
Aminoglycoside antibiotics Ð Two decades of their HPLC
bioanalysis

Ladislav SÏ olteÂs*

Institute of Experimental Pharmacology, Slovak Academy of Sciences, SK-84216 Bratislava, Slovak Republic

Received 16 December 1997; accepted 11 February 1998

ABSTRACT: Several reviews have been published on high-performance liquid chromatographic (HPLC) methods for the
determination of aminoglycoside antibiotics (aminoglycosides) in biological fluids [e.g. Nilsson-Ehle, I. (1983).J. Liq. Chromat.6:
251]. Of these, the paper by Maitraet al. [(1979a).Clin. Chem.25: 1361.] briefly summarizes the early 2 –3 years of experience on
HPLC assaying of amikacin, gentamicin, netilmicin and tobramycin in body fluids. The reviews by Nilsson-Ehle, I. [(1983).J. Liq.
Chromat.6: 251] and by Miner, D. J. [(1985). Antibiotics. InTherapeutic Drug Monitoring and Toxicology by Liquid Chroma-
tography,(Wong S. H. Y., ed.), ch.10, p. 269. Marcel Dekker, New York and Basel.] devoted to the monitoring of antibiotics, also
evaluated the first 6–8 years of the application of HPLC assays for the aminoglycosides amikacin, gentamicin, netilmicin, sisomicin
and tobramycin. This report presents a great majority of the HPLC assay methods published during the last two decades for
determining practically a dozen different aminoglycoside antibiotics in body fluids, particularly in the serum or plasma, and in urine.
Copyright# 1999 John Wiley & Sons, Ltd.

INTRODUCTION

Aminoglycoside antibiotics (aminoglycosides) are
hydrophilic molecules consisting of an aminated cyclitol
associated with an amino sugar. The pKa values of the
amino groups in the drug molecules range between 7.0
and 8.8. In addition to these amino groups, the presence
of several hydroxyl groups contributes to the hydro-
philicity of the aminoglycosides.

All aminoglycosides are readily soluble in water. In
aliphatic alcohols they display a very limited solubility,
while in more hydrophobic organic solvents they are
practically insoluble. In aqueous solutions at physiologi-
cal pH value the drug molecules are charged.

Aminoglycoside antibiotics are valuable in the treat-
ment of serious infections caused by gram-negative
bacteria. After intramuscular administration they are
rapidly absorbed (Miner, 1985). Aminoglycosides are not
metabolized, to a small extent they are bound to plasma
proteins and are excreted almost entirely unchanged by
the kidney.

All aminoglycosides have a narrow therapeutic range
and, moreover, their use is limited because of the poten-
tial renal and otovestibular toxicity. (While the renal

damage is reversible and can be well controlled during
treatment, ototoxic side effects can cause permanent loss
of the inner ear function.) The small differences between
the effective and toxic concentrations call for monitoring
of the given aminoglycoside levels, to ensure optimal
therapy and to minimalize the risk of toxic side effects,
particularly in patients with renal failure (Cabaneset al.,
1991).

Nephrotoxicity appears to be related to elevated trough
serum concentrations and significant tissue accumulation,
as predicted by a two-compartment pharmacokinetic
model (D’Souza and Ogilvie, 1982). For these reasons,
adjusting the aminoglycoside dosage has been advocated
to minimize possible oto- and nephrotoxicity.

Desirable levels of all aminoglycoside antibiotics are
in the order of micrograms per millilitre (Table 1). Owing
to the relatively short plasma elimination half-lives,
which are about 2 h (Miner, 1985), a defined drug
regimen should be applied. For the measurement of
plasma or serum concentrations of a given aminoglyco-
side, microbiological, radioenzymatic, immunological,
chromatographic, and several other assay methods have
been introduced (Anhalt, 1977; Anhalt and Brown,
1978).

Amikacin

Amikacin, a semi-synthetic derivative of kanamycin
(Wonget al.,1982), is widely used against gram-negative
bacterial infections, and, like other aminoglycosides, has
the potential for nephro- and ototoxicity (Kabraet al.,
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1984). Since, comparedwith most other aminoglyco-
sides,theamikacinmoleculehasfewerfunctionalgroups
susceptibleto attacksfrom the enzymaticsystemof the
microorganism,this antibiotic is often usedclinically in
treatinginfectionsresistantto gentamicinor tobramycin
(Wonget al., 1982).

