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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
is presented. An off-line SPE employing a carboxypropyl bonded phase (CBA) cartridge was used for the extraction of tobramycin from
human serum. Adsorbed tobramycin was eluted from the CBA cartridge using a mixture;dRBl4, w/v)—methanol (30:70, v/v). After
evaporation, the analyte was reconstituted and derivatizedoaptithaldialdehyde (OPA)/3-mercaptopropionic acid (MPA). The resulting
tobramycin—OPA/MPA derivative was purified, and then identified by mass spectrometry. The tobramycin—OPA/MPA derivative was then
analysed by CZE with a background electrolyte (BGE) comprising of 30 mM sodium tetraborate pH 10.0-acetonitrile (ACN) (80:20, v/v)
with ultraviolet detection at 230 nm. A linear response was observed in the range of A@r30with r> = 0.992. The sensitivity of the
method was determined by its limit of quantitation (LOQ) and limit of detection (LOD) ofi@/&l and 0.3ug/ml, respectively. SPE recovery
ranged from 68 to 79% at the trough levels to 98% at the peak levels found in serum. Furosemide has been added as internal standard (IS) tc
improve precision. For the therapeutic range of tobramycin in serum (2g/9l) the relative standard deviation (R.S.D.) was less than 11%
for the entire SPE/CE process. The method demonstrated excellent selectivity as shown by the lack of interference from a total of 20 drugs
investigated. The method was then used in therapeutic drug monitoring of patients receiving the drug.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and nephrotoxicity especially when therapy is proloniggd

Careful monitoring of this substance is therefore required in
Tobramycin is a broad spectrum aminoglycoside antibi- order to detect elevated and appropriate levels in serum for

otic produced bystreptomyces tenebrari{. It is indicated therapy so as to improve efficacy.

for the treatment of aerobic Gram-positive and some aerobic  Quantitative methods currently used for the analy-

Gram-negative bacteria for which less toxic antibiotic are sis of tobramycin in biological matrice$3,4] include

ineffective or contra-indicated. Like all other aminoglyco- radioimmunoassay (RIA)[5], high-performance liquid-

sides, its narrow therapeutic index is implicated by its oto- chromatography (HPLC[)6—10], fluorescence polarization
immunoassay (FPIAJ11], microbiological assay$5,12],

_ radiochemical assajl 3] and enzyme immunoassay (EIA)

* Corresponding author. Tel.: +32 16 323443; fax: +32 16 323448. [14,15] These methods each have merits and demerits.
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aminoglycosides has massively declined because of its non-bramycin in human serum for therapeutic drug monitoring
specificity, narrow linear range and at times poor sensitivity. and pharmacokinetic studies by pre-capillary derivatization
The LC method is preferred but relatively expensive and time with OPA/MPA and CZE. An effective SPE employinga CBA
consuming due to long analysis time and large volumes of or- cartridge for sample pre-treatment and cleanup of tobramycin
ganic solvents used. CE was recently reported for the analysisrom human serum yielded good analyte recovery.

of tobramycin in bulk pharmaceuticdl$7] but this method

cannot be directly applied in bioanalysis, as there is the need

for an effective and quantitative sample cleanup prior to anal- 2. Mmaterials and methods

ysis and for a very sensitive assay able to quantitate trough
(1—2p.g/ml) and peak (8—1Qg/ml) levels in serum. The ma-
jor hurdle confronted in analysis of aminoglycosides is their
lack of UV chromophore and fluorophore due to theirlack of  godjum tetraborate, MPA, acetonitrile (ACN), OPA,
chemical unsaturatiori(g. 1). To analyze these compounds  ascorbic acid, sodium carbonate and disodium hydrogen
by CE and LC, it is therefore necessary to improve UV phosphate were from Acros Organics (Geel, Belgium).
and/or fluorimetry detection sensitivity by chemical deriva- \Methanol HPLC-grade was from Fischer chemicals (Le-
tization. Many reagents have been used in CE and LC forjcester, UK). Sodium dihydrogen phosphate was from
the derivatization of amine compounfs3]. These include  Merck (Darmstadt, Germany). Potassium hydroxide, sodium
OPA/MPA [17,19] dimethylaminoazobenzene sulphonyl hydroxide, ammonium hydroxide and sodium hydrogen

