
Journd qJ’Chromatogmaphy, 531 (1990) 5099548 

Biomedical Applications 

Elsevier Science Publishers B.V.. Amsterdam 

CHROMBIO. 5396 

Review 

High-performance liquid chromatography of antibiotics 

F. JEHL*, C. GALLION and H. MONTEIL 

Institute qf Bacteriology. University Hospital Center, 3 Rue Koeberk, 67000 Strusbourg (France) 

(First received January lOth, 1990; revised manuscript received February 12th. 1990) 

CONTENTS 

List of abbreviations ........................................................................................ 
1. Introduction .............................................................................................. 

1.1. Use of high-performance liquid chromatography in clinical chemistry ........................ 
1.2. Classes of drugs monitored by HPLC and application to antibacterial agents ................ 

2. Monitoring of antibiotics: conventional methods and their drawbacks ............................. 
2.1. Immunological assays ............................................................................... 

2.1.1. Radioimmunoassays ......................................................................... 
2.1.2. Enzyme immunoassays ...................................................................... 

2.2. Microbiological assays .............................................................................. 
3. How to develop HPLC methodologies for antibiotics ................................................ 

3.1. Choice of the stationary phase ..................................................................... 
3.2. Types of detection ................................................................................... 
3.3. Types of preparation of biological samples ....................................................... 

3.3. I. Dilution of biological samples .............................................................. 
3.3.2. Protein precipitation ......................................................................... 

3.3.3. Solvent extraction ............................................................................ 
3.3.4. Cartridges ..................................................................................... 

3.4. Establishment of the mobile phase ................................................................ 
3.5. Is there always a need for an internal standard? ................................................. 

4. Quality control for a newly developed HPLC methodology for antibiotics ........................ 
4.1. Precision .............................................................................................. 

4.1 .l. Repeatability .................................................................................. 
4.1.2. Within-day reproducibility .................................................................. 
4.1.3. Between-day reproducibility ................................................................. 

4.2. Detection limit ....................................................................................... 
4.3. Linearity .............................................................................................. 
4.4. Selectivity ............................................................................................ 
4.5. Accuracy ............................................................................................. 

5. Hospital routine analysis of antibiotics by HPLC .................................................... 

5.1. Why measure levels of antibiotics? ................................................................ 
5.2. Standardization of the methodologies for each class of antibiotics ............................. 

5.2.1. Standardization of clean-up of biological samples ........................................ 
5.2.2. Standardization of mobile phases ........................................................... 
5.2.3. Isocratic HPLC YPKYX~ gradient HPLC ..................................................... 
5.2.4. Analytical column maintenance ............................................................. 

510 

511 

511 

511 

512 

512 

512 

512 

512 

513 

513 

513 

514 

514 

515 

515 

516 

516 

517 

518 

518 

518 

518 

518 

518 

518 

519 

519 

519 

519 

520 

520 

527 

529 

529 

037%4347/90/$03.50 0 1990 Elsevier Science Publishers B.V 



510 F JEHLrt a/ 

LIST OF ABBREVIATIONS 

C 
CH3CN 
C.V. 
D 
DMF 
DNFB 
ED 
ELISA 
EMIT 
ESD 
FPIA 
HDTMAB 
HPLC 
M 
NPPM 
0 
oss 
PA 
PSS 
RPC 
S 
Sl 
SDS 
Si 

Centrifugation 
Acetronitrile 
Coefficient of variation 
Deproteinization 
Dimethylformamide 
Dmitrofluorobenzene 
Electrochemical detection 
Enzyme-linked tmmunosorbent assay 
Enzyme-multiplied immunoassay technique 
Disodium ethanesulphonate 
Fluorescence polarization immunoassay 
Hexadecyltrimethylammonium bromide 
High-performance liquid column chromatography 
Mix 
Non-published personal method 
Organic solvent 
Sodium octanesulphonate 
Perchloric acid 
Sodium pentanesulphonate 
Reversed-phase chromatography 
Serum 
Supernatant after deprotemization 
Sodium dodecyl sulphate 
Final supernatant injection 
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TBAB 
TCA 
TEA 
THF 
THBS 
uv 

Tetrabutylammonium bromide 
Trichloroacetic acid 
Triethylamme 
Tetrahydrofuran 
Tetrabutylammonium hydrogensulphate 
Ultraviolet 