Gentamicin

Gentamicinis a productof Micromonosporapurpurea.
Of the five components isolated, three are major
gentamicinfractions,C1, C1a andC2 (Fig. 1), presentin
roughly equalamounts,andtwo areminor components,
designatedC2a and C2b, which representapproximately
4% of thegentamicincomposition(Geteket al., 1983).

Figure 2 illustrates a typical HPLC record of
gentamicinC1, C1a and C2, asobservedon analysinga
serumsampleof ahealthyvolunteer(Šoltésetal., 1983).
However,the individual fractionsof gentamicinshould
bequantitatedonly whentheaim is adetailedpharmaco-
or toxicokineticstudyof eachdrug component(Bäck et
al., 1979).For mostpharmacokineticstudies,aswell as
for drug monitoring purposes,the determinationof any
onecomponentlevel is fully satisfactory.

Kanamycin

The general term kanamycin includes at least three
knownaminoglycosides,namelykanamycinA, kanamy-
cin B andkanamycinC (Mayset al., 1976).

Neomycin

Therearethreeneomycins,i.e.neomycinA, neomycinB
andneomycinC.

Netilmicin

Netilmicin is a semi-syntheticaminoglycosideantibiotic
preparedfrom sisomicin(Dionisotti et al., 1988).It hasa

broadspectrumof activity againstbothgram-positiveand
gram-negativebacteria, including strains resistant to
other aminoglycosides.Someclinical datasuggestthat
netilmicin has less nephro-and ototoxicity than other
aminoglycosides.However,to ensureoptimaltherapeutic
efficacywith minimal incidenceof side-effects,netilmi-
cin monitoringshouldbemandatory.This is particularly
important in life-threateninginfections in patientswith
impaired renal function, or when long-term therapy is
required.

Sisomicin

By its chemical structure, sisomicin is a dehydro
analogueof gentamicinC1a (Tawaet al., 1988).

Spectinomycin

Spectinomycinis a broad-spectrumaminocyclitol anti-
biotic isolatedfrom the fermentationbroth of Strepto-
mycesspectabilis(MyersandRindler,1979).

Table 1. Therapeutic and toxic concentrations of some
aminoglycosidesa

Therapeuticlevels

Toxic concentrations
(mg/mL)

Aminoglycoside (mg/mL) Peak Trough

Amikacin 8–16 >35 >10
Gentamicin 4–8 >12 >2
Kanamycin 8–16 >35 >10
Tobramycin 4–8 >12 >2

a Adaptedfrom Maitra et al. (1979a).
Figure 1. Chemical structure of gentamicin. Gentamicin C1:
R1=R2=CH3; gentamicin C1a: R1=R2=H; gentamicin C2:
R1=CH3, R2=H.

Figure 2. Chromatogram of a serum sample containing
gentamicin C1 (4.4), C1a (8.3) and C2 (9.3 min). (For the HPLC
conditions see SÏolteÂ s et al., 1983.)
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Streptomycin

Streptomycinwas the first aminoglycosideantibiotic to
beusedin chemotherapy(Kurosawaetal., 1985;Kuboet
al., 1986;Kubo et al., 1987).

Tobramycin

Tobramycin is usedin the treatmentof seriousgram-
negative infections (Haughey et al., 1980). It has a
narrow therapeuticrangeand can causeseverenephro-
and ototoxicity at serum concentrationsexceeding
12mg/mL (Kabraet al., 1983;Table1).

The early history of gentamicin HPLC bioanalysis

In 1977,threeAmericanteams,i.e.Anhalt(1977),Maitra
et al. (1977)andPenget al. (1977a),publishedthe first
accountson HPLC bioanalysisof gentamicin.Two of
thesemethods(Anhalt, 1977;Maitra et al., 1977)allow
us to separateanddeterminethe serumconcentrationof
the threemajor fractionsof gentamicin,namelyC1, C1a

andC2. The third method(Penget al., 1977a)resultsin
theseparationof fractionC1 from thecoupleC1a andC2,
which areelutedasa singlepeak(C1a� C2).

Detectionof gentamicinmolecules,which do not bear
anymarkedchromophoricfunctionalgroup,wasaccom-
plished by chemical derivatization.The derivatization
agentusedwas either o-phthalaldehyde(Anhalt, 1977;
Maitraetal., 1977)or dansylchloride(Pengetal., 1977a;
Chiouet al., 1978).While thefirst agentreactswith free
primary amino groupsof gentamicinpractically imme-
diately evenat laboratorytemperature,on usingdansyl
chloridean increasedreactiontemperature(75°C/5 min)
is required.

