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ABSTRACT

A method was validated and optimized to determine tobramycin (TOB) and its related substances. TOB
is an aminoglycoside antibiotic which lacks a strong UV absorbing chromophore or fluorophore. Due to
the physicochemical properties of TOB, capillary electrophoresis (CE) in combination with Capacitively
Coupled Contactless Conductivity Detection (C*D) was chosen.

The optimized separation method uses a background electrolyte (BGE) composed of 25mM
morpholinoethane-sulphonic acid (MES) adjusted to pH 6.4 by L-histidine (L-His). 0.3 mM cetyltrimethyl
ammonium bromide (CTAB) was added as electroosmotic flow modifier in a concentration below the
critical micellar concentration (CMC). Ammonium acetate 50 mgL~! was used as internal standard (IS).
30KkV was applied in reverse polarity (cathode at the injection capillary end) on a fused silica capillary
(65/43 cm; 75 pm id).

The optimized separation was obtained in less than 7min with good linearity (R?=0.9995) for
tobramycin. It shows a good precision expressed as RSD on relative peak areas equal to 0.2% and 0.7% for
intraday and interday respectively. The LOD and LOQ are 0.4 and 1.3 mgL-! corresponding to 9 pg and

31 pg respectively.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The United States Pharmacopeia (USP) [1] defines validation of
analytical methods as the process by which it is established, by lab-
oratory studies, that the performance characteristics of the method
meet the requirements for the intended analytical applications. The
USP has recommended a procedure for the validation of analytical
methods.

Tobramycin (TOB) is an aminoglycoside antibiotic derived from
nebramycin, an antibiotic complex produced by fermentation of
the actinomycete Streptomyces tenebrarius [2]. It is a polycationic
pseudo-oligosaccharide, which consists of two aminosugars joined
by a glycosidic linkage in a central position to 2-deoxystreptamine.
TOB is active against a broad spectrum of Gram-negative bacte-
ria. It exerts a bactericidal activity against many bacterial strains
involved in clinical infections. It is particularly indicated for the
treatment of septicemia, complicated and recurrent urinary tract
infections, lower respiratory infections, serious skin and soft tissue
infections including burns and peritonitis, ophthalmic and central
nervous system infections caused by organisms resistant to other
antibiotics, including other aminoglycosides.

* Corresponding author. Tel.: +32 16 323440; fax: +32 16 323448.
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TOB is used in a variety of pharmaceutical applications, includ-
ing ophthalmic suspensions, solutions and ointments, inhalation
solutions and intravenous administrations. Like for other amino-
glycosides, a narrow therapeutic index is implicated because of its
potential oto- and nephrotoxicity encountered during its clinical
use [3]. It has neither a chromophore nor fluorophore which limits
optical detection (UV/vis and fluorescence). TOB can also be synthe-
sized from kanamycin B [4]. The chemical structures of tobramycin
and its major impurities are shown in Fig. 1.

TOB and kanamycin B are produced after base catalyzed hydrol-
ysis of nebramine factor 5’ (6”-O carbamoyltobramycin) and 4
(6”-0 carbamoylkanamycin B) respectively, produced by fermen-
tation. Tobramycin and kanamycin B are hydrolyzed by acid to
nebramine and neamine respectively. As TOB is produced by fer-
mentation, beside the main component it also contains some
related substances that result either from the incomplete purifica-
tion or from degradation of the drug. Kanamycin B, nebramine and
neamine (also known as neomycin A) are three known impurities
of tobramycin reported in the Ph. Eur. [5].

The separation and detection of tobramycin and its impurities
has been a great challenge, due to the polar basic nature and the
lack of UV absorption properties. Several analytical methods have
been used to determine it, such as paper chromatography [6], gas
liquid chromatography after silylation [7] and spectrophotometry
[8].
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Fig. 1. Chemical structures of tobramycin and its major impurities.

LC and CE using pre and post-column derivatization of
tobramycin [9-14] have been performed using o-phthalaldehyde
(OPA) [9-11], 2,4,6-trinitrobenzenesulphonic acid [12] and 2,4-
dinitrofluorobenzene [13]. However, these techniques can be
tedious, time consuming, not safe and give problems with quantita-
tion because of additional sample processing, variability of reaction
completeness, possible instability of derivatized products and toxi-
city of some derivatization agents. Therefore it presents a limitation
toits routine use. Direct detection using evaporative light scattering
detection (ELSD) [15], mass spectrometry (MS) [16,17] and pulsed
electrochemical detection (PED) [18,19] have also been described.

