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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY FOR ANALYSES OF 
ANTIBIOTICS IN BIOLOGICAL FLUIDS. 

I. Nilsson-Ehle 
Department of Infectious Diseases 

University of Lund 
S-221 8 5  Lund, Sweden 

INTRODUCTION 

The discovery of penicillin and subsequently other 

antibiotics represents one of the great progresses in 

modern medicine. Newer agents, such as the aminoglyco- 

sides and the cephalosporins, have also contributed 

significantly to man's struggle against bacterial and 

fungal infections, and antiviral agents are expected to 

emerge in the next decades. The evergrowing number of 

antibiotics have, however, a l s o  given rise to several 

problems. The emergence o f  bacterial strains resistant 

to antibiotics is a m?tter of  increasing concern to the 

medical profession and necessitates the continuing 

search for new antimicrobial agents and judicious the- 

rapy with the ones already in use .  Many antibiotics 

exert undesired toxic side effects when given in exces- 

sive doses: examples are the oto- and nephrotoxicity of 

aminoglycosides, the bone-marrow depressant action of 
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chloramphenicol and the nephrotoxic effects of some of 

the early cephalosporins. Even a comparatively nontoxic 

drug such as penicillin causes coma and convulsions at 

high levels in the cerebrospinal fluid. To avoid such 

undesired effects it is of vital importance to the cli- 

nician to have a clear understanding o f  the pharmacolo- 

gical behaviour of an antibiotic. Usually, abundant da- 

ta are available on the pharmacokinetics of these drugs 

in healthy, young volunteers but these do not represent 

the clinically difficult cases: the sick, often older, 

patient many times suffering from reduced renal or he- 

patic function and the very small child with immature 

function of liver and kidneys. When treating these pa- 

tients, the clinician must be able to monitor serum le- 

vels of antibiotics to ensure safe and effective thera- 

py. Therefore, when a new drug is introduced, it is ne- 

cessary to perform extensive investigations of pharma- 

cokinetic behaviour not only in healthy volunteers but 

also in patients with and without disturbances of meta- 

bolic pathways and elimination processes in order to 

make adequate dosage recommendations. 

Assays for concentrations of antibiotics in body 

fluids have, by tradition, been performed in the micro- 

biological laboratory by testing the samples against 

microbes. The capacity of the biological sample t o  in- 

hibit growth of a susceptible bacterium is measured and 
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the results are compared to those obtained with stan- 

dard samples of known concentrations ( 1 , 2 ) .  These as- 

says require a rather long time; typically assay plates 

or tubes must be incubated for about 18 hours before 

results can be obtained. The demand on the technician 

for highly accurate laboratory work is great and stan- 

dardization between different laboratories is difficult. 

These problems have been emphasized for some of the ami- 

noglycosides ( 3 )  and are of continuous concern t o  the 

microbiologist and the clinician. A further disadvanta- 

ge from the pharmacokinetic point of view is that the 

technique has no inherent potential for detection and 

quantitation of metabolic degradation products. 

These considerations have prompted the development 

o f  other methods for assay of antibiotics. Several che- 

mical procedures have been reported: spectrophotometric 

and fluorimetric measurements which, however, for spe- 

cificity have to rely on complicated extraction proce- 

dures (4-10); gas-liquid chromatographic techniques 

which are also cumbersome because of the need for deri- 

vatization o f  the drugs to volatile compounds (11-15) .  

A more attractive approach is the introduction of ra- 

dioimmunoassays and radioenzymatic methods ( 1 6 - 2 4 ) ;  

these meet the requirements for specificity and sensi- 

tivity, but method development is quite demanding, re- 

lying on the production of specific antibodies of con- 
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268 NILSSON-EHLE 

stant quality. Also, no potential for metabolite detec- 

tion lies inherent in these techniques. 

In the last decade high-performance liquid chroma- 

tography (HPLC) has undergone rapid technical progress 

and proved itself as a powerful analytical tool ( 2 5 ) .  