All three teamspaid particular attentionto prechro-
matographic treatment of the biological sample, i.e.
serum(Anhalt,1977;Maitraetal., 1977)or plasma(Peng
et al., 1977a).The problemlies in the separationof the
highly polar watersolublecompoundfrom the aqueous,
proteincontainingmatrix.

In their first step,Penget al. (1977a)precipitatedthe
plasmaproteins by adding acetonitrile — an organic
water-misciblesolvent.In the next step,they admixeda
water-immiscibleorganicliquid — dichloromethane—
to thewater-acetonitrilesolution.This resultedin aphase
separation,with gentamicin being partitioned to the
upper aqueouslayer. On applying this procedure,the
gentamicinmolecules,or thoseof otheraminoglycosides
determined,aretransferredinto theaqueousphaseathigh
andconstantrecovery.

A qualitativelydifferent techniquefor the isolationof
polar,chargedgentamicinmoleculesfrom serumsamples
wasintroducedby theirextractionusingsolidadsorbents,
e.g.microparticulatesilicagel (Maitraetal., 1977)or the

ion-exchangerof carboxymethylated(CM) Sephadex
(Anhalt, 1977).Maitra’s team(Maitra et al., 1977)first
trapped the gentamicin molecules on a silica gel
minicolumn bed. In the next step, they on-column
derivatizedthesemoleculeswith o-phthalaldehyde,and
the derivatizedgentamicinwaselutedfrom the column
with ethanol.The ethanoliceluatewasinjectedonto the
HPLC column, and the separation of derivatized
gentamicinmoleculeswas performedin the reversed-
phasemode.

Anhalt (1977) exploited the ion-exchangetechnique.
The entrappedgentamicinwasdisplacedfrom the CM-
Sephadexwith alkaline sodium sulphatesolution. An
aliquotof this samplewasthendirectly injectedontothe
HPLC column operating in the reversed-phaseion-
pairing mode. Detectionof gentamicinmoleculeswas
provided by post-column derivatization with the o-
phthalaldehydesolution.

Despitethefact thatthepublicationof thesefirst three
bioanalyticalmethodsof gentamicinHPLC determina-
tion (Anhalt, 1977; Maitra et al., 1977; Peng et al.,
1977a)is datingbackover two decades,the majority of
the later developedanalytical proceduresis basedon
thesepioneerdesigns.This is understandablein the light
of the: (a) high polarity, charge of water soluble
moleculesof the aminoglycosidesdetermined,and (b)
presenceof primaryandsecondaryaminogroupsaswell
as -OH group(s) allowing chemical derivatization.
Substantialvariablesof the HPLC methodsdiscussed
aregiven in Appendix1.

HPLC METHODS FOR BIOANALYSIS OF
AMINOGLYCOSIDES

Comparedwith some other bioanalytical assays(e.g.
microbiological), the properHPLC methodusually has
adequateselectivity for the specificdeterminationof a
given aminoglycosideantibiotic (Anhalt and Brown,
1978;MarplesandOates,1982).Whentheaminoglyco-
side is a multicomponent mixture, such as that of
gentamicin,this method can also provide information
on the contentof eachindividual drug fraction. Since,
during treatmentthe patient’s blood levels of a given
aminoglycosidearein the orderof mg/mL, the emphasis
doesnot lie primarily on the sensitivity of the HPLC
methodused.Rathera fast, simple, reliable methodfor
monitoring the levels of the drug in small samples,
preferablyof plasma,is required.The HPLC methods
suitablefor clinical laboratoriesmust be unequivocally
free of interferencefrom other drug(s) administered
simultaneouslywith thegivenaminoglycoside.

It shouldbe noted,however,that essentiallyoneand
thesameHPLC methodmaybeequallysuitablebothfor
clinical practice and for pharmacological research
purposes.Yet, differentconditionsof a researchoriented
situation studying the kinetics of an aminoglycoside
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antibiotic in the organism,and of monitoring the drug
therapeuticlevels in patients,may require the involve-
mentof severalHPLC methodsfor thedeterminationof
individual representativesof this ratherbroadgroup of
remedies(seeAppendixes1 and2).

