Four d i s c s  

were i n o c u l a t e d  w i t h  the unknown sample and f o u r  w i t h  a 1 : 2  d i l u -  

t i o n  of t h e  unknown. Two d i s c s  of each  c o n c e n t r a t i o n  of a n t i b i -  

o t i c  s t a n d a r d ,  an unknown, and a d i l u t e d  unknown were p laced  on  a 

seeded  a g a r  p l a t e  such  t h a t  i d e n t i c a l  c o n c e n t r a t i o n s  were 
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PENICILLINASE-RESISTANT PENICILLINS 1529 

d i r e c t l y  o p p o s i t e  one a n o t h e r .  A f t e r  4 h of i n c u b a t i o n  a t  3 7 " C ,  

t h e  zone s i z e s  were measured t o  t n e  n e a r e s t  0 . 1  m n  u s i n g  a r u l e r  

and  a s t e r e o  a i c r o s c o p e .  The unknown c o n c e n t r a t i o n  was r e a d  f r o u  

a s t a n d a r d  c u r v e  g e n e r a t e d  by p l o t t i n g  log  ok t n e  a n t i b i o t i c  con- 

c e n t r a t i o n  v s  zone s i z e  i n  a n .  The s c a n d a r d s  arid unknowns were 

r u n  c o n c u r r e n t l y  o n  iiPLC anu oy t h e  u i i c r o b i o i o g i c a l  method. 

RESULTS 

Choice of Absorbance Detector Wavelength. The u l t r a v i o l e t  

a b s o r b a n c e  maximums tor the f i v e  d r u g s  r a n g e  froill 226 - 245 niii. 

S i n c e  t h e  cnrornatography u n i t  w a s  equ ipped  wi th  a f i x e d  wave- 

l e n g t h  d e t e c t o r ,  25% u ~ n ,  t h e  c l o s e s t  a v a i l a b l e  w a v e l e n g t h  t o  the 

maximums was u s e d  f o r  a l l  d r u g s .  

Separation of the Drugs by Liquid Chromatography. A t y p i c a l  

chromatogram of- t h e  d rugs  e x t r a c t e d  froin seruin i s  shown i n  F i g .  

1 .  T h e  r e t e n t i o n  times f o r  t n e t n i c i l l i n ,  o x a c i l l i n ,  c l o x a c i l l i n ,  

n a t c i l l i n ,  anu d i c l o x a c i l l i n  were 4 . 0 ,  5 . 7 ,  6 . 5 ,  9.U, and 1 1 . 7  

,n in ,  r e s p e c t i v e l y .  O x t r a c t i o n  of serum olanics and s p i k e d  serums 

snowed t h a t  the  n e t h i c i l i i n  peak came o f t  w i t i r  o r  v e r y  c l o s e  t o  

t h e  seru,n peaks .  k nuaber  of p o s s i b l e  aechan i sms  t o  change  t h e  

r e t e n t i o n  time of i i i e t n i c i l l i n  were i n v e s t i g a t e a  i n c l u d i n g  a l t e r a -  

t i o n s  i n  t h e  f l o w  r a t e  and a d j u s t m e n t s  i n  t n e  c o n c e n t r a t i o n s  o f  

the mobi le  phase  coinponents.  A c iecrease  i n  t n e  a c e t o n i t r i l e  

c o n c e n t r a t i o n  from 28X t o  2 0 5  i n c r e a s e d  t h e  r e t e n t i o n  time t o  6 . 6  

:nin ( F i g .  2 )  which s a t i s f a c t o r i l y  s e p a r a t e d  t h e  m e t h i c i l l i n  and 

serum peaks .  The r e t e n t i o n  time f o r  d i c l o x a c i l l i n  was d e c r e a s e d  

t o  6 .8  inin by i n c r e a s i n g  t h e  f low rate  of the o r i g i n a l  I i i O D l l e  

phase  t o  3.0 rnl/ioin. 

