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Abstract

A method based on solid-phase extraction (SPE) and capillary zone electrophoresis (CZE) for the analysis of tobramycin in human serum
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s presented. An off-line SPE employing a carboxypropyl bonded phase (CBA) cartridge was used for the extraction of tobram
uman serum. Adsorbed tobramycin was eluted from the CBA cartridge using a mixture of NH3 (25%, w/v)–methanol (30:70, v/v). Aft
vaporation, the analyte was reconstituted and derivatized witho-phthaldialdehyde (OPA)/3-mercaptopropionic acid (MPA). The resu
obramycin–OPA/MPA derivative was purified, and then identified by mass spectrometry. The tobramycin–OPA/MPA derivative
nalysed by CZE with a background electrolyte (BGE) comprising of 30 mM sodium tetraborate pH 10.0-acetonitrile (ACN) (80
ith ultraviolet detection at 230 nm. A linear response was observed in the range of 0.3–30�g/ml with r2 = 0.992. The sensitivity of th
ethod was determined by its limit of quantitation (LOQ) and limit of detection (LOD) of 0.3�g/ml and 0.1�g/ml, respectively. SPE recove

anged from 68 to 79% at the trough levels to 98% at the peak levels found in serum. Furosemide has been added as internal sta
mprove precision. For the therapeutic range of tobramycin in serum (2–10�g/ml) the relative standard deviation (R.S.D.) was less than
or the entire SPE/CE process. The method demonstrated excellent selectivity as shown by the lack of interference from a total
nvestigated. The method was then used in therapeutic drug monitoring of patients receiving the drug.

2004 Elsevier B.V. All rights reserved.

eywords:Tobramycin; Bioanalysis; Solid-phase extraction

. Introduction

Tobramycin is a broad spectrum aminoglycoside antibi-
tic produced byStreptomyces tenebrarius[1]. It is indicated

or the treatment of aerobic Gram-positive and some aerobic
ram-negative bacteria for which less toxic antibiotic are

neffective or contra-indicated. Like all other aminoglyco-
ides, its narrow therapeutic index is implicated by its oto-
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and nephrotoxicity especially when therapy is prolonged[2].
Careful monitoring of this substance is therefore require
order to detect elevated and appropriate levels in seru
therapy so as to improve efficacy.

Quantitative methods currently used for the an
sis of tobramycin in biological matrices[3,4] include
radioimmunoassay (RIA)[5], high-performance liquid
chromatography (HPLC)[6–10], fluorescence polarizatio
immunoassay (FPIA)[11], microbiological assays[5,12],
radiochemical assay[13] and enzyme immunoassay (EI
[14,15]. These methods each have merits and dem
The use of microbiological assay (as described by Un
States Pharmacopeia Drug Information (USPDI)[16]) for
therapeutic drug monitoring and pharmacokinetic studie
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aminoglycosides has massively declined because of its non-
specificity, narrow linear range and at times poor sensitivity.
The LC method is preferred but relatively expensive and time
consuming due to long analysis time and large volumes of or-
ganic solvents used. CE was recently reported for the analysis
of tobramycin in bulk pharmaceuticals[17] but this method
cannot be directly applied in bioanalysis, as there is the need
for an effective and quantitative sample cleanup prior to anal-
ysis and for a very sensitive assay able to quantitate trough
(1–2�g/ml) and peak (8–10�g/ml) levels in serum. The ma-
jor hurdle confronted in analysis of aminoglycosides is their
lack of UV chromophore and fluorophore due to their lack of
chemical unsaturation (Fig. 1). To analyze these compounds
by CE and LC, it is therefore necessary to improve UV
and/or fluorimetry detection sensitivity by chemical deriva-
tization. Many reagents have been used in CE and LC for
the derivatization of amine compounds[18]. These include
OPA/MPA [17,19], dimethylaminoazobenzene sulphonyl
chloride [20], 1-fluoro-2,4-dinitrobenzene[21], 9-fluoro-
2,4-dinitrophenyl-5-L-alanine amide[22], dansyl chloride
[23], OPA/N-tert-butyloxycarbonyl-L-cysteine[24], OPA/2-
mercaptoacetic acid (MAA)[25]. Pre- and post-column
derivatizations have been reported. The complexity and
cost of installation of a post-column derivatization system
discourages its routine use. The most popular remains the
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bramycin in human serum for therapeutic drug monitoring
and pharmacokinetic studies by pre-capillary derivatization
with OPA/MPA and CZE. An effective SPE employing a CBA
cartridge for sample pre-treatment and cleanup of tobramycin
from human serum yielded good analyte recovery.

