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JOURNAL OF LIQUID CHROMATOGRAPHY, 10(2&3), 241-276 (1987) 

LIQUID CHROMATOGRAPHIC ASSAYS 
OF ANTIMICROBIAL AGENTS 

Patricia A. Ristuccia 
Director Microbiology Research 
Therapeutic Research Institute 

P.O. Box 25368 
Sarasota, Florida 342 77 

ABSTRACT The increased use o f  a n t i b i o t i c s  has promp- 
ted  the need f o r  rap id,  s e n s i t i v e  and s p e c i f i c  methods 
f o r  moni tor ing concentrat ions i n  the b i o l o g i c a l  sam- 
p les.  
ion o f  a n t i b i o t i c s  inc lude m ic rob io log i c  assays, rad io-  
immunoassays, enzyme immunoassays, f luorescent  immuno- 
assays, f luorescence p o l a r i z a t i o n  immunoassays, l a t e x  
a g g l u t i n a t i o n  and h igh  performance l i q u i d  chromato- 
graphy (HPLC). HPLC has played an increas ing r o l e  i n  
the rapeu t i c  moni tor ing o f  a n t i b i o t i c s  s ince the 1970's. 
This paper provides a b r i e f  overview o f  t he  bas ic  
p r i n c i p l e s  o f  HPLC as w e l l  as describes methods and 
procedures ava i l ab le  f o r  assaying many an t im ic rob ia l  
agents i n  use today. 

Methods a v a i l a b l e  f o r  de tec t i on  and q u a n t i t a t -  

I n  recent years there has been an increased awareness o f  the 

need t o  q u a n t i t a t e  concentrat ions of a n t i m i c r o b i a l  agents i n  serum 

and o the r  body f l u i d s .  This has been p r e c i p i t a t e d  by a number o f  

d i f f e r e n t  f a c t o r s .  With most a n t i m i c r o b i a l  agents, p o t e n t i a l l y  

t o x i c  concentrat ions are w e l l  above those needed f o r  adequate 

therapy. A small number o f  a n t i m i c r o b i a l  agents (eg. aminoglyco- 
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242 RISTUCCIA 

inmature hepa t i c  funct 

cumulations o f  the ant 

ered f o r  t h e  treatment 

s ides,  vancanycin) e x h i b i t  a narrow range between the rapeu t i c  and 

t o x i c  concentrat ions.  Serum assays should be performed p e r i o d i c -  

a l l y  du r ing  the  course o f  therapy t o  assure therapeut ic  concen- 

t r a t i o n s  a re  maintained w h i l e  avoid ing the  nephrotox ic  and o t o t o x i c  

e f f e c t s  associated w i t h  accumulations of these agents. 

w i t h  rena l  d y s f m c t i o n  who receive a n t i b i o t i c s  excreted p r i m a r i l y  

by the  kidney should a l s o  have concentrat ions c a r e f u l  1y monitored. 

The inc reas lng  use o f  chloramphcnlcol i n  newborns and neonates f o r  

t reatment  of i n f e c t i m s  caused by beta-lactamase producing micro- 

orgntsom. Since chloramphenicol i s  metabolized by the l i v e r ,  the 

Pa t ien ts  

on of  these p a t i e n t s  may lead t o  t o x i c  ac- 

b i o t i c .  When o r a l  therapy i s  being consid- 

o f  endocard i t i s  and os teomye l i t i s ,  moni tor -  

ing serum concentrat ions o f  the a n t i b i o t i c  w i l l  assess g a s t r o i n t e s t -  

i n a l  absorpt ion and p a t i e n t  canpliance. 

Assessment o f  a n t i b i o t i c  concentrat ions i n  f l u i d s  are in f luenced 

t o  va ry ing  degrees by such f a c t o r s  as the  t i m i n g  o f  the sample c o l l e c t  

ion, processing of the specimen and methodology employed t o  measure 

concentrat ions. For most a n t i b i o t i c s ,  determinat ion o f  e i t h e r  peak 

o r  trough concentrat ions w i  11  s u f f i c e  f o r  dosage adjustments and 

moni tor ing.  Determination o f  both peak and trough measurements 

are important f o r  aminoglycosides. 

As a general r u l e ,  samples f o r  measurement o f  peak concen- 

t r a t i o n s  are obtained 30 min. a f t e r  completion o f  an intravenous 

in fus ion,  1 h r  a f t e r  an in t ramuscular  i n j e c t i o n  and 1 - 3 h rs  a f t e r  

an o r a l  ingest ion.  Samples f o r  determinat ion o f  trough con- 

cen t ra t i on  are obta ined inmediate ly  

Serum samples may be s tored a t  -ZOO C o r  I w e r  u n t i l  assayed wi thout  

before the next  dose i s  given. 
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243 ASSAY OF ANTIMICROBIAL AGENTS 

a f f e c t i n g  resu l t s .  Some a n t i b i o t i c s  and a n t i b i o t i c  combinations are 

known t o  be p a r t i c u l a r l y  unstable. The combination o f  an amino- 

g lycos ide and a B-lactam, usua l l y  c a r b e n i c i l l i n  o r  t i c a r c i l l i n ,  i s  

s i g n i f i c a n t l y  m s t a b l e  and may r e s u l t  i n  losses even when s to red  a t  

-200 C . ( ' )  

lactamase t o  the sample. Cephalosporins a re  very unstable i n  serum, 

probably due t o  the presence of l ipoprote ins. (2)  Therefore, samples 

should be stored a t  -20' C and assayed as q u l d c l y  as poss ib le .  