S t a n a a r d  c u r v e s  g e n e r a t e d  f o r  each  d r u g  ( F i g .  3A-13) pas sed  

th rough  t h e  o r i g i n  and were l i n e a r  up to 128 Ug/rnl, t h e  daxirnuin 

c o n c e n t r a t i o n  t e s t e u .  Drug c o n c e n t r a t i o n s  a s  low as  0 . 5  ~ ~ g / m l  

c o u l d  be  measured .  We have e x p e r i e n c e d  s l i g h t  v a r i a t i o n s  i n  t h e  

peak  h e i g h t s  of the s t a n d a r d  cu rve  o v e r  a p e r i o d  o f  t i m e .  These  
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C 
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0 aJ 
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i I 

PIGUKE 1 

Elution profile of the penicillinase-resistant penicillins fron a 
50 p l  injection of an extracted serum containing 20 pg/ml  of each 
drug. The order of elution is: 1) oxacillin; 2) cloxacillin; 33 
nafcillin; and 4 )  aicloxacillin. The flow rate was 1.0 i n l / m i n  
and the attenuation was 0.02 absorbance unit full scale. 
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PENICILLINASE-RESISTANT PENICILLINS 1531 

FIGURE 2 

Chromatograin of n e t h i c i l l i n  ( 2 0  pg/ml)  e x t r a c t e d  from serum. The 
mobile pnase was water ,  a c e t o n i t r i l e ,  and 0 . 2  PI amlnoniuiii a c e t a t e ,  
pH 5 . 6 ,  (7U:20:10)  a t  a f l o w  r a t e  of 1 . 3  ml/min. T n e  a t t e n u a t i o n  
i s  0 . 0 2  a . u . f . s .  
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FIGURE 3 
S t a n d a r d  c u r v e s  f o r  t h e  d r u g s  e x t r a c t e d  f r o n  seruln ( A )  meth i -  
c i t l i n ,  f l ow r a t e  1.0 rn i /d in ,  a t t e n u a t i o n  0 . 1  a . u . f . s . ;  (6 )  
d i c l o x a c i l l i n ,  f low r a t e  3.0  iiil/uiin, a t t e n u a t i o n  0.(.~05 a . u . f . s . ;  
( C )  o x a c i l l i n ,  f l o w  r a t e  1.0 m l / n i n ,  a t t e n u a t i o n  0.1 a . u . f . s . ;  
(D) c l o x a c i l l i n ,  f l o w  r a t e  1 .0  ml/niin,  a t c e n u a t i o n  0 . 0 2  a . u . L . s . ;  
( E )  n a r c i l l i n ,  f l o w  r a t e  1.1) inL/Lliin, a t t e n u a t i o n  0 . i  a . u . f . s .  
( P )  Comparison o i  peak h e i g n t s  a s  a f u n c t i o u  of: c l o x a c i i l i n  
c o r i c e n t r a t i o n  i n  an aqueous  c o n t r o l  ( - 1  and e x t r a c t e d  from serum 
poo l s  one ( a ) ,  two ( A ) ,  and three (0). T h e  a t t e n u a t i o n  was 0 .01  
a . u .  f .  s .  
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d i f f e r e n c e s  may be due t o  a v a r i e t y  of f a c t o r s .  A change i n  t h e  

c o n c e n t r a t i o n  o r  pii o f  the inobile phase components which c a u s e s  

a n  upward s h i t t  i n  t h e  r e t e n t i o n  f a c t o r  ( k ' )  of  a d r u g  would 

r e s u l t  i n  an i n c r e a s e d  peak width and a concomi tan t  d e c r e a s e  i n  

peak h e i g h t .  Conver se ly  a d e c r e a s e  i n  k' would i n c r e a s e  peak 

h e i g h t  and d e c r e a s e  peak wid th .  S i m i l a r l y  as t h e  column a g e s ,  

d e c r e a s e d  e f l - i c i e n c y  would a l s o  r e s u l t  i n  b roade r  peaks w i t h  

reduced h e i g h t s .  D e s p i t e  t h e  changes i n  peak h e i g h t  on d i f f e r e n t  

d a y s ,  t h e  v a l u e s  r e p o r t e d  f o r  t n e  same serum unknowns were always 

w i t h i n  5% of  t h e  a c t u a l  c o n c e n t r a t i o n .  T n e r e f o r e ,  it was 

n e c e s s a r y  t o  inake a new s t a n d a r d  c u r v e  each day.  I d e a l l y ,  t h e  

s t a n d a r d s  and t h e  p a t i e n t ' s  serum shou ld  be e x t r a c t e d  a t  t h e  same 

t i m e  . 
To d e m o n s t r a t e  t h e  r e l i a b i l i t y  of t h i s  t e c h n i q u e  two 

'unknowns'  of  each drug were p repa red  i n  serum by one i n v e s t i -  

g a t o r  and a s s a y e d  by t h e  o t n e r .  Each specimen was e x a a i n e d  oy 

tiPLC and by t h e  s t a n d a r u  m i c r o b i o l o g i c a l  p r o c e d u r e .  'Ine mean o t  

f o u r  d e t e r m i n a t i o n s  by HPLC and from f o u r  p l a t e s  f o r  each spec i -  

men by t h e  r n i c r o b i o l o g i c a l  method are  p r e s e n t e d  i n  T a b l e  1. 

