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Capillary electrophoresis analysis of fosfomycin in
biological fluids for clinical pharmacokinetic
studies

A feasible capillary zone electrophoresis (CZE) method with indirect UV and contact-
less conductivity detection was developed for the determination of fosfomycin, an anti-
biotic, in human plasma and microdialysis samples. Samples were collected from test
persons during a clinical trial. The background electrolytes used consisted of 25 mM

benzoic acid and 0.5 mM hexadecyltrimethylammonium bromide, adjusted with
tris(hydroxymethyl)aminomethane solution to pH 6.95 for plasma, and to pH 8.05
for microdialysis samples. CZE separations of the anionic analyte were carried out
with reversed electroosmotic flow directed towards the anode. The limit of detection
was between 0.6 and 2 mg/mL, depending on the matrix and the detection method.
No sample preparation was needed for microdialysis samples; for plasma samples,
proteins were precipitated with methanol (112, v1v), and the supernatant was ana-
lyzed. The yield determined with spiked samples was about 100%, the reproducibility
of the entire method, expressed by the RSD% of three independent determinations of
fosfomycin in triplicate after spiking Ringer’s solutions and plasma samples, respec-
tively, was better than 8%. The method is thus well-suited for clinical studies for the
determination of the antibiotic in biological fluids.

Keywords: Capillary zone electrophoresis / Conductivity detection / Fosfomycin / Indirect UV
detection DOI 10.1002/elps.200305860

1 Introduction

Fosfomycin, (2)-(1R,2S)-(1,2-epoxypropyl)phosphonic acid
(Fig. 1), is an antibiotic that inhibits the synthesis of bac-
terial cell walls by preventing the peptidoglycan synthesis
[1]. Fosfomycin as its disodium salt is widely used for
treatment of infections of the central nervous system,
of urinary trace infections, and of other infections that
are caused by Gram-positive and -negative strains, like
those of the soft tissues [2]. Due to its unique structure,
which differs from other antibiotics, and its activity on
the synthesis of bacterial cell walls, which are unaffected

Figure 1. Structural formula of
fosfomycin (as disodium salt).

by other agents [1], hardly any cross resistance to other
antibiotics is observed. Characteristics of fosfomycin are
a very low molecular mass (181.8 g/mol as the disodium
salt), pKa1 2.0 [3] and pKa2 6.4 [4], low plasma protein bind-
ing (, 5%) [1, 3], and a plasma half-life time of 1.5–2 h [1].

Flow injection spectrophotometric detection after ther-
mal-induced digestion has been proposed for the deter-
mination of fosfomycin in biological samples, e.g., in
urine; the urine samples had only to be diluted with water
prior to analysis. However, the achieved limit of detection
(138 mg/mL) was considerably high [5]. Several papers
report the determination of this antibiotic in biological
samples based on gas chromatographic methods via its
silylated derivative [6–8]. Compared to commonly used
molecular biological methods, e.g., the determination of
the inhibitory potency of the drug on bacterial growth in
cell culture experiments (cup method), GC-MS determi-
nation showed a higher sensitivity [9]. Although offering
sufficient sensitivity, the GC methods are often laborious
due to the fact that especially biological samples neces-
sitate clean-up steps and derivatization prior to analysis.
In contrast, HPLC or capillary electrophoresis (CE) were
described for the determination of fosfomycin without
need for time-consuming derivatization steps. In this con-
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text, Robins et al. [10] reported a CE application with direct
UV detection of aqueous organophosphonic acid solutions
via in situ formation of a borate-phosphate ester.

Beside such direct UV detection, for chromatographic
determination of small nonabsorbing ions indirect detec-
tion methods are more common. These detection meth-
ods are based on the addition of a UV absorbing chromo-
phore (probe) to the buffer or the eluent, and the meas-
ured signal is generated due to the replacement of the
probe by the analyte [11–14]. In this way, fosfomycin was
indirectly detected in serum and aqueous humor after
separation by ion-exchange chromatography [15] as well
as by CE [4, 16]. In both CE papers the accuracy, preci-
sion, and linear range are satisfying, but for both methods
the background electrolyte (BGE) composition is quite
complex, as well as elaborate serum clean-up proce-
dures are needed.

Mass spectrometry in combination with CE was applied
for the determination of phosphonic acids in tap water,
and the results were compared to an LC-MS method.
Characteristic fragment ions were screened by tandem
MS and allowed accurate identification of the phosphonic
acids [17]. One paper reported the application of flame
photometric detection, normally used for GC analysis, in
combination with CE, for the determination of alkyl-
phosphonic acids in water [18]. Good detection limits
of 0.1–0.5 mg/mL were achieved.

