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THE ANALYSIS OF PENICILLINS IN 
BIOLOGICAL FLUIDS AND PHARMACEUTICAL 

LIQUID CHROMATOGRAPHY: A REVIEW 
PREPARATIONS BY HIGH-PERFORMANCE 

John 0. Miners 
Department of Clinical Pharmacology 

Flinders Medical Centre 
Adelaide, South Australia 5042 

ABSTRACT 

High performance l i q u i d  chromatographic methods f o r  the 
ana lys i s  o f  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  and pharmaceutical 
preparat ions are reviewed. I n  p a r t i c u l a r ,  sample p repara t i on  
and hand1 i n g  procedures, chromatographic cond i t i ons  and 
de tec t i on  methods a re  discussed. A sumnary o f  publ ished h igh  
performance 1 i q u i d  chromatographic assays f o r  i n d i v i d u a l  
p e n i c i l l i n s  i s  included. 

INTRODUCTION 

The p e n i c i l l i n s  are a group o f  b a c t e r i c i d a l  a n t i b i o t i c s  

der ived from 6-aminopenic i l lan ic  a c i d  ( f i g u r e  1).  

p e n i c i l l i n  nucleus i t s e l f  i s  t h e  p r i n c i p a l  s t r u c t u r a l  

requirement f o r  b i o l o g i c a l  a c t i v i t y  b u t  t h e  beta-lactam r i n g  

s ide-chain (R o f  f i g u r e  1; p o s i t i o n  6) determines many o f  the 

The 
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FIGURE 1 

Chemical s t r u c t u r e  o f  pen ic i  11 i n s  

a n t i b a c t e r i a l  and pharmacological c h a r a c t e r i s t i c s  o f  a 
p a r t i c u l a r  type o f  p e n i c i l l i n .  Thus, the pas t  three decades has 

seen the i n t r o d u c t i o n  of a range o f  6-subst i  t u ted  p e n i c i l l i n s  i n  
an e f f o r t  t o  provide p e n i c i l l i n s  r e s i s t a n t  t o  staphylococcal 
p e n i c i l l i n a s e  as we l l  as congeners w i t h  a broad spectrum o f  
a c t i v i t y .  

With the recogn i t i on  o f  t he  valuable c l i n i c a l  advantages o f  
many o f  these congeners i t  has become necessary t o  cha rac te r i se  
t h e i r  i nd i v idua l  pharmacological and pharmacokinetic behaviour. 
For example, the p e n i c i l l i n s  d i f f e r  markedly i n  t h e i r  a c i d  
s t a b i l i t y  and o r a l  absorpt ion (1). It i s  a l so  c l e a r l y  impor tant  
t h a t  the s tab i  1 i t y  o f  pharmaceutical preparat ions o f  these drugs 
i s  defined. Consequently numerous techniques have been 
developed fo r  t h e  ana lys i s  o f  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  
and pharmaceutical preparations. A t  t h i s  stage i t  i s  worth 
no t i ng  t h a t  wh i l e  i t  i s  obviously necessary t o  cha rac te r i se  t h e  
chemical and b i o l o g i c a l  p roper t i es  o f  p e n i c i l l i n s ,  they are 
among the l e a s t  t o x i c  o f  a l l  drugs; convent ional  dosage regimens 
o f  these drugs a l l ow  plasma concentrat ions f a r  i n  excess o f  
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m i  nimum i n h i b i t o r y  concen t ra t i ons  o f  most suscep t ib le  pathogens 

t o  be s a f e l y  achieved. 
t o  ensure e f f e c t i v e  dosage o f  p e n i c i l l i n s  i s  t h e r e f o r e  r a r e l y  

necessary (2). 

us ing  m i c r o b i o l o g i c a l  methods. 
and s u f f e r s  from poor p r e c i s i o n  and s p e c i f i c i t y ,  s ince  a c t i v e  
me tabo l i t es  and co-administered a n t i m i c r o b i a l s  may i n t e r f e r e  

(3).  A1 though numerous chemical and phys i ca l  techn iques  have 
been repo r ted  f o r  t h e  assay o f  p e n i c i l l i n s ,  they  s u f f e r  f rom a 

v a r i e t y  o f  disadvantages. Fo r  example, spec t rophotomet r ic  
assays genera l l y  l a c k  s e n s i t i v i t y  ( 4 , 5 )  and a c o l o u r i m e t r i c  
method i n v o l v i n g  t h e  r e a c t i o n  o f  hydroxylamine w i t h  p e n i c i l l i n s  
l a c k s  bo th  s e n s i t i v i t y  and s p e c i f i c i t y  (6 ) .  