An ion-pair LC method using a poly(styrenedivinylbenzene)
column as stationary phase combined with PED has been devel-
oped [18]. This method is currently prescribed in the Ph. Eur. [5]
for the analysis of tobramycin. Beside with reversed phase chro-
matography, PED has also been used in combination with anion
exchange chromatography for the detection of tobramycin and
its impurities [19]. LC methods with electrochemical detection
have shown good separation performance, but stability and oper-
ator experience are the major limitations. Because of that CE is
increasingly being viewed as an alternative and a complement
to LC for determination of drug related impurities [20]. Many
investigators have used CE in the analysis of aminoglycosides
combined with borate complexation [21], indirect detection meth-
ods [22] and amperometric detection [23]. Micellar electrokinetic
capillary chromatography (MEKC) with UV detection for simulta-
neous determination of amikacin, tobramycin and kanamycin A,
was performed in Tris buffer at pH 9.1 with a high concentra-
tion of sodium pentanesulphonate as an anionic surfactant [24].
However, these methods are less sensitive and selective for the
related substances. CZE with amperometric detection has been
reported for analysis of kanamycin and amikacin, but could only
show selectivity for three components [23]. The determination
of tobramycin in human serum has been reported using CE with
Capacitively Coupled Contactless Conductivity Detection (CE-C*D)
[25].

The official method for the analysis of tobramycin in the Euro-
pean Pharmacopoeia (Ph. Eur.) [5] prescribes the use of thin layer
chromatography (TLC) for identification and the test on kanamycin
B and the assay are performed by LC-PED.

This work investigates the sensitivity and selectivity of CE with
C*D as a direct detection method for the analysis of tobramycin and
its related substances. This mode of detection can be useful in cap-
illary electrophoretic analyses of a broad scale of compounds, from
low-molecular-mass highly mobile small inorganic and organic

ions (e.g. halogenides, alkali metal ions, trifluoroacetic acid (TFA))
to alcohols, carbohydrates, proteins, aminoglycosides, etc.[26-28].
It can also be a good alternative to derivatization in case of non
UV-absorbing substances.

2. Material and methods
2.1. Reagents, samples and solutions

All chemicals used were of analytical grade. 2-(N-
morpholino)ethanesulphonic acid monohydrate (MES) and
L-histidine (L-His) were purchased from Fluka (Sigma-Aldrich,
Schnelldorf, Germany). N-cetyltrimethyl ammonium bromide
(CTAB) and ammonium acetate were from Merck (Darmstadt,
Germany). Sodium hydroxide was from Riedel-deHaén (Seelze,
Germany), sodium chloride was from Fisher chemicals (Leices-
tershire, UK). Ammonium formate was from Fluka AG (Buchs
Switzerland), formic acid from Acros Organics (Geel, Belgium) and
sodium acetate from Applichem GmbH (Darmstadt, Germany).
Tobramycin reference CRS was obtained from the European Phar-
macopoeia EDQM (Strasbourg, France), tobramycin samples were
obtained from different sources as Alcon Cusi (Barcelona, Spain),
Biogal (Debrecen, Hungary) and Chongqing Daxin Pharmaceutical
Co. Ltd. (Chongqing, China). Kanamycin B was acquired from WHO
(Geneva, Switzerland). Neamine was prepared in the laboratory
[29] and nebramine was obtained from Dr. Istvan Fabian (Lajos
Kossuth University, Debrecen).

All solutions were prepared by using ultrapure MilliQ-water
(Millipore, Milford, MA, USA) and were filtered with a 0.2 um mem-
brane filter syringe (Dassel, Germany).

The pH value of the buffers was measured and adjusted with
the aid of a pH-meter Metrohm 691 (Herisau, Switzerland). MES
buffers with pH values equal to or higher than 6.0 were prepared
with MES (pK, =6) and the pH was adjusted with solutions of L-His.
Stock solutions of 100 mM of MES, L-His and 10 mM of CTAB were
prepared.