T h e r e  was c l o s e  o v e r a l l  agreement  between t h e  two methods and 

d i t f e r e n c e s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  ( 2 P  > 0 . 5 ;  p a i r e d  

t - t e s t ) .  

Recovery. S t a n d a r d  cu rves  f o r  t h e  f i v e  d rugs  were g e n e r a t e d  by 

HPLC u s i n g  aqueous d rug  s o l u t i o n s  of  v a r i o u s  c o n c e n t r a t i o n s  

w i t h o u t  any e x t r a c t i o n .  I d e n t i c a l  amounts of  d r u g  were added t o  

t h r e e  d i f f e r e n t  pools o f  human seruiii and e x t r a c t e d .  Yig. 3ir 

shows r e p r e s e n t a t i v e  d a t a  f o r  c l o x a c i l l i n .  I n  a l l  cases t h e  

e x t r a c t e d  d rugs  gave peak n e i g h t s  g r e a t e r  t h a n  t h o s e  obse rved  f o r  

t h e  aqueous p r e p a r a t i o n s .  T h e s e  f i n d i n g s  i n d i c a t e  a r e l a t i v e  

c o n c e n t r a t i o n  of t h e  d r u g s  i n  t h e  aqueous l a y e r  d u r i n g  e x t r a c -  

t i o n .  

T o t a l  p r o t e i n  c o n t e n t  i n  each  of  t n e  t n r e e  serum poo l s  was 

de te rmined  on a Technicon SiyA 12/60 (Techn icon  I n s t r u m e n t s  Lorp. ,  

Ta r ry town ,  N.Y.). Tne p r o t e i n  c o n c e n t r a t i o n s  f o r  t h e  p o o l s  were: 

6 .1 ,  6 . 5 ,  and 7 .0  g / d l  r e s p e c t i v e l y  f o r  poo l s  1, 2 ,  and 3 .  
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1534 RUDRIK AND BAWDON 

TABLE 1. Comparison of HPLC 

Microbio logica l  Assay 

Averagea 
Amount Added Re c over y C o e f f i c i e n t  

t o  serum ( d m l )  Standard of 
Drug ( iiglrnl) [ Range I Dev i a t ion Var i a  t ion  

24.6 

Na f c i  11 i n  
4.97  

6.95 

O x a c i l l i n  
1 . 9 9  

6 . 3 6  

Cloxac il l i n  
12.67 

1.99 

Me t h i c  il l i n  
9 . 9  

4.97 

D i c l o x a c i l l i n  
9.9  

24.1 
[ 2 0 . 3  - 29.51 

7.0 
[ 5 . 9  - 7.51 

6 . 4  
[ 5 . 9  - 7 . 1 1  

1.1 
[1.0 - 1.11 

7.0 
i 5 . 7  - 7.81 

11.5 
[10.1 - 12.71 

2.1  
[ 1 . 9  - 2.41 

9 .3  
L9.2 - 9.31 

4.8 
[ 4 . 7  - 4.91 

8.5 
[ 6 . 5  - 10.51 

3.9 

0.76 

0 .56  

0 .06  

1 . 1 2  

1.1 

0.21 

0.08 

0.10 

2.08 

16.2% 

10.9% 

8.7% 

5.5% 

15.9% 

9.6% 

10.0% 

0.87% 

2.0% 

24.5% 

a )  average from four  p l a t e s  on d i f f e r e n t  days 
b) average from four  i n j e c t i o n s  on d i f f e r e n t  days 
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PENICILLINASE-RESISTANT PENICILLINS 1535 

and the Agar Diffusion Method 

Method of Recovery 

b Average 
Recovery C o e f f i c i e n t  

Recovery ( u g h 1 1  Standard of Rec over y 
x [Range I Deviation Va r i a t ion  % 