2. Materials and methods

2.1. Reagents

Sodium tetraborate, MPA, acetonitrile (ACN), OPA,
ascorbic acid, sodium carbonate and disodium hydrogen
phosphate were from Acros Organics (Geel, Belgium).
Methanol HPLC-grade was from Fischer chemicals (Le-
icester, UK). Sodium dihydrogen phosphate was from
Merck (Darmstadt, Germany). Potassium hydroxide, sodium
hydroxide, ammonium hydroxide and sodium hydrogen
carbonate were from Riedel-de Haën (Seelze, Germany).
Furosemide and boric acid were from Merck Eurolab (Leu-
ven, Belgium). Tobramycin sample was from Biogal (De-
brecen, Hungary) and was >99.8% pure. Benzylpenicillin,
cephradine and kanamycin were from the European Pharma-
copoeia (Strasbourg, France). Cefadroxil and acetylsalicylic
acid were from Certa (Braine-l’Alleud, Belgium). Pen V and
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re-column derivatization approach, but the stability of
erivative must be considered when employing this appro

Biological samples usually consist of high concentrat
f organic and inorganic salts, and proteins, which greatl

ect CE separation. Thus to obtain sensitive assays for
acokinetic and therapeutic drug monitoring studies,
ecessary to eliminate these interfering substances. Wi

ntroduction of improved formats and sorbent phases,
as become the most popular sample preparation meth
ioanalysis. Some aminoglycosides have been quantita
xtracted from biological matrices by the use of a weak ca
xchanger CBA[25,26]and C-18 SPE cartridges[27].

In this paper, we report a sensitive and selective a
ethod for qualitative and quantitative determination o

ig. 1. Reaction scheme for the derivatization of primary amines
PA/MPA.
efoxitin were from Merck Sharp and Dohme internatio
NJ, USA). Paracetamol was from Tramedico (Sint Nikl
elgium). Cefazolin was from Bristol (Brussels, Belgiu
loxacillin, amoxicillin and flucloxacillin were from
eecham (Brussels, Belgium). Ampicillin was from G
rocades (Delft, Holland). Streptomycin was from VM
hemie (Arendonk, Belgium). Cephalexin and gentam
ere from the United States Pharmacopeia (USP) (Rock
D, USA). Cefotaxime sodium was from Hoechst (Frank
m Main, Germany). Amikacin was from Bristol Sermon
Latina, Italy). Human sera were obtained from Sig
Bornem, Belgium). Ultrapure Milli-Q water (Millipore
ilford, MA, USA) was used and solutions were filter
ith a 0.2�m filter (Euroscientific, Lint, Belgium) wher
ecessary.

.2. Instrumentation

The experiments were carried out on a Beckman P/
DQ equipped with photo diode array detection (Be
an, Fullerton, CA, USA). Data were acquired by me
f 32 Karat

TM
version 5.0 Software (Beckman). pH measu

ents were performed on a Metrohm 691 pH meter (Her
witzerland). Uncoated fused silica capillary was obta

rom Polymicro Technologies (Phoenix, AZ, USA). T
BA and aminopropyl bonded phase SPE cartridges

rom International Sorbent Technology (IST) (Mid Glam
an, UK). The SPE was performed in a 10-well VacMa
ample processing station from IST (Mid Glamorgan, U
he MS data were acquired with an LCQ ion trap m
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spectrometer equipped with an electrospray interface oper-
ated in positive ion mode (Thermo Finnigan, San Jose, CA,
USA). Ionization source and MS parameters were tuned au-
tomatically. A source voltage of 4.5 kV was applied to the
electrospray ionization (ESI) needle. The temperature of the
heated capillary was set at 270◦C. Nitrogen was supplied
by a Nitroprime

TM
membrane unit type SNIFF (Hoek Loos,

Niel, Belgium) and was used as sheath and auxiliary gas.
The flow rate of the sheath and the auxiliary gas was set at
80 and 20 (arbitrary units), respectively. Helium was used as
the damping and collision gas at a pressure of 0.133 Pa. An
X-calibur software package was used for instrument control,
data acquisition and processing.