Cer ta in  an t im ic rob ia l  agents, such as imipenem, e x h i b i t  decreased 

s t a b i l i t y  upon f reez ing  which g r e a t l y  a f f e c t s  the r e l i a b i l i t y  o f  

r o u t i n e  assaying procedures. 

This reac t i on  can be avoided by the a d d i t i o n  o f  a 8- 

The i d e a l  a n t i b i o t i c  assay should be s e n s i t i v e  enough t o  detect  

lw concentrat ions accurate ly ,  s p e c i f i c  for the a n t i b i o t i c  under in- 

ves t i ga t i on ,  rap id  t o  perform, t e c h n i c a l l y  simple and cost e f f i c i e n t .  

A v a r i e t y  o f  techniques have been u t i l i z e d  t o  measure a n t i b i o t i c  con- 

cen t ra t i ons  i n  c l i n i c a l  samples and inc lude m i c r o b i o l o g i c a l  and non- 

m i  crob i o log i ca l  methods . Because o f  the many disadvantages 

associated w i t h  both m ic rob io log i c  and chemical assays, the t rend i s  

loward the use o f  high-performance l i q u i d  chromatography (HPLC) f o r  

determining a n t i b i o t i c  concentrat ions. HPLC can be most r e a d i l y  

appl ied t o  the measurement of almost a l l  an t im ic rob ia l  agents. 

(Table I )  

( 3 - 5 )  

HPLC shares the bas ic  p r i n c i p l e  o f  o ther  chromatographic tech- 

niques, separating the various chemical species i n  a mixture based 

upon the a f f i n i t y  o f  these samples const i tuents  t o  e i t h e r  the mobile 

phase o r  the s ta t i ona ry  phase. I n  HPLC, the mobile phase i s  forced 

r a p i d l y  by pumps a t  h igh pressure (500-5,000 p s i )  t ranspor t i ng  the 

sample const i tuents  through the s ta t i ona ry  phase (column) where 

the actual  separation of sample components occurs. This separation 
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Table i 

RISTUCCIA 

Comparison of  various types o f  assays ava i l ab le  f o r  measuring a n t i b i o t i c  concentrat ions. 

Assay Type Advantages Disadvantages 

M ic rob io log i ca l  standard method; s imp l i c i t y ;  s l w ;  nonspeci f ic  
(b i oassays) lw cost; minimum equipment; i n  presence o f  m u l t i p l e  

small sample cost. a n t i b i o t i c s  . 
Turb i dimet r i  c s i m p l i c i t y ;  iw cost; small slow; nonspeci f ic  i n  

sample s ize.  presence o f  m u l t i p l e  
ant i b l o t  i cs  ; specia l  i zed 
t r a i n i n g  and equipment 
required. 

I mnmof 1 w r e s c e n u  

Radioimnvloassay 

H P L C ~  

small sample size; minimun High reagent a d  equlp- 
t r a i n i n g  tlm; l l n l t e d  sample ment cost; one reagent 
preparation; no reagent s h e l f  
l i f e  problem; rapid; sensit ive; mnt. 

source; s m l e  p m t m a t -  

s p e c i f i c .  

small  sanple size; rap id;  sen- High reagent a d  equip- 
s i t l v e ;  spec i f i c .  ment cost; spec la l lzad 

t r a l n l n g  and equlpmt 
requi red; llnl t ad  reagent 
s h e l f  I l f e ;  blohuardous. 

m d e r a t e l y  h igh  equl-nt 
cost; s p e c l f l c  t r a i n i n g  

-11 r n p l e  s ize;  r e l a t i v e l y  
l or  reagent cost; sens i t i ve ;  
s p e c l f i c ;  moderate speed. requi red. 

a 
h igh  performance l i q u i d  chromatography. 

o f  s o l u t e s  depends upon s o l u b i l i t y ,  o n i z a t i o n ,  mo lecu la r  we igh t ,  

v o l a t i l i t y ,  s t r u c t u r e  and r e a c t i v e  s t es .  The success o f  HPLC de- 

pends upon the  proper  choice o f  bo th  mobi le  phase and column m a t r i x .  

B a s i c a l l y ,  t he re  are two types o f  column packings used i n  HPLC: 

porous and p e l l i c u l a r .  The porous packings c o n s i s t  o f  l a r g e  p a r t i c l e s  

( s i l i c a ,  aluminum ox ide )  w i t h  a su r face  diameter o f  40 urn. The 

p e l l i c u l a r  packings c o n s i s t  o f  a s o l i d  g lass  bead as t h e  nuc leus w i t h  

a t h i n  porous o u t e r  s h e l l  o f  a chromatographica l ly  a c t i v e  component. 

