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Summary 
The possibility of determination of four cephaJosporin antibiotics in clinical samples by capil- 
lary electrophoresis has been investigated. The separation conditions for capillary zone elec- 
trophoresis (CZE) were studied in detail. The precision of migration times measured by use of 
the optimized method was satisfactory (RSD < 1%) and response was linearly dependent on 
concentration over the approximate range 2 -  150 mg L 1 for all the compounds studied (ce- 
furoxime, cefotaxime, ceftriaxone, and ceftazidime). Complete separation could be achieved 
within 5 min. The CZE method was found to be highly suitable for direct determination of the 
antibiotics in clinical samples such as wound drainage, cerebrospinal fluid, and urine; for ser- 
um, however, the use of micellar electrokinetic capillary chromatograpy (MECC) was more ad- 
vantageous. 

Introduction 

The cephalosporins are regarded as one of 
the most important and most frequently 
used groups of antibiotics used in medi- 
cine. Because many cephalosporins can- 
not be absorbed orally and must be admi- 
nistered intravenously or intramuscularly, 
interest has focused on study of their bioa- 
vailability. 
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In recent decades the use of the high- 
performance liquid chromatography 
(HPLC) has dominated the analysis of 
pharmaceuticals, although capillary elec- 
trophoresis (CE) has also proven to be a 
powerful technique for the analysis of 
these compounds [1]. In the last few years 
methods for the determination of cepha- 
losporins by capillary zone electrophor- 
esis (CZE) [2 4] and micellar electroki- 
netic capillary chromatograpy (MECC) 
[5 8] have been published. 

CE is a promising technique (compared 
with, e. g., immunoassay) for clinical ana- 
lysis because of its excellent separation 

efficiency, high versatility, and low cost. 
Because untreated biofluid samples can be 
injected directly into CE capillaries, con- 
siderable savings in analysis time and cost 
of consumables can be achieved. Direct 
injection of clinical samples can be advan- 
tageously performed by CZE only if the 
sample does not contain very large 
amounts of protein (e.g. plasma or ser- 
um). Because biofluid samples containing 
large amounts of proteins can generate in- 
terfering peaks and lead to disadvanta- 
geous matrix effects, most direct-injection 
analyses are performed by MECC. Be- 
cause the SDS micelles interact with the 
sample proteins, giving then a net negative 
charge, the proteins are eluted after the 
analyte peak of interest. Direct injection 
of serum in MECC has been used for the 
analysis of drugs [9]. It has also been 
shown that the extent of binding between 
the serum proteins and different antibio- 
tics affects peak shape after direct injec- 
tion [9, 10]. 

In our work the possibility of direct 
analysis of four frequently used cephalos- 
porins (ceftazidime, cefotaxime, cefurox- 
ime, and ceftriaxone) in clinical samples 
obtained after neurosurgery (wound drai- 
nage, cerebrospinal fluid, serum, and ur- 
ine) was investigated. The quantitative de- 
termination of cephalosporins in these 
samples is important in neurosurgery be- 
cause the concentration of the analytes in 
serum can be different from that in wound 
drainage or cerebrospinal fluid. In our 
work CZE was usually used for the deter- 
mination of cephalosporins; MECC was 
used only for direct injection of clinical 
samples with a high protein content. 
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Figure 1. The structures of the four cephalosporin antibioticsl 
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Figure 2. Effect of the pH of 25 mM phosphate buffer on the separation of the cephalosporins. 
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Figure 3. Electropherogram obtained from a mixture of the four cephalosporins investigated. Fused 
silica capillary, 48.5 cm • 50 ~tm i. d.; buffer electrolyte 25 mM borate, pH 9.2; applied voltage + 25 
kV; detection UV absorption at 270 nm. The concentration of each cephalosporinwas 10~tgmL 1. 