2.1. Reagents

chloride [20], 1-fluoro-2,4-dinitrobenzeng21], 9-fluoro-
2,4-dinitrophenyl-5-L-alanine amidg2], dansyl chloride
[23], OPAN-tert-butyloxycarbonyl-L-cysteinf24], OPA/2-

carbonate were from Riedel-de &ta (Seelze, Germany).
Furosemide and boric acid were from Merck Eurolab (Leu-
ven, Belgium). Tobramycin sample was from Biogal (De-

mercaptoacetic acid (MAA)25]. Pre- and post-column  precen, Hungary) and was >99.8% pure. Benzylpenicillin,
derivatizations have been reported. The complexity and cephradine and kanamycin were from the European Pharma-
cost of installation of a post-column derivatization system copoeia (Strashourg, France). Cefadroxil and acetylsalicylic
discourages its routine use. The most popular remains theacid were from Certa (Braine-I'Alleud, Belgium). Pen V and
pre-column derivatization approach, but the stability of the cefoxitin were from Merck Sharp and Dohme international
derivative must be considered when employing this approach.(NJ, USA). Paracetamol was from Tramedico (Sint Niklaas,
Biological samples usually consist of high concentrations Belgjum). Cefazolin was from Bristol (Brussels, Belgium).
of organic and inorganic salts, and proteins, which greatly af- cjoxacillin, amoxicillin and flucloxacillin were from
fect CE separation. Thus to obtain sensitive assays for phar-geecham (Brussels, Belgium). Ampicillin was from Gist-
macokinetic and therapeutic drug monitoring studies, it is Brocades (Delft, Holland). Streptomycin was from VMD
necessary to eliminate these interfering substances. With thechemie (Arendonk, Belgium). Cephalexin and gentamicin
introduction of improved formats and sorbent phases, SPEyere from the United States Pharmacopeia (USP) (Rockville,
has become the most popular sample preparation method inyp, USA). Cefotaxime sodium was from Hoechst (Frankfurt
bioanalysis. Some aminoglycosides have been quantitativelyam main, Germany). Amikacin was from Bristol Sermoneta
extracted from biological matrices by the use of aweak cation (|_atina, Italy). Human sera were obtained from Sigma

exchanger CBA25,26]and C-18 SPE cartridgg27].

(Bornem, Belgium). Ultrapure Milli-Q water (Millipore,

In this paper, we report a sensitive and selective assay\vjiford, MA, USA) was used and solutions were filtered
method for qualitative and quantitative determination of to- ith a 0.2um filter (Euroscientific, Lint, Belgium) where

necessary.
CH,OH
HO/N;/O .
HN-\ 2.2. Instrumentation
H,NH, OH
HO’X\S\//O o The experiments were carried out on a Beckman P/ACE
H WQ\ / MDQ equipped with photo diode array detection (Beck-
NH, OWNH man, Fullerton, CA, USA). Data were acquired by means
HN ’ of 32 Karal" version 5.0 Software (Beckman). pH measure-

Chemical structure of tobramycin

ments were performed on a Metrohm 691 pH meter (Herisau,
Switzerland). Uncoated fused silica capillary was obtained

CHO SR, from Polymicro Technologies (Phoenix, AZ, USA). The
@( RNH, +R1,SH A +2HO CBA and aminopropyl bonded phase SPE cartridges were
P ’ from International Sorbent Technology (IST) (Mid Glamor-

CHO

Fig. 1. Reaction scheme for the derivatization of primary amines with
OPA/MPA.

gan, UK). The SPE was performed in a 10-well VacMaster
sample processing station from IST (Mid Glamorgan, UK).
The MS data were acquired with an LCQ ion trap mass
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spectrometer equipped with an electrospray interface oper-was added 1 ml of methanol-water (50:50, v/v) containing
ated in positive ion mode (Thermo Finnigan, San Jose, CA, 0.01 mg/ml of furosemide (internal standard, I1S) and 0.17 ml
USA). lonization source and MS parameters were tuned au-of the derivatization reagent. To the human sera extracts
tomatically. A source voltage of 4.5kV was applied to the was added 0.17 ml of the derivatization reagent, 0.1 ml of
electrospray ionization (ESI) needle. The temperature of the methanol-water (50:50, v/v) and 1 ml of methanol-water
heated capillary was set at 270. Nitrogen was supplied  (50:50, v/v) containing 0.01 mg/ml furosemide. The tube was
by a NitropriméM membrane unit type SNIFF (Hoek Loos, agitated to allow thorough mixing and placed in a water bath
Niel, Belgium) and was used as sheath and auxiliary gas_at 60°C for 10 min. The optimum conditions for the deriva-
The flow rate of the sheath and the auxiliary gas was set attization, reagent concentration, time of reaction and temper-
80 and 20 (arbitrary units), respectively. Helium was used as ature had been investigated earlier [17].