The following sectionspresentan outline of the main
issueswhich shouldbe preconsideredbeforethe useof
any one of the existing HPLC methods,or before the
developmentof a novel HPLC assayfor the determina-
tion of aminoglycoside(s).

Body ¯uid

Blood and urine are the body fluids most frequently
drawn to determine the concentrationsof the given
aminoglycoside.Although assayresults for plasmaor
serumare usually identical, plasmahas an advantage,
since blood can be centrifuged immediately after
samplingand, moreover,a smallervolume of blood is
required.However,whenthe microparticulatesilica gel
is used for treatment,serum is the sampleof choice
(Maitra et al., 1977).

Direct on-column injection of untreated body
¯uid

Successfulrepetitive determinationsof a given amino-
glycosideantibiotic by direct injection of the body fluid
onto the analyticalHPLC column,dependforemoston:
(a) the compatibility of the injected samplewith the
mobile, as well as the stationaryphaseused,and (b)
the actual level of the given aminoglycoside(s) in the
examined body fluid. The latter decisively limits
the efficacyof the direct injection approach,sinceonly
a minutevolumeof thebiologicalsamplecanusuallybe
introducedinto theHPLC equipment.

In thepapersreviewed,thedirecton-columninjection
of untreatedbody fluids was used only in the urine
analysis (Maloney and Awni, 1990). However, with
serum or plasma, the technique of on-line sample
preparationhas been employed by injecting a large
volumeof bodyfluid into theHPLCequipmentoperating
in the column-switching arrangement(Essers,1984;
Tamaietal., 1986;Matsunagaetal., 1988).Forexample,
theon-lineserumtreatingonabutyl toyopearl(BT) 650-
M precolumnpacking,alongwith column-switching,was
usedfor the determinationof gentamicin(Tamai et al.,
1986).This somewhatcuriousHPLC method,however,
did not reacha broadapplicationin practice.

Internal standard

On working with a modern microprocessor-controlled
HPLC apparatus,andon applyingautomaticprechroma-

tographic sample treatment, the use of an internal
standardis not necessary.Yet, in severalof the assays
listed in Appendix1, only theapplicationof the internal
standardwarrantsthe requiredprecisionof the HPLC
bioanalytical method in determiningthe given amino-
glycoside.

The most frequently used approachis to employ
anotheraminoglycosideas the internal standard.This
approach is well-substantiatedsince substanceswith
similar chemical structurecan be expectedto behave
similarly both in the prechromatographicandchromato-
graphicsteps.Nevertheless,the procedurereportedfor
synthesizing1-N-acetylgentamicinC1 asan appropriate
internal standard(Anhalt and Brown, 1978) is to be
recommended.

In conclusion,on usinga singledetectorsettingover
the whole courseof the HPLC run, the choice of the
optimalratiobetweentheamountof theinternalstandard
used and the concentration of the aminoglycoside
determined,is ratherimportant.

Prechromatographic sample treatment

Most of theHPLC methodslisted in Appendix1 require
approximately0.1–1.0mL of plasmaor serum. Since
direct on-column injection of such a voluminous and
complexsampleis commonlynot feasible,thecompound
to beexaminedhasto be transferredfrom thebiological
matrix, into a small volume of an appropriateliquid
which can be introduced onto the HPLC analytical
column.

In pharmacokinetics,maximalizationof the yield and
purity of the analyteis an essentialrequirementfor its
trace analysis,while for monitoring high levels of the
given aminoglycosidethe efficiencyof the extractionis
not socritical.

The three main approachesfor the preparationof
analyticalsamplesfrom the original body fluids are: (a)
protein precipitation,(b) solid-phaseextraction,and (c)
solventextraction,usedindividually or in combination.

Protein precipitation

In the majority of methodsfor the determinationof
aminoglycosidesin plasma or serum, acetonitrile is
appliedas the proteinprecipitatingagent.Sinceamino-
glycosidesare not extensivelybound to any particular
plasmaprotein before the addition of acetonitrile, the
drug releasefrom binding sitesis simply accomplished
by alkalization and dilution of the biological sample.
Comparedwith otherprecipitatingagents,e.g.CH3OH,
HClO4 (Kubo et al., 1985), acetonitrile has the great
advantagethat the precipitatedmassof proteinsadheres
excellentlyto thetesttubewall. Thisallowsusto transfer
the supernatantreadily and quantitatively into another
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vessel.Suchaproteinfreesamplecanthen,ultimately,be
directly injectedontotheHPLC columnoperatingin the
reversed-phaseion-pairingmode.On usingthis method,
an aliquot of the resultingsupernatantliquid is injected
ontoaguardprecolumnto protecttheperformanceof the
HPLC analyticalcolumn.In combinationwith the post-
columnderivatization,thewholeprocedureappearsto be
highly effective.