t i t r a t i o n  technique i s  no t  a p p l i c a b l e  t o  p e n i c i l l i n s  w i th  an 
unsatura ted  s ide-cha in  (7,8). 
a p p l i c a b l e  on l y  t o  f l u o r o p h o r i c  p e n i c i l l i n s  ( 9 )  o r  those which 
form a f l u o r e s c e n t  p roduc t  on h y d r o l y s i s  ( 1 0 , l l ) .  

The convenience and v e r s a t i l i t y  o f  h i g h  performance l i q u i d  
chromatography (h.p.1.c.) has l e d  t o  i t s  acceptance as one o f  

t h e  most use fu l  techniques f o r  t h e  a n a l y s i s  o f  drugs i n  
b i o l o g i c a l  f l u i d s  (12).  Compared t o  chemical methods and o t h e r  

chromatographic techniques h.p. 1 .c. o f f e r s  advantages i n  terms 
of p r e c i s i o n ,  r a p i d i t y ,  reproduc i  b i  1 i ty, sensi t i v i  ty  and 

s p e c i f i c i t y  and i t  i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  t h e  
a p p l i c a b i l i t y  o f  h.p.1.c. t o  t h e  a n a l y s i s  o f  p e n i c i l l i n s  has 

become recognised. 
assays f o r  p e n i c i l l i n s  pub l i shed i n  recen t  yea rs  (and reviewed 

here) i s  compared t o  p rev ious  reviews (3,121. The p resen t  
a r t i c l e  aims t o  rev iew general approaches t o  t h e  a n a l y s i s  o f  

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  and pharmaceut ical  p repara t i ons  
by h.p.1.c. us ing  examples f rom t h e  l i t e r a t u r e .  A l i s t  o f  

methods f o r  i n d i v i d u a l  drugs i s  a l s o  included. 

Determi n a t i o n  o f  plasma concen t ra t i ons  

The a n a l y s i s  o f  p e n i c i  11 i n s  has t r a d i t i o n a l  l y  been performed 
However, t h i s  techn ique i s  slow 

An iodomet r i c  

Spec t ro f l uo romet r i c  assays a r e  

T h i s  i s  apparent when t h e  number o f  h.p.1.c. 
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2830 MINERS 

SAMPLE PREPARATION AND HANDLING 
P e n i c i l l i n s  are r e l a t i v e l y  unstable i n  aqueous so lut ions,  

t he  degradation being cata lysed by both ac ids  and bases (13). 
I n  p a r t i c u l a r ,  t he  p e n i c i l l i n s  are extremely suscept ib le  t o  

nuc leoph i l i c  a t tack and the i n a c t i v a t i o n  o f  a m p i c i l l i n  i n  base 
i s  about 1,400 times f a s t e r  than i n  acid. 
monobasic p e n i c i l l i n s  genera l ly  occurs a t  a pH between 6 and 7, 
wh i l e  f o r  the z w i t t e r i o n i c  p e n i c i l l i n s  i t  coinc ides w i t h  the  
i s o e l e c t r i c  po int .  
o f  p e n i c i l l i n  degradation. 

important consequences f o r  e x t r a c t i o n  and chromatography 
cond i t i ons  (see below), b u t  i t  i s  a l so  an impor tant  
cons iderat ion f o r  the s t a b i l i t y  o f  stock so lu t i ons  and storage 
o f  b i o l o g i c a l  samples. Thus, a m d i n o c i l l i n  degrades r a p i d l y  i n  
plasma stored a t  -25OC,  w i t h  on l y  80% and 50% remaining 
unchanged a f t e r  1 and 3 months respec t i ve l y  (14). Storage a t  
-7OOC slows down the degradat ion considerably. Amdinoci l l  i n  
has a lso been repor ted t o  be unstable i n  f rozen (-20°C) u r i n e  
samples (1 5) .  