99.2 

143 

91.9 

52.8 

111 

90.7 

103 

93.9 

95.9 

85.8 

23.4 
122.1 - 26.01 

4.65 
[4.6 - 4.71 

6.71 
16.3 - 7.461 

1.79 
[1.6 - 2.091 

6.11 
[5.75 - 6.581 

12.4 
L11.1 - 13.21 

1.90 
11.8 - 2.051 

9.90 
19.4 - 10.21 

4.58 
[4.47 - 4.753 

10.0 
19.5 - 10.51 

1.74 

0.06 

0.65 

0.26 

0.34 

0.94 

0.11 

0.36 

0.13 

0.42 

7.4% 

1.2% 

9.7% 

14.5% 

5.6% 

7.6% 

5.5% 

3.6% 

4.2% 

2.8% 

96.5 

94.9 

96.5 

89.7 

96.3 

97.6 

95.3 

99.9 

92.2 

101 
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1536 RUDRIK AND BAWDON 

Although t h e r e  were some d i f f e r e n c e s  between t h e  s e ra ,  t h e  quan- 

t i t y  of a n t i b i o t i c  e x t r a c t e d  from each pool  i s  alinost  i d e n t i c a l .  

A t  a n t i b i o t i c  l e v e l s  a s  h i g h  as 100 p g / ; n l ,  t h e  d i f f e r e n c e s  i n  

peak h e i g h t  f o r  the  t h r e e  poo l s  i s  less t h a n  2.5%. 

Reproducibility. 1 3 e t w e e r b a t c h  r e p r o d u c i b i l i t y  was a s s e s s e d  by 

a s s a y i n g  c o n t r o l  serums c o n t a i n i n g  t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s  

o f  o x a c i l l i n  10 times ove r  a three  month p e r i o d .  The c o n t r o l  

s e r u m  were a l s o  a s sayed  10 times w i t h i n  t h e  same run  t o  p r o v i d e  

wi th in -ba tch  r e p r o d u c i b i l i t y  d a t a .  A t  t n e  same t i m e ,  t n e  need 

f o r  an i n t e r n a l  s t a n d a r d  w a s  a s s e s s e d  DY add ing  20 lJ1 of  

n a f c i l l i n  ( 4  p g / p l )  t o  1.0 ,711 of  serum b e f o r e  e x t r a c t i o n .  Concen- 

t r a t i o n s  of t h e  c o n t r o l  serums were c a l c u l a t e d  i n  two ways: 1) a 

r a t i o  of t h e  peak h e i g h t  of o x a c i l l i n  t o  t h e  peak h e i g h t  o f  

n a f c i l l i n  i n  t n e  serums were coripared t o  a s t a n d a r d  c u r v e  

c o n s t r u c t e d  i n  t h e  same f a s h i o n ;  and 2 )  peak h e i g h t s  f o r  oxa- 

c i l l i n  were compared t o  tile s t a n d a r d  c u r v e  c o n s t r u c t e d  f o r  

o x a c i l l i n  u s i n g  peak h e i g h t s .  The c o n c e n t r a t i o n  of  o x a c i l l i n  was 

c o r r e c t e d  f o r  t h e  added voluine o i  both o x a c i l l i n  and n a f c i l l i n  i n  

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

e x c l u d i n g  t h e  i n t e r n a l  s t a n d a r d .  These r e s u l t s  are p r e s e n t e d  i n  

T a b l e  2 and 3 .  R e s u l t s  f o r  t h e  o t h e r  f o u r  d r u g s  a r e  s imi l a r  

( d a t a  n o t  shobn) .  

Clinical Application. During t h e  p a s t  y e a r  and a h a l f ,  we have 

r e c e i v e d  approx ima te ly  200 p a t i e n t  serum, CSF and j o i n t  f l u i d  

specimens f o r  a s s a y  o f  the  d r u g s  under  c o n s i d e r a t i o n  from 

h o s p i t a l s  i n  t h e  i j e t r o i t  Medical  C e n t e r .  A l a r g e  number of t n e s e  

p a t i e n t s  r e c e i v e d  a combina t ion  of a n t i b i o t i c s .  Although t h i s  

p r e s e n t s  l i t t l e  d i f f i c u l t y  f o r  t h e  ilPLC assay-, i t  malces 

coinparison of HPLC and m i c r o b i o l o g i c a l  a s s a y s  d i f f i c u l t .  Some 

r e p r e s e n t a t i v e  d a t a  f o r  d i c l o x a c i l l i n  a s sayed  Dy both methods i s  

shown i n  F i g u r e  4 .  S i m i l a r  r e s u l t s  f o r  t h e  o t h e r  d r u g s  were 

observed ( s e e  d i s c u s s i o n ) .  