2.3. Preparation of derivatization reagent and standards

The reagent was prepared according to earlier studies by
Molnàr-Perl et al.[28,29]and Kaale et al. [17]. OPA (0.44 g)
was dissolved in 2.0 ml of methanol and 15 ml of a 30 mM
boric acid solution, adjusted to pH 10.4 with 8 M potassium
hydroxide was added, followed by 1.0 ml of MPA. The pH
of the resulting solution was adjusted to 10.4 with 8 M potas-
sium hydroxide. The solution was then diluted to 20.0 ml
with 30 mM boric acid, previously adjusted to pH 10.4 with
8 M potassium hydroxide. The reagent was used after a post-
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was added 1 ml of methanol–water (50:50, v/v) containing
0.01 mg/ml of furosemide (internal standard, IS) and 0.17 ml
of the derivatization reagent. To the human sera extracts
was added 0.17 ml of the derivatization reagent, 0.1 ml of
methanol–water (50:50, v/v) and 1 ml of methanol–water
(50:50, v/v) containing 0.01 mg/ml furosemide. The tube was
agitated to allow thorough mixing and placed in a water bath
at 60◦C for 10 min. The optimum conditions for the deriva-
tization, reagent concentration, time of reaction and temper-
ature had been investigated earlier [17].

2.6. Mass spectrometry

Prior to mass spectrometry it was necessary to clean
the derivatized sample from borate and phosphate salts,
which would otherwise block the capillaries and damage
the mass spectrometer. We used an aminopropyl bonded
phase (a weak anion exchanger) SPE cartridge for cleanup
of the derivatized sample. The aminopropyl cartridge was
conditioned with 1.0 ml of methanol followed by 2.0 ml
phosphate buffer (20 mM, pH 7.8). One ml of derivatized
sample was diluted four times with Milli-Q water, the
pH adjusted to 7.8 with 0.1 M HCl, and applied to the
SPE cartridge. The cartridge was then washed with 4.0 ml
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reparation period of at least 90 min. Once prepared
eagent was stored at 4◦C, in the absence of light and us
ithin a period of nine days. The reagent was stable ove
eriod [28,29]. 0.1–30�g/ml stock solutions of tobramyc
ere prepared by dissolving tobramycin in methanol–w

50:50, v/v).

.4. Solid-phase extraction from human serum

A CBA SPE cartridge was used for cleanup of
erum sample. The CBA cartridge was conditioned
.0 ml of methanol followed by 2.0 ml of 20 mM pho
hate buffer, previously adjusted to pH 7.4, at a flow
f 1–2 ml/min. 1.0 ml of serum was spiked at different c
entrations (0.1–30�g/ml) with tobramycin stock solution
nd diluted to 4.0 ml with water and was applied to the

ridge at a flow rate of 1 ml/min. Interference elution w
ith 2.0 ml of 20 mM phosphate buffer pH 7.4, then 4.0
f 0.2 M borate buffer previously adjusted to pH 9.0 with 8
OH followed by 2.0 ml of water. The cartridge was dr
y sucking air for 5 min. The analyte was eluted with 2.0
f NH3 (25%, w/v)–methanol (30:70, v/v). The solvent w
vaporated in a RotaVapor (Büchi, Flavil, Switzerland) an
ried in an oven for 30 min at 105◦C to remove the remainin
mmonia.

.5. Sample derivatization

The reaction scheme for the derivatization is show
ig. 1. To 0.1 ml of the different stock solutions of tobramy
hosphate buffer (20 mM, pH 7.8) followed by 4.0
illi-Q water. In all these steps the flow rate was maintai
t 1 ml/min. The cartridge was sucked to dryness for 5
he tobramycin–OPA/MPA derivative was then eluted w
.0 ml of NH3 (25%, w/v)–methanol (30:70, v/v) at a flo
ate of 1 ml/min, where after the cartridge was sucked
he eluate was directly infused (by syringe pump) into
S.

.7. CE analysis

Uncoated fused silica capillary with internal diameter (
f 50�m, total length of 40 cm and effective length to de

or of 30 cm, was used. A new capillary was conditioned
ushing with 1 M NaOH, followed by 0.1 M NaOH, the
ater, each for 5 min at 60◦C at a pressure of 20 psi. Ea
ay prior to analysis, the capillary was washed with 0.
aOH for 5 min, followed by water for 2 min and then w
ackground electrolyte (BGE) for 5 min at 30◦C at a pres
ure of 20 psi. To ensure repeatability of migration times
apillary was rinsed between injections with 0.1 M NaO
hen water and BGE, each for 1 min. The derivatized s
le was injected hydrodynamically at a pressure of 0.

or 15 seconds and a voltage of 23 kV was applied. Capi
emperature was maintained at 30◦C. The BGE was made u
f borate buffer–acetonitrile (80:20, v/v). The borate bu
onsisted of 30 mM sodium tetraborate prepared by dis
ng 1.145 g of sodium tetraborate in Milli-Q water and
usting the pH to 10.0 with 1 M NaOH, followed by dilutio
o 100.0 ml with water.
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Fig. 2. Electropherogram of blank human serum. Electrophoretic parame-
ters: BGE: 30 mM borate pH 10.0-acetonitrile (80:20, v/v), capillary length
40 cm, ID 50�m, voltage 23 kV, hydrodynamic injection 15 s, 0.8 psi, UV
detection at 230 nm, temperature 30◦C, current 69–73�A.