During method development, sample stock solutions of
tobramycin and related impurities were individually prepared at
a concentration of 1.0gL~! in water and stored at 7 °C, for at most
one week.

2.2. Instrumentation and operating conditions

The experiments were performed on a P/ACE MDQ instrument
(Beckman Coulter, Inc., Fullerton, CA, USA), coupled with an eDAQ
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C*D system (eDAQ, Denistone East, Australia). Data acquisition was
done by 32 Karat™ 4.0 software (Beckman Coulter, Inc., Fullerton,
CA, USA).

Uncoated fused silica capillaries of 75 wm LD. and 375 pm O.D.
were purchased from Polymicro Technologies (Phoenix, AZ, USA).
The total length was 65 cm and effective length 43 cm. New capil-
laries were conditioned at 45 °C by rinsing with 1 M NaOH (10 min),
0.1M NaOH (30 min), wait for 30 min and water (5min). Daily
at the beginning of analysis, the capillary was rinsed with 1M
NaOH (5 min), 0.1 M NaOH (3 min), water (1 min) and BGE (2 min);
all the steps were performed at 25°C and 138 kPa pressure. The
inlet/outlet vials were replaced every 3 runs.

During method development and later on, for method appli-
cation to tobramycin analysis, the capillary was rinsed between
runs for 1 min with 0.1 M NaOH, 1 min with water and 3 min with
buffer at 138 kPa. Samples were hydrodynamically introduced at
a pressure of 3.45kPa for 5s injection time and a separation volt-
age of —30 kV (cathode at the injection capillary end) at 25 °C was
applied.

The eDAQ C*D detector was employed at a peak-to-peak ampli-
tude of 80V and the frequency was 600kHz. The data were
processed using licensed PowerChrom v2 software (EDAQ, Deni-
stone East, Australia). Further data acquisition was done by both
PowerChrom v2 and 32 Karat™ 4.0 softwares.

120 — —

Table 1
Electrophoretic parameter settings applied in the method optimization, correspond-
ing to low (-), central (0) and high (+) levels.

Parameter Low value (-) Central value (0) High value (+)
pH 6.2 6.4 6.6

BGE (mM) 20 30 40

CTAB (mM) 0.2 0.4 0.6

Temp (°C) 225 25 275

2.3. Experimental design

Four experimental parameters (factors) were varied at levels
under and above the central value: concentration of BGE (mM),
pH, concentration of CTAB (mM) and capillary temperature (°C)
(as shown in Table 1). The levels were chosen based on some pre-
experiments and knowledge about the system. Factors were varied
at the same time, making it possible to distinguish between the
effects of a single variable and of interacting variables. Replicating
center points are added to check for curvature (quadratic effects),
and to obtain an independent estimate of the error to illustrate
the repeatability of the method. A two level full factorial design
was applied. For this design, the number of runs is equal to 2¥+n,
where k is the number of parameters and n is the number of
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Fig. 2. Typical CE-C*D electropherograms showing the separation of tobramycin from its impurities using CE; (1) blank (H,0), (2) internal standard (ammonium acetate
50mgL-1) only and (3) samples dissolved in water: kanamycin B, nebramine and neamine 2.5 mgL~! each and tobramycin 50 mgL~'. S.P, system peak; IS, internal standard;
B, kanamycin B; Nb, nebramine; N, neamine; T, tobramycin. Capillary, uncoated fused silica 75 m LD., 375 p.m 0.D. (65 cm total length, effective 43 cm to C*D detector);
voltage, 30kV in reverse polarity; temperature, 25 °C; injection, inlet pressure 3.45 kPa for 5s; BGE, 20 mM MES and 0.3 mM CTAB, adjusted by L-His to pH 6.4.

Summary of Fit
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Fig. 3. Variations of the responses explained by the experimental design. The light shaded bars, R?, denote the fraction of variation of the responses explained by the model
and the dark shaded bars, Q2, denote the fraction of variation of the responses that can be predicted by the model. Responses: resolution 1, resolution between kanamycin B
and neamine; resolution 2, resolution between neamine and tobramycin; peak height TOB, peak height of tobramycin.
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Fig. 4. Regression coefficient plots obtained from the optimization study. Rs1, resolution between kanamycin B and neamine and Rs2, resolution between neamine and
tobramycin. pH, pH of the BGE; BGE, BGE concentration (mM); CTAB, CTAB concentration (mM) and temp, capillary temperature (°C).