Experimental 

I n s t r u m e n t a t i o n  

Capillary electrophoresis was performed 
with an HP (Hewlett-Packard, Wald- 

bronn, Germany) model 3D. For all ana- 
lyses hydrodynamic sample introduction 
(100 mbar s) was used for sample injec- 
tion. Sample solutions were introduced at 
the anode end of the capillary. Separa- 
tions were performed in 48.5 cm long (ef- 

fective length 40 cm) • 50 ixm i. d. fused- 
silica capillaries coated externally with 
polyimide (Polymicro Technology, Phoe- 
nix, AZ, USA). Before use the capillaries 
were preconditioned with the buffer elec- 
trolyte for 10 min. During analysis of bio- 
fluid samples, after each run the capil- 
laries were also post-conditioned by flush- 
ing with 0.5 M NaOH (6 min), 0.3 M SDS 
(2 min), and distilled water (2 min) to re- 
move all the proteinaceous components, 
which have a high tendency to stick to the 
capillary walls resulting in variations in 
the rate of electroosmotic flow (EOF) and 
thus in migration times [11]. 

The applied voltage was + 25 kV. The 
temperature of the capillary holder was 
kept constant at 25~ Detection was 
achieved by on-column photometric mea- 
surement at 270 nm. Use of diode-array 
detection also enabled recording of UV 
spectra every 0.2 s throughout the electro- 
pherogram. The electropherograms were 
recorded and processed by ChemStation 
version 7.01 (Hewlett-Packard). 

Chemicals and Samples 

Reagents of analytical grade were ob- 
tained from a variety of distributors. So- 
dium tetraborate and sodium dodecyl sul- 
phate (SDS) were purchased from Reanal 
(Hungary). Benzyl alcohol was used as a 
marker for electroosmosis. Sample solu- 
tions (0.15mgmL 1) were prepared by 
dissolving the solid salts of cefuroxime, 
ceftazidime (Glaxo), cefotaxime (Lek), 
and ceftriaxone (Roche) in water immedi- 
ately before analysis. The formulas of, 
and abbreviations used for, the cephalos- 
porins are summarized in Figure 1. 
Although the stability of cephalosporin 
antibiotics in the solid state is usually sa- 
tisfactory, on dissolution in water they are 
slowly hydrolyzed to different degrada- 
tion products. When the conversion rates 
were studied previously [12] it was found 
that within 4 h of dissolution degradation 
(hydrolysis) of these antibiotics was no 
higher than 2%. 

The biofluid samples (wound drainage, 
cerebrospinal fluid, serum, and urine) 
were centrifuged and stored at 18~ 
The samples were defrosted immediately 
before analysis. Fresh human serum was 
obtained from the Centre of Transfusion 
(Debrecen, Hungary); wound drainage 
and cerebrospinal fluid samples were from 
the Department of Neurosurgery, Univer- 
sity of Debrecen (Hungary). For serum 
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TaMe L Analytical data from determination of the cephalosporins. 

Cephalosporin Migration Mobility, # LOD* RSD (%)** RSD (%)** Theoretical plates, N 
time(min) (cm2kV l mi n 1) (pgmL 1) peakarea migration time 

Ceftazidime 2.913 7.06 0.478 2.42 0.76 218 713 
Cefotaxime 3.105 8.70 0.206 2.72 0.77 131 489 
Cefuroxime 3.228 9.66 0.361 2.77 0.79 298 957 
Ceftriaxone 4.054 14.55 0.230 3.18 0.84 226 433 

3• l ,n= 10. 

and urine the simplest sample pretreat- 
ment process was chosen fivefold dilu- 
tion of the samples with distilled water be- 
fore analysis. 

Before CE analysis all samples and 
buffers were filtered through 0.45 ixm syr- 
inge filters. Electrophoretic runs were per- 
formed as quickly as possible, and no later 
than 4 h after solution preparation. 