Interference Studies. We have no t  obse rved  i n t e r f e r i n g  peaks i n  

t n e  serums of a p p r o x i n a t e l y  200 p a t i e n t s  r e c e i v i n g  o t h e r  d rug  

t h e r a p y .  I n  a d d i t i o n ,  when s e v e r a l  o t h e r  d r u g s  were added t o  
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HPLC 

FIGURE 4 

P a t i e n t  comparison between l e v e l s  (pg/ml) of  d i c l o x a c i l l i n  
obta ined  witn HPLC and t h e  m i c r o b i o l o g i c a l  a s s a y ,  wi th  a 
c o r r e l a t i o n  c o e f f i c i e n t  of 0.99, a s lope  of 0.97, and an 
i n t e r c e p t  of 0 . 9 6 ,  

serum and e x t r a c t e d  none of them had r e t e n t i o n  t i m e s  t h e  same as 

any of t h e  p e n i c i l l i n a s e - r e s i s t a n t  p e n i c i l l i n s .  Those drugs  

showing no i n t e r f e r e n c e  i n c l u d e :  p e n i c i l l i n ,  a m p i c i l l i n ,  t i c a r -  

c i l l i n ,  amoxaci l l in ,  meci l l inam, p i p e r i c i l l i n ,  c a r b e n i c i l l i n ,  

moxalactam, chloramphenicol ,  vancomycin, c e p h a l o t h i n ,  c e f a z o l i n ,  

cepnalex in ,  c e p h a l o r i d i n e ,  cephar in ,  cepharadine , cefatoxaiiiine , 
c e f o x i t i n ,  cefamandole, co- t r imoxazole ,  met ronidazole ,  c l inda-  

mycin, 5 - f luoro-cytos ine ,  theophyl l ine  , tobramycin,  g e n t a m k i n ,  

amikacin and ceforanide .  

DISCUSSION 

Ant imicrobia l  agents  are one of t h e  most widely p r e s c r i b e d  

c l a s s e s  of drugs used i n  modern medicine. Uosage of  t h e  drugs  i s  
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1540 RUDRIK AND BAWDON 

usual ly  t a i l o r e d  to  t h e  s e v e r i t y  of t h e  i n f e c t i o n  with more 

severe  i n f e c t i o n s  rece iv ing  l a r g e r  doses .  However, a s  t h e  dosage 

i n c r e a s e s ,  the  p o s s i b i l i t y  of adverse  s i d e  a f f e c t s  a l s o  

i n c r e a s e s .  Thus, i t  i s  a p p r o p r i a t e  t o  monitor a n t i b i o t i c  l e v e l s  

i n  p a t i e n t s  w i t h  severe  i n f e c t i o n s  o r  r e n a l  i n s u f f i c i e n c y .  A l l  

of t h e  drugs d iscussed  i n  t h i s  r e p o r t  have serum h a l f - l i v e s  of 

under 1 h making i t  necessary t o  adtiiinister t h e  drug f requent ly  

t o  main ta in  e f f e c t i v e  serun l e v e l s .  W i t h  few except ions ,  a l l  of 

t h e  techniques prev ious ly  employed for  deter iuining t h e  l e v e l s  of 

the  p e n i c i l l i n a s e - r e s i s t a n t  an t imicroDia ls  r e q u i r e  excess ive  time 

and may produce r e s u l t s  of only moderate accuracy.  

Curren t ly ,  s e v e r a l  methods f o r  t n e  de te rmina t ion  of a n t i -  

microbia l s  e x i s t .  Enzymatic assays  and radioiinmunoassays have 

been developed t h a t  a r e  r a p i d  and s p e c i f i c  (21,  2 2 ) ,  but  they a r e  

r a t h e r  expensive and a t  the present  time a r e  not a v a i l a b l e  f o r  

t h e  p e n i c i l l i n s .  A l l  the  o t h e r  methods p r e s e n t l y  used s u f f e r  

from major disadvantages.  The t u r b i d i m e t r i c  (23 ,  2 4 ) ,  po ten t io-  

m e t r i c  ( 2 5 )  and agar  d i f f u s i o n  metnods a r e  s u b j e c t  t o  i n t e r -  

fe rence  caused by o t h e r  a n t i b i o t i c s  and they lack  a uniform 

procedure f o r  a l l  t h e  a n t i b i o t i c s .  

hPLC nas been appl ied t o  the q u a n t i t a t i o n  of p e n i c i l l i n s  i n  

pharmaceut icals .  One procedure f o r  t h e  q u a n t i t a t i o n  of peni- 

c i l l i n  i n  b i o l o g i c a l  f l u i d s  does e x i s t  ( 1 7 ) ,  however the drug i s  

broken down with ac id  and d e t e c t e d  by post-column d e r i v a t i z a t i o n .  