The emergence of very small uniform particle packing 

materials with different physico-chemical properties, 

sophisticated high pressure pumps and very sensitive 

flow detectors has made this technique .extremely versa- 

tile. The short time required for analysis and the ob- 

vious potential for separation and detection of metabo- 

lic products have held great appeal to investigators o f  

the pharmacological aspects of antibiotics and, indeed, 

the literature is now, as shown in table I, replete 

with reports on techniques for determination of various 

antimicrobial drugs in biological fluids. 

PRINCIPLES ?F ANTIBIOTIC ASSAY BY HPLC 

Basically, all reported methods for assay o f  anti- 

biotics with use of HPLC employ the same methodological 

approach. The biological sample is treated with chemi- 

cal procedures which usually aim at depleting the samp- 

le of proteins and/or extract the compound(s) of inte- 

rest quantitatively. Subtances in the resulting solu- 

tion are then separated by HPLC and eluting compounds 

are detected by spectrophotometry or fluorimetry. Recor 
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A N T I B I O T I C S  I N  BIOLOGICAL F L U I D S  269 

ded peaks are then quantitated against known standards 

which have been chromatographed with the same separa- 

tion system. 

Sample Treatment 

Samples of biological materials usually undergo 

pretreatment prior to chromatography. The objectives 

are mainly to rid the samples of protein (pertinent for 

samples of  high protein concentration, such as plasma 

and serum) and to achieve a gross separation of substan- 

ces not of interest in the assay while quantitatively 

solubilizing the compound under assay. Most assay pro- 

cedures reported employ some pretreatment step (table I); 

the direct injection of biological samples, such as se- 

rum, with considerable protein content is not satisfac- 

tory since the analytical column will be obstructed and 

its performance will rapidly deteriorate. If such an 

approach is chosen, it is wise to use a guard column 

before the analytical column and to check column per- 

formance frequently (128). Samples of very low protein 

content can be injected directly or after dilution; 

however, with urine samples the many endogenous com- 

pounds present in high concentrations may produce such 

a multitude of chromatographic peaks that resolution 

o f  the compound(s) under analysis becomes a problem. 
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270 NILSSON-EHLE 

This approach is one of the two most commonly used 

procedures for treatment of samples prior to chromato- 

graphy. Its objectives are two: first, to deproteinize 

the sample and second, to solubilize the antibiotic in 

order to ensure quantitative recovery from the sample. 

In general, there are four principle methods to preci- 

pitate proteins: acid and ammonium sulphate treatment, 

organic solvent and metal cation precipitation. As 

shown recently by Blanchard (145) these methods are all 

quite effective in precipitating proteins; the most po- 

pular in liquid chromatographic assays are acid preci- 

pitation and organic solvent treatment. Trichloroacetic 

and perchloric acid are very effective precipitants and 

are also, like solvents such as acetonitrile and metha- 

nol, quite compatible with subsequent chromatography in 

the reversed phase partition mode. 

Another very simple and therefore attractive means 

of obtaining protein-free samples for chromatography is 

ultrafiltration (129,136) through filters with molecu- 

lar cut-offs of 25,000 or 50,000 MW. However, one must 

remember that these filters let through only non-protein 

bound drug, giving a measure of the free fraction in 

serum. Also, there is a definite need for determining 

whether drug (or internal standard) is absorbed to the 

membrane material. If the losses in the filter are 
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ANTIBIOTICS IN BIOLOGICAL FLUIDS 271 

small and constant, it is possible to correct for this 

in the final calculations. One way of getting around 

these problems is to use standards prepared in the same 

medium as the sample (for example, pooled serum); one 

must, in this case, be sure that protein binding is 

virtually identical in sample and serum pool. Ideally, 

such a procedure would use patient's sera obtained be- 

fore therapy for the preparation of standards. 

Extraction pLoceduye2 - - - - - -  
The second popular approach to cleaning the biolo- 

gical sample and recovering the drug for analysis with 

HPLC is extraction into organic solvents of low polari- 

ty. The most widely used are ethyl acetate, ethyl ether, 

methylene chloride and chloroform. These procedures 

work extremely well with lipofilic substances, for 

example chloramphenicol and nitroimidazoles (see table 

I). Generally, before chromatography, the organic ex- 

tract is evaporated to dryness and the remaining resi- 

due redissolved in mobile phase; this adds another step 

in the procedure and, of course, some complexity and 

time. Sometimes, several extraction steps are necessary 

and the pretreatment procedure becomes quite timeconsu- 

ming and cumbersome (30,51,126,141). 