1 INTRODUCTION 

1.1. Use of high-performance liquid chromatography in clmicaE chemistry 

High-performance liquid chromatography (HPLC) is a technique that was 
developed during the 1960s and improved during the 1970s and 1980s essentially 
in terms of technological improvements. Its sensitivity and precision and its apph- 
cability to an enormous variety of compounds have meant that column liquid 
chromatography is widely used in clinical laboratories for the momtormg of a 
variety of therapeutic agents in hospital routine analysis. HPLC is also a power- 
ful tool for the development of new drugs, particularly m the fields of pharmaco- 
kinetic investigations and metabolism studies. HPLC is being increasingly used 
for the routine analysis of a number of endogenous constituents, such as steroids 
(glucocorticoids, aldosterone, estrogens, vitamin D), ammo acids, bilirubin and 
conjugates, tyrosme, tryptophan and metabolites, organic acids (pyruvate, lac- 
tate) and nucleic acid components. No doubt other endogenous compounds will 
be monitored by HPLC in the future. 

1.2. Classes of drugs monitored by HPLC and application to antibacterial agents 

Of particular interest are the anticonvulsants (primidone, phenobarbital, phe- 
nytoin, etc.) and some of then metabolites, theophylline and antiarrhythmics 
(lidocaine, procainamide, propranolol, quimdme, etc.), tricyclic antidepressants 
(amitriptyhne, desipramine, imipramine, etc.) and their metabolites, antineoplas- 
tic drugs (e.g. methotrexate, 6-mercaptopurine, 5-fluorouracil, doxorubicin, vin- 
ca alkaloids), hypnotics and sedatives. It is evident that almost all therapeutic 
drugs may be analysed by HPLC [for more information, see J. Chrornatogr., 340 

(1985)]. 
Among these drugs, the antibiotics represent one of the largest classes of ther- 

apeutic agents. They are usually divided in several families showing very different 
chemical structures, and some of them are extensively metabolized. Patients often 
receive multiple antimicrobials that may be chemically similar or different, or 
which may have overlapping spectra of activity. Sometimes, microbiologically 
active metabolites of antimicrobials may be present in biological fluids. In such 
situations typical bioassay procedures are inadequate because of poor specificity, 
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and this has made HPLC the most suitable methodology for monitoring anti- 
biotics, as evidenced by the mcreasmg number of reports of HPLC analysis of 
antibiotics. 

Sections 24 of this review deal only with our own work in this area. In later 
sections we focus on a large number of specific methodologies applied to the 
different existing antibiotics. 

2 MONITORING OF ANTIBIOTICS CONVENTIONAL METHODS AND THEIR DRAWBACKS 

2.1. Immunological ussavs 

2.1 .l. Radiolmmunoassays 
The most serious disadvantage of radioimmunoassays (RIAs) is the necessity 

to manipulate radiolabelled antigens, and this is not possible within every clinical 
laboratory. Even though such assays are more specific than microbiological as- 
says, interferences can occur, e.g. with high concentrations of p-lactam antibiotics 
when aminoglycosides are measured. 

2.1.2. Enzyme immunoassuys 
Enzyme immunoassays (EIAs) are more practicable than RIAs Whatever the 

technique considered [enzyme-multiplied immunoassay technique (EMIT), en- 
zyme-linked immunosorbent assay (ELBA) and fluorescence polarization immu- 
noassay (FPIA)] they have been shown to be accurate in clinical situations, but 
with some limitations. Interferences may occur when ammoglycosides are mea- 
sured m the presence of high concentrations of ,!3-lactam antibiotics, and there 
may be problems with severe hemolytic, lipemic or icteric samples. In general, one 
has to remember that immunological assays are indirect assays, and when prob- 
lems occur with what could be called difficult samples (e.g. uremic, lipemic or 
icteric samples) they cannot be overcome easily. Direct methods such as HPLC 
offer the advantage of a visual translation (chromatograms) of the physicochem- 
ical events that occur in the detector cell and analytical column. 

2.2. Microbiological assays 

Microbiological assays of antibiotics are relative rather than absolute They 
are based on the determination of the level of an antibiotic by a definable micro- 
biological response to a series of standard antibiotic concentrations by a strain of 
test organisms. There is a wide variety of assays, all of which are influenced by 
one or more of the following factors: general assay design, choice of assay medi- 
um, preparation of antibiotic standards, physical factors, method of calculation 
of results, choice of test organism. The major drawback of microbiological assays 
is their lack of specificity when assaying samples from patients treated with sever- 
al antibiotics or with antimicrobial agent that produces active metabolites. They 
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also suffer from poor reproducibility and accuracy and are somewhat time-con- 
suming and often result in delayed response (6-24 h). 