M.N. El-Attug et al. / Journal of Pharmaceutical and Biomedical Analysis 58 (2012) 49-57 53

center points, giving 19 experiments (i.e. 16 + the center point was
replicated three times).

The responses investigated included the resolution between
kanamycin B and neamine (Rs1), the resolution between neamine
and tobramycin (Rs2) and the peak height of tobramycin (HT) in
mV. With this it was concluded that all factors except capillary tem-
perature had a significant effect on one or more responses at 95%
confidence.

The statistical relationship between a response Y and the exper-
imental variables X;, X, . . . is of the following form:

Y = Bo+ BiXi + BiXj + ByXiXj + -+ E (1)

where the f’s are the regression coefficients and E is the overall
experimental error.

The linear coefficients, §; and B;, describe the quantitative effect
of the experimental variables in the model. The cross coefficient 8;;
measures the interaction effect between the variables i and j.

All the experiments were carried out in a random order. Mul-
tiple linear regression (MLR) of the program Modde 5.0 software
(Umetri, Umed, Sweden) was used to calculate quantitative rela-
tions between the responses and the factors.

The statistical significance of the variables and interaction terms
was tested at a significance level of o =0.05.

3. Results and discussion
3.1. Method development—separation BGE

The buffer pH as well as the ionic strength influence the elec-
trophoretic mobility of the analytes through the capillary. Hence

A

the choice of the BGE constituents is crucial. Accordingly in the
present work, the buffer constituents MES-monohydrate and L-
histidine were used and CTAB was added to the mixture as an
electroosmotic flow modifier in a concentration less than 1.3 mM,
the critical micellar concentration (CMC).

The mixture of MES and L-His is used for keeping the background
conductivity as low as possible. MES and L-His both produce the
necessary pH buffering.

According to the aim of the study different combinations were
prepared from the stock solutions and tested in order to define
the best combination for getting good selectivity and sensitivity
for tobramycin and its related substances. The relevant responses
evaluated were: the sensitivity by peak height and resolutions
between kanamycin B and neamine (Rs1) and between neamine
and tobramycin (Rs2).

A series of experiments was carried out in order to find the opti-
mal pH and concentration of MES, L-His and CTAB for determining
tobramycin. A BGE containing the following combination: 25 mM
MES and 0.3 mM CTAB, at pH 6.4 adjusted by adding L-His, was cho-
sen because it gave the highest peak height and good resolution
between kanamycin B and neamine and good resolution between
neamine and tobramycin.

The pH influence on the resolutions between tobramycin and
its related substances was such that at higher pH best resolutions
for Rs1 and Rs2 were obtained, but at the same time lowest peak
height and so less sensitivity.

Under the optimized conditions of reverse polarity (cathode at
the injection capillary end) and pH 6.4, the migration order was as
follows: nebramine, kanamycin B, neamine and tobramycin. These
compounds differ in the degree of substitution (number of amino
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Fig. 5. (A) Response surface plot as a function of pH and BGE concentration (mM), pH and CTAB concentration (mM) and BGE concentration (mM) and CTAB concentration
(mM) for Rs1. The other parameters are kept at their central values. (B) Response surface plot as a function of pH and BGE concentration (mM), pH and CTAB concentration
(mM) and BGE concentration (mM) and CTAB concentration (mM) for Rs2. The other parameters are kept at their central value. (C) Response surface plot as a function of BGE
concentration (mM) and CTAB concentration (mM), pH and CTAB concentration (mM) for peak height HT (mV). The other parameters are kept at their central values.
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Fig. 5. (continued)

groups) which greatly affects the degree of compound ionization
and thus the migration order. Tobramycin has five NH,- groups in
the molecular structure with pK,; to pK,s as 6.2, 7.4, 7.8, 8.3 and
8.9 [30]. Kanamycin B has five NH,- groups with pK,; to pKys as
5.79, 6.61, 7.66, 8.11 and 9.26. Neamine has four NH,- groups in
the molecular structure with pK,; to pKy4 as 5.7, 7.6, 8.1 and 8.6.