1, R '  = H )  w i t h  pKa values l e s s  than 3. 
such as the  u r e i d o p e n i c i l l i n s ,  con ta in  a basic group i n  the  
side-chain (R f i g u r e  1) and are the re fo re  ampholytes. The p o l a r  
nature o f  p e n i c i l l i n s  makes them d i f f i c u l t  t o  p a r t i t i o n  from 
b i o l o g i c a l  f l u i d s  i n t o  organic solvents. The m a j o r i t y  of 
h.p.1.c. assays f o r  the ana lys i s  of p e n j c i l l i n s  i n  plasma have 
the re fo re  taken t h e  approach o f  p r e c i p i t a t i n g  plasma p r o t e i n s  
w i t h  pe rch lo r i c  acid, t r i c h l o r o a c e t i c  a c i d  o r  a c e t o n i t r i l e  and 
d i r e c t l y  i n j e c t i n g  the separated supernatant onto t h e  
chromatography column. A1 though t h i s  approach i s  genera l ly  the 
most s u i t a b l e  and convenient, i t  should be recognised t h a t  i t  
may g ive r i s e  t o  a number o f  problems. A m p i c i l l i n  has been 

Optimum s t a b i l i t y  f o r  

Buf fer  components may a l s o  a f f e c t  t he  r a t e  

Not on ly  does the  aqueous i nstabi  1 i ty o f  pen ic i  11 i n s  have 

I n  general, t he  p e n i c i l l i n s  are s t rong organic ac ids ( f i g u r e  
Cer ta in  p e n i c i l l i n s ,  
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shown t o  decompose a t  t he  r a t e  o f  15% per  hour i n  the  
supernatant o f  a t r i c h l o r o a c e t i c  a c i d  t r e a t e d  plasma sample 

(14). S im i la r l y ,  pe rch lo r i c  a c i d  t r e a t e d  plasma samples 
con ta in ing  a m o x i c i l l i n  must be chromatographed w i thou t  delay t o  
avoid drug loss (16). 
media requi res t h a t  methods i n v o l v i n g  an a c i d  p r o t e i n  
p r e c i p i t a t i o n  step should be performed i n  a h i g h l y  reproducib le  
fashion so t h a t  each standard and sample i s  subjected t o  the  
d i f f e r e n t  steps o f  the procedure f o r  t he  same (minimal)  l e n g t h  
o f  t ime (14). For extremely po lar ,  z w i t t e r i o n i c  p e n i c i l l i n s  
such as amdinopenic i l l in ,  i n te r fe rence  by endogenous compounds 
i s a major problem dur ing the reversed-phase chromatography o f  
acetoni t r i le-p lasma supernatants. 
e the r  wash o f  the p r o t e i n - f r e e  supernatant has been shown t o  
remove a 1 arge p ropor t i on  o f  t h e  i n t e r f e r i n g  endogenous 
compounds and a l so  t o  e f f e c t i v e l y  concentrate the  supernatant by 
e x t r a c t i n g  the  acetoni  tri l e  ( 17). Th is  procedure does r e s u l t  i n  
some loss o f  the analyte,  t he  repor ted recovery being 74%, b u t  
t he  use o f  an appropr ia te i n t e r n a l  standard overcomes t h i s  
problem. Other problems associated w i t h  t h e  p ro te in -  
p r e c i p i t a t i o n  method are l ack  o f  s e n s i t i v i t y  compared t o  
e x t r a c t i o n  procedures (see below) and comparatively s h o r t  column 
l i f e .  The d i r e c t  i n j e c t i o n  o f  pe rch lo r i c  a c i d  and 
t r i c h l o r o a c e t i c  a c i d  supernatants i s  known t o  accelerate column 
de te r io ra t i on ,  a1 though i n  an a n a l y t i c a l  procedure f o r  
a m o x i c i l l i n  i t  has been repor ted t h a t  f requent  (every f i f t e e n  
i n j e c t i o n s )  replacement o f  a few m i l l i m e t r e s  o f  t he  support  a t  
t he  top  o f  t he  column w i t h  new mate r ia l  mainta ins column 
performance f o r  up t o  s i x  months (16). 