3 HOW TO DEVELOP HPLC METHODOLOGIES FOR ANTIBIOTICS 

The development of a chromatographic method for monitoring any drug in 
biological fluids must be divided into several steps. Each step should be resolved 
before going on to the next one. 

3.1. Choice of the stationaql phase 

Retention mechanisms in HPLC are superimposed in the classical mechanism 
of conventional atmospheric chromatography. Thus one may find adsorption 
chromatography, partition chromatography, ion-exchange chromatography, gel 
permeation (exclusion) and affinity chromatography. Some physiochemical prop- 
erties of the analyte may be taken into consideration by the investigator in choos- 
mg the stationary phase, such as the following. 

The molecular mass: if it is greater than 2000, exclusion chromatography 
could be preferred, but this is not an absolute rule. 

The structure of the analyte: strongly polar substituents (alkali, acids or ioniz- 
able groups) may require ion-exchange chromatography; weakly polar substi- 
tuents (alkyl groups, halogens) may be preferentially chromatographed by re- 
versed-phase partition chromatography; substituents of intermediary polarity 
can be analysed by either partition or adsorption chromatography. 

The solubility of the drug. 
It is interesting to note that ea. 80% of the HPLC methodologies for anti- 

biotics published in the past five years mvolved reversed-phase partition. This 
may be explained by the great stability and ease of use of non-polar coated silica 
(C,, Cg, Cls). Moreover, even relatively polar antibiotics may be analysed on 
these stationary phases either by ion-pairing chromatography or by ionization 
suppression. 

HPLC methodologies now exist for almost all antibiotics used in therapy, and 
the easiest way to select a stationary phase is to refer to existing publications. 

3.2. Types of detection 

The most popular HPLC detectors are concentration-dependent. There are 
two general types: selective and universal. Selective detectors, e.g. absorbance and 
fluorescence detectors, are sensitive and especially useful for trace analysis. 

In HPLC of antibiotics, by far the most frequently used detector is the ultra- 
violet (UV) photometer, with either fixed or variable wavelength (spectropho- 
tometer). UV absorbance is commonly used for the quantitation of most of anti- 
biotics, including penicillins, cephalosporms, quinolones, glycopeptides, cyclines, 
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macrolides, lincosamides, chloramphemcol, etc. The major exception is the class 
of aminoglycosides, most of which are monitored by fluorescence, except for 
neomycin and novobiocine. Macrolides may be measured by electrochemical de- 
tection (ED) (erythromycin). Most of the solvents used in HPLC have wide wm- 
dows in the UV-visible region, making them compatible with UV detectors even 
at very short wavelength. Water and acetonitrile are important solvents that can 
be used at wavelength down to 195 nm. Thus, one could say that a photometer or 
spectrophotometer should be the most suitable detector m a laboratory com- 
mencing the HPLC assay of antibiotics. Photometers are less expensive and, 
provided that they are equipped with mterchangable sources (mercury lamp and 
zmc lamp) and filters (214, 254 and 280 nm), they represent the most interesting 
alternative. 

3.3 Types of preparation of biological samples 

Biological fluids are typically complex mixtures, composed of a wide variety of 
proteins, carbohydrates, lipids, etc. Beyond the deleterious effects these materials 
have on the injector, the column packing material, and the pumps, their presence 
will frequently interfere with the separation of the antibiotic under study. Conse- 
quently, some form of sample preparation is almost invariably required. 

In general, there are four groups of methods for sample pretreatment prior to 
the assay of antibiotics. These include simple dilution of sample m an appropriate 
solvent, protein precipitation, solvent extraction and use of cartridges of various 
types that allow what could be called ‘pre-chromatography’ (enrichment) of the 
sample. Generally, the type of extraction and the amount of sample clean-up is 
dictated by the efficiency and the selectivity of the chromatographic technique 
used for analysis. The more specific and efficient the chromatographic procedure, 
the less sample extraction and clean-up are necessary to obtain the desired results. 
One has to note that sometimes the extraction steps are also necessary to improve 
the detection limit of the assay by concentrating the antibiotic. 