Tobramycin migrates last because it has five protonated amino
groups and one hydroxyl group less, nebramine migrates faster
because it has four amino groups, one less than tobramycin
and kanamycin B. The rank order of charge to mass ratio is
TOB > neamine > kanamycin B > nebramine.

The separation voltage was optimized by plotting a curve of
the generated current in function of the applied voltage. The lin-
ear range (where Ohm’s law is valid) is the working range and
the maximum voltage in this range (-30kV) was adopted as the
optimal separation voltage. To correct injection volume impre-
cision common in CE, an internal standard was used. Different
compounds were tested during method development and finally
ammonium acetate was chosen as internal standard at a concen-
tration of 50 mgL~!. Fig. 2 shows a separation obtained with the
optimized parameters.

3.2. Method optimization

Performing the experiments according to a 2¥ + n design as men-
tioned in Section 2.3, Table 1 produced the conclusion that most
factors had a significant effect on the separation of one or more
responses at 95% confidence.

A mathematical model was created, based on the total of 19
experiments. The variances of the responses were stabilized by

a logarithmic transformation, which improved the model. Fig. 3
shows the fraction of variation of the responses explained by the
model, R? and the fraction of variation of the responses that can
be predicted by the model, Q2. The possible values are in the range
0-1.0, with 1.0 revealing the existence of a model with an excellent
predictive power. R? in our model was found to be between 0.99
and 0.96, and the values for Q2 between 0.76 and 0.94.

The responses investigated included the resolution between
kanamycin B and neamine (Rs1), resolution between neamine and
tobramycin (Rs2) and the peak height of tobramycin (HT). The
results expressed as regression coefficient plots are summarized
in Fig. 4. These plots consist of bars, which are proportional to the
regression coefficients. The bars denoted by one variable reflect the
regression coefficient for the linear effect of that particular vari-
able and the bars denoted by variable1 x variable2 the interaction
between the two variables concerned. The 95% confidence interval
is expressed in terms of an error line over the coefficient. When
the interval includes zero, the variation of the response caused by
changing the variable is smaller than the experimental error and
the effect is considered to be not significant.

A positive regression coefficient stands for a positive effect on
the responses studied, while a negative regression coefficient indi-
cates a negative effect, as shown in Fig. 4. It can be observed that
the pH of the BGE has a positive significant effect on Rs1, Rs2 and
a negative significant effect on the HT of tobramycin. It means that
increasing the pH of the BGE will increase Rs1, Rs2 and decrease
the peak height of tobramycin causing less sensitivity. The con-
centration of the BGE was found to have a positive significant
effect on Rs1 and negative significant effect on Rs2 and HT. This
means that increasing the BGE concentration will improve Rs1 and
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Fig. 5. (continued ).

deteriorate Rs2 and HT. The concentration of CTAB was found
to have a positive significant effect on Rs1, HT and a negative
significant effect on Rs2. This means that increasing the CTAB con-
centration will improve Rs1 and peak height, but decrease Rs2.
The capillary temperature was found to have no significant effect
on Rs1, Rs2 and peak height. No significant interactions for Rs1,
Rs2 and HT were found between the parameters studied, except
a positive significant interaction for Rs2 between the concentra-
tion of BGE and CTAB and for peak height between pH and BGE
concentration.

In order to better estimate the influence of the most important
parameters on Rs1, Rs2 and HT, response surface plots were con-
structed. Fig. 5 shows the variation of Rs1, Rs2 and HT as a function
of two significant parameters while the other parameters are kept
constant at their central values. It is observed that in the range
examined, the minimum resolution is 1.2 for Rs2. Therefore it can
be concluded that selectivity is sufficient in the range examined.
Hence the Rs1 will not be affected that much, and stay above 1.8.
In order to get a good resolution for Rs2 that was considered as
critical response, the factors were set to just below the center point
value for the concentration of BGE and the concentration of CTAB.
The pH was set to the center point level to compromise between
resolutions 1, 2 and HT.