I n  the  1960's - 1970's,  p e l l i c u l a r  packings were the  s tandard column 

packing w i t h  l a rge  porous p a r t i c l e s  be ing  used ma in l y  as pack ing f o r  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
2
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ASSAY OF ANTIMICROBIAL AGENTS 245 

p reco 1 umns o r  p repa r a  t i ve c o l  umns . Recent 1 y , m i cropa r t  i cu 1 a t e  pack- 

ings have rep laced p e l l i c u l a r s .  These m i c r o p a r t i c l e s  are 3 t o  10 um 

i n  diameter and a l l o w  a g r e a t e r  column e f f i c i e n c y  and speed o f  

ana lys i s .  

HPLC uses a wide v a r i e t y  o f  modes fo r  separa t i ng  sample components. 

These modes are a )  adsorp t i on  ( l i q u i d - s o l i d )  chromatography; b )  p a r t i t i o n  

( I  i q u i  d - l  i q u i d )  chromatography; c)  ion exchanoe chromatography and d )  

exc lus ion  chromatography. 

Adsorpt ion chromatography i s  d e r i v e d  from the o l d e s t  type o f  

l i q u i d  chromatography, developed i n  1906 by the Russian b o t a n i s t  M .  

Tswett .  The s o l i d  s t a t i o n a r y  phase i s  u s u a l l y  s i l i c a  ge l  o r  

a lumina which conta in  a c t i v e  p o l a r  s i t e s .  These reac t  w i t h  and re-  

v e r s i b l y  absorb the p o l a r  s o l u t e  molecules i n  the  samples. The mobi le  

phase i s  u s u a l l y  nonpolar  (eg. hexane o r  ch lo ro fo rm) .  

( 6 )  

The use o f  a non p o l a r  s t a t i o n a r y  phase (eg. charcoal  o r  polymer 

beads) may a l s o  be employed toge the r  w i t h  a p o l a r  mobi le  phase such as 

water .  Th is  i s  known as reversed-phase adso rp t i on  chromatography. 

Adsorpt ion chromatography can be a p p l i e d  t o  compounds w i t h  a molecular  

weight  o f  g r e a t e r  than 2,000 t h a t  a r e  s o l u b l e  i n  o r g a n i c  so l ven ts .  

Adsorpt ion chromatography i s  an e x c e l l e n t  technique f o r  the separat ion 

o f  compounds such as amines, a l c o h o l s ,  ac ids ,  l i p l . d s  and s t e r o i d s .  

( 3 )  

P a r t i t i o n  chromatography u t i l i z e s  a l i q u i d  s t a t i o n a r y  phase w i t h  

t he  l i q u i d  h e l d  on the  o u t s i d e  of a g r a n u l a r  suppor t  or chemica l l y  

bonded t o  suppor t  m a t e r i a l  such as s i l i c a  (bonded phase chromatography). 
(7)  

Separat ion occurs by p a r t i t i o n i n g  t h e  sample between t h e  mobi le  

phase and the s t a t i o n a r y  phase by d i f f e r e n t i a l  s o l u t e  s o l u b i l i t y .  

Genera l ly ,  i n  l i q u i d - l i q u i d  chromatography the  mobi le  phase i s  nonpolar 

and the s t a t i o n a r y  phase i s  p o l a r .  However, t h e  use o f  a nonpolar  
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246 RISTUCCIA 

stat ionary phase and a po la r  mobile phase has been employed. This i s  

known as reversed-phase l i q u i d  chromatography (RPLC) - the most popular 

of techniques. RPLC has the advantage o f  m i n i m a l  s t r ipp ing  o f  the 

stat ionary phase from the column due t o  dissolut ion i n  the mobile phase, 

a problem which i s  unavoidable wi th standard l i q u i d - l i q u i d  chromato- 

graphy. RPLC i s  dominating the appl icat ion o f  HPLC for the fo l lowing 

reasons : 

1 .  The colunns are reasonably reproducible and re la t i ve l y  stable, 

w i th  t h e i r  performance minimally af fected by outside condit ions (temper- 

ature, pH). 

2. Str ipping o f  the stat ionary phase i s  minimal. 

3. Nonionic, ion ic  and ionizable canpounds are of ten separated 

urtng r l n g ? e  colum and m b i  le pnase w i t h  vw lous  reagents added. 

4. W l e  phase reagents, prcdomlnately water, are inexpensivm. 

5. The e lu t i on  order i s  of ten p r e d i u t a b i e  based on the d e g m  

o f  hydrophobiclty of the so lu te  molecule. 

The s i l i ca -bonbd  stat ionary phase of reversed-phase l i q u i d  

chranatograplvy are as fol lows: a) SI-O-Si-CR3, s i l o m e  type; b) 

Si-CR3, carbon type; c) S i - O R ,  es te r  type; d) si-N%, amino type. 