Results and Discussion 

Optimization of Separation 
Conditions 

The cephalosporins investigated have 
slightly different molecular sizes (weight) 
and are anionic compounds over a wide 
pH range, suggesting the possibility of 
their complete separation by capillary 
zone electrophoresis. Initially it was in- 
tended to perform the separation with a 
buffer solution containing no surfactant. 
In CZE mode buffer pH can be regarded 
as having the greatest effect on resolving 
power, and so the effect ofpH in the range 
2.5 10 was examined. The effect ofpH on 
the migration time of the cephalosporins is 
shown in Figure 2. Although very high re- 
solution can be achieved by use of an 
acidic buffer electrolyte, the separation re- 
quires a very long time (almost 30 min at 
pH 4.5) and baseline separation can be 
achieved with an alkaline electrolyte with- 
in 10 min. Borate solution of pH 9.2 was 
chosen as buffer electrolyte because of its 
simplicity and because no pH adjustment 
was necessary after preparation of the bo- 
rate solution. The concentration of the bo- 
rate solution was 25 mM; this generally re- 
sulted in an electrophoretic current of ap- 
proximately 39 ixA in our system (25 kV). 
When this concentration of borate was 
used, as much as 100 mM SDS additive 
could be added with use of the same vol- 
tage without excessive current and Joule- 
heat generation. It was found that the buf- 
fer concentration did not have a substan- 
tial effect on the separation. To achieve ra- 
pid separation, but with undistorted peak 

Table  II. Linearity regression data for the cephalosporins (Conditions as for Figure 3). 

Cephalosporin Regression equation Correlation coefficient Range (~tg mL 1) 

Ceftazidime y= 0.136x 0.034 0.9990 2 150 
Cefotaxime y = 0.140x + 0.024 0.9994 2 150 
Cefuroxime y = 0.292x + 0.158 0.9991 2 150 
Ceftriaxone y = 0.267x + 0.057 0.9992 2 150 

shapes, a 25 kV voltage was used. Under 
these conditions the four cephalosporins 
were eluted after the EOF at approxi- 
mately 2.9 (ceftazidime), 3.1 (cefuroxime), 
3.2 (cefotaxime), and 4.0 min (ceftriaxone) 
(Figure 3). This order of migration can be 
explained in terms of the electric charge 
and size of the analytes. 

In addition to the CZE mode, the effect 
on analyte migration times of surfactant 
concentration (0 300 mM SDS in 25 mM 
borate) was also investigated. The migra- 
tion times of the analytes gradually in- 
creased with increasing SDS concentra- 
tion. Because the four cephalosporins have 
similar, low, lipophilic character, only a 
slight micellar solubilization effect can oc- 
cur. These analytes are, on the other hand, 
anionic compounds with carboxyl groups, 
and the electrostatic repulsion between the 
analytes and the SDS micelles might sup- 
press the micellar solubilization of the ce- 
phalosporins. The other reason for the in- 
creasing migration times with increasing 
concentrations of the SDS might be that 
the higher salt (SDS) concentration results 
in greater ionic strength and consequently 
a smaller electroosmotic flow. Although 
addition of SDS to the buffer electrolyte 
did not result in higher resolution, study of 
the SDS content of the electrolyte was im- 
portant, because the direct analysis of bio- 
fluids with a high protein content requires 
anionic surfactant in the electrolyte solu- 
tion. 

Analytical Performance 

Tables I and II summarize the analytical 
performance of the CZE separation of a 

mixture of four cephalosporins in aqueous 
solution. The detection limits (signal-to- 

noise ratio, SIN = 3) were between 0.206 
and 0.478 ixg mL 1 and the quantification 
limits (SIN = 10) were between 0.686 and 
1.593 ixgmL 1. The precision of migra- 

tion times and peak areas was measured 
for ten replicate injections. The precision 
of migration times was <0.84 RSD%. 
Such precision was achieved after at least 
10 min preconditioning of the capillary 
with the buffer electrolyte; replenishing 
the buffer vial before each electrophoretic 
run did not improve the precision further. 
The precision of the response was calcu- 
lated on the basis of peak areas, correction 
of peak areas for migration time did not 
result in substantially better precision. 
The main reason we could not achieve bet- 
ter precision than 2.4 RSD% might be that 
the cephalosporins slowly decompose in 
aqueous medium, resulting in slowly de- 
creasing peak areas for replicate measure- 
ments [12]. 

