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Abstract

After oral administration of tobramycin, as part of selective decontamination of the digestive tract (SDD) in critically ill patients, absorption
of tobramycin from the gut into the blood may take place. To quantify low concentrations of tobramycin in human plasma, we developed and
validated a simple (sample pre-treatment consisting of protein precipitation with acetonitrile using 200 .l plasma), rapid (runtime 3 min using a
Pathfinder MR reversed-phase column) and sensitive (concentration range of 0.05-1.0 mg/1 using MS/MS detection) method.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Tobramycin is an aminoglycoside antibiotic widely used
against Gram-negative bacterial infections. In combination with
polymyxin E and amphotericin B, tobramycin is regularly used
for local application in the oral cavity and stomach as part of
selective decontamination of the digestive tract (SDD). The
approach aims to eradicate colonisation of aerobic potentially
pathogenic micro-organisms from the oropharynx, stomach, and
gut, while leaving the indigenous anaerobic flora largely undis-
turbed. Treatment of intensive care unit (ICU) patients with SDD
has been shown to reduce the number of Gram-negative and
fungal infections and to reduce ICU and hospital mortality [1-3].

If the gut barrier function is intact, the three orally admin-
istered antibiotics exert their effect in the digestive tract and
are not absorbed. However, several conditions in the critically
ill, such as sepsis or shock, can increase intestinal permeability
[4,5]. This may result in the permeation of the locally admin-
istered antibiotics from the gut into the blood. Permeation will
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most likely occur with tobramycin, since its molecular weight
is the lowest. If tobramycin would indeed attain significant con-
centrations in the blood, the drug may cause damage to the
kidney and the internal ear [6]. To investigate if and to what
extent tobramycin is absorbed from the digestive tract in criti-
cally ill patients treated with SDD, a sensitive method for the
quantification of low concentrations tobramycin in plasma is
necessary.

Determination of aminoglycosides using conventional high-
performance liquid chromatography (HPLC) with spectroscopic
detection is difficult because of the lack of strong chromophores
in the molecule structures. Therefore, traditionally, analysis of
aminoglycosides has been performed using pre-column deriva-
tization with ultraviolet or fluorescent detection [7-14] or
post-column derivatization with fluorescent detection [7,15].
However, derivatization methods require complicated sample
preparation procedures and incomplete or unstable derivatiza-
tion may be a source of error in the method. Moreover, the
sensitivity of these techniques is relatively low. An alternative
for the detection of aminoglycosides is mass spectrometry. This
detection technique is highly selective and specific, and there-
fore permits the use of short run times and minimal sample
clean-up procedures. Mass spectrometric detection (MS) [16,17]
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Fig. 1. Chemical structures of (A) tobramycin and (B) sisomicin sulphate.

and tandem mass spectrometric detection (MS/MS) [18-22] of
aminoglycosides in biological matrices has been described pre-
viously, two of these focussing on tobramycin [18,22].

Aminoglycosides are extremely hydrophilic compounds
because they possess a high number of amino and hydroxyl
moieties on the carbon chain (Fig. 1). Due to their highly polar
characteristics, the use of simple chromatographic methods for
separation are not applicable: aminoglycosides are positively
charged at the pH range employed in reversed-phase HPLC and
are not retained on conventional C-18 bonded silica columns
without an ion pairing reagent. Ion-pair chromatography has
been described to prolong the retention of aminoglycosides
[7,15-17,20-23]. Although electrospray ionization (ESI) MS
detection of ion pairs is not ideal because the sensitivity of mass
spectrometry will be reduced (due to suppression of ionization),
volatile fluorinated ion-pair agents are compatible with ESI-MS
[16,17,20-22]. An alternative for separation of hydrophilic com-
pounds is hydrophilic interaction chromatography (HILIC). A
recently published method used HILIC with MS/MS detection
for tobramycin as an alternative for fluorinated ion-pair agents
[18].

Published chromatographic methods for the quantification of
tobramycin in human plasma report a LLQ suitable for regular
therapeutic drug monitoring: 0.1 [18], 0.15 [22], 0.2 [12,13],
0.3[14],0.5 9], 0.6 [23],0.9 [11], 1.0 [10], and 2 mg/1 [15]. In
this article we present a simple, rapid and, above all, sensitive
method (LLQ 0.05 mg/1) for the quantification of tobramycin in
plasma using HPLC-MS/MS.