During the last years the application of conductivity de-
tection gained more importance as an alternative detec-
tion method for small ions (see e.g., a recent review by
Zemann [19]). As described in [20], signal-to-noise ratios
for some anions achieved with indirect UV can be
enhanced by conductivity detection, provided that opti-
mized electrolyte conditions are used. However, simulta-
neous optimization for both detection methods seems
to be sophisticated [20, 21]. Application of conductivity
detection for ion-exchange chromatographic determina-
tion of some alkylphosphonic acids and fosfomycin is
reported in [22].

To determine the extracellular concentration of drugs or
antibiotics, microdialysis techniques were established
as very advantageous clinical methods [23–25]. A probe,
consisting of a semipermeable membrane with a well-
defined molecular mass cutoff, is implanted into the tis-
sue, e.g., skeletal muscle, subcutaneous adipose, brain
or lung, and is perfused with a physiological fluid, like
Ringer’s solution, at a constant flow. The analytes diffuse
through the membrane into the perfusate and are col-
lected during time periods of 20–30 min. Microdialysis
samples are characterized by lack of proteins, low analyte
concentrations, aqueous medium, high ionic strength,

and small sample volumes of 2–30 mL, for which CE meth-
ods have an advantage over HPLC methods, as only
small injection volumes of several nL are needed.

The aim of the present paper was to develop a fast and
feasible CE method for the determination of fosfomycin
in biological samples, using indirect UV and contactless
conductivity detection (CCD). A screening of different
experimental conditions, e.g., the type of chromophore
used in the BGE and its concentration, the pH and the
concentration of EOF reverser, was carried out to derive
appropriate separation conditions for the matrices that
had to be analyzed, namely human plasma and micro-
dialysates. This method should be more sensitive than
the previously reported ones [4, 16], and a more simple
and rapid method for plasma pretreatment should be
implemented.

2 Materials and methods

2.1 Chemicals

Fosfomycin disodium salt “Biochemie 8 g Trockenstech-
ampulle” was kindly provided by Biochemie (Kundl, Aus-
tria). Tris(hydroxymethyl)aminomethane (Tris), benzoic
acid (both analytical grade), and methanol (HPLC grade)
were purchased from E. Merck (Darmstadt, Germany).
Cetyltrimethylammonium bromide (CTAB, .99.0% purity)
was purchased from Fluka (Buchs, Switzerland). Ringer’s
solution ÖAB (concentration : Na1 154 mM; Ca21 2.74 mM;
K1 4.02 mM; Cl2 163 mM) was from Mayrhofer Pharma-
zeutika (Linz, Austria). Ultrapure water with resistance
. 18 MO?cm was prepared by the use of a Millipore
Milli-Q apparatus (Bedford, MA, USA).

2.2 Apparatus

All experiments were performed with a 3DCE apparatus
(Agilent Technologies, Palo Alto, CA, USA). For separation
an uncoated fused-silica capillary (50 mm ID, total length
64.5 cm, effective length 56.0 cm; Agilent Technologies)
with a bubble cell was used. Indirect detection of fosfo-
mycin was performed using a 25 mM benzoate solution
with 0.5 mM CTAB added, adjusted with 1 M Tris solution
to pH 6.95 for plasma and 8.05 for microdialysis samples,
respectively. The background electrolyte solution was
degassed by ultrasonication prior to use. The CCD cell
(not commercially available for the 3Dcapillary electropho-
resis system used) was kindly donated by B. Gaš (Faculty
of Science, Charles University, Prague, Czech Republic).
Its construction and design has been described in [26].
This detection cell was already applied for the determina-
tion of, e.g., essential amino acids [27] or haloacetic acids
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in water [28]. Samples were injected by applying pressure
at the cathodic end of the capillary at 50 mbar for 9 s.
The capillary cassette was thermostated to 257C. The
applied voltage was set to 225 kV with a ramp of 0.5 min
after injection. Indirect UV absorbance detection was car-
ried out using the built-in diode array detector (DAD) oper-
ating at 254 nm. New capillaries were conditioned before
use with 1 M and 0.1 M sodium hydroxide at 457C for
15 min each, followed by rinsing with water and buffer so-
lution at 257C, 15 min each. Before each run the capillary
was flushed with 0.1 M sodium hydroxide for 4.5 min, fol-
lowed by flushing with water for 2 min and buffer solution
for 6 min. To prevent buffer depletion during a sequence
run, the inlet and outlet buffer vial and the buffer supply
vial were replenished before each run by the built-in
replenishment system. For storage overnight the capillary
was flushed with water, 0.1 M sodium hydroxide followed
by water for 3 min each. A similar procedure is also de-
scribed in [29].