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. 2.6. Mass spectrometry

Prior to mass spectrometry it was necessary to clean
the derivatized sample from borate and phosphate salts,

The reagent was prepared according to earlier studies byWhich would otherwise block the capillaries and damage

Molnar-Perl et al[28,29]and Kaale et al. [17]. OPA (0.44 g) the mass spectrometer. We used an amin_opropyl bonded
was dissolved in 2.0 ml of methanol and 15 ml of a 30 mM phase (a weak anion exchanger) SPE cartridge for cleanup

boric acid solution, adjusted to pH 10.4 with 8 M potassium of the derivatized sample. The aminopropyl cartridge was

hydroxide was added, followed by 1.0 ml of MPA. The pH conditioned with 1.0 ml of methanol followed by 'Z.O.ml
of the resulting solution was adjusted to 10.4 with 8 M potas- phosphate buff_er (20mM, pH 7.8)._One _”?' of derivatized
sium hydroxide. The solution was then diluted to 20.0 ml samplg was diluted f(_)ur times with Milli-Q vyater, the
with 30 mM boric acid, previously adjusted to pH 10.4 with pH adjust_ed o 7.8 W'th. 0.1M HCl, and applled_ o the
8 M potassium hydroxide. The reagent was used after a post_SPE cartridge. The cartridge was then washed with 4.0 ml
preparation period of at least 90 min. Once prepared thephqsphate buffer (20mM, pH 7.8) followed by'4.0'mI
reagent was stored aP@, in the absence of light and used Milli-Q water. In all these steps the flow rate was maintained

within a period of nine days. The reagent was stable over this_?_Ll rtnlémin. The ?ﬁ%ﬁg&?s _sui_ked to da/nessl f?rdS mtlﬁ
period [28,29]. 0.1-3p.g/ml stock solutions of tobramycin € tobramycin-— ervative was then eluted wi

; ; L 2.0 ml of NHz (25%, w/v)—methanol (30:70, v/v) at a flow
I hanol-
wer.e prepared by dissolving tobramycin in methanol-water rate of 1 ml/min, where after the cartridge was sucked dry.
(50:50, viv). : . . :
The eluate was directly infused (by syringe pump) into the
MS.

2.3. Preparation of derivatization reagent and standards

2.4. Solid-phase extraction from human serum

A CBA SPE cartridge was used for cleanup of the
serum sample. The CBA cartridge was conditioned with
1.0ml of methanol followed by 2.0ml of 20mM phos-

phate buffer, previously adjusted to pH 7.4, at a flow rate ot 50,,m, total length of 40 cm and effective length to detec-

of 1-2ml/min. 1.0 ml of serum was spiked at different con- (o of 30 cm, was used. A new capillary was conditioned by
centrations (0.1-3@g/ml) with tobramycin stock solutions flushing with 1M NaOH, followed by 0.1 M NaOH, then

and diluted to 4.0 ml with water and was applied to the car- water, each for 5min at 6 at a pressure of 20 psi. Each
tri.dge at a flow rate of 1 ml/min. Interference elution was day prior to analysis, the capillary was washed with 0.1 M
with 2.0ml of 20 mM phosphate buffer pH 7.4, then 4.0ml  Na0OH for 5min, followed by water for 2 min and then with
of 0.2 M borate buffer previously adjusted to pH 9.0 with 8 M background electrolyte (BGE) for 5min at 30 at a pres-
KOH followed by 2.0 ml of water. The cartridge was dried = gyre of 20 psi. To ensure repeatability of migration times, the
by sucking air for 5 min. The analyte was eluted with 2.0 ml capillary was rinsed between injections with 0.1 M NaOH,
of NHz (25%, wiv)-methanol (30:70, v/v). The solventwas  then water and BGE, each for 1 min. The derivatized sam-
evaporated in a RotaVapor {Bhi, Flavil, Switzerland) and  pje was injected hydrodynamically at a pressure of 0.8 psi
driedin anoven for 30 min at L0% to remove the remaining o 15 seconds and a voltage of 23 kV was applied. Capillary
ammonia. temperature was maintained a0 The BGE was made up