2. Experimental
2.1. Chemicals

Tobramycin (Fig. 1A) was purchased from BUFA (Uitgeest,
The Netherlands; purity 91.4%). The internal standard (IS)
sisomicin sulphate (Fig. 1B) originated from Sigma—Aldrich
(Zwijndrecht, The Netherlands). Acetonitrile (HPLC-grade)
was obtained from J.T. Baker (Deventer, The Netherlands).
Ammonium acetate was purchased from Merck Generics (Bun-
schoten, The Netherlands). For selectivity and specificity tests,

acetaminophen, polymixin B sulphate, amphotericine B and
morphine hydrochloride originated from BUFA (Uitgeest, The
Netherlands), and caffeine originated from Sigma-Aldrich
(Zwijndrecht, The Netherlands). In-house distilled water was
used throughout the analysis. Drug-free human plasma origi-
nated from Stichting Sanquin Bloedvoorziening (Amsterdam,
The Netherlands).

2.2. Chromatographic and mass spectrometric conditions

A Thermo Finnigan (San Jose, CA, USA) Surveyor HPLC
system was used, equipped with a Surveyor autosampler.
Separation was carried out on a Pathfinder MR (C20C4)
column, 150 mm X 4.6 mm, particle size 3.5 wm (Shimadzu, ‘s-
Hertogenbosch, The Netherlands). A mixture of 95% (v/v) 2 mM
ammonium acetate (pH 3.2) and 5% (v/v) acetonitrile was used
as mobile phase. The flow rate was 0.5 ml/min. The column
temperature was maintained at 60 °C. The column outlet was
directly coupled to the ESI sample inlet of a Thermo Finni-
gan TSQ Quantum Discovery MAX triple quadrupole mass
spectrometer (Thermo Finnigan, San Jose, CA, USA). The tem-
perature of the heated capillary (ion tube) was set at 330 °C.
The capillary voltage was 35 V. The electrospray source was
operated in the positive ion mode. A source voltage of 3500 V
was applied to the ESI needle, the tube lens offset voltage was
90 V. Nitrogen gas served as both sheat gas and the auxiliary
gas, and argon served as the collision gas. Nitrogen sheath gas
pressure was 49 (arbitrary units) and auxiliary gas pressure was
10 (arbitrary units). Collision gas was typically maintained at
1.5 mTorr.

Selected reaction monitoring (SRM) was used for drug quan-
tification. Precursor ions were determined from spectra obtained
during the infusion of standard solutions using an infusion
pump connected directly to the electrospray source. Each of
the precursor ions was subjected to collision-induced disso-
ciation to determine the product ions. The transitions of the
protonated precursor/product ion pairs that were used for record-
ing the selected-ion mass chromatograms, were 468.2/163.0 for
tobramycin and 448.2/160.0 for sisomicin, using collision ener-
gies of 23 and 25 V, respectively. An Xcalibur software package
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(version 1.4, Thermo Finnigan) was used for instrument control,
data acquisition and processing.

2.3. Sample collection, pre-treatment and processing

Whole blood samples were collected in critically ill patients
receiving 4 times daily SDD (100 mg tobramycin, in the form
of tobramycin sulphate, in each oral dose). Samples were col-
lected in heparin Vacutainer tubes, cooled and centrifuged at
2800 x g for 10 min. The plasma was removed and stored in
polypropylene tubes at —20°C until analysis (polypropylene
tubes were used for storage because of the strong tendency of
aminoglycosides to bind to glassware [21]).

For analysis, 50 1 of the IS solution (containing approxi-
mately 3 mg/l sisomicin in water) was added to 200 .l of plasma.
After vortex-mixing for 10s, 300 w1 of acetonitrile was added.
The mixture was vortex-mixed for 30s, and then centrifuged
at 2800 x g for 10 min. The supernatant was transferred into a
glass vial and a volume of 10 .l was injected onto the analytical
column.