In the case of aminoglycosides several reported 

methods use non-polar solvents to extract derivatives 
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272 NILS SON-EHLE 

of these compounds from an aqueous phase after attache- 

ment of chromophores to the molecules usually following 

initial protein precipitation and extraction of other 

non-polar substances (68,70,71,73,76,78). These anti- 

biotics are extremely polar substances but the deriva- 

tives are of much lower polarity and readily dissolve 

in, for example, ethyl acetate. Therefore, when preco- 

lumn derivatization is used, this kind of pretreatment 

gives quantitative recovery and quite clean samples for 

chromatography. Another approach is the use of dispo- 

sable small columns for initial separation by either 

absorption o r  ion exchange (66,67,69,74,77). The amino- 

glycosides are then eluted off the silica gel with 

methanol after derivatization o r  underivatized with an 

alkaline eluent from CM-Sephadex gel. The same method 

for initial separation of the biological sample is re- 

presented by commercially available disposable columns 

(Sep-Pak cartridges, Water's A s s . )  which have been used 

f o r  assay of moxalactam and a nitroimidazole ( 3 3 , 1 1 6 ) .  

One of the earliest methods f o r  liquid chromato- 

.graphic analysis of an antibiotic in body fluids was 

reported by Cooper et a1 (36). Cephalothin and desace- 

tylcephalothin were extracted from serum into ethyl 

acetate as ion pairs with tetraheptyl ammonium ions. 

Although theoretically this is a quite feasible and 

rather elegant technique, no further reports on its use 

in this field have appeared. 
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A N T I B I O T I C S  I N  BIOLOGICAL FLUIDS 2 73 

Separation Systems 

Since many antibiotics exist in solution as ions, 

a logical choice of separation mode would be ion ex- 

change. Methods employing this approach have been repor- 

ted (37,63,128,136) but most chromatographers are hesit- 

ant to use ion exchange due to the many problems with 

these systems: strict control of  pH, ionic strength and 

temperature is necessary, column life is rather short sin- 

ce the matrix tends to bleed off from the solid support. 

From a practical point of view, bonded phase liquid par- 

tition is the most appealing chromatographic mode be- 

cause of the stability and durability of the columns 

and the more predictable effects of changes in the mo- 

bile phase composition. The overwhelming majority of 

antibiotic assays described in the literature use re- 

verse-phase partition on octadecylsilane chemically 

bound to a small particle silica matrix (table I); elu- 

ting solvents consist of mixtures of buffer and metha- 

nol or acetonitrile. In some cases, especially with 

compounds that are highly ionized or extremely polar, 

separations by this mode are not satisfactory. Badly 

tailing peaks may indicate ionization problems; diffi- 

culty to get any retention on a reverse-phase column 

may be encountered, as, for example, with the aminogly- 

cosides. In these cases, paired ion chromatography (PIC) 

on reverse-phase columns is a very useful technique with 
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274 NILSSON-EHLE 

all the practical ease of bonded phase chromatography 

and none of the difficulties of ion exchange. F o r  the 

analyses of aminoglycosides, another approach has also 

been feasible: derivatization of  the primary amino 

groups with chromophores yields less polar compounds 

which then very readily are separated by reverse-phase 

partition ( 6 7 , 6 8 , 7 0 - 7 8 ) .  When post-column derivatiza- 

tion is preferred, however, the paired ion technique is 

the method of choice ( 6 6 , 6 9 ) .  

Normal phase separations have been successfully 

employed for determination of antimalarial agents (139, 

141,144), trimethoprim (100,101) , rifampicin (122) and 
tinidazole (115). Several of  these compounds separate 

well in reverse-phase systems as well; tinidazole seems, 

indeed, to be better suited for reverse-phase separa- 

tion, since published chromatograms in the normal phase 

mode show broad, tailing peaks. 