Solid-phase extraction; liquid/solid-phase parti-
tioning (SPE)

As is also evident from Appendix 1, aminoglycosides
from body fluids areoften isolatedby applyingthe SPE
technique.

This techniqueis particularly suitable for isolating
polar analytes,such as aminoglycosides,and has also
provenadvantageouswhen the volume of the analysed
body fluid is large.Oneof the favourablepropertiesof
solid-phaseextraction is the usually high and well-
reproduciblerecovery(Anhalt,1977;Anhalt andBrown,
1978). Selectiveisolation of aminoglycoside(s)can be
affected primarily by the selection of the adsorbent
material (e.g. bare silica gel, cation exchanger),and
secondarilyby includinga suitablesorbentwashingstep,
by which themajority of trappedendogenousmaterialis
flushedout.

In thecaseof workingwith baresilica astheadsorber,
however, the trapped aminoglycoside(s)cannot be
simply eluted from the minicolumn adsorbentbed; but
after on-columnderivatizationof the analyte(s)with o-
phthalaldehydethederivatizedmoleculesof aminoglyco-
side(s)are easily elutablewith ethanol.This sampleis
then directly injectable into the HPLC equipment
operatingin the reversed-phaseseparationmode.

A small drawbackof the ion-exchangingprocedureis
that the trappedaminoglycosideshave to be eluted by
usinganalkalinesolution,of which only a small aliquot
can usually be directly introduced into the HPLC
equipment.On theotherhand,this is thevery procedure
which yields samplescontainingreally very few inter-
fering substances(Anhalt, 1977).

Solvent extraction; liquid/liquid partitioning (LLE)

Thetechniqueof “classical”solventextractionof amino-
glycosidesfrom abodyfluid with anorganicextractantis
excludedonprinciple,becauseof druginsolubility in any
water-immiscibleliquid. If the LLE techniqueapplica-
tion is mentionedin Appendix1, it usuallyconcernsthe
extractionof the derivatizedaminoglycosidemolecules
(Bäck et al., 1979).An aliquotof theappropriateorganic
extractant(e.g. ethylacetate)can be analysedas to the
contentof thedrugderivativealsoby its directon-column
injection (Peng et al., 1977a,b). A more complex

procedure,however,consistsof the evaporationof the
organic solvent, dissolution of the dry residue in the
HPLC mobile-phase,andthe subsequentanalysisof the
sampleto determineits aminoglycosidecontent(Larsen
et al., 1980).

Chemical derivatization

Chemicalderivatizationof aminoglycosideantibioticsis
inevitable for their sensitivedetectionwith a photo-/
fluoro-HPLC-detector. Of the functional groups char-
acteristic for virtually all aminoglycosides,the -NH2

group is mostly involved in derivatization reactions.
Further reactive groups, i.e. -NH- and -OH, are also
exploited for derivatization reactions.On using inap-
propriatereactionconditions,however,more than one
singlederivativemayarise(Tawaet al., 1988).

Under alkaline conditions, o-phthalaldehydereacts
rapidly with primary aminesto producea very well-
detectablefluorescentproduct (Anhalt, 1977). A dis-
advantageof fluorescentpre-columnlabelling of amino-
glycosideswith o-phthalaldehydeis the low stability of
thederivative,andthatdespitestorageof thesamplesat
low temperatureand in dark conditions (Bäck et al.,
1979).The fluorescenceof the derivatizedproductwas
found to decreasewith time (Maitra et al., 1979c).This
calls for a post-columnderivatizationarrangement.Such
a designresultsin highly productiveon-line determina-
tions,an advantageoverridingthe drawbackof a higher
consumptionof thederivatizationagent,andof theneed
for a further (HPLC) pump(Anhalt, 1977).

Of the other derivatization agentsfor fluorescence
labelling, dansyl chloride (Peng et al., 1977a,1977b;
Chiou et al., 1978), ninhydrin (Kubo et al., 1987), or
sodium b-naphthoquinone-4-sulphonate (Kubo et al.,
1986)havebeenused.Derivatizationof aminoglycoside
moleculesfor UV-detectionwasperformedby 1-fluoro-
2,4-dinitrobenzene(Barendset al., 1980; Barendsand
Zwaan,1981; Wong et al., 1982; Barendset al., 1983;
Dionisotti et al., 1988), 2,4,6-trinitrobenzene-1-sulpho-
nic acid(Kabraetal., 1983;1984)andbenzenesulphonyl
chloride(Larsenet al., 1980).