Based on those considerations, we define an optimal separa-
tion when the factors are 25 mM BGE at a pH of 6.4, an addition
of 0.3 mM CTAB, 25°C and —30KkV. This is adopted as optimized
conditions for analyzing the commercial samples of tobramycin.

Table 2

Composition of commercial tobramycin and CRS expressed as is (% m/m).
Sample  Tobramycin  KanamycinB  Neamine Nebramine  Water

content

CRS 91.6 ND ND ND 9.9
1 91.4 ND ND ND 9.5
2 91.6 ND ND ND 7.4
3 88.1 1.8 ND ND 10.0

ND, not detected.

Electropherograms of the separations obtained by using these con-
ditions are shown in Figs. 2 and 6.

3.2.1. Quantitative aspects
The precision, sensitivity and linearity of the method were eval-
uated as follows:

3.2.1.1. Sensitivity. For calculation, relative corrected peak areas
were used. LOD and LOQ values correspond to 3 and 10 times
the S/N. LOD and LOQ are expressed as percentage of a sample
containing 1.0g L~ of tobramycin. Good sensitivity was observed,
with LOD and LOQ estimated values of 0.4 mgL~! (0.04% m/m) and
1.3mgL~! (0.1%m/m), these correspond to 9 pg and 31 pg, respec-
tively.

3.2.1.2. Linearity for tobramycin. The optimized separation was
obtained in less than 7 min with good linearity (R?=0.9995) for
tobramycin, with 9 concentration points injected in triplicate for
the concentrations range from 1.5 to 1000mgL~!'. Ammonium
acetate was used as internal standard at 50 mg L. For calculation,
relative corrected peak areas were used.

The following regression equation was obtained:
y=0.0131x-0.0072, Syx=0.13, where y: relative corrected peak
area, x: concentration (mgL~"), and Sy,: standard error of estimate.
The intercept was found to be not statistically different from zero.

3.2.1.3. Repeatability for tobramycin. The system repeatability was
performed by using the same sample, BGE and expressed as the
relative standard deviation (% RSD) of the relative corrected peak
areas, migration time and relative migration time. Intraday pre-
cisions were 0.2%, 0.6% and 0.5% (n=6) respectively, and interday
precisions were 0.7%, 0.8% and 0.8% (n=18) respectively. The mean
of migration time and relative migration time were 5.7 min, 3.5
(n=6) and 5.7 min, 3.5 (n=18) for intraday precision and interday
precision respectively.

3.3. Application of the optimized CE-C*D method for analysis of
tobramycin in real samples

The water content in the tobramycin CRS and commercial sam-
ples was determined by Karl Fischer titration as shown in Table 2.
The optimized method was applied for the analysis of
tobramycin and its related impurities in commercial bulk samples.
A solution of 0.2gL-! was investigated for each commercial
sample. The content of each sample was determined by using
Tobramycin CRS (91.6% as is) and expressed as percent content of
the main compound. Data obtained were in the range of 88.1-91.6%.
There are no related substances above the detection limit in two
samples, but sample number 3 which was obtained from Chongging
Daxin Pharmaceutical Co. Ltd. (Chongqing, China) has around 1.8%
of kanamycin B as shown in Fig. 6 (electropherogram 3).
Improvement in analysis time was obtained compared to the
method of Kaale et al. [14] using UV detection after derivatization,
which needs 30 min (10 min for derivatization plus 20 min for sep-
aration) and to the LC-PED method, which needs more than 20 min
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Fig. 6. Typical CE-C*D electropherograms showing the separation of tobramycin from its impurities using CE; (1) samples dissolved in water: kanamycin B, nebramine and
neamine 2.5mgL-" each and tobramycin 50 mg L. (2) Tobramycin 0.2 g L-! CRS and (3) commercial bulk sample, S.P, system peak; IS, internal standard (ammonium acetate
50mgL-1); B, kanamycin B; Nb, nebramine; N, neamine; T, tobramycin; CE conditions see Fig. 2.

for a two-step gradient for separation plus equilibration time of the
PED instrument [7].

4. Conclusion

The goal of this work was the development, optimization and
evaluation of a selective, simple and fast CZE method for the analy-
sis of tobramycin and its related impurities in commercial samples.