Our procedure r e q u i r e s  no d e r i v a t i z a t i o n  and d e t e c t s  t h e  presence 

of the  i n t a c t  drug. Soldin e t  a l .  (18)  have r e c e n t l y  descr ibed  

an HPLC procedure f o r  c l o x a c i l l i n  and n a f c i l l i n .  This  procedure 

u t i l i z e s  an i n t e r n a l  s tandard  an3 monitors  each drug a t  a 

d i f f e r e n t  wavelength using a v a r i a b l e  wavelength d e t e c t o r .  There 

a r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  between-day c o e f f i c i e n t s  of 

v a r i a t i o n  or s e n s i t i v i t y  oetween the  two procedures .  However, we 

can q u a n t i t a t e  a l l  f i v e  drugs a t  a s i n g l e  wavelength on a l e s s  

expensive d e t e c t o r .  Their  procedure r e q u i r e s  vacuum evapora t ion  

and r e c o n s t i t u t i o n  o f  a chloroform e x t r a c t  w i t h  approximately a 

545% recovery of the  drugs .  The e x t r a c t i o n  procedure we d e s c r i b e  
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PENICILLINASE-RESISTANT PENICILLINS 1541 

r e q u i r e s  no evapora t ion  and a l s o  c o n c e n t r a t e s  t h e  a n t i b i o t i c s  i n  

a smal le r  voluine whicn al lows a c c u r a t e  d e t e r m i n a t i o n  of low serum 

l e v e l s .  T h i s  concent ra t ion  i s  a l o g i c a l  consequence of t n e  

e x t r a c t i o n  procedure.  T n e  a c e t o n i t r i l e  p r e c i p i t a t e s  t h e  p r o t e i n s  

and e x t r a c t s  t h e  l i p i d s  r e s u l t i n g  i n  a reduced volume ana t n u s  

i n c r e a s i n g  co i lcent ra t ion .  A s i g n i t i c a n t  i n c r e a s e  i n  drug concen- 

t r a t i o n  occurs  during tne  methylene c h l o r i d e  e x t r a c t i o n  s t e p .  

A c e t o n i t r i l e  i s  s i s c i b l e  i n  inethylene c h l o r i d e ,  while  t n e  aqueous 

m a t e r i a l  i n  serum i s  p r a c t i c a l l y  i n s o l u b l e .  Thus t h e  aceto-  

n i t r i l e  i s  e f f e c t i v e l y  removed by the  methylene c h l o r i d e  while 

the  a n t i b i o t i c  i s  concent ra ted  i n  the  upper aqueous l a y e r .  

The presence of i n t e r f e r i n g  subs tances  i n  p a t i e n t  m a t e r i a l  

i s  a l w a y s  a matter of concern. D e s p i t e  the  f a c t  t n a t  no i n t e r -  

fe rence  occurs  when t n e  a n t i b i o t i c s  a r e  e x t r a c t e d  from normal 

serum, serum from medicated p a t i e n t s  and from pooled s e r a  may 

c o n t a i n  i n t e r f e r i n g  subs tances .  I n  our  exper ience  with c l i n i c a l  

specimens, we found only one specimen w e  were unable  t o  assay  due 

t o  i n t e r f e r e n c e .  This  p a t i e n t  was an extreme case  of r e n a l  

f a i l u r e .  I n t e r f e r e n c e  i n  t h e  s tandards  can be d e t e c t e d  by making 

a blank of eacri new l o t  of pooled serum o r  by f i n d i n g  a s tandard  

curve t h a t  does not pass  through t h e  o r i g i n .  In  t h e  case of t h e  

p a t i e n t ' s  serum, t h e r e  i s  no p r a c t i c a l  way t o  determine i n t e r -  

fe rence .  This  problein can, however, be minimized i n  two ways: 1) 

adequate  cominunication between the phys ic ian  and t h e  l a b o r a t o r y  

with r e s p e c t  t o  any and a l l  drug therapy  w i l l  a l low t h e  labora-  