A number o f  analyses f o r  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  
use sol vent e x t r a c t i o n  procedures. 
convenient means f o r  the simultaneous s e l e c t i v e  enrichment and 
concentrat ion o f  samples. Thi jssen repor ted (18) t h a t  assay 

The i n s t a b i l i t y  o f  p e n i c i l l i n s  i n  a c i d  

The i n t r o d u c t i o n  o f  a d i e t h y l  

Solvent e x t r a c t i o n  i s  a 
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s e n s i t i v i t y  f o r  i soxazo ly l  p e n i c i l l i n s  i s  two t o  three f o l d  
h igher  w i t h  an e x t r a c t i o n  procedure compared t o  d i r e c t  i n j e c t i o n  
o f  the supernatant from a pe rch lo r i c  a c i d  t r e a t e d  plasma 
sample. The e x t r a c t i o n  procedure a l s o  gave r i s e  t o  considerably 
c leaner chromatograms. However, e x t r a c t i o n  o f  p e n i c i l l i n s  
normally requi res a c i d i f i c a t i o n  o f  t h e  plasma and t h i s  may 
r e s u l t  i n  degradation. For  example, 6.4% o f  a sample o f  
n a f c i l l i n  i s  degraded dur ing f i v e  minutes exposure t o  su lphur ic  
a c i d  t rea ted  plasma (19). 
l e s s  than quan t i t a t i ve ,  even when p o l a r  so lvents  such as 
chloroform-pentanol (20) and e t h y l  acetate (21) are used, and 
inc lus ion  of an i n t e r n a l  standard i s  essent ia l .  The use o f  an 
i on -pa i r i ng  agent (tetrabutylamnonium phosphate) f o r  t he  
e x t r a c t i o n  of t he  u r e i d o p e n i c i l l i n s  a z l o c i l l i n  and m e z l o c i l l i n  
has been reported (221, b u t  e x t r a c t i o n  e f f i c i e n c y  us ing t h i s  
approach was 50% o r  less.  

R '  = a l k y l )  pro-drugs o f  p e n i c i l l i n s ,  such as bacmecil l inam and 
bacampic i l l in .  Bacmecillinam i s  extremely unstable i n  blood 
(approx. 30% o f  the compound i s  l o s t  w i t h i n  1 minute a t  37OC) 
and a f a s t  procedure f o r  t he  c o l l e c t i o n  o f  b lood samples i s  
essent ia l  ; t y p i c a l l y  blood samples con ta in ing  e s t e r  pro-drugs 
are co l l ec ted  i n t o  f l u o r i n a t e d  tubes and imnediate ly  cooled t o  
-7OOC (23,24). Bacmecillinam a lso  has a tendency t o  adsorb a t  
c e r t a i n  in ter faces.  S i l a n i s a t i o n  o f  glassware o r  use o f  p l a s t i c  
e x t r a c t i o n  tubes does n o t  appear t o  d imin ish adsorpt ion and only  
by the  a d d i t i o n  o f  a l a r g e  excess o f  a r e l a t e d  pro-drug, such as 
bacampic i l l in ,  can ex t rac t i ons  be made reproducible.  

As i nd i ca ted  e a r l i e r ,  i n te r fe rence  from endogenous compounds 
may cause major problems dur ing the  reversed-phase 
chromatography o f  plasma supernatant samples con ta in ing  polar ,  
z w i t t e r i o n i c  p e n i c i l l i n s .  An h.p.1.c. assay f o r  the 
determinat ion o f  a m o x i c i l l i n  i s  plasma us ing a r a p i d  

General ly e x t r a c t i o n  e f f i c i e n c i e s  are 

Special problems a r i s e  with the ana lys i s  o f  e s t e r  ( f i g u r e  1, 
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bonded-phase extraction technique has recently been reported 
(25) .  This procedure results i n  significantly cleaner 
chromatograms than those normally obtained from injection of 
protein-free plasma supernatants. 
plasma supernatants, drug s t ab i l i t y  i s  improved and an 
auto-injector may be used i f  large numbers of samples are 
involved. 

By avoiding the use of acidic 

CHROMATOGRAPHY 
Since penicil l ins contain a carboxylic acid group, an anion 

exchange column was ut i l ised i n  early papers (26,271 f o r  the 
assay of ampicillin and benzylpenicillin. 
the mobile phases used in these assays was less  than optimum 
w i t h  respect t o  the s t a b i l i t i e s  of the compounds being 
analysed. Thus ,  most recent methods for  penicil l in analysis 
have employed reversed-phase o r  ion-pair reversed-phase h.p.1.c. 
on microparticulate ( < 10 1-1 m )  bonded packing materials. 
chromatographic efficiencies and short analysis times f o r  
penicil l ins are generally achievable w i t h  reversed-phase 
h.p.1.c. Furthermore, since penicil l ins are generally d i f f i c u l t  
t o  extract  from biological samples reversed-phase chromatography 
provides the additional advantage of enabling the analysis t o  be 
performed i n  an aqueous envi ronment. 

the pH of the buffer component of the mobile phase on the 
capacity ratios of four amphoteric (ampicillin, ep i c i l l i n ,  
cyclacil l in and amdinocillin) and one acidic penicil l in 
(benzyl ci  11 i n )  for reversed-phase chromatography on a C-8 
column. For the amphoteric penicil l ins the retention increases 
both a t  lower (<3.5) and higher ( >  6.0) pH while, as expected, 
i t  continuously decreases w i t h  increasing pH fo r  
benzylpenicillin. 