A CZE method with C*D detection was developed and validated
for linearity, inter- and intra-day precision and sensitivity. Success-
ful separation and good resolution between tobramycin and related
substances were achieved. The described method yielded an effec-
tive improvement in simplicity and analysis time (7 min), which
is important for routine application. The assay method was used
to determine the content of commercial samples. The quantitative
feature of this assay makes it a suitable assay for tobramycin.

This mode of detection can be useful for the analysis and assay
of aminoglycosides such as tobramycin. It can also be a good alter-
native to derivatization in case of non UV-absorbing substances.

Acknowledgement

M.N. El-Attug thanks the Faculty of Pharmacy, University of
Tripoli, Tripoli, Libya for the scholarship and financial support.

References

[1] Validation of Compendial Methods, United States Pharmacopeia XXIV, 2006,
pp. 3050-3052.

[2] C.E.Higgins, R.E.Kaster, Nebramycin a new broad-spectrum antibiotic complex.
II. Description of Streptomyces tenebrarius, Antimicrob. Agents Chemother. 7
(1967) 324-331.

[3] P. Federspil, W. Schatzle, E. Tiesler, Pharmacokinetics and ototoxicity of gen-
tamicin, tobramycin and amikacin, J. Infect. Dis. 134 (1976) 200-205.

[4] Y. Takegi, T. Tsuchiya, S. Umezaya, H. Umezaya, Synthesis of 3'-
deoxykanamycin B, J. Antibiot. 26 (1973) 403-406.

[5] European Pharmacopoeia, 7th ed., EDQM, Strasbourg, 2011, pp. 3103-3104.

[6] R.L. Hussey, Paper chromatography of tobramycin and some related com-
pounds, J. Chromatogr. 92 (1974) 457-460.

[7] ].W. Mayhew, S.L. Gorbach, Gas-liquid chromatographic method for the assay
of aminoglycoside antibiotics in serum, ]J. Chromatogr. 151 (1978) 133-146.

[8] S.S. Sampath, D.H. Robinson, Comparison of new and existing spectrophoto-
metric methods for the analysis of tobramycin and other aminoglycosides, ].
Pharm. Sci. 79 (1990) 428-431.

[9] H. Fabre, M. Sekkat, M.D. Blanchin, B. Mandrou, Determination of amino-
glycosides in pharmaceutical formulations—II. High-performance liquid
chromatography, J. Pharm. Biomed. Anal. 7 (1989) 1711-1718.

[10] F.Lai, T. Sheehan, Enhancement of detection sensitivity and cleanup selectivity
for tobramycin through pre-column derivatization, J. Chromatogr. 609 (1992)
173-179.

[11] F. Wienen, U. Holzgrabe, A new micellar electrokinetic capillary chromatog-
raphy method for separation of the components of the aminoglycoside
antibiotics, Electrophoresis 24 (2003) 2948-2957.

[12] AK.Dash, R. Suryanarayanan, A liquid-chromatographic method for the deter-
mination of tobramycin, J. Pharm. Biomed. Anal. 9 (1991) 237-245.

[13] H. Russ, D. McCleary, R. Katimy, J.L.. Montana, R.B. Miller, R. Krishnamoor-
thy, C.W. Davis, Development and validation of a stability-indicating HPLC
method for the determination of tobramycin and its related substances in
an ophthalmic suspension, J. Ligq. Chromatogr. Related Technol. 21 (1998)
2165-2181.

[14] E. Kaale, A. Van Schepdael, E. Roets, ]. Hoogmartens, Development
and validation of capillary electrophoresis method for tobramycin with
precapillary derivatization and UV detection, Electrophoresis 23 (2002)
1695-1701.

[15] N.C. Megoulas, M.A. Koupparis, Development and validation of a novel
HPLC/ELSD method for the direct determination of tobramycin in pharmaceu-
ticals, plasma, and urine, Anal. Bioanal. Chem. 382 (2005) 290-296.

[16] M.X. Guo, L. Wrisley, E. Maygoo, Measurement of tobramycin by reversed-
phase high-performance liquid chromatography with mass spectrometry
detection, Anal. Chim. Acta 571 (2006) 12-16.

[17] B.Li,A.VanSchepdael,]. Hoogmartens, E. Adams, Characterization ofimpurities
in tobramycin by liquid chromatography-mass spectrometry, J. Chromatogr. A
1216 (2009) 3941-3945.