The nature of the R subs t i tu t ion  w i l l  detennlne tho f i n a l  property o f  

the stat lonary phase. R subs t i tu t ions  camrnly used are e thy l ,  oc ty l  

o r  octy idecyl  (00s) groups. In  general, the greater the chain length 

o f  the R-group, the more the chromatographic retent ion increases. 

The nonpolar phases have s h m  the highest s t a b i l i t y  among 

bonded phases taward aqueous mobile phases i n  a wide pH range which i s  

another reason contr ibut ing t o  the popu lar i t y  of  RPLC. However, the 

Si-0-C bonds are not completely res is tan t  t o  hydrolysis. Therefore, 

the recomnended pH range f o r  the mobile phase has been 2.0-7.5. Recent 
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improvements i n  s i l an i z ing  technology have produced packings w i th  a 

minimal amount o f  accessible free s i l ano l  groups a t  the surface so that  

such bonded phases can be used w i th  mobile phases of DH 9.0 fo r  

extended periods o f  time. 

Reversed phase 1 i qu id  chromatography has bhe basic p r i nc ip le  that 

polar solutes prefer polar mobi l e  phases and therefore e lu te  before 

and fas te r  than nonpolar solutes. Any po la r  function on the solute 

opposes repulslon of the mobile phase and causes eventual e lu t i on  from 

the colunm. 

If i on i c  o r  ionizable substncss such as amino acids, minophenols 

and quaternary ammlun colnpounds can be mde less i on i c  by su i tab le  

d l  I e  phase add1 t lves,  these may be separated by 1 Iquid-1 i qu id  

chromatography. Thls special fonn Is knam as paired ion chromato- 

graphy - 
Ion exchange chromatography i s  a fonn of adsorptfon chromato- 

graphy that u t i l l z a s  a stat ionary p h u e  consist ing o f  resins o r  a 

non-porous s i l i c a  matr ix onto whlch lonlc groups are attached o r  

c w a l e n t l y  bonded. 

A pos l t i ve  charge (R') stat ionary phase in te rac ts  w i th  and separates 

anlons i n  the mobile phase. 

and exchange w i t h  cornter- ions (C') as follows: 

The stat ionary phase surface car r ies  a ne t  charge. 

Samples containing anlons (S-)  w i l l  Compete 

R+C-+ S-$ R+S' + C- 

This i s  know as anion exchange. I f  the stat ionary phase surface 
+ 

has a ne t  negative charge (R-) wf th  pos i t i ve  counter ions ( C  the 

balance i s  known as cation exchange: 

R-c+ + s++ R-s+ + c+ 

per select ion o f  technique along w i th  the correct choice o f  

stat ionary phase. For the most par t ,  analysis o f  ant imicrobial  
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248 RISTUCCIA 

agents i s  performed u t i  1 i z ing  reversed-phase chromatography. The 

column materials used most often are the nonpolar CI8 (octade- 

cy l s i l any l )  and C8 (oc ty l s i l any l )  which have the advantages o f  

v e r s a t i l i t y  and durab i l i t y . (8 )  With these nonpolar colums, a polar 

mobile phase i s  used. The more hydrophobic the stat ionary phase, 

the greater the a t t rac t i on  o f  the nonpolar molecule. therefore i n  

terms o f  retent ion o f  a given solute, C 1 8 > C 8 > N H 2 > C 2 .  

microbial  agents are polar and t h e i r  separation w i l l  occur w i th in  

minutes. 

Host an t i -  

Reverse phase ion-pair  chr~matography(~) has been used i n  

separating h igh ly  ionizable compounds, such as the aminoglycosides 

( lo* l l ) ,  cephalothtn ( I 2 )  and 5 - f  luorclcytos ine (13’14) and i s  an 

(IS) a t t r a c t i v e  a l t e m a t l v e  t o  ion exchbnge chromatography. 

The mobile phase most o f ten  used w i t h  reverse-phase chranato- 

graphy Is an aqueous buf fe r  (phosphate o r  acetate) o r  a mlxture o f  

water and an organic solvent such as methanol o r  ace ton i t r i l e .  

mobile phase Is pumped through the column a t  a flaw o f  1 - 3ml/min 

w i th  the use o f  one o f  two types o f  pump: a constant volune pump o r  

a constant pressure punp. The constant volume pump allows more re- 

l i a b l e  and reproducible resul ts,  higher resolut ion and a more stable 

baseline. This i s  accamplished by maintaining a constant f l o w  rate 

The 

(7) i n  the face o f  changes i n  pressure. 