of borate buffer—acetonitrile (80:20, v/v). The borate buffer
2.5. Sample derivatization consisted of 30 mM sodium tetraborate prepared by dissolv-

ing 1.145g of sodium tetraborate in Milli-Q water and ad-

The reaction scheme for the derivatization is shown in justing the pH to 10.0 with 1 M NaOH, followed by dilution

Fig. 1 To 0.1 ml of the different stock solutions of tobramycin  to 100.0 ml with water.

2.7. CE analysis

Uncoated fused silica capillary with internal diameter (ID)
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process were obtained by external standardization i.e. com-
0,0082 1 parison of the mean ratio (= 3) of corrected peak areas of
tobramycin/IS of standard solutions without SPE, with the
0,0062 - mean ratio f = 3) of corrected peak area tobramycin/IS of
0.0042 1 spiked human serum (subjected to SPE). Recovery ranged
’ from 68% at trough concentration to 98% at the peak levels
0,0022 [\,\ normally found in serum and is presentediable 1

0,0002 .

0 5 10 15 4. Method validation
Migration time (min)

Absorbance (mAU)

_ . 4.1. Sensitivity
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 50um, voltage 23 kV, hydrodynamic injection 15s, 0.8 psi, UV The_analytlcal Se.nS.ItIVIty was assesseq b}’ determlqatlon

detection at 230 nm, temperature°gl) current 69—-7RA. of the limit of quantitation (LOQ) and the limit of detection
(LOD). As defined by European Pharmacopof@], the

3. Results LOQ and LOD are the concentrations at which the signal to
noise ratio is 10 or 3, respectively. The LOQ was j0g2ml

3.1. Stability of tobramycin/OPA derivative (n=3, R.S.D. 12.5%) and the LOD was Q.g/ml.

Pre-capillary derivatization reactions have been com- 4.2, Calibration curve and repeatability
plicated by the instability of the resulting thioisoindole

derivative(s). It was therefore necessary to investigate  One mlof human serum was spiked with tobramycin stock
the degradation kinetics of the tobramycin-OPA/MPA  so|utions and diluted to 4 ml with water. A 5-point calibration
derivative in order to have a preCise assay determination.wasinvestigatedinthe range 0f03_',_m)’m|,w|th the lowest
This was performed by analyzing aliquots of the derivatized |evel of the analytical calibration curve corresponding to the
mixture, kept at ambient temperature over a period of 6 h. |imit of quantitation. The calibration curve was linear with
A plot of InA,/Ag against post-derivatization time confirms y = 0.046x + 0.0162 and? = 0.992 whergy is the ratio of
first order degradation kinetics with & = —0.0025 + tobramycin corrected peak area/corrected peak area of IS (
0.0941 with coefficient of determlnatlor‘? = 0962,t = = 3) andxis the concentration of tobramycin Sp|k&£dm|),
post-derivatization timelg andA, are the ratios of corrected  ith S, = 0.00243, wheré, , is the standard error of the
peak area of tobramycin derivative/corrected peak area ofy estimate. This calibration curve was used for the analysis
internal standard (at time= 0 andt after derivatization,  of clinical samples. The differing recoveries with respect to
respectively). A post-derivatization time of no longerthan 2h  concentration are thus taken into account. The analytical pre-
at room temperature allows a determination with acceptable cision was assessed at both intra-day and inter-day at 2 and
precision (relative standard deviation, R.S.D. <11%). 10ug/ml and is presented ifable 1 The highest R.S.D. was
11% (= 6).
3.2. SPE/CE recovery

Electropherograms of blank human serum and human 43 Selectvity

serum spiked with tobramycin, cleaned by SPE, are shown

in Figs. 2 and 3 Recoveries of tobramycin for the entire To investigate the selectivity of the method, stock solutions

of several drugs that are sometimes co-administered with to-
bramycin were prepared in methanol-water (50: 50, v/v).