[18] J. Szuinyog, E. Adams, E. Roets, J. Hoogmartens, Analysis of tobramycin by lig-
uid chromatography with pulsed electrochemical detection, J. Pharm. Biomed.
Anal. 23 (2000) 891-896.

[19] V.P. Hanko, J.S. Rohrer, Determination of tobramycin and impurities using
high-performance anion exchange chromatography with integrated pulsed
amperometric detection, J. Pharm. Biomed. Anal. 40 (2006) 1006-1012.

[20] A. Jouyban, E. Kenndler, Impurity analysis of pharmaceuticals using capillary
electromigration methods, Electrophoresis 29 (2008) 3531-3551.

[21] C.L.Flurer, The analysis of aminoglycoside antibiotics by capillary electrophore-
sis, J. Pharm. Biomed. Anal. 13 (1995) 809-816.

[22] M.T. Ackermans, F.M. Everaerts, ].L. Beckers, Determination of aminoglycoside
antibiotics in pharmaceuticals by capillary zone electrophoresis with indirect
UV detection coupled with micellar electrokinetic capillary chromatography,
J. Chromatogr. 606 (1992) 229-235.

[23] X.M. Fang, J.N. Ye, Y.Z. Fang, Determination of polyhydroxy antibiotics by cap-
illary zone electrophoresis with amperometric detection at a nickel electrode,
Anal. Chim. Acta 329 (1996) 49-55.

[24] H.H. Yeh, S.-]. Lin, J.-Y. Ko, C.-A. Chou, S.-H. Chen, Rapid and selective micellar
electrokinetic chromatography for simultaneous determination of amikacin,
kanamycin A, and tobramycin with UV detection and application in drug for-
mulations, Electrophoresis 26 (2005) 947-953.

[25] W.S. Law, P. Kuban, L.L. Yuan, J.H. Zhao, S.F.Y. Li, P.C. Hauser, Determination
of tobramycin in human serum by capillary electrophoresis with contactless
conductivity detection, Electrophoresis 27 (2006) 1932-1938.

[26] P. Kuban, P.C. Hauser, Ten years of axial capacitively coupled contactless con-
ductivity detection for CZE—a review, Electrophoresis 30 (2009) 176-188.



M.N. El-Attug et al. / Journal of Pharmaceutical and Biomedical Analysis 58 (2012) 49-57 57

[27] M.N.El-Attug, B. Lutumba, J. Hoogmartens, E. Adams, A. Van Schepdael, Method
development and validation for trifluoroacetic acid determination by capillary
electrophoresis in combination with capacitively coupled contactless conduc-
tivity detection (CE-C4D), Talanta 83 (2010) 400-403.

[28] M.N. El-Attug, J. Hoogmartens, E. Adams, A. Van Schepdael, Capacitively cou-
pled contactless conductivity detection (C4D) as an alternative detection mode
in CE for the analysis of kanamycin sulphate and its related substances, J. Sep.
Sci. 34 (2011) 2448-2454.

[29] P. Claes, F. Compernolle, H. Vanderhaeghe, Chromatographic analysis of
neomycin. Isolation and identification of minor components, J. Antibiot. 27
(1974) 931-942.

[30] R. Pignatello, A. Mangiafico, L. Basile, B. Ruozi, P.M. Furneri, Amphiphilic
ion pairs of tobramycin with lipoamino acids, Eur. J. Med. Chem. 46 (2011)
1665-1671.



	Optimization of capillary electrophoresis method with contactless conductivity detection for the analysis of tobramycin and its related substances
	1 Introduction
	2 Material and methods
	2.1 Reagents, samples and solutions
	2.2 Instrumentation and operating conditions
	2.3 Experimental design

	3 Results and discussion
	3.1 Method development-separation BGE
	3.2 Method optimization
	3.2.1 Quantitative aspects
	3.2.1.1 Sensitivity
	3.2.1.2 Linearity for tobramycin
	3.2.1.3 Repeatability for tobramycin


	3.3 Application of the optimized CE-C4D method for analysis of tobramycin in real samples

	4 Conclusion
	Acknowledgement
	References