t o r y  t o  r u l e  out  i n t e r f e r e n c e  by o t h e r  drugs ;  and 2 )  when s u f f i -  

c i e n t  p a t i e n t  m a t e r i a l  i s  provided ( 2 . 5  m l ) ,  t h e  s tandard  curve  

can  be c o n s t r u c t e d  by adding a n t i b i o t i c  t o  a l i q u o t s  of t h e  

p a t i e n t  m a t e r i a l .  A l l  t h e  samples are e x t r a c t e d  and t h e  peak 

h e i g h t  of  t h e  drug i n  t h e  p a t i e n t ' s  sample wi th  no added 

a n t i b i o t i c  is  s u b t r a c t e d  from those  samples c o n t a i n i n g  added 

a n t i b i o t i c .  A s tandard curve i s  then cons t ruc ted  from t h i s  d a t a  

and t h e  a n t i b i o t i c  concent ra t ion  i n  t h e  p a t i e n t ' s  serum read from 

t h e  graph.  
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1542 RUDRIK AND BAWDON 

S e v e r a l  p rocedures  r o u t i n e l y  use a n  i n t e r n a l  s t a n d a r d  t o  

i n c r e a s e  a c c u r a c y .  The a d d i t i o n  of i n t e r n a l  s t a n d a r d  p r i o r  t o  

e x t r a c t i o n  assumes c o r r e c t i o n  f o r  e r r o r s  i n  sample and s t a n d a r d  

m a n i p u l a t i o n .  Although t h i s  coLnpensat ion may no t  be  i d e n t i c a l  

f o r  t h e  i n t e r r i a l  s t a n d a r d  and t h e  compound of  i n t e r e s t  due t o  

physio-chemical  p r o p e r t i e s ,  i t  i s  assumed t h a t  a c o n s t a n t  

p r o p o r t i o n  of each  i s  e x t r a c t e d .  T a o l e s  2 and 3 c l e a r l y  show 

t h a t  t h e  a d d i t i o n  of  an i n t e r n a l  s t a n d a r d  does n o t  s i g n i f i c a n t l y  

a l t e r  t h e  a c c u r a c y  or  p r e c i s i o n  o f  t h i s  p r o c e d u r e .  It would 

appea r  t h a t  t h e  i n t e r n a l  s t a n d a r d  may be  of some b e n e f i t  w i t h  low 

d r u g  c o n c e n t r a t i o n s .  On tile whole,  an  i n t e r n a l  s t a n d a r d  

i n c r e a s e s  sample p r e p a r a t i o n  and chromatography time and r a i s e s  

t h e  p o s s i b i l i t y  o f  i n t e r f e r e n c e  a t  a second p o i n t  i n  t h e  

a n a l y s i s .  We do no t  see t h e  need f o r  an  i n t e r n a l  s t a n d a r d  i n  

t h i s  p r o c e d u r e ,  however,  i f  one i s  d e s i r e d ,  one of t h e  o t h e r  

a n t i b i o t i c s  n o t  used i n  t h e  a s s a y  may be i n c l u d e d  f o r  t h i s  

pu rpose .  Ne have found t n a t  t n e  a d d i t i o n  o f  a Chaney a d a p t o r  t o  

tne m i c r o s y r i n e  he lped  t o  s t a n d a r d i z e  t h e  sample i n j e c t i o n ,  t h u s  

i n c r e a s i n g  p r e c i s i o n .  For  r e p e a t e d  i n j e c t i o n  of  t n e  same sample 

or group of  samples ,  t h e  automated i n j e c t i o n  sys t em o f f e r s  

e x c e l l e n t  p r e c i s i o n .  

A c t i v e  m e t a b o l i t e s  of t h e  i s o x a z o l y l  p e n i c i l l i n s  are known 

t o  be p r e s e n t  i n  bo th  u r i n e  and serum ( 2 6 ) .  These m e t a b o l i t e s  

p o s s e s s  a n t i b a c t e r i a l  a c t i v i t y  of a p p r o x i m a t e l y  t h e  same o r d e r  o f  

magnitude as t h e  p a r e n t  compounds. In u r i n e ,  m e t a b o l i t e  a c t i v i t y  

compared t o  t o t a l  a n t i m i c r o b i a l  a c t i v i t y  raiiged froin 20% t o r  

o x a c i l l i n  t o  l o x  f o r  f l u c l o x a c i l l i n  w i t h  c l o x a c i l l i n  and d i c l o x a -  

c i l l i n  b e i n g  i n t e r m e d i a t e .  However, f o l l o w i n g  a 2 g i . v .  