To determine the linearity of the cali- 
bration plot mixed solutions containing 
1 5001xgmL 1 of the analytes were pre- 
pared. For all the cephalosporins investi- 
gated the response was found to be line- 
arly dependent on concentration in the 
range 2 150lxgmL 1 (r > 0.999). This 
concentration range covers the therapic 
concentrations of these antibiotics most 
commonly used. Although the method 
seems to be sufficiently precise for reliable 
quantitative analysis without use of an in- 
ternal standard, use of an internal stan- 
dard to compensate for small variations in 
the injection system of the instrument 
might be desirable. For these cephalos- 
porins cinnamic acid is recommended as 
internal standard (it can be easily sepa- 
rated from the analytes, and it has good 
absorption at 270 nm). 

Original Chromatographia Supplement Vol. 56, 2002 S-111 



Z=200 nm I i T__200 mAU 

J 

A / 

!/, ! 
L=270 nm , ,, 

,/ I, 5 mAU 

Cx L Ct Cr / 
Cd / 

[] . ~ ~L-Jm'/Xj' 

b'  
i r 

2 3 4 5 

Time (rain) 
Figure 4. Electropherograms obtained from undiluted human serum spiked with cephalosporins at 
50 ~tgmL 1 detected at (A) 200 and (B) 270 nm. Other conditions were as for Figure 3. 
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Figure 5. Electropherograms obtained from human serum: A. undiluted blank serum; B. undiluted 
1 serum spiked with cephalosporins at 50 ~tg mL ; C. fivefold-diluted blank serum; D. fivefold-di- 

luted serum spiked with cephalosporins at 50 ~tg mL 1. Other conditions were as for Figure 3. 
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Figure 6. Electropherograms obtained from human serum by use of MECC: A. undiluted blank 
1 serum; B. undiluted serum spiked with cephalosporins at 10 ~tg mL . The borate buffer contained 

100 mM SDS. Other conditions were as for Figure 3. 

Direct Determination 
of Cephalosporins in Clinical 
Samples 

The CE analysis of  biofluids suffers from 

special problems compared with determi- 
nation of standards prepared in water or 
pure solvents as is true for other analyti- 
cal methods. The two most important  
complications are the possibly high salt 

and high protein content of the biological 
samples. Among  the biofluids we investi- 

gated serum contained the highest concen- 
tration of protein; the salt content was 
highest for urine. Serum and urine sam- 
ples were therefore expected to be most  
unsuitable for analysis by direct injection. 
The other two samples (wound drainage 
and cerebrospinal fluid) contained rela- 
tively small amounts  of  protein and salts. 

In this work our intention was to develop 
direct CE analysis with the simplest and 
quickest sample pretreatment and mea- 
surement procedure. 

CZE electropherograms obtained from 
serum spiked with the four antibiotics are 
shown in Figure 4. (Although in therapeu- 
tics the antibiotics are not  administered to- 
gether, in our studies all four cephalospor- 
ins were analysed in the same run to prove 
the suitability of  the method for separa- 
tion of  all four compounds.) Al though the 
UV spectra of  the cephalosporins con- 
tained two absorption maxima at 200 and 
270 nm, other components (proteins, salts) 
of the biofluids investigated usually ab- 

sorbed light at 200 nm only. The advan- 
tage of  detection of cephalosporins in bio- 
fluids at 270 nm is therefore obvious. It is 
apparent from the electropherogram that 
ceftriaxone was eluted after the largest 
peak from a serum component  (albumin), 
and the other three cephalosporins appear 
among the broad zones of  the different ser- 
um proteins. Al though all the four ana- 
lytes are adequately resolved and are read- 
ily identified, the peaks are very broadened 
and the absorbance values (peak heights) 
obtained for the cephalosporins are much 
smaller than those obtained for the same 
concentrations of the analytes in distilled 
water. Because of the high protein content 
of serum, samples for CZE should be di- 
luted at least 1 : 5 with water; this results in 
much better resolution and improved peak 
shape and sensitivity for the analytes (Fig- 
ure 5). Greater  than 1 : 5 dilution resulted 
in a further slight improvement  in peak 
shape and sensitivity. In Figure 5 it is also 
evident that the migration times of ana- 
lytes shifted toward lower values when the 
diluted sample was analysed. 