Ion suppression due to matrix effects was determined by eval-
uating the effect of injection of a pre-treated drug-free plasma
sample onto the chromatographic column on the signal produced
by the continuous infusion of a standard tobramycin or sisomicin
solution into the electrospray source.

2.4. Preparation of stock solutions, working solutions and
plasma standards

Two fresh stock solutions of tobramycin were prepared inde-
pendently in water at a concentration of approximately 100 mg/1.
One solution was used to spike the plasma calibration sam-
ples and the other was used to prepare the quality control (QC)
samples. The stock solutions were diluted further with water
to obtain working solutions. After spiking 900 pl of drug-free
human plasma with 100 w1 of the working solutions, the follow-
ing tobramycin concentrations in plasma were obtained: 0.05,
0.1, 0.3, 0.5 and 1 mg/l. QC samples were prepared in a sim-
ilar way, resulting in concentrations of 0.05 (LLQ), 0.1 (Iow),
0.3 (medium) and 0.8 (high) mg/l. Volumes of 200 .1 of each
calibration sample were processed as described for the plasma
samples.

2.5. Validation procedures

2.5.1. Linearity

Calibration standards were prepared and analysed in dupli-
cate in three independent runs. Calibration curves (area ratio
to the IS versus nominal analyte concentration) were fitted by
least-squares linear regression. To assess linearity, deviations of
the mean calculated concentrations over three runs should be
within +15% from nominal concentrations. At the LLQ level a
deviation of £20% was permitted.

2.5.2. Accuracy and precision
Inter-assay accuracy and intra- and inter-assay precisions
of the method were determined by assaying five replicates

of each of the QC samples with analyte concentrations in
the LLQ, low, medium and high concentration ranges in
three separate analytical runs. The QC samples were prepared
from a different drug-free biological batch compared to the
calibrators.

Inter-assay accuracy was determined as the percentage dif-
ference between the mean concentration after three analytical
runs and the nominal concentration. Accuracy should be within
15% except at the LLQ concentration, where it should be less
than 20%.

The coefficient of variation (CV) was used as a measure for
intra- and inter-assay precision. Precision should not exceed
15% CV except for the LLQ where it should not exceed 20%
CV.

2.5.3. Specificity and selectivity

Out of six batches drug-free human plasma, double blank
samples (no analyte, no IS), blank samples (no analyte, with
IS) and LLQ samples were prepared, processed and analysed to
determine whether endogenous plasma constituents interfered
with the assay. Interference may occur when co-eluting endoge-
nous compounds produce ions at the same m/z values that are
used to monitor the analyte or IS.

To investigate the potential interference of co-medication
with the quantification of the analyte, frequently co-medicated
drugs were added to LLQ samples at therapeutic relevant con-
centrations. The samples were then processed and assayed
according to the described method. The following drugs were
tested in a concentration of 1mg/l: caffeine, acetaminophen,
morphine, polymixin B and amphotericine B. Areas of peaks
co-eluting with the analyte peaks should not exceed 20%
of the area at the LLQ level. At the IS retention time
the interference should not exceed 5% of the IS peak
area.

2.5.4. Stability

The stability of tobramycin was investigated in plasma and
in the final extract. Analytes were considered to be stable in
plasma when 80-120% of the initial concentration was found.
The long-term stability of tobramycin in plasma at —20°C
was studied by re-analysing previously measured low and
high QC samples. Stability of freshly prepared low and high
QC samples was assessed after three freeze (—20°C)—thaw
cycles. The concentrations of the analytes were related to
the initial concentration as determined for the samples that
were freshly prepared and processed immediately. The pro-
cessed sample stability of tobramycin in the final extract after
24 h at room temperature was also assessed at low and high
QC levels. The measured concentrations of the analytes in
the stored processed samples were related to the measured
concentrations of the same QC samples immediately after
processing.

Stability of tobramycin in the stock solutions stored at 2—8 °C
was also assessed, both when stored in glass and in polypropy-
lene tubes. Stock solutions were considered to be stable when
95-105% of the original concentration was found.



260 M.E. Attema-de Jonge et al. / J. Chromatogr. B 862 (2008) 257-262

3. Results and discussion
3.1. Sample pre-treatment

Sisomicin was used as internal standard because it is struc-
turally similar to tobramycin and has similar physicochemical
properties. Both compounds should therefore behave in a similar
manner during sample processing.