i n j e c t i o n  of c l o x a c i l l i n  t h e  m e t a b o l i t e  a c t i v i t y  a t  90 inin was 

20% i n  u r i n e ,  but o n l y  97; i n  the serum. Tnus i t  would appea r  

t h a t  t h e  m e t a b o l i t e  i s  of  lesser  impor t ance  i n  t h e  serum. T h i s  

would a l s o  e x p l a i n  t h e  c l o s e  o v e r a l l  agreement  w e  have obse rved  

between HPLC and i i i i c r o b i o l o g i c a l  methods ( F i g .  4 ) .  The sepa ra -  

t i o n  of t h e s e  m e t a b o l i t e s  was accomplished by r e v e r s e - p h a s e  t h i n  

l a y e r  chromatography ( 2 7 )  and t h e i r  s e p a r a t i o n  by tiPLC was 
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r e c e n t l y  d e s c r i b e d  ( 2 8 ) .  A t  t h e  p r e s e n t  t i m e ,  q u a n t i t a t i o n  and 

s e p a r a t i o n  of t h e s e  m e t a b o l i t e s  i n  r o u t i n e  c l i n i c a l  specimens is  

n o t  p r a c t i c a l  f o r  t h r e e  r e a s o n s :  1) t h e  i n  v i v o  a c t i v i t y  o f  

t h e s e  m e t a b o l i t e s  i s  unmown; 2 )  t h e  d a t a  s u g g e s t s  t h a t  t h e i r  

c o n c e n t r a t i o n s  may be  r a t h e r  i n s i g n i f i c a n t  w i th  t h e  p o s s i b l e  

e x c e p t i o n  o f  p a t i e n t s  i n  r e n a i  f a i l u r e ;  and 3 )  s u f f i c i e n t  

q u a n t i t i e s  o f  m e t a b o l i t e  f o r  s t a n d a r d  c u r v e  c o n s t r u c t i o n  wi th  

r o u t i n e  specimens i s  no t  a v a i l a b l e .  

Column l i f e  i s  a p r a c t i c a l  c o n s i d e r a t i o n  wi th  any p r o c e d u r e .  

Using t h e  p rocedure  o u t l i n e d  above w e  are able t o  make approx i -  

m a t e l y  1 , 5 0 0  i n j e c t i o i i s  of  e x t r a c t e d  serum d u r i n g  t h e  l i f e t i m e  of 

a column. We have found t h a t  t h e  use  o f  a column gua rd  and 

r e g u l a r  co lunn  r e g e n e r a t i o n  g r e a t l y  e x t e n d  column l i f e .  

In t h e  l egend  p r e s e n t e d  f o r  t h e  a n t i b i o t i c s ,  w e  have 

a t t e m p t e d  t o  i n d i c a t e  which a n t i b i o t i c  l e v e l s  and a t t e n u a t i o n s  

w i l l  b e  most u s e f u l  f o r  r o u t i n e  c l i n i c a l  specimens.  Although 

t h e s e  l e v e l s  w i l l  be t h e  most f r e q u e n t l y  e n c o u n t e r e d ,  h i g h e r  

l e v e l s  can be  e x p e c t e d  i n  p a t i e n t s  w i t h  s e v e r e  i n f e c t i o n s  o r  i n  

r e n a l  f a i l u r e .  For example,  w e  have s e e n  m e t h i c i l l i n  l e v e l s  i n  

e x c e s s  o f  200 pg/ml and n a f c i l l i n  l e v e l s  i n  e x c e s s  o f  10U pg/rnl. 

The d a t a  p r e s e n t e d  d e m o n s t r a t e s  the e f f i c a c y  of HPLC f o r  

r o u t i n e  c l i n i c a l  t e s t i n g  of a n t i b i o t i c  l e v e l s  i n  human serum. Me 

have  a l s o  a p p l i e d  tnis p rocedure  t o  c e r e b r o - s p i n a l ,  p l e u r a l ,  and 

j o i n t  f l u i d s .  I t s  s e n s i t i v i t y  of  less t h a n  0 .5  iig/ml and 

a c c u r a c y  o f  g r e a t e r  t han  95X i s  more t h a n  a d e q u a t e  f o r  r o u t i n e  

t e s t i n g  . 
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