3. Results

3.1. Stability of tobramycin/OPA derivative

Pre-capillary derivatization reactions have been com-
plicated by the instability of the resulting thioisoindole
derivative(s). It was therefore necessary to investigate
the degradation kinetics of the tobramycin–OPA/MPA
derivative in order to have a precise assay determination.
This was performed by analyzing aliquots of the derivatized
mixture, kept at ambient temperature over a period of 6 h.
A plot of lnAt /A0 against post-derivatization time confirms
first order degradation kinetics with lnAt = −0.0025t +
0.0941 with coefficient of determinationr2 = 0.962, t =
post-derivatization time,A0 andAt are the ratios of corrected
peak area of tobramycin derivative/corrected peak area of
internal standard (at timet = 0 and t after derivatization,
respectively). A post-derivatization time of no longer than 2 h
at room temperature allows a determination with acceptable
precision (relative standard deviation, R.S.D. <11%).

3.2. SPE/CE recovery

Electropherograms of blank human serum and human
serum spiked with tobramycin, cleaned by SPE, are shown
in Figs. 2 and 3. Recoveries of tobramycin for the entire

F
t IS:
i

process were obtained by external standardization i.e. com-
parison of the mean ratio (n = 3) of corrected peak areas of
tobramycin/IS of standard solutions without SPE, with the
mean ratio (n = 3) of corrected peak area tobramycin/IS of
spiked human serum (subjected to SPE). Recovery ranged
from 68% at trough concentration to 98% at the peak levels
normally found in serum and is presented inTable 1.

4. Method validation

4.1. Sensitivity

The analytical sensitivity was assessed by determination
of the limit of quantitation (LOQ) and the limit of detection
(LOD). As defined by European Pharmacopoeia[30], the
LOQ and LOD are the concentrations at which the signal to
noise ratio is 10 or 3, respectively. The LOQ was 0.3�g/ml
(n = 3, R.S.D. 12.5%) and the LOD was 0.1�g/ml.

4.2. Calibration curve and repeatability

One ml of human serum was spiked with tobramycin stock
solutions and diluted to 4 ml with water. A 5-point calibration
was investigated in the range of 0.3–30�g/ml, with the lowest
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ig. 3. Electropherogram of human serum spiked with 0.3�g/ml (LOQ) of
obramycin (seeFig. 2for electrophoretic parameters). TB: tobramycin,
nternal standard (0.01 mg/ml furosemide).
evel of the analytical calibration curve corresponding to
imit of quantitation. The calibration curve was linear w
= 0.0461x + 0.0162 andr2 = 0.992 wherey is the ratio o

obramycin corrected peak area/corrected peak area ofn
3) andx is the concentration of tobramycin spiked (�g/ml),
ith Sy, x = 0.00243, whereSy, x is the standard error of th
estimate. This calibration curve was used for the ana
f clinical samples. The differing recoveries with respec
oncentration are thus taken into account. The analytica
ision was assessed at both intra-day and inter-day at
0�g/ml and is presented inTable 1. The highest R.S.D. wa
1% (n = 6).

.3. Selectivity

To investigate the selectivity of the method, stock solut
f several drugs that are sometimes co-administered wi
ramycin were prepared in methanol–water (50: 50,
olutions containing 10�g/ml of interference and 10�g/ml
f tobramycin were derivatized and analysed by CE. Non

he following 20 drugs were found to interfere with analy
cetylsalicylic acid, amikacin, amoxicillin, ampicillin, asc
ic acid, benzylpenicillin, cefadroxil, cefazolin, cefotaxim
efoxitin, cephalexin, cephradine, cloxacillin, diazepam,
loxacillin, gentamicin, kanamycin, paracetamol, pen V
treptomycin.

.4. Confirmation by mass spectrometry

A mass spectrum of the standard tobramycin deriva
btained by ESI in the positive ion mode yielded a [M
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Table 1
Recovery and precision of SPE/CE analysis of tobramycin from human serum

Concentration spiked (�g/ml) Concentration found (�g/ml) Recovery (%) (n = 3) Intra-day R.S.D. (%) Inter-day R.S.D. (%)

0.3 0.2 68.5 12.5 (n = 3)
2 1.6 78.5 11.0 (n = 6) 9.9 (n = 6)
8 7.0 87.0 4.3 (n = 3)

10 9.8 98.3 10.6 (n = 6) 7.2 (n = 6)

R.S.D.: relative standard deviation.