HPLC separation modes: stationary and mobile
phases

Undoubtedly,reversed-phaseHPLC is the dominating
separation mode of aminoglycosides.Normal-phase
HPLC of neithernative nor of derivatizedaminoglyco-
sideson silica gel column packingsis of any practical
value.

BondedC18-silica gels in combinationwith reversed-
phaseion-pairing conditions seem to be the optimal
selection. Buffered aqueousmobile phaseswith an
appropriateion-pairing agent warrant adequateHPLC
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resolution and reduce the peak tailing of native or
derivatized aminoglycosidemolecules (Anhalt, 1977;
Anhalt andBrown, 1978;RumbleandRoberts,1987).

Detection principles

FluorescenceandUV-light absorbanceof thederivatized
aminoglycosidesare prevailing in the specific and
sensitivedetectionof thesecompoundsin HPLC (see
Appendix 1). Fluorescenceis, however,more specific
than the UV-light absorption as not all absorbing
compoundsfluoresce.Moreover, the appropriateselec-
tion of both excitationandemissionwavelengthsof the
HPLC spectrofluorometerpermitseasydifferentiationof
theco-elutedcompounds.

Owing to its extrahigh selectivity, the spectrofluoro-
metric detectorhas beengaining in favour for amino-
glycosidesmonitoring, while, becauseof its very high
sensitivity,the filter fluorometeris preferredin pharma-
cokineticstudiesof this groupof drugs.

CONCLUDING REMARKS

ThepaperreviewsHPLC methodsfor thedetermination
of aminoglycosideantibioticsin bodyfluids,coveringthe
literatureof abouttwenty years(Appendix1), i.e. from
1977with papersby Maitra et al. (1977),Anhalt (1977)
and Penget al. (1977a,b),up to 1996, e.g. Steadand
Richards(1996).

For somerepresentativesof this groupof drugsonly
onemethodhasbeenpublished,while for otheramino-
glycosides,e.g. gentamicin,a seriesof HPLC methods
areavailable.The existenceof a numberof methodsfor
the determinationof a given drug, suchas gentamicin,
and the continuousdevelopmentof new approaches,is
accountedfor by the advancesin the HPLC technique
itself on the onehand,andby the effort to broadenthe
understandingof the dynamicsandkineticsof the given
aminoglycosidein theorganismontheother(Ďurišováet
al., 1995).

In prechromatographictreatment of samples, the
processof SPEon a cationexchangercanbeconsidered
the procedureof choice,warrantingthe requiredresult.
Concerningtheseparationmode,thereversed-phaseion-
pairingHPLCappearsto remaintheprevailingprinciple.
For detection,thepost-columntracingwith theuseof o-
phthalaldehydeseemsto be the most appropriateway.
However, current innovations in other bioanalytically
applicablemethods,particularly advancesin capillary
electrophoresis,have also exertedtheir impact on the
determination of aminoglycosides(Oguri and Miki,
1996).
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APPENDIX 1

AMINOGLYCOSIDE

Body fluid Internalstandard
Sampletreatment

procedure(s) Derivatization Detection References

AMIKACIN
Plasma PP,SPE Pre-col. UV Wonget al., 1982
Plasma UF Pre-col. UV Pappet al., 1992
Plasma Tobramycin SPE Post-col. FL Wichert et al., 1991
Serum PP,SPE Pre-col. UV Wonget al., 1982
Serum SPE Pre-col. FL Maitra et al., 1978
Serum Kanamycin PP,SPE Pre-col. UV Kabraet al., 1984
Serum Kanamycin SPE Pre-col. UV Barendset al., 1983
Serum Neamine Col. sw. Pre-col. FL Essers,1984
Serum Tobramycin SPE Post-col. FL Anhalt andBrown, 1978
Urine Pre-col. UV Pappet al., 1992

ASTROMICIN
Serum Netilmicin SPE Post-col. FL Kawamotoet al., 1984

DIBEKACIN
Serum PP Post-col. FL Kubo et al., 1985
Serum Tobramycin Col. sw. Pre-col. FL Essers,1984