3.3.1. Ddution of biological samples 
This method is mainly applicable to biological fluids m which high concentra- 

tion of antibiotic may be found with no or low amounts of protein, such as urine 
and bile. It should not be applied to serum or plasma samples. In urine or bile, 
dilution by an appropriate solvent is often suitable to eliminate baseline back- 
ground and thus interferences and to lower the initially very high antibiotic con- 
centration m the range of linearity of the method. 

The dilution solvent may be water, but because the ionic strength may affect 
the retention time of an antibiotic, it may be useful to adjust the ionic strengths of 
diluting solvents to those of the biological samples under investigation. 
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3.3.2 Protein preciprtation 
This is a very popular method of sample pretreatment for antibiotic determi- 

nation, and is really easy to perform. Either acids or organic solvents may be 
used. Acids commonly include perchloric acid, trichloroacetic acid and trifluo- 
roacetic acid. Organic solvents used are acetomtrile, methanol, 2-propanol and 
dimethylformamide. These techniques require mixing of only a small volume of 
serum (50-100 ~1) with the deprotemizatmg agent in the same amount or in 
excess. It is thus particularly suited to pediatric samples. However, acid precip- 
itation leaves many interfering substances m the sample, and one has to verify 
that no interferences occur by injection of the deproteinization supernatant of a 
blank serum. In any event, either with acids or with organic solvents, this tech- 
nique suffers from sample dilution when low concentrations of antibiotics are 
measured. One way to overcome th’is problem when using an organic solvent is to 
back-extract the excess of the solvent In our laboratory, we commonly deprotei- 
mze samples with an equal volume of acetonitrile; the remaining acetomtrile is 
then removed from the supernatant by methyllene chloride, leading to an in- 
creased concentration of the antibiotic in the supernatant [l-5]. 

Another problem resulting from acid deproteinization is that the pH change 
may be deleterious to some antibiotics, such as /?-lactams or quinolones. Of par- 
ticular interest may be deproteinization with the same organic solvent as is used 
in the mobile phase. 

As an alternative to precipitation, one may remove proteins by ultrafiltration. 
Nevertheless, it is important to consider that small protein molecules may not be 
removed by the ultrafilter, and also that other interfering materials may pass 
through the filter. 

3.3.3. Solvent extraction 
Extraction methods for isolating and concentrating antibiotics from a sample 

matrix may vary from a simple one-step solvent extraction to complicated back- 
extractions. Organic solvents selectively extract the antibiotic from the specimen 
by solvent partitioning. By appropriate solvent selection (hexane, chloroform, 
diethyl ether, methylene chloride, etc.) and manipulation of the specimen pH, a 
satisfactory separation of the antibiotic from most of the other material in the 
specimen can frequently be achieved. 

In a one-step method, the organic extractant is evaporated to dryness and an 
aliquot of the reconstituted extraction residue is injected into the chromatograph. 
Many solvents may be used for reconstitution, but the best way is to use an 
ahquot of the mobile phase itself, if possible. A two-step method would imply a 
back-extraction of the antibiotic into an aqueous solution with a pH at which the 
drug 1s ionized and water-soluble. This latter step further purifies the specimen 
and may be used to concentrate the analyte if a smaller amount of the aqueous 
phase is used. 

Examples of solvent extraction are given in Section 5.2.1. 
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3.3.4 Cartridges 
Many compounds may be isolated by first adsorbing them into either an ion- 

exchange resin if they are charged, or a bonded reversed-phase packing material, 
followed by sequential elution. For example, aminoglycosides are very polar and 
difficult to extract with an organic solvent. However, they are easily adsorbed 
onto Amberlite resin or silicic acid, then eluted and analysed [6]. Antibiotics 
conststing of a mixture of several molecules, such as teicoplanin, can easily be 
extracted from biological matrix by reversed-phase cartridges [7]. 

3.4. Establishment of the mobile phase 

This step must be conducted with simple solutions of the antibiotic under 
study: pure aqueous solutions when possible, or pure methanolic solution for 
example, to ensure that the peak that appears corresponds to the antibiotic. The 
approach will vary depending on the context. 