2.3 Procedures

A stock solution of the antibiotic (10 mg fosfomycin/mL)
in Ringer’s solution was prepared by dissolving approxi-
mately 670 mg of fosfomycin disodium salt in 50 mL Ring-
er’s solution. This stock solution was stable for 4 months
when stored at 2807C. Standard solutions for the analysis
of microdialysis samples or plasma samples were pre-
pared every day by diluting suitable amounts of this
stock solution in Ringer’s solution. Standards for micro-
dialysis samples were prepared in a concentration range
of 0–1000 mg/mL. The calibration standards and micro-
dialysis samples were directly injected without further
sample preparation. For generating a calibration curve
for plasma samples, drug-free plasma collected in lithium
heparinized tubes was spiked 1:10 with fosfomycin in
Ringer’s solution, leading to a final concentration range
of 0–1000 mg/mL. 80 mL of plasma from probands or
plasma standards were mixed with 160 mL methanol,
vortexed, and centrifuged at 15 0006g for 2 min at
room temperature. The supernatant was injected into
the CE system. For the quantitation of the analyte the
peak areas, for the determination of the LOD and the
LOQ the peak heights were taken.

3 Results and discussion

3.1 Selection of the separation condition

As the method is intended to be applied for routine analy-
sis, which means that a large number of samples have
to be treated, the analysis time becomes an important
parameter, in addition to the robustness, selectivity, sen-
sitivity, reproducibility, and accuracy of the method. In

order to shorten the analysis time, the reversed electroos-
motic flow (EOF) mode was selected for the anionic ana-
lyte under consideration. The EOF can be reversed by ad-
dition of a cationic detergent to the BGE like the commonly
used CTAB. Using this additive, a number of BGEs with dif-
ferent constituents and/or different pH were investigated
concerning their applicability for the analysis of fosfomycin
in microdialysates and plasma. In a first step, fosfomycin
was spiked to the sample matrices, namely to Ringer’s
solutions on the one hand, and to the plasma of healthy
test persons on the other hand.

Without going into details, it became clear that some of the
BGEs were lacking detection performance for both sample
types, e.g., 50 mM phthalic acid/Tris, 0.5 mM CTAB, pH 7.8.
Others did not fulfil the requirements in precision and accu-
racy (15 mM phthalic acid/NaOH, 0.5 mM CTAB, pH 8.1;
50 mM phosphate, 15 mM phthalic acid/NaOH, 0.5 mM

CTAB, pH 7.5), or a high peak distortion was observed
therein (50 mM HEPES, 15 mM phthalic acid/NaOH, 0.5 mM

CTAB, pH 7.7). Buffers consisting of 25 mM benzoic acid/
Tris, 0.5 mM CTAB, turned out to exhibit good quantitative
performance data, but no single pH could be found for the
analysis of both sample matrices with both detectors.
Therefore, a BGE with pH 8.05 and 6.95 was used for
microdialysis and plasma samples, respectively.

In Fig. 2 the electropherograms obtained with 25 mM ben-
zoic acid/Tris, CTAB, pH 8.05 for samples of Ringer’s so-
lution spiked with fosfomycin, are shown. The difference

Figure 2. Electropherogram of fosfomycin in Ringer’s
solution at pH 8.05 with indirect UV absorbance detection
(upper trace) and CCD (lower trace). BGE, 25 mM benzoic
acid 1 0.5 mM CTAB, adjusted with 1 M Tris to pH; fosfo-
mycin concentration, 125 mg/mL; capillary, uncoated
fused-silica capillary (50 mm ID, total length 64.5 cm,
effective length to UV 56.0 cm; effective length to CCD,
50.5 cm) with bubble cell; voltage, 225 kV; temperature,
257C. Fosfomycin peak is marked with an asterisk.
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Figure 3. Electropherogram of human plasma blank and
plasma spiked with fosfomycin at pH 8.05 with indirect
UV absorbance detection and CCD. BGE, 25 mM benzoic
acid 1 0.5 mM CTAB, adjusted with 1 M Tris to pH. Fosfo-
mycin concentration 1000 mg/mL. Other conditions as in
Fig. 2. Fosfomycin peak is marked with an asterisk.

in migration times of fosfomycin of approximately 0.5 min
between UV and CCD detection is caused by the arrange-
ment of the detectors. It is built into the cassette, posi-
tioned 5.5 cm in front of the UV detection window, as
described in [26]. It can be seen that the analyte peak
can clearly be distinguished from other sample constitu-
ents. Even the extreme excess of chloride in the solution,
which forms the large triangular peak typical for concen-
tration overload, does not interfere.