Direct quantitative analysis of  even un- 
diluted serum samples could, however, be 
achieved without problems if M E C C  was 
used, because the proteinaceous com- 
pounds are strongly bound to SDS and 
are well retained (Figure 6). Al though the 
SDS content of  the buffer substantially in- 
creases the migrat ion times of  proteinac- 
eous components of  the serum, the migra- 
tion times of  the cephalosporins barely 
change. 

Another  type of biofluid investigated 
was urine. The determination of urinary 
cephalosporins is important  because some 
cephalosporins are known to be absorbed 
from the intestine, transported into the 
circulatory system, and excreted into ur- 
ine almost without being metabolized 
[13]. The high salt content of  urine results 
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in deformation of peak shapes and shifts 
in migration times. Because of this the ur- 
ine had to be diluted fivefold before analy- 
sis (another solution might be to increase 
the ionic strength of the buffer electro- 
lyte). Figure 7 shows that quantitative de- 
termination of the cephalosporins could 
be achieved after simple fivefold dilution 
of the urine. 

The cephalosporin content of the 
wound drainage (Figure 8) and cerebrosp- 
inal fluid (Figure 9), important  samples in 
neurosurgery after operations and thera- 
peutics, could be determined by CZE 
without pretreatment neither dilution of 
the sample nor  addition of different agents 
to the buffer electrolyte was necessary. 

As has already been mentioned in the 
Experimental section, when direct injec- 
tion analysis is performed inter-analysis 
rinsing is of particular importance for re- 
moval of all the proteinaceous compo- 
nents, which have a high tendency to stick 
to the capillary. After a rinsing with 0.5 M 
NaOH the capillary was, therefore, also 
washed with 0.3 M SDS. This rinsing pro- 
cedure also prevented clogging of the ca- 
pillary. 

Conclusion 

Capillary electrophoresis enables qualita- 
tive and quantitative determination of ce- 
phalosporins in biofluids. UV detection at 
270 nm was suitable for measurement of 
these antibiotics in the therapeutic concen- 
tration range (1 50 ixgmL 1) in clinical 
samples such as wound drainage, cere- 
brospinal fluid, serum, and urine. In our 
work a very simple CE system (simple buf- 
fer, relatively short capillary, no additives) 
could be used for complete separation of 
four cephalosporins in 5 min only. Al- 
though the selectivity and separation effi- 
ciency of CZE were suitable for the analy- 
sis, for samples (serum) with a high protein 
content the use of MECC was necessary. 
Although the clinical samples investigated 
could be analysed without pretreatment, 
fivefold dilution of the samples was desir- 
able (particularly for urine and serum). 

The results obtained in this and other 
studies show CZE and MECC to be at- 
tractive alternatives to HPLC for the ana- 
lysis of drugs in clinical samples. In 
further investigations we plan to use CE 
to monitor  the transport, efficiency, and 
metabolism of the cephalosporins in the 
four types of clinical neurosurgery sample 
studied in this work. 
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Figure 7. Electropherograms obtained from human urine: A. blank urine; B. urine spiked with ce- 
phalosporins at 10 ~tg mL 1 ; C. urine spiked with cephalosporins at 25 ~tg mL 1. The urine was di- 
luted fivefold. Other conditions were as for Figure 3. 
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Figure 8. Electropherograms obtained from human wound drainage: A. blank content of wound 
1 drainage; B. wound drainage spiked with cephalosporins at 10 ~tg mL ; C. wound drainage spiked 

with 1 cephalosporins at 25 btg mL . Other conditions were as for Figure 3. 
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Figure 9. Electropherograms obtained from human cerebrospinal fluid: A. blank cerebrospinal 
1 fluid; B. cerebrospinal fluid spiked with cephalosporins at 25 ~tg mL ; C. cerebrospinal fluid spiked 

1 with cephalosporins at 50 ~tg mL . Other conditions were as for Figure 3. 
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