However, the pH of 

High 

Westerlund e t  a l .  (14 )  have investigated the influence of 
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Thus, the charged forms o f  the amphoteric compounds appear 
t o  be reta ined t o  a l a r g e r  ex ten t  than the neu t ra l  form, 
opposi te t o  the t rend  observed f o r  b e n z y l p e n i c i l l i n .  The 
dramatic e f f e c t  o f  mobi le phase pH on t h e  r e t e n t i o n  o f  t h e  
a c i d i c  p e n i c i l l i n ,  t i c a r c i l l i n  (a l so  on a C-8 column) has 
s i m i l a r l y  been shown by Kwan e t  a l .  (21); us ing a constant  
p ropor t i on  o f  organic m o d i f i e r  ( a c e t o n i t r i l e ,  12.5%) the  
re ten t i on  t ime was observed t o  increase from 1.5 t o  11.0 minutes 
as the pH was decreased from 5.0 t o  2.0. Although sharp, 
symnetrical peaks may be obtained by ion-suppression 

reversed-phase h.p.1.c. o f  a c i d i c  p e n i c i l l i n s  (21) the l a r g e  
m a j o r i t y  o f  publ ished h.p.1.c. assays f o r  p e n i c i l l i n s  use a 
mobile phase pH i n  the  range 4.5 - 7.5, presumably due t o  the  
i n s t a b i l i t y  o f  these compounds under more a c i d i c  cond i t i ons  (14). 

The in f l uence  o f  mobi le phase organic m o d i f i e r  on the  
reversed-phase chromatography o f  ampici 11 i n  and amdi noci 11 i n  has 
a l so  been inves t i ga ted  by Westerlund e t  a l .  (14). The capaci ty  
r a t i o s  decreased as expected w i t h  i nc reas ing  concentrat ion o f  
methanol o r  acetoni  t r i l e ,  a1 though t h e  r e l a t i o n s h i p  was 
c u r v i l i n e a r  w i t h  a c e t o n i t r i l e  which i s  t he  s t ronger  so l va t i ng  
agent f o r  p e n i c i l l i n s .  The increase i n  s e l e c t i v i t y  w i t h  
increas ing organic m o d i f i e r  was more marked w i t h  methanol than 
w i t h  a c e t o n i t r i l e ,  an e f f e c t  which probably a l so  r e f l e c t s  l a r g e r  
d i f f e rences  i n  s o l v a t i o n  o f  t he  two p e n i c i l l i n s  i n  the organic 
so l  vents. 

As i nd i ca ted  e a r l i e r ,  most publ ished h.p.1.c. assays f o r  
p e n i c i l l i n s  use a mobi le phase pH i n  the range 4.5 - 7.5, b u t  
some degradation o f  c e r t a i n  p e n i c i l l i n s  may s t i l l  occur i n  t h i s  
range (14). There appears t o  be no c l e a r  preference f o r  e i t h e r  
methanol o r  a c e t o n i t r i l e  as organic m o d i f i e r  and mobi le phases 
conta in ing e i t h e r  sol vent genera l ly  enable good separat ion o f  
pen ic i  11 i n s  from metabol i tes,  o the r  drugs and endogenous 
plasma/urine cons t i t uen ts  on e i t h e r  C-18, C-8 o r  phenyl columns. 
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PENICILLINS IN BIOLOGICAL FLUIDS AND PHARMACEUTICS 2835 

Ion-pai r reversed-phase chromatography has been shown t o  be 

p a r t i c u l a r l y  usefu l  f o r  t he  separat ion o f  p e n i c i l l i n s  and t h e i r  
degradation products i n  pharmaceutical preparat ions (28-30). 