The sample components are retained by the column t o  d i f f e r e n t  

extents and w i l l  be car r ied  t o  a detector at d i f f e ren t  times. These 

times (retent ion times) are reproducible and charac ter is t i c  o f  a 

pa r t i cu la r  compound and are the basis f o r  the i den t i f i ca t i on  o f  

compounds under invest igat ion.  The detectors most commonly used i n  

HPLC are UV spectrophotometers and fluorometers, which w i  I 1  produce a 
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measurable signal for  each eluted compound. This signal i s  then 

converted i n t o  a graph peak by a l inear  recorder. Other techniques 

used t o  detect sample components include polarography, e l e c t r i c a l  

conduct iv i ty,  colorimetry and mass spectrometry. The d i f f e r e n t i a l  

re f rac tomte r  i s  another type o f  op t i ca l  detector widely used i n  HPLC 

having higher detection l i m i t s  than seen w i th  UV detectors. Hcwever. 

these detectors are general ly less sens i t i ve  than UV de(lectors and are 

not su i tab le  f o r  gradient e lu t lon .  
(16) 

Host ant imicrobial  agents are detected and subsequently 

quant i tated based on t h e i r  h igh absorbance i n  UV l i g h t .  

b io t i cs ,  such as the minoglycosidos, have low absorption po ten t ia l  and 

require another mans o f  detection. For the aminoglycosides, t h i s  pro- 

blem was solved by de r i va t i ra t l on  of the amino group w i t h  f l w r o g e n i c  

agents fol lcwed by detection by f l uo romt ry .  Der ivat izat ion may occur 

p r e c o l m  (p r io r  t o  HPLC) o r  post co lum (a f te r  HPLC separation), w i th  

approximate s e n s i t i v i t y  as Iw as 0.001 t o  l.Oug/ml. 

S a m  an t i -  

Solute concentration i s  l i ne ra l y  proport ional  t o  peak height o r  

area on the chromatogram. 

HPLC, the most accurate quant i tat ion o f  an unknown peak i s  accomplished 

w i th  the use o f  an in te rna l  standard, added t o  the sample p r i o r  t o  

ex t rac t  ion o r  analysis. (I7) The in te rna l  standard should be chemically 

s im i la r  t o  the compound under invest igat ion but should e lu te  a t  a t i m e  

d i f f e r e n t  than that compound. The in te rna l  standard a c t s  as an auto- 

matic correct ion fo r  losses due t o  e r ro r  during processing by comparing 

Because o f  var iabi  1 i t y  tha t  may occur w i th  

ta t i ng  

i on 

n 

the ra t ios  between the peak o f  standard and unkncwn and then quant 

the unknarr, concentration. T h i s  monitors losses during the extrac 

process, due t o  nonspecif ic adsorption t o  glassware o r  var iat ions 

sample i n jec t i on  volume. 
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The e x t r a c t i o n  procedure u t i l i z e d  p r i o r  t o  the performance o f  

HPLC i s  as important as chosing the proper  c o l u m  s t a t i o n a r y  phase and 

mobi le  phase. D i r e c t  i n j e c t i o n  o f  serum o r  plasma Onto a c o l u m  i s  

n o t  recomnended s ince  even t races of p r o t e i n  w i l l  o b s t r u c t  c o l u m  

f i l t e r s ,  increas ing pressure and a l t e r i n g  separat ion e f f i c i e n c y .  

P ro te ins  may be removed by a v a r i e t y  of methods: 

c i p i  t a t l o n ,  b) so lvent  ex t rac t i on ,  c) p r e c o l u m  adsorpt ion and e l u t i o n ,  

d) u l t r a f i l t r a t i o n  (Table 2). 

a) p r o t e i n  pre-  

The type o f  e x t r a c t i o n  procedure used depends upon the  chemical 

na tu re  of the a n t l m i c r o b l a l  agent(s) under i n v e s t i g a t i o n .  

Separation may be r e a d i l y  accomplished by the use of organic  

so l ven ts  o r  acids. The most comnonly used a re  methanol, a c e t o n i t r i l e ,  

d i e t h y l  e the r ,  dichloromethane, and t r i c h l o r o a c e t i c  ac id .  The method 

can be f u r t h e r  enhanced by prepar ing a so lvent  s o l u t i o n  conta in ing a 

known concentrat ion o f  i n t e r n a l  standard. Complete p r e c i p i t a t i o n  o f  

&he sample p ro te ins  i s  ensured by a 5-15 min p e r i o d  of c e n t r i f u g a t i o n .  

E x t r a c t i o n  may a l s o  be accomplished by adsorption-chromatography 

w i t h  s i l i c a  gel ('8-20), ion-exchange chromatography w i t h  carboxy- 

methyl-Sephadex (Pharmacia F ine Chemicals, Piscataway, N.J . ) ,  

o r  u l t r a f i l t r a t i o n .  These methods are use fu l  f o r  prepar ing a n t i -  

m ic rob ia l  agents w i t h  low serum p r o t e i n  b ind ing.  

(11,121 

There are many advantages l i q u i d  chromatography has over o the r  

methods employed f o r  the measurement o f  an t im ic rob ia l  agents. 

( I )  

ion o f  the p a r t i c u l a r  a n t i m i c r o b i a l  agent under i nves t i ga t i on .  T h i s  

i s  very important i n  cases where p a t i e n t s  may be receiv ing more than 

one a n t i b i o t i c  f o r  the treatment o f  an i n f e c t i o n  o r  where the meta- 

HPLC has the s p e c i f i c i t y  and s e l e c t i v i t y  t o  a l l ow  the q u a n t i t a t -  

b o l i t e  o f  the agent i n  question has a n t i b a c t e r i a l  a c t i v i t y .  In  the 
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ASSAY OF ANTIMICROBIAL AGENTS 

TABLE 2 .  Methods ava i l ab le  fo r  HPLC sample preparat ion.  