For sample pre-treatment we focussed on non-labor-intensive
methods to accelerate sample processing. Because aminogly-
cosides are not extensively bound to any particular plasma
protein, a protein precipitation method could be validated
using acetonitrile as precipitation agent. Protein precipitation
recovery data for tobramycin using acetonitrile have been pub-
lished previously, and were in the range of 93-105% [11,22].
This simple sample clean-up procedure was found to yield
sufficiently clean extracts to allow proper quantification at
the imposed LLQ and to allow reasonable HPLC column
life-time.

3.2. Chromatography

The past years, new reversed-phase columns that utilise
modern polar embedded phase technology, and which allow
the use of highly aqueous mobile phases, have been intro-
duced. The high hydrophilicity of tobramycin encouraged us
to use one of these new reversed-phase columns with embed-
ded polar groups (Pathfinder MR) for separation. Separation on
this column is possible with a 100% polar mobile phase. The
mobile phase used in our method consisted of a combination
of 95% (v/v) 2mM ammonium acetate and 5% (v/v) acetoni-
trile. This mixture allowed a better performance of the ion spray
in MS/MS detection compared with 100% ammonium acetate.
However, both the 100% ammonium acetate and the 95:5 (v/v)
mixture with acetonitrile did not give any retention to the
analytes.

Representative chromatograms of tobramycin and sisomicin
in a QC sample are shown in Fig. 2. Both tobramycin and
sisomicin had no retention and eluted at the same time (reten-
tion time of 2.2 min). Despite the fact that no retention was
obtained for both tobramycin and sisomicin, signal suppression
and matrix effects at the recorded retention times were accept-
able considering the small and symmetrical peaks obtained and
the high sensitivity of the method. Moreover, because of the
high selectivity of the MS/MS method, HPLC separation of
tobramycin and sisomicin is not necessary. The method allowed
an injection-to-injection cycle of 3 min.

It was observed that column performance decreased after
about one hundred injections. Column degradation was evi-
denced by a reduction of sensitivity or even disappearance of
peaks. This could be explained by the relatively dirty extracts
that were injected onto the column. Therefore, after each 25th
sample, the column was washed with mobile phase and ace-
tonitrile to remove remaining impurities. Heavily used columns
tended to produce ghost peaks in the analysis of control sam-
ples. Also decrease of retention times was seen. Therefore, such
a column was then replaced.
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Fig. 2. Extracted single ion chromatograms of tobramycin (A, 54 wg/l) and
sisomicin (B, approximately 1 mg/l) in a processed quality control sample at the
LLQ.

3.3. Mass spectrometry

In Fig. 3, mass spectra of tobramycin and sisomicin are
shown. In the mass spectra, peaks corresponding to the pro-
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Fig. 3. Mass spectra of tobramycin (A, parent m/z 468) and sisomicin (B, parent
mlz 448).
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Table 1

Intra- and inter-assay performance data of tobramycin at four concentration levels in three analytical runs

Nominal concentration (mg/l) Measured concentration (mg/1)

Inter-assay accuracy (%)

Intra-assay precision (%) Inter-assay precision (%)

0.053 0.052 —8.5
0.107 0.106 —3.8
0.320 0.302 -79
0.853 0.855 1.6

7.2 11.5
5.6 8.3
10.0 10.2
11.4 10.8

tonated molecular ions (MH)* are observed. Abundant product
ions of tobramycin were seen at m/z ratios of 324.1, 163.0 and
145.1, and for sisomicin at m/z ratios of 271.4, 253.9 and 160.2.
These product ions are a result of cleavage of the glycosidic
bonds and the subsequent loss of the aminosugar rings.

During usage of the developed method, the ion tube tended
to get polluted with brown material. The pollution could be the
result of the injection of the relatively dirty extracts on the chro-
matographic column. As a result of pollution of the ion tube,
ghost peaks were produced in the analysis of control samples.
Therefore, the ion tube was cleaned or replaced frequently, and
a divert valve was used to divert compounds, eluting before and
after tobramycin and sisomicin, to waste.