T y p i c a l l y  the tetrabutylamnonium c a t i o n  has been used as the  
counterion. 
has been shown t o  improve the  s e l e c t i v i t y  and ana lys i s  t ime f o r  

t h e  measurement o f  a m p i c i l l i n  i n  u r i n e  (24). 
heptylsulphonic a c i d  has been used f o r  the separat ion o f  a range 

o f  p e n i c i l i n s  w i t h  an amine func t i on  i n  t h e i r  s ide-chain i n  

u r i n e  (31). 
Special problems may occur w i t h  the  chromatography o f  e s t e r  

pro-drugs, such as bacmacillinam, which have a tendency t o  
adsorb a t  c e r t a i n  in ter faces.  Reversed-phase chromatography o f  
bacmecil l inam was shown (23) t o  g i ve  unacceptable asymmetric 
peaks when the support was packed i n  convent ional  s t a i n l e s s  

s tee l  columns. With g l  ass-1 i ned s t a i n l e s s  s tee l  columns t h e  
peaks were symmetrical bu t  non-reproducible peak heights  were 

obtained. 

adsorpt ion o f  the compound t o  t h e  g lass w a l l  and was overcome by 
the a d d i t i o n  o f  an adsorpt ion i n h i b i t o r ,  N-hexyl-N-methylamine, 

t o  the  mobile phase. 
Some p e n i c i l l i n s  e x i s t  as diastereoisomers and t h e r e  i s  

evidence t o  suggest t h a t  the b i o l o g i c a l  p roper t i es  o f  t h e  
i n d i v i d u a l  diastereoisomers are markedly d i f f e r e n t .  F o r  t h i s  
reason there has been some i n t e r e s t  i n  the  separat ion o f  

i n d i v i d u a l  p e n i c i l l i n  diastereoisomers. The diastereoisomers of 
a m p i c i l l i n  and p h e n o v e t h y l - p e n i c i l l i n  (32) and o f  c a r b e n i c i l l i n  

(28) are separable by reversed-phase o r  ion-pai  r reversed-phase 

h.p.1.c. 
f a c t o r  i n  achieving s a t i s f a c t o r y  r e s o l u t i o n  o f  diastereoisomers. 

A mobi le phase con ta in ing  N,N-dimethyl-N-octylamine 

S i m i l a r l y ,  

Th is  phenomenon was i n t e r p r e t e d  as being due t o  

I n  alJ cases, mobi le phase pH has been the  c r i t i c a l  

DETECTION 
The m a j o r i t y  o f  h.p.1.c. assays f o r  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  have employed u l t r a v i o l e t  de tec t i on  (see Table 
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1). U l t r a v i o l e t  de tec t i on  genera l ly  prov ides s e n s i t i v i t y  and 
s p e c i f i c i t y  which i s  adequate f o r  most b i o a n a l y t i c a l  purposes. 
The usual de tec t i on  range f o r  p e n i c i l l i n s  i s  210-230nm, which i s  
t he  reg ion o f  the ava i l ab le  de tec t i on  range where these 
compounds e x h i b i t  maximum absorbance. However, i t  should be 
recognised t h a t  many endogenous compounds i n  plasma and u r i n e  
absorb l i g h t  i n  t h i s  area o f  t he  spectrum and a d d i t i o n a l  
measures are occasional ly  necessary t o  improve s p e c i f i c i t y .  As 
i nd i ca ted  i n  the  sect ion on sample handl ing and s t a b i l i t y ,  some 
methods remove p o t e n t i a l  i n t e r f e r i n g  substandes from t h e  
a n a l y t i c a l  sample by sol vent e x t r a c t i o n  o r  bonded-phase 
ex t rac t i on .  A l t e r n a t i v e  approaches t o  improving s p e c i f i c i t y  
r e l y  on u t i l i s i n g  o the r  o p t i c a l  p roper t i es  o f  t he  molecule o r  
d e r i v a t i s a t i o n  w i t h  s p e c i f i c  reagents. 