Detect ion 

Most antibiotics absorb ultraviolet or visible 

light with extinction coefficients large enough to al- 

low spectrophotometric detection at therapeutic con- 

centrations. The wavelength of detection is determined 

from the wavelenght of maximum absorption of the com- 

pound and, if need be, after consideration of potential 

interference by other compounds in the sample that may 
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co-elute from the chromatographic column. In the latter 

case, a second maximal absorption band f o r  the antibio- 

tic may be chosen where no interference is noted (103). 

Commercially available flow spectrophotometers for HPLC 

operate at either fixed or continuously variable wave- 

lengths; naturally, greater flexibility is obtained 

with variable detectors, but for most of the methods 

reported, the fixed wavelength detectors are adequate. 

In some instances, spectrophotometry is not feasible 

for detection and quantitation. Sometimes, the sensiti- 

vity obtained does not suffice (48,133,134); fluorimet- 

ry can then be employed to increase the sensitivity of 

the assay. Another aspect is that fluorescence is a mo- 

re specific phenomenon than light absorption requiring 

a certain wavelength for excitation and emitting at an- 

other. Therefore, it may be assumed, that less rigorous 

pretreatment procedures are necessary and specificity 

is still maintained (118). 

Fluorimetry has been of special importance for the 

analysis of aminoglycosides. These clinically very im- 

portant compounds show extremely little absorption in 

ultraviolet or visible light; spectophotometry cannot 

be used for detecting therapeutic concentrations in 

body fluids. It was realized by several investigators, 

that derivatization of these molecules was a necessary 

step in a chromatographic assay. The attachment of 
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fluorophores to the primary amino groups of the amino- 

glycosides was a logical and theoretically simple app- 

roach. Dansyl chloride (68,76), fluorescamine (65,66, 

69)  and orto-phtalaldehyde (67,70,74,75,77) can be used 

successfully and the reported assays with fluorimetric 

detection are sensitive enough for therapeutic monito- 

ring and pharmacokinetic studies. More recently, three 

groups of investigators have reported precolumn deriva- 

tization with benzene sulphonyl chloride (71) and fluo- 

rodinitrobenzene ( 7 2 , 7 8 )  with subsequent spectrophoto- 

metric detection. 

Derivatization with chromophores can be performed 

either as a precolumn (preceding chromatographic sepa- 

ration) or as a postcolumn procedure. While it cannot 

be stated that one method is superior to the other 

(146), there are some practical aspects to be conside- 

dered. Postcolumn derivatization requires a more compli- 

cated chromatographic system involving a separate pump 

for the derivatizing reagent and a reaction coil. Pre- 

column derivatization is technically simpler and, when 

part of the sample pretreatment procedure, probably re- 

sults in cleaner extracts of biological fluids. As men- 

tioned above, this approach also facilitates the sepa- 

ration allowing the use of simple reverse-phase parti- 

tion systems. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



A N T I B I O T I C S  I N  BIOLOGICAL FLUIDS 277 

Quantitation 

The concentration o f  antibiotic in a sample is 

calculated by comparing the size of the recorded peak 

for the specific compound with the peak size obtained 

from a standard sample of known concentration. There 

are two ways of measuring peak size: one is to determi- 

ne the height of the peak, the other is to calculate 

the area of the peak (25). 

Peak height measurement is usually done manually 

and is the simpler of the two methods. To obtain good 

accuracy with this approach, column performance must be 

stable and reproducible and peaks should be symmetrical. 

It is necessary to run standard samples quite often to 

check the column during a series of analyses. 

Peak area is a more complicated measurement but 

has a definite advantage over height determinations: it 

is less influenced by changes in column performance or 

instrumental parameters. It is, furthermore, not so de- 

pendent on peak symmetry. Several methods are available 

for measurement of peak area (25); highest precision is 

obtained with use of an electronic digital integrator 

or a computer. 

Another, perhaps more controversial, question is 

whether to use an internal standard for quantitation 

(25). In general, for assays with more complex pre- 

treatment procedures OT variable recovery of extraction 
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the addition of a suitable internal standard to the ori- 

ginal sample will increase precision of the assay. How- 

ever, for this statement to be valid, the internal stan- 

dard must behave equivalently to the compound under 

analysis throughout the procedure. Furthermore, it must 

elute close to the substance under analysis but in a 

vacant spot in the chromatogram. These requirements of- 

ten make it difficult to find a suitable internal stan- 

dard; indeed, very often it is not clear in reported 

methods whether the demands are fulfilled. There exists 

a definite risk of increasing, instead of decreasing, 

the degree of imprecision with use of an improper inter- 

nal standard. For assays employing simple pretreatment 

procedures, the method of external standard calibration 

is probably at least as precise, especially if sample 

injection is done with a sampling microvalve or an au- 

tomatic injector, since the main source of assay impre- 

cision is variation in the injected volume. 