ITon suppression due to matrix effects appeared to decrease the
MS signal from 2.2 to 3.0 min after injection, with a maximum
suppression at 2.6 min. Ion suppression appeared to have little
or no effect on the detection of tobramycin and sisomicin, most
likely because the analytes eluted before significant suppression
was observed. The absence of significant ion suppression after
3 min after injection allowed a run time of 3 min.

3.4. Validation procedures

3.4.1. Linearity

The assay was linear over the validated concentration range
of 0.05-1.0 mg/l. The deviations from the nominal concentra-
tions were <12.5% at all concentrations except the LLQ, and
<20% for the LLQ. The calibration curves of the three validation
runs were described with the equations y=8.1126x — 0.0275,
y=7.186x+0.3828 and y=8.107x — 0.3946. Correlation coef-
ficients of the calibration curves were 0.995, 0.975 and 0.964,
respectively.

3.4.2. Accuracy and precision

The intra-assay and inter-assay performance data are pre-
sented in Table 1. Accuracies were within 9% for the LLQ
and within £8% for the other concentrations. The inter-assay

Table 2
Stability data of tobramycin

precision, expressed as CV, was <12% for all concentrations
tested. The mean intra-assay precision also did not exceed 12%.

3.4.3. Specificity and selectivity

As could be expected with the use of a highly specific
detection technique such as HPLC—(ESI)MS/MS, no chromato-
graphic interferences were found from the co-medicated drugs
tested in drug-free human plasma: LLQ samples spiked with the
tested drugs could be quantified within the required 20% devia-
tion. Moreover, SRM chromatograms of six batches of drug-free
human plasma also contained no endogenous peaks co-eluting
with tobramycin or sisomicin. LLQ samples, prepared in these
six batches of human plasma, could be quantified within the
required 20% deviation from the nominal concentration (range
deviation 1.1-12.3%).

3.4.4. Stability

In Table 2, results of the stability tests for tobramycin are
summarized. Tobramycin appeared to be stable in plasma at
—20°C for at least 1 month. This is consistent with a previous
report [11]. Tobramycin was also stable in plasma after three
additional freeze—thaw cycles. The stability of tobramycin in the
final extract was guaranteed for at least 24 h at room temperature.
Tobramycin in stock solution was stable for at least 1 month at
a temperature of 2—8 °C, both when stored in glass as well as in
polypropylene containers (data not shown).

3.5. Patient samples

The developed assay is successfully applied in our hospi-
tal to monitor unintended permeation of tobramycin from the
gut into the blood in ICU patients treated with SDD. High-
throughput analysis of tobramycin is possible because of both
the simple sample pre-treatment procedure and the short run-
time. Results obtained in 12 ventilated patients acutely admitted
to the ICU (receiving 4 times daily SDD) in the first 24-h of
treatment are shown in Fig. 4. From these results it is concluded

Matrix and conditions Nominal concentration (mg/l) Deviation (%) CV (%) No. of replicates
Plasma, 3 freeze—thaw cycles 0.109 19.6 6.1 3
0.870 7.7 15.0 3
Plasma, 1 month at —20°C 0.109 —10.0 5.0 3
0.870 52 5.6 3
Final extract, 24 h at room temperature 0.105 7.7 16.6 3
0.841 1.2 5.0 3
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Fig. 4. Plasma concentrations of tobramycin in 12 critically ill patients in the
first 24 h after treatment with ‘selective decontamination of the digestive tract’
(orally 4 times daily 100 mg tobramycin sulphate).

that absorption of tobramycin from the gut into the blood takes
place in selected critically ill patients. The results also suggest
that tobramycin concentrations rise over time. The clinical impli-
cation of sustained low tobramycin plasma concentrations after
oral tobramycin treatment remains to be investigated.

4. Conclusions

We developed and validated a rapid, simple, sensitive and spe-
cific assay for the quantification of tobramycin in human plasma
using HPLC-MS/MS, requiring 200 pl of plasma. A simple
protein precipitation sample clean-up procedure was found to
yield sufficiently clean extracts to allow for quantification down
to concentrations of 0.05 mg/l. Detection of tobramycin using
ESI-MS/MS allowed significant sensitivity and avoided any nec-
essary laborious and hardly controllable derivatization steps.
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