25 1 

- Me t hod Advantage 

p r o t e i n  p r e c i p i t a t i o n  - simple t o  perform 
- h igh recovery o f  drug 

so lvent  e x t r a c t i o n  - simple t o  perform - complements separation 

p raco lum adsorpt ion - complements separation 
and e l u t i o n  - y i e l d s  good recovery 

o f  drug 

u i t r a f i  l t r a t i o n  - s u i t a b l e  for agents 
w l t h  lor serum p r o t e l n  
b ind ing  

Disadvantage 

- d i l u t e s  sample 
- removes few 

i n t e r f c r i  ng substances 

- va r iab le  recovery 
- requires evaporation s tep 

- requi res care i n  pa r fo r -  

- d i l u t e s  sample 
- may requi re evaporation 

man ce 

s tep 

- t ime c t n s w l n g  
- requi res c m t r l f u g a t i o n  

a t  h igh  force o f  g r a v i t y  
t o  separate 

- va r iab le  recovery 

l a t e r  circumstance, bioassays would be inappropr ia te f o r  measurement 

o f  the parent compound. 

than t h a t  found w i t h  m ic rob io log i ca l  assays and comparable t o  immuno- 

assay techniques w i t h  an average c o e f f i c i e n t  o f  v a r i a t i o n  o f  5-15%.  

( 3 )  The s e n s i t i v i t y  o f  HPLC i s  adequate enough t o  detect  m i  1 1  igram 

leve ls  o f  a n t i b i o t i c ,  i n  some cases nanogram concentrat ions. (4) 

HPLC assays have proven t o  be r a p i d  t o  perform once p r e - i n j e c t i o n  

preparat ion i s  completed (15-30 min) .  This i s  f a r  super ior  t o  the 

4-24 h r  completion t i m e  requi red f o r  m ic rob io log i ca l  assays. 

Although the i n i t i a l  cost o f  HPLC may be considered high, the d a i l y  

operat ional  costs o f  an HPLC assay i s  very cost e f f e c t i v e .  

HPLC can be app l i ed  f o r  the separation and q u a n t i t a t i o n  o f  v i r t u a l l y  

a l l  an t im ic rob ia l  agents. L im i ta t i ons  such as k i t  a v a i l a b i l i t y  o r  

type o f  sample m a t r i x  used are n o t  encountered. 

( 2 )  The r e p r o d u c i b i l i t y  o f  HPLC i s  h igher  

(5) 

( 6 )  

A se lec t i on  o f  procedures use fu l  i n  determining an t im ic rob ia l  

concentrat ions i s  found i n  Table 3. B e l w  are more d e t a i l e d  de- 
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262 RISTUCCIA 

s c r i p t i o n s  o f  procedures f o r  some agents f o r  which t h e r a p e u t i c  m n i -  

t o r i n g  i s  e s s e n t i a l .  

Aminoglycosides 
(24) 

E x t r a c t i o n  procedure 

Combined equal p o r t i o n s  (Soul)  o f  serum and i n t e r n a l  s tandard 

(20ug/ml i n  T r i s  b u f f e r ) .  

c e n t r i f u g e  5 min a t  2500 x 3 A 200ul p o r t i o n  o f  the r e s u l t a n t  

supernatant  i s  mixed w i t h  an a d d i t i o n a l  2Oul o f  a c e t o n i t r i l e  and i n -  

cubated i n  a waterbath (85' C) f o r  45 min.  

sample i s  i n j e c t e d  on to  the  HPLC column. 

Add 200ul  o f  a c e t o n i t r i l e ,  v o r t e x  and then 

A l5Oul p o r t i o n  o f  the 

S t a t i o n a r y  phase 

A uBondapak C column (30cm x 3.9mn, i .d . )  i s  used a t  18 
amb i en t temperature . 

Mobi le  phase 

The mobi le  phase cons is t s  o f  a c e t o n i t r i l e - w a t e r  (70:30 v/v)  

t o  which 1.0ml a c e t i c  a c i d / l i t e r  i s  added. The s o l u t i o n  i s  f i l t e r e d  

and degassed p r i o r  t o  use. The f low r a t e  i s  3.0ml/min. 

Detect  i on  

Absorpt ion o f  UV l i g h t  a t  350nm i s  used. 

Comments 

This  method was chosen because i t  u t i l i z e d  UV absorpt ion 

r a t h e r  than f 1 uoromet r y  t o  quan t i t a t e  concen t ra t i ons  o f  ami nog 1 ycos i des . 
The minimum s e n s i t i v i t y  o f  t he  assay i s  O.Sug/ml which i s  adequate 

enough to moni tor  t rough concentrat ions.  