If there are published techniques available concerning antibiotic (or any anti- 
biotic belonging to the same chemical family) under investigation one should first 
test the mobile phase used in this previously described methodology. It will usu- 
ally be necessary to adapt this to the particular laboratory and technical envi- 
ronment involved. Indeed, minor changes to the general equipment may have 
major consequences for what is the final purpose of the chromatographer, that is 
a well resolved symmetrical peak of the antibiotic. Minor changes may concern, 
for example, the quality of the water or organic solvents m the mobile phase, the 
quality of the stationary phase (e.g. end-capping of reversed phase), the length of 
the analytical column and the quality of the chemicals used to buffer the mobile 
phase. 

Nevertheless, one has to note that sometimes two antibiotics belonging to the 
same family have very different chromatographic behaviour and necessitate 
somewhat different mobile phases. For example, ceftriaxone and cefotaxime are 
both cephalosporins. Cefotaxime is easily measurable by reversed-phase chroma- 
tography, but ceftriaxone needs ion-pairing reversed-phase chromatography. 
This latter technique consists of adding a non-polar counter ion to the mobile 
phase to form a non-polar ion pair with ceftriaxone, which is then more retained 
on the analytical column and better resolved 

The second eventuality, which is less frequent, is that no paper has been pub- 
lished on the antibiotic. The investigator must then start with a mobile phase 
having a weak elution strength, e.g. on a reversed-phase analytical column an 
amount of 5-10% of non-polar solvent (acetonitrile, methanol) m ultra-pure 
water. The mobile phase elutmg strength must then be adjusted so that the reten- 
tion time for the peak of interest has k values between 1 and 10 [k is the capacity 
factor equal to (tR- to)/to, where tR is the retention time of antibiotic and to the 
retention time of an unretamed peak, such as the solvent]. It may happen that 
even with a weakly elutive mobile phase, the peak of an antibiotic will appear as 
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an unretained, tailing peak; then, ion-pairing chromatography or ionization con- 
trol must be considered. Indeed, modifiers of mobile phase pH or ionic strength 
(buffer, salt) as well as counter ions greatly influence the mobile phase selectivity. 
Thus, different pH values or concentrations of different salts must be tested until 
a suitable k value and symmetrical peaks are obtained. 

Once a sample preparation procedure has been developed, the investigator will 
have to adapt the pre-established mobile phase to the chromatography of the 
antibiotic m the presence of the co-extracted endogenous compounds. Indeed, 
there are no absolutely selective sample preparations and it may happen that 
endogenous substances may co-elute with or elute quite near the antobiotic peak, 
resulting in interferences. Thus it may become necessary to manipulate the mobile 
phase to ‘force’ the antibiotic to elute in a zone where no endogenous peak 
appears in an extracted blank serum (or any biological fluid under investigation). 
The ways to improve the definitive mobile phase are numerous and include slight 
variations of pH, an increase or decrease of the ionic strength and changes in the 
percentage of the non-polar organic modifier m the mobile phase. Sometimes two 
of these parameters have to be changed. If the interference takes the form of a 
‘shoulder’ or tailing of the antibiotic peak, it may sometimes be sufficient to 
increase the column efficacy, e.g. by using a longer analytical column of the same 
type to increase the number of theoretical plates. 

One has to remember that the last two steps of the development of an HPLC 
methodology may be conducted together. Indeed, an interfering peak may some- 
times be avoided by changing one extraction solvent or by changing the precip- 
itating agent of the sample preparation step 

3.5. Is there always a needjor an mternal standard? 

This is a controversial point. Internal standards are needed when the extrac- 
tion recovery of the developed sample preparation is highly variable. Most often, 
this is the case when multiple-step solvent extraction or cartridge extraction is 
used. The internal standard should have physicochemical properties and chroma- 
tographic behaviour close to those of the antibiotic to be measured. The in- 
troduction of an internal standard into HPLC methodology implies that the 
entire developed procedure must be suitable for both molecules, which leads to 
additional difficulties. Moreover, one can never be sure that, for a given sample, 
the extraction recoveries of the internal standard and the antibiotic will be identi- 
cal. From sample to sample, the internal standard and the antibiotic recoveries 
may vary in opposite directions, and this may lead to false results. This seldom 
occurs, but care should be taken. In fact, if the within- and between-day repro- 
ducibilities and linearities (see next section) of the developed methodology are 
proven, there is not an absolute need for an internal standard. 
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4 QUALITY CONTROL FOR A NEWLY DEVELOPED HPLC METHODOLOGY FOR ANTI- 

BIOTICS 

4.1. Precision 

4.1 .I. Repeatability 
This 
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