PHARMACOKINETIC IMPLICATIONS 

As is evident from table I, many of the reported 

assays include the detection and quantitation of meta- 

bolites or precursors of several antibiotics. This is 

a unique feature of the HPLC technique as compared to 

microbiological and radioimmunological methods and 

opens up new possibilities for the study of pharmacoki- 
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netics of antibiotics. In some instances, unknown meta- 

bolites have been discovered (55,60,140), and it is 

feasible to isolate and by, for example, mass spectro- 

metry identify such metabolites. 

Several pharmacokinetic studies have been done on 

the cephalosporines; investigations with HPLC as assay 

method started already in 1973 when Cooper et a1 (36) 

showed that approximately one fifth of a cephalothin 

dose was excreted in urine of  healthy volunteers as 

the metabolite desacetylcephalothin. A later study of 

the same drug in severely uremic patients gave eviden- 

ce for an additional route of excretion or metabolism 

in these patients since only about 50% of a given dose 

was found in urine, most of it accounted for by the 

metabolite (147). Other cephalosporins have been stu- 

died in patients and volunteers: the kinetics of  cefo- 

taxime and its metabolites have been elucidated by se- 

veral authors (55,56,59); Haginaka showed that extensi- 

ve and complex metabolization occurs with cephaloglycin, 

only 0.5% o'f the dose being excreted in urine as the 

intact compound (60); a three-compartment pharmacokine- 

tic model has been indicated for cefamandole (51); the 

perorally administered cephalexin was studied by Naka- 

gawa et a1 and found to fit a two-compartment model with 

almost complete urinary recovery and no indication of 

metabolic degradation (43). Cefaclor, another peroral 
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cephalosporin, shows first-order absorption and evidence 

of a substantial non-renal clearance route ( 6 3 ) .  The ex- 

cretion routes of some cephalosporins have been extensi- 

vely investigated by Arvidsson who found that renal eli- 

mination of cephapirin and cephaloridin was dependent on 

drug concentration, that biliary excretion o f  ceftrixo- 

ne was dependant on individual variability in the sec- 

retion of endogenous biliary lipids and correlated t o  

effects of the drug on the intestinal microflora (148). 

Stoeckel et a1 (149) demonstrated concentration-depen- 

dant plasma protein binding of ceftriaxone and the ki- 

netics of this drug in infants and young children have 

been investigated by Schaad et a1 (150). The plasma 

protein binding and kinetic behaviour of the two epi- 

mers of moxalaxtam in volunteers have been calculated 

(151) and a study of  the clearance of this drug from 

serum of patients with varying degrees of renal insuf- 

ficiency has led to a suggestion f o r  dosage regimens 

with regard to renal function ( 3 5 ) .  

To date, published investigation of penicillins 

and their metabolites have been rather scarce; however, 

Thijssen et a1 have developed a method for analysis of 

isoxazolyl penicillins and their 5-hydroxymethyl meta- 

bolites and penicilloic acids and estimated the pharma- 

cokinetic parameters of these compounds after oral ad- 

ministration of cloxacillin and flucloxacillin to a 

healthy volunteer ( 3 0 ) .  
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The majority of HPLC assays for chloramphenicol in- 

cludes the determination of its succinate ester, the 

substance used for intravenous administration of the 

drug. Great interindividual variability has been found 

in the renal clearance of  the succinate ester both in 

children and adults, with no correlation to renal func- 

tion (152-154). This variable kinetic behaviour o f  the 

pro-drug affects the levels of active chloramphenicol 

in serum, a factor which needs to be considered in cli- 

nical practice. 