Van corny c i n 
I881 

E x t r a c t  ion procedure 

Equal p o r t i o n s  (400ul )  o f  serum and serum d i l u e n t  con ta in ing  

the i n t e r n a l  standard,  r i s t o c e t i n  (16ug/ml) a r e  added toge the r  and 

mixed. This m i x t u r e  i s  then added t o  a CM-SeDhadex colurm and the 
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ASSAY OF ANTIMICROBIAL AGENTS 263 

sample i s  al lowed t o  d r a i n  completely. A 1.0 m l  p o r t  on o f  sodium 

s u l f a t e  i s  then added and a l l w e d  t o  d r a i n  completely The borate 

e l u t i o n  buf fer  (borax-sodium s u l f a t e ,  pH 9.45) i s  the added t o  the  

c o l u m  i n  two steps. The f i r s t  4 0 0 ~ 1  i s  added and a l l w e d  t o  d ra in  

as a l l  o the r  so lu t i ons .  The second 400~11 o f  the b u f f e r  i s  then added 

and c o l l e c t e d  f o r  i n j e c t i o n  on to  the HPLC c o l u m .  A 2 5 ~ 1  p o r t i o n  o f  

t h i s  i s  i n jec ted .  

S ta t i ona ry  phase 

A uBondapak C , B  c o l u m  (30 cm x 3.9nm.  i .d.) a t  ambient 

temperature I s  used t o  separate vancahycin and the i n t e r n a l  standard 

i n  each s a m l e .  

Hob1 le phase 

The mobi le  phase i s  a m ix tu re  o f  0.05 mole/l  phosphate b u f f e r  

and a c e t o n i t r i l e  (91:s v/v) w h i c h  I s  f l l t e r e d  and &gassed p r i o r  t o  use. 

The f l c w  r a t e  I s  maintained a t  2ml/mln. 

Detsct ion 

The e luent  i s  monitored using a UV s p e c t r o p h o t m t e r  set  a t  

a wavelength o f  210nm. 

C o m n  t 

This procedure was f a i r l y  simple t o  per form and the CH- 

Sephadex colunms were reusable and s t a b l e  f o r  4 months when stored a t  

40 C .  

administered (eg. aminoglycos i des ) .  

No in ter ference occurs w i t h  other  a n t i b i o t i c s  t h a t  may be co- 

(53 )  
Chloramphenicol 

Ext fact  i on procedure 

A O . 5 m l  a l i q u o t  o f  sample i s  mixed w i t h  1 . 5 m l  o f  methanol by 

vor tex fo r  15 sec. 

10 min. The r e s u l t i n g  supernatant i s  passed through a 0.6um f i l t e r .  

The mixture i s  then cen t r i f uged  a t  2000 x 1 f o r  
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264 RISTUCCIA 

Stat ionary phase 

A uBondapak c18 column i s  used a t  ambient temperature. 

Mobile phase 

The mobile phase i s  a mix ture of a c e t i c  acid-methanol-water 

(1:37:62 v/v/v) a t  a f l ow  r a t e  o f  2.0ml/min. 

Detect ion 

The e luent  i s  monitored a t  a wavelength o f  280nm. 

Ccinmen t s 

This procedure al lows f o r  the separat ion and q u a n t i t a t i o n  o f  

both chlorarnphenicol and i t s  metabol i te  chloramphenicol succinate. 

h p h o t e r i  c i n  
(83.90) 

Ex t rac t i on  phase 

A 1.0ml a l i q u o t  o f  sample i s  mixed v igorous ly  w i t h  3.01111 

methanol by vor tex f o r  15 min. The sample mixture i s  allowed t o  

stand a t  room temperature f o r  10 min fo l lowed by cen t r i f uga t ion  a t  

2,000 x 2 f o r  10 min. 

O.5um f i l t e r .  A 300ul p o r t i o n  o f  t h i s  i s  i n j e c t e d  onto the HPLC column. 

The r e s u l t i n g  supernatant i s  passed through a 

Stat ionary phase 

A uBondapak C reverse phase column a t  ambient temperature 
18 

i s  used t o  detect  amphotericin peaks. 

Mobile phase 

The mobile phase i s  a mix ture o f  methanol and 0.005 mole/ 

l i t e r  disodium EDTA (80:20 v/v) which i s  passed through a 0.bm f i l t e r  

p r i o r  t o  use. The e luen t  i s  used a t  a f low r a t e  o f  2.5ml/min. 

Detect ion 

The e luen t  is monitored us ing a UV spectrophotometer se t  

a t  405nm. 
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ASSAY OF ANTIMICROBIAL AGENTS 265 

Comnen t s 

The procedure a l lows f o r  the separat ion and q u a n t i t a t i o n  o f  

both amphotericin and I t s  me tabo l i t e  w l t h  no i n te r fe rence  from o t h e r  

a n t i v i r a l  o r  a n t l b a c t e r l a l  agents. 

(97)  Met ron i daro le  

E x t r a c t i o n  procedure 

A 1.Wl a l i q u o t  of sample i s  mixed v igorous ly  w l t h  4.01111 o f  

aceton 

A 2bI 

c o l u m .  

t r i l e  for 15 m l n  and then cen t r i f uged  a t  2,000 x 

p o r t i o n  of the  supernatant Is then I n j e c t e d  onto the HPLC 

for I5 min.  