The BGE with pH 8.05 is not suitable for the determina-
tion of fosfomycin in spiked plasma samples, as can
be seen from Fig. 3, showing the electropherograms
of human plasma blank and spiked plasma. With this
matrix the analyte peak is found on the rear flank of
a large peak, and quantitation will be hampered thus.
However, reduction of the BGE to pH 6.95 shows the
clear separation of the analyte from all other peaks pres-
ent (Fig. 4).

The BGE with pH 6.95, suitable for the separation of
fosfomycin in the spiked plasma samples is, in contrary,
not fully suitable for Ringer’s solution as sample matrix,
because at this pH one contaminant is migrating closely
after the analyte, from which it is not fully resolved (Fig. 5).
This is observed especially with the CCD record. It can
thus be concluded that there is no single BGE, which
can be used for the determination of fosfomycin in both
types of matrices. We have to apply two different buffers,
with best conditions at pH 6.95 for the plasma samples,

Figure 4. Electropherogram of human plasma blank and
plasma spiked with fosfomycin at pH 6.95 with indirect
UV absorbance detection and CCD. Fosfomycin concen-
tration, 125 mg/mL; BGE, 25 mM benzoic acid 1 0.5 mM

CTAB, adjusted with 1 M Tris to pH. Other conditions as
in Fig. 2. Fosfomycin peak is marked with an asterisk.

and at pH 8.05 for the microdialysates. These BGEs will
be further used for the analysis of real samples. Exact pH
adjustment is important due to pH sensitive migration be-
havior.

Figure 5. Electropherogram of fosfomycin in Ringer’s
solution pH 6.95 with indirect UV absorbance detection
and CCD. BGE, 25 mM benzoic acid 1 0.5 mM CTAB,
adjusted with 1 M Tris to pH; fosfomycin concentration,
125 mg/mL. Other conditions as in Fig. 2. Fosfomycin
peak is marked with an asterisk.
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Table 1. Characteristics of fosfomycin determination in spiked Ringer’s solution and plasma, respec-
tively

Parameter Ringer’s solution Plasma

UV (254 nm) CCD UV (254 nm) CCD

LOD (mg/mL)a) 0.86 0.62 0.86 2.0
LOQ (mg/mL)b) 3.5 2.0 3.5 6.8
Instrument precision, RSD%c) 3.7 4.5 3.2 5.6

c = 10 mg/mL 123.8 (6.3) 123.8 (3.6) 90.6 (3.8) 96.8 (3.8)
% Yield (RSD %) c = 100 mg/mL 106.8 (6.2) 107.7 (6.9) 101.2 (5.7) 99.2 (10.4)

c = 300 mg/mL 100.6 (1.5) 102.2 (1.7) 94.8 (7.8) 88.1 (17.5)

a) (S/N = 3)
b) (S/N = 10); Number of replicates for yield: 3
c) n = 10, 100 mg/mL level

3.2 Method characteristics

The values of the analytical characteristics, LOD (for a
signal-to-noise ratio of 3), LOQ (signal-to-noise ratio of
10), accuracy, and instrument precision are given in
Table 1. Guidelines for definition were taken from [30].
It can be seen that values for LOD and LOQ for micro-
dialysis samples are slightly lower with the CCD than with
indirect UV detection, whereas both achieved values for
plasma samples are slightly higher. However, the LOD is
in the low mg/mL range or below, which is similar or slightly
better than described in [4, 16]. Linear ranges were from
3.5 or 6.8 mg/mL, respectively, to 1000 mg/mL for both ma-
trices, with a correlation coefficient R . 0.9994 for both
detection methods. Instrument precision is described by
the relative standard deviation, RSD%, obtained from ten
replicate injections at a concentration level of the analyte
of 100 mg/mL. It is between 3.2 and 5.6%. It should be
pointed out that no suitable internal standard could be
found, as there are almost no free positions in the electro-
pherograms.