The pharmacokinetics of metronidazole, a drug 

which has come into frequent use owing to its excellent 

activity against anaerobic bacteria, has attracted in- 

creasing attention over the past years. The main meta- 

bolites of metronidazole can be easily detected and 

quantitated by HPLC (109,114). The parent drug under- 

goes extensive break-kown and only about 8% o f  adminis- 

tered metronidazole is excreted in urine as unchanged 

drug (114,155). Low concentrations of the hydroxy and 

acetic acid metabolites were found in healthy volunteers 

(114,155,156) whereas in patients with renal failure 

these metabolites reached considerably higher serum le- 

vels (157). 

The kinetics of combinations of trimethoprim and 

different sulphonamides have been studied by the HPLC 

technique (97,100,102) as well as the conversion of 
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sulfametrole to the N4-acetyl metabolite in man and the 

subsequent renal excretion o f  these t,wo compounds ( 9 6 ) .  

The in vivo degradation of nalidixic acid and the -- 
behaviour o f  its two major metabolites have been stu- 

died by HPLC ( 1 2 5 )  and the hydrolysis of erythromycin 

ethyl succinate after peroral administration has been 

estimated by Tsuji who a l s o  detected metabolites of 

ethyl succinate and of erythromycin itself in serum by 

this technique (126 ) .  

Drugs used for therapy or prophylaxis o f  malaria 

exhibit complex pharmacokinetic patterns. It appears 

that HPLC will be a valuable tool for elucidation o f  

the metabolism and kinetics o f  several of these com- 

pounds; to date, studies have appeared on dapsone with 

several metabolites (142) , pyrimethamine ( 1 4 2 )  and pri- 

maquine (143). The latter study was performed with 

rats; the authors showed the existence of a new mamma- 

lian metabolite of primaquine and verified its presen- 

ce and structure by HPLC and mass spectrometry. The com- 

plex pharmacokinetics and metabolism of chloroquine are 

under study in several laboratories (137,139,140). 

THE ROLE OF HPLC IN THE LABORATORY 

Despite the abundant evidence that the HPLC tech- 

nique is well suited for analysis of antimicrobial drugs 

in biological fluids and compares favorably with other 
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methods in current use, there exists one serious short- 

coming of  this technology: its capacity is limited. Se- 

parations usually take about 5-10 minutes and, with one 

chromatographic set-up, this means an assay capacity of 

6-12 samples per hour. Furthermore, switching from one 

assay to another involves additional time spent in 

changing solvents and equilibrating the analytical co- 

lumn. Clearly, traditional microbiological assays and 

radioimmunological methods are superior with regard t o  

the amount of samples that can be analyzed simultaneous- 

ly, and, in large microbiological laboratories with lar- 

ge series of samples, routine clinical determinations 

of antibiotic concentrations are performed with these 

techniques. Some laboratories use both HPLC and micro- 

biological or radioimmunological techniques routinely: 

the majority of routine analyses in microbiological la- 

boratories consists of aminoglycoside determinations 

and with careful technique these can be carried out 

with bioassays in a satisfactory manner ( 3 ) ;  analyses 

o f  other agents are done by HPLC ( 1 5 8 ) .  

Moreover, HPLC is an alternative method in spec 

situations: interference in the biological technique 

caused by antimicrobial combination therapy is usual 

a1 

Y, 

because of the separative step involved, easily resolved 

with HPLC; assays o f  som agents, for example amphoteri- 

cin B and 5-fluorocytosine, are more sensitively and 
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accurately done with H P L C ;  analyses of antibiotics 

which undergo metabolic breakdown are better performed 

with a technique that measures metabolites separately, 

especially in the problem cases represented by patients 

with hepatic and/or renal insufficiency. 

F o r  smaller hospitals without a microbiological la- 

boratory H P L C  provides an attractive alternative f o r  

routine assays by clinical chemists. Many hospitals use 

this method for analysis of other drugs  and endogenous 

substances and are well suited to perform antibiotic as- 

says also. It may well be clinically and economically 

advantageous to use H P L C  for routine antibiotic assays 

in such instances instead of sending samples t o  a micro- 

biological laboratory f o r  analysis. 

For  laboratories engaged in pharmacokinetic re- 

search with antibiotics, the technique, as described 

above, offers definite advantages and is rapidly beco- 

ming indispensable. 
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