Solutions containing 1Qg/ml of interference and Log/ml
0,0082 - : T

=) of tobramycin were derivatized and analysed by CE. None of
E 0,0062 - S the following 20 drugs were found to interfere with analysis:
by acetylsalicylic acid, amikacin, amoxicillin, ampicillin, ascor-
20,0042 TB ) ) - . X )
g \ bic acid, benzylpenicillin, cefadroxil, cefazolin, cefotaxime,
S 0,0022 cefoxitin, cephalexin, cephradine, cloxacillin, diazepam, flu-
Z 0.0002 cloxacillin, gentamicin, kanamycin, paracetamol, pen V and

' ' ' streptomycin.
0 5 10 15 P y
Migration time (min) 4.4, Confirmation by mass spectrometry
Fig. 3. Electropherogram of human serum spiked withu@8nl (LOQ) of . .
tobramycin (se€ig. 2for electrophoretic parameters). TB: tobramycin, IS: A mass spectrum of the standard tobramycin derivative

internal standard (0.01 mg/ml furosemide). obtained by ESI in the positive ion mode yielded a [M +



H. Fonge et al. / J. Chromatogr. B 810 (2004) 313-318 317

Table 1

Recovery and precision of SPE/CE analysis of tobramycin from human serum

Concentration spikedu@/ml) Concentration foundug/ml) Recovery (%)1t = 3) Intra-day R.S.D. (%) Inter-day R.S.D. (%)
0.3 0.2 68.5 15 (n=3)
2 1.6 78.5 110 (n=6) 9.9 1=6)
8 7.0 87.0 8B (n=3)

10 9.8 98.3 1% (n=6) 7.260=6)

R.S.D.: relative standard deviation.

H]™ ion atm/z = 1488 Fig. 4). The molecular mass of fully ~ human serum. The major advantages of the method over other
derivatized tobramycin is 1487, where all five primary amine existing methods include low cost and good selectivity.
functions reacted with OPA/MPA reagent. Collision-induced  Inthe present study, serum samples of 10 patients were as-
dissociation in the ion trap with 60% collision energy of the sayed by the novel SPE/CE method. A typical electrophero-
[M + H] T ion yielded two product ions in the following pat- gram is shown inFig. 5. The electropherogram is similar
tern:m/z = 1488 [M + HIf — m/z 1382 and 1276 by loss  to that obtained from spiked human serufig( 3). With

of 106 and 212 mass units, which corresponds to loss of onethe exception of one patient, all peak serum samples were
and two mercaptopropionic acid (MPA) groups, respectively within the therapeutic range (8—u@/ml). The trough con-

(spectrum not shown). centrations were below the recommended maximum value
(2 p.g/ml). According to the USPDI, it can be concluded that
4.5. Analysis of clinical samples these patients have a safe trough concentration of tobramycin.

The specificity of the SPE/CE method was investigated us-
The method was used in therapeutic drug monitoring of ing a total of 20 drugs. The method is highly specific as none
10 patients being treated with tobramycin. 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
5. Discussion the SPE/CE method can be used for TDM and pharmacoki-
netic studies of tobramycin.
The study presents a linear, selective, sensitive and repeat- To confirm the identity of what is determined and
able SPE/CE method for the determination of tobramycin in quantitated in human serum, MS was used to study the
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Fig. 4. A mass spectrum of OPA/MPA derivatized tobramycin as acquired by ESI in the positive ion mode. The {Mon i4]identified asz 1488.
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Migration time (min)

Fig. 5. An electropherogram of a patient serum containing.g/enl to-
bramycin (sed-ig. 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 aswz 1488 which corresponds to the [M + HJion

of fully derivatized tobramycin. This confirms that for the
main peak all five amine functional groups have reacted with
the OPA/MPA reagent. [M + Hj ion peaks of tobramycin,
mono-, di-, and tri-substituted thioisoindole derivatives are

absent. The approach is a novel approach and is aimed a

providing an insight in OPA/MPA derivatization reactions of
aminoglycosides.

6. Conclusion

H. Fonge et al. / J. Chromatogr. B 810 (2004) 313-318
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