GENTAMICIN
Plasma PP,LLE Pre-col. FL D’SouzaandOgilvie, 1982
Plasma PP,LLE Pre-col. FL Penget al., 1977a
Plasma SPE Pre-col. FL SteadandRichards,1996
Serum Col. sw. Post-col. FL Tamaiet al., 1986
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APPENDIX 1. Continued

AMINOGLYCOSIDE

Body fluid Internalstandard
Sampletreatment

procedure(s) Derivatization Detection References

Serum PP,LLE Pre-col. FL Bäck et al., 1979
Serum PP Post-col. FL Kubo et al., 1982
Serum PP Pre-col. UV Barendset al., 1980
Serum SPE Pre-col. FL Maitra et al., 1977

Šoltés et al., 1983
RumbleandRoberts,1987

Serum SPE Post-col. FL Anhalt, 1977
Serum 1-N-AcetylgentamicinC1 SPE Post-col. FL Anhalt andBrown, 1978
Serum Netilmicin PP,LLE Pre-col. UV Larsenet al., 1980
Serum Tobramycin Col. sw. Pre-col. FL Essers,1984
Serum Tobramycin PP Pre-col. UV BarendsandZwaan,1981
Serum Tobramycin SPE Pre-col. FL MarplesandOates,1982
Urine SPE,LLE Pre-col. FL D’SouzaandOgilvie, 1982

ISEPAMICIN
Plasma Dibekacin SPE Post-col. FL MaloneyandAwni, 1990
Urine Dibekacin Post-col. FL MaloneyandAwni, 1990

KANAMYCIN
Serum PP Post-col. FL Kubo et al., 1985

MICRONOMICIN
Serum Sisomicin SPE Post-col. FL Kawamotoet al., 1984

NETILMICIN
Plasma PP,LLE Pre-col. FL Penget al., 1977b
Plasma Gentamicin PP,LLE Pre-col. FL Santoset al., 1995
Serum Col. sw. Pre-col. FL Essers,1984
Serum PP,LLE Pre-col. FL Bäck et al., 1979
Serum Astromicin SPE Post-col. FL Kawamotoet al., 1984
Serum GentamicinC1a PP Pre-col. UV Dionisotti et al., 1988
Serum Tobramycin SPE Pre-col. FL MarplesandOates,1982

SISOMICIN
Plasma SPE,LLE Pre-col. FL Tawaet al., 1988
Serum Col. sw. Pre-col. FL Matsunagaet al., 1988
Serum Tobramycin Col. sw. Pre-col. FL Essers,1984
Serum Tobramycin PP Pre-col. UV BarendsandZwaan,1981
Serum Tobramycin SPE Post-col. FL Kawamotoet al., 1984

STREPTOMYCIN
Serum PP Post-col. FL Kubo et al., 1986

Kubo et al., 1987
Serum Dihydrostreptomycin SPE UV Kurosawaet al., 1985

TOBRAMYCIN
Serum PP,LLE Pre-col. FL Bäck et al., 1979
Serum PP Post-col. FL Stobberinghet al., 1982
Serum SPE Pre-col. FL Maitra et al., 1979b
Serum Amikacin SPE Post-col. FL Anhalt andBrown, 1978
Serum GentamicinC1a Col. sw. Pre-col. FL Essers,1984
Serum GentamicinC2 PP,LLE Pre-col. FL Haugheyet al., 1980
Serum Netilmicin SPE Pre-col. FL MarplesandOates,1982
Serum Sisomicin PP Post-col. FL Kubo et al., 1984
Serum Sisomicin PP,SPE Pre-col. UV Kabraet al., 1983
Urine GentamicinC2 LLE Pre-col. FL Haugheyet al., 1980

Nonstandardabbreviations:Col. sw.= column switching, FL/UV = fluoro-/UV-detection,PP= protein precipitation, Pre-/Post-col.= pre-/post-
column,UF = ultrafiltration.
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APPENDIX 2

Apramycin
Bekanamycin
Butirosin

Dactimicin
DihydrostreptomycinA anddihydrostreptomycinB

Fortimicin A andfortimicin B
Framycetin

KanamycinA, kanamycinB = kanendomicin,andkanamycinC
Lividomycin

NeomycinA, neomycinB andneomycinC
Paromomycin

Ribostamycin
Sagamicin= GentamicinC2b
Spectinomycin

Verdamicin
Xylostasine
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