S ta t i ona ry  phase 

A uBondapak C18 reverse phase colum (30cm x 3 . 9 m  i .d.) was 

used w i t h  a Co Pel1 O D s  guard column inse r ted  be fo re  the a n a l y t i c a l  

colunm f o r  p ro tec t i on .  

M o b 1  Ie phase 

The mobile phase used i s  a c e t o n i t r i l e  and 0.02 m o l e / f i l t e r  

acetate buf fer  (35:65 v/v) a t  a pH of 4.0. The e luen t  i s  pumped a t  a 

flow r a t e  o f  Z.Oml/min. 

Detect ion 

The e luent  i s  monitored using a UV spechtrophotcineter a t  313nm. 

Separation depends upon the s t rength o f  the i n t e r a c t i o n  between sample 

ions and the exchange s i t e s .  

Ion exchange chromatography involves more var iab les than other 

types o f  chromatography. The exchange res in  may be deactivated by 

p r e f e r e n t i a l  adsorption o f  re ta ined ions. Separation is a lso  a f fec ted  

by such var iab les as i o n i c  s t reng th ,  pH, temperature, so lu te  charge, 

type o f  b u f f e r  ion present, type o f  solvent backbone o f  s ta t i ona ry  
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266 RISTUCCIA 

phase. Al though i t  i s  a d i f f i c u l t  technique,  the number o f  va r iab les  

mkes ion exchange a v e r s a t i l e  technique t o  a l l o w  op t ima l  separa t i on .  

Besides being the  predominant method f o r  separa t i on  o f  m e t a l l i c  

i ons ,  i on  exchange can be w i d e l y  used t o  the  separa t i on  o f  amino ac ids ,  

n u c l e i c  ac ids ,  p r o t e i n s ,  c a r b o x y l i c  ac ids ,  v i t am ins ,  g lycos ides and 

aroma t i c su  1 fonates . 
Exclus ion chromatography separates substances on the bas i s  o f  

molecular  s i z e  and shape. The s t a t i o n a r y  phase used i s  a uniform, 

h i g h l y  porous n o n i o n i c  g e l .  The technique,  i n t roduced  i n  the l a t e  

1950's u t i l i z e d  a beaded form o f  dext ran.  Fu r the r  developments have 

r e s u l t e d  i n  the use o f  aerogels  (eg. porous g lass  or s i l i c a ) ,  xerogels  

( c r o s s l i n k e d  dext ran o r  po l yac ry lam ide )  and a combinat ion o f  aerogels 

and xerogels  (eg. agarose, po l ys ty rene  and p o l y v i n y l a c e t a t e ) .  Separat ion 

depends on the  molecular  s i z e  o f  the  s o l u t e ;  l a rge  molecules are ex- 

c luded from the ge l  pores and t h e r e f o r e  pass q u i c k l y  through the 

column where as s m a l l e r  molecules a re  re ta ined .  The disadvantage w i t h  

t h i s  technique i s  the i n a b i l i t y  t o  d i s t i n g u i s h  between so lu tes  o f  

s im i  l a r  molecular  s i z e .  Exc lus ion  chromatography i s  f r e q u e n t l y  used t o  

cha rac te r i ze  p r o t e i n s  or n u c l e i c  ac ids .  

The development o f  a method o f  a n a l y s i s  depends upon the p ro -  

Comments 

This  procedure i s  u t i l i z e d  f o r  the q u a n t i t a t i o n  o f  bo th  

me t ron idazo le  and i t s  major  m e t a b o l i t e s .  

Concl us i on 

HPLC o f f e r s  an e x c e l l e n t  a l t e r n a t i v e  t o  the  more c o n f i n i n g  pro-  

cedures ava i  l a b l e  today for m o n i t o r i n g  a n t i m i c r o b i a l  concen t ra t i ons .  

The technique p rov ides  means o f  separa t i ng  v i r t u a l l y  a l l  a n t i b i o t i c s  
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ASSAY OF ANTIMICROBIAL AGENTS 267 

i n  c l i n i c a l  use o r  under development. The major advantage o f  HPLC i s  

i t s  a b i l i t y  t o  separate and quant i tate several an t i b io t i cs  that  may 

be present i n  a sanple due t o  concomitant administrat ion. as we l l  as 

separating parent conpounds from bioact ive metabolites. 

p a r t i c u l a r l y  bioassws, are nonspecif ic i n  the presence o f  mu l t ip le  

an t i b io t i cs  o r  bloact ive metabolites and are, therefore, less 

desirable procedures. The major disadvantages of  HPLC I s  i t s  l im i ted  

a v a i l a b i l i t y  I n  the c l i n i c a l  laboratory. HPLC i s  used extensively i n  

research, but because o f  high Instrument cost and expert ise required 

t o  develop/perform HPLC assays, has found l im i ted  use i n  the rout ine 

hospi ta l  laboratory. However, w i th  .increased refinement o f  methodology, 

HPLC i s  provldg t o  be a highly v e r s i t i l e ,  rapid, sensi t ive technique, 

w i th  an important ro le  In  therapeutic drug monitoring. 
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