o f  f i g u r e  1) which have s u f f i c i e n t l y  h i g h  molar a b s o r p t i v i t y  t o  
a l l ow  t h e i r  de tec t i on  a t  longer  wavelengths. For  example, 
a p a l c i l l  i n ,  which conta ins the  4-hydroxy-l,5-naphthyridine 
group, a l so  e x h i b i t s  maxima a t  254 and 310nm (33). 
wavelength o f  254nm the  de tec t i on  l i m i t  f o r  t h e  q u a n t i t a t i o n  o f  
a p a l c i l l i n  i n  plasma was 0.5mg/L and no i n te r fe rence  from 
endogenous compounds was observed. 
has a l so  been employed t o  con f i rm  assay s p e c i f i c i t y .  
method f o r  a z l o c i l l i n ,  column e f f l u e n t  was monitored a t  both 
220nm and 254nm (34). 
t h a t  a t  254nm remains constant under normal cond i t i ons  and a 
value d i f f e r e n t  t o  t h i s  constant  r a t i o  the re fo re  i n d i c a t e s  t h e  
presence o f  an i n t e r f e r i n g  compound. 

d e r i v a t i s a t i o n  procedure f o r  p e n i c i l l i n s  which g ives a product 
w i t h  h i g h  molar absorbance around 310nm. Both the  s e l e c t i v i t y  
o f  t he  d e r i v a t i  s a t i o n  reac t i on  and the  h ighe r  de tec t i on  
wavelength minimise the  r i s k  o f  i n te r fe rence  from endogenous 

Some p e n i c i l l i n s  con ta in  a beta-lactam r i n g  s u b s t i t u e n t  ( R  

Using a 

Dual wavelength mon i to r i ng  
I n  a 

The r a t i o  o f  t h e  peak height  a t  220nm t o  

Westerlund e t  a l .  (14, 16, 24) have developed a post-column 
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compounds. The d e r i  v a t i  sa t i on  r e a c t i o n  proceeds by 
se l f -cata lysed a t tack  o f  imidazole on the  beta- lactam bond o f  
the p e n i c i l l i n  fo l lowed by the  format ion o f  t h e  mercur ic 
mercaptide o f  t he  p e n i c i l l e n i c  a c i d  formed. 
s p e c i f i c  f o r  p e n i c i l l i n s  w i t h  an i n t a c t  beta-lactam r ing.  
product has a molar absorbance o f  approximately 20,000 i n  the 
wavelength range 308-345nm, depending on the type o f  
pen ic i  11 i n .  Post-col umn d e r i  v a t i  s ing procedures o f  t he  amino 
side-chain pen ic i  11 i n s  amoxici 11 i n  and bacampic i l l  i n  w i t h  
fluorescamine have been repor ted (24, 35). 
the advantage t h a t  p e n i c i l l o i c  a c i d  metabol i tes may a l so  be 
determined. I n  addi t ion,  format ion o f  a f l uo rescen t  d e r i v a t i v e  

enhances both s p e c i f i c i t y  and s e n s i t i v i t y  , t h e  repor ted 
de tec t i on  l i m i t  f o r  t he  determinat ion o f  b a c a m p i c i l l i n  i n  whole 
blood being 0.8 pg/L. 

The r e a c t i o n  i s  

The 

This  procedure has 

METHOD COMPARISON 
Where determined, e x c e l l e n t  c o r r e l a t i o n s  r 0.96 - 0.99) 

have been demonstrated f o r  the measurement o f  p e n i c i l l i n s  by 
h.p.1 .c. and m ic rob io log i ca l  assays (17,21,25 33-35). 
wh i l e  the  c o r r e l a t i o n  c o e f f i c i e n t  f o r  t he  measurement o f  
a z l o c i l l i n  by h.p.1.c. and bioassay was 0.96, t h e  
microbio log ica l  technique cons is ten t l y  overestimated plasma 
az l  oc i  11 i n  concentrat ions (34). A s i m i l a r  phenomenon has been 
observed f o r  t i c a r c i l l i n  (21 1, where plasma concentrat ions 
measured by a m ic rob io log i ca l  assay were c o n s i s t e n t l y  13% higher  
than those measured by h.p.1.c. 

However, 

SUMMARY OF ASSAYS 
Published h.p.1.c. analyses o f  i n d i v i d u a l  p e n i c i l l i n s  are 

sumnarised i n  Table 1. In format ion has been provided on t h e  
type o f  b i o l o g i c a l  f l u i d  ( o r  pharmaceutical preparat ion)  t o  
which the analys is  has been appl ied,  t he  type o f  chromatographic 
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column and de tec t i on  system used, t o t a l  chromatography time, 
assay s e n s i t i v i t y  and the  reference, 
p a r t i c u l a r  drug have been published, an assessment has been made 
by the author as t o  which are t h e  best  a v a i l a b l e  and on ly  these 
have been 1 i sted. 

Where many methods f o r  a 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 
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