The accuracy of the method is expressed by the yield
determined at three different concentration levels of the
analyte spiked to Ringer’s solution and plasma, re-
spectively. It is about 100% and higher for the micro-
dialysis samples, and about 100% and lower for the
plasma samples. Also given is the RSD% of the yields,
obtained from three independent replicate determina-
tions at the three concentration levels each. Note that
the confidence intervals for the yield (Student’s factor,
t, for e.g., 99% probability and 2 degrees of freedom is
9.92) are always larger than those for the injection
(t for 99% probability and 9 degrees of freedom is
3.25).

3.3 In vivo samples and pharmacokinetics of
fosfomycin

Blood and microdialysis samples were taken in vivo from
12 healthy volunteers, to which 8 g of fosfomycin was
administered. The microdialysis samples were directly
injected into the CE instrument, whereas the plasma sam-
ples were treated with methanol (112, v1v), and centri-
fuged for 2 min at 15 0006g before injection. Typical elec-
tropherograms of subcutaneous and muscular microdia-

Figure 6. Microdialysis samples taken from one repre-
sentative proband after i.v. administration of fosfomycin.
(a) Fosfomycin standard in Ringer’s solution given for
comparison; microdialysis samples from (b) muscle tis-
sue, and (c) subcutaneous. BGE, 25 mM benzoic acid 1

0.5 mM CTAB, adjusted to pH 8.05 with 1 M Tris. Other
conditions as in Fig. 2. Fosfomycin peak is marked with
an asterisk.
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lysis samples from one representative test person, taken
1 h after administration of fosfomycin, are shown in Fig. 6.
It can be seen that some additional peaks appear in such
microdialysis samples (Figs. 6b and c) compared to fosfo-
mycin in Ringer’s solution (Fig. 6a). As seen from the
record of a fosfomycin standard (Fig. 6a), the analyte
peak is more asymmetrical due to its higher concentration
and the accompanied overload. However, even the large
peak migrating just before the analyte in the real microdia-
lysis samples (see Figs. 6b and c) does not hinder quanti-
tation with UV detection, whereas the smaller analyte
peak in the CCD record results in a higher LOQ. Analyte
quantitation is better for the real plasma samples, as can
be seen from Fig. 7 for samples taken 1 h after adminis-
tration. Here the analyte peaks are well separated from
all other matrix elements.

Figure 7. Plasma sample of one representative test per-
son 1 h after i.v. administration of 8.0 g fosfomycin. BGE,
25 mM benzoic acid 1 0.5 mM CTAB, adjusted with 1 M

Tris to pH 6.95. Other conditions as in Fig. 2. Fosfomycin
peak is marked with an asterisk.

One representative time versus concentration plot is
shown in Fig. 8 to monitor the pharmacokinetic progress
of fosfomycin. Maximum plasma concentrations of fos-
fomycin in all test persons ranged from 300–600 mg/mL,
achieved approximately 40 min after administration of
the antibiotic. Concentrations remained above the LOQ
even after 6 h, dropping to concentrations between
50 and 150 mg/mL. Microdialysis concentrations, which
were not recovery-corrected, were lower, with maximum
concentrations in the range of 50–300 mg/mL, and were
above the LOQ even after 6 h, with concentrations
between 20–80 mg/mL. A detailed description and the
results of the clinical trial will be published elsewhere.

Figure 8. Pharmacokinetic profile of fosfomycin in
plasma and microdialysis samples taken from one re-
presentative test person after i.v. administration of 8.0 g
fosfomycin. Analysis were performed with indirect UV-
detection.

4 Concluding remarks

The analytical method worked out for plasma and micro-
dialysis samples enables the determination of fosfomycin
in a wider concentration range than those described in [4]
and [16] (there the upper concentration is 100 mg/mL),
with comparable results for LOD and LOQ. Accuracy and
precision of the present method fulfil the demands of the
clinical study presented in this paper, and will be applied
for two more clinical studies. The analysis time is consid-
erably short, which is an advantage in clinical-analytical
practice, due to the large number of samples to be ana-
lyzed. The other advantage, compared to the described
methods, is the avoidance of complex sample prepara-
tion procedures.

For the given analytical problem, the CCD does not
show a benefit compared to indirect UV detection. It
has a slightly higher LOD and LOQ for plasma samples.
The results showed that it can be seen as an alternative
to indirect UV detection, but it is not complementary. In
both matrices, plasma and microdialysates, the selec-
tion of an internal standard is problematic. Before the
analyte peak no positions are free in the electrophero-
grams, after the analyte peak an internal standard would
increase the analysis time significantly. Therefore, the
method of an external standard for quantitation is ap-
propriate.
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