H]+ ion atm/z= 1488 (Fig. 4). The molecular mass of fully
derivatized tobramycin is 1487, where all five primary amine
functions reacted with OPA/MPA reagent. Collision-induced
dissociation in the ion trap with 60% collision energy of the
[M + H] + ion yielded two product ions in the following pat-
tern:m/z = 1488 [M + H]+ → m/z 1382 and 1276 by loss
of 106 and 212 mass units, which corresponds to loss of one
and two mercaptopropionic acid (MPA) groups, respectively
(spectrum not shown).

4.5. Analysis of clinical samples

The method was used in therapeutic drug monitoring of
10 patients being treated with tobramycin.

5. Discussion

The study presents a linear, selective, sensitive and repeat-
able SPE/CE method for the determination of tobramycin in

human serum. The major advantages of the method over other
existing methods include low cost and good selectivity.

In the present study, serum samples of 10 patients were as-
sayed by the novel SPE/CE method. A typical electrophero-
gram is shown inFig. 5. The electropherogram is similar
to that obtained from spiked human serum (Fig. 3). With
the exception of one patient, all peak serum samples were
within the therapeutic range (8–10�g/ml). The trough con-
centrations were below the recommended maximum value
(2�g/ml). According to the USPDI, it can be concluded that
these patients have a safe trough concentration of tobramycin.
The specificity of the SPE/CE method was investigated us-
ing a total of 20 drugs. The method is highly specific as none
of the drugs investigated migrated with tobramycin or the IS
(furosemide) peaks.

The low LOD (0.1�g/ml) and LOQ (0.3�g/ml) mean that
the SPE/CE method can be used for TDM and pharmacoki-
netic studies of tobramycin.

To confirm the identity of what is determined and
quantitated in human serum, MS was used to study the
Fig. 4. A mass spectrum of OPA/MPA derivatized tobramycin as acquired
 by ESI in the positive ion mode. The [M + H]+ ion is identified asm/z1488.
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Fig. 5. An electropherogram of a patient serum containing 2.9�g/ml to-
bramycin (seeFig. 2 for electrophoretic parameters). IS: Internal standard,
TB: tobramycin.

tobramycin–OPA/MPA derivative. Following SPE of the
serum (using a CBA cartridge), the sample was derivatized
and SPE of the tobramycin–OPA/MPA derivative (using an
aminopropyl cartridge) was performed prior to MS. The re-
sulting spectrum (not shown) showed the most abundant
peak asm/z 1488 which corresponds to the [M + H]+ ion
of fully derivatized tobramycin. This confirms that for the
main peak all five amine functional groups have reacted with
the OPA/MPA reagent. [M + H]+ ion peaks of tobramycin,
mono-, di-, and tri-substituted thioisoindole derivatives are
absent. The approach is a novel approach and is aimed at
providing an insight in OPA/MPA derivatization reactions of
aminoglycosides.

6. Conclusion

A sensitive, selective and repeatable SPE/CE method for
the determination of tobramycin in human serum was devel-
oped. An SPE procedure employing a CBA cartridge with
elution solvent NH3 (25%, w/v)–methanol (70:30, v/v), fol-
lowed by pre-capillary derivatization and then CZE was suc-
cessfully developed. Recoveries were good, ranging from
68% at trough levels to 98% at peak concentrations. MS
scans revealed that for the main peak all five primary amine
f con-
d f to-
b The
m near
r ara-
t thod
c dies
o
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29] I. Molnàr-Perl, V. Aniḱo, J. Chromatogr. A 835 (1999) 73.
30] European Pharmacopoeia, fourth ed., European Department f

Quality of Medicines, Strasbourg, France, 2002.


	Bioanalysis of tobramycin for therapeutic drug monitoring by solid-phase extraction and capillary zone electrophoresis
	Introduction
	Materials and methods
	Reagents
	Instrumentation
	Preparation of derivatization reagent and standards
	Solid-phase extraction from human serum
	Sample derivatization
	Mass spectrometry
	CE analysis

	Results
	Stability of tobramycin/OPA derivative
	SPE/CE recovery

	Method validation
	Sensitivity
	Calibration curve and repeatability
	Selectivity
	Confirmation by mass spectrometry
	Analysis of clinical samples

	Discussion
	Conclusion
	Acknowledgement
	References


