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Abstract

Two simple, rapid, and efficient methods for the analysis of seven antifungal compounds have been developed by capillary
zone electrophoresis. Resolutions higher than 1.5 were obtained using 0.025 M phosphate buffer (pH 2.30) (analysis time
close to 9 min) or 0.2 M formic acid (pH 2.15) (anaysis time close to 6 min), with an applied voltage of 20 kV and a
temperature of 30°C. The highest sensitivity and selectivity can be obtained using phosphate buffer but the shortest analysis
times are achieved in the formic system. The analytical characteristics of the optimized methods were investigated. The
reproducibility obtained for migration times (RSD,,_,,=1.0%) and peak areas (RSD,,_,,=4.3%) was acceptable, but better
reproducibilities were obtained when verapamil was used as internal standard (RSD,,_,,<<0.4% for relative migration times
and RSD,,_,,=2.2% for peak arearatios). The lowest limit of detection was obtained for clotrimazole (0.12 pwg/ml) and the
highest for fluconazole and voriconazole (0.90 pwg/ml). The lowest and the highest limits of quantitation were, respectively,
0.40 pg/ml for clotrimazole and 3.00 wg/ml for fluconazole and voriconazole. [ 2001 Elsevier Science BV. All rights
reserved.
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1. Introduction drugs were necessary to treat the bacterial and fungal

diseases to which patients with acquired immuno-

Until 1970 antifungal agents had many problems
including, toxicity, narrow activity spectrum or low
pharmacological activity. Furthermore, effective
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deficiency syndrome (AIDS), undergoing anti-cancer
chemotherapy or having suffered an organ transplant
are susceptible. These facts have promoted the
development of new types of antifungal agents. In
particular, imidazole and triazole derivatives [1,2]
are a new type of antifungal drugs that present low
toxicity, versatility of administration and a broad
activity spectrum [3,4], being widely used as an-
timycotics [5,6]. Ketoconazole [7] and clotrimazole
[8] are imidazole derivatives used in the treatment of
superficial and systemic fungal infections. It-
raconazole [9,10] and fluconazole [11] are two of the
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former triazole antifungal agents described, which
have proved to be highly effective against a broad
spectrum of systemic mycotic infections [12,13],
particularly Aspergillus sp. [14,15]. Their use in
oncology and in patients with AIDS is on the rise.
Voriconazole is a new triazole antifungal agent with
a broad range of funga pathogens including Asper-
gillus fumigatus and Candida krusei [16,17]. On the
other hand, all antimycotic agents are not imidazole
and triazole derivatives, e.g., terbinafine is a new
powerful antifungal agent of the allylamine class
[18]. This drug is highly active in the treatment of
dermatomycoses [19] and indicated for other my-
coses [20].

Simple and accurate methods to determine an-
tifungal agents in biological samples are necessary.
Although gas chromatography and bioassays have
also been used, high-performance liquid chromatog-
raphy (HPLC) has been since 1990 the technique
most extensively used for these anaysis (e.g.,
ketoconazole [21,22]; clotrimazole [23]; itraconazole
[24—-27]; fluconazole [28—-31]; voriconazole [32,33];
or terbinafine [34-36]. Capillary electrophoresis
(CE) has been shown to be a powerful technique for
the separation of a wide variety of compounds
including drugs. For this reason, CE is gaining
popularity as a complementary technique to HPLC
with the advantage of requiring only small volumes
of sample. This is very important in the case of
neonates or children. Nevertheless, athough in
numerous cases CE offers a more favorable profile
compared to the established biochemical or chro-
matographic techniques [37,38], the simultaneous
analysis of different antifungal drugs by CE has not
been extensively reported. Only three works have
been reported on analyses of antifungal compounds
with CE [39-41]. Electrokinetic chromatography
(EKC) and capillary zone electrophoresis (CZE)
have been used for the separation of cationic sub-
stances with various hydrophobicities and including
ketoconazole and itraconazole [39]. On the other
hand, micellar electrokinetic chromatography
(MEKC) with UV detection at 190 nm was reported
for the determination of fluconazole in human plas-
ma [40], and, very recently, an optimized CZE
method for the simultaneous separation of a mixture
of three imidazole antifungals (ketoconazole, clot-
rimazole and econazole) was employed to determine
these drugs in pharmaceutical forms [41].

In this work, two different CZE methods were
optimized for the analysis of seven antifungal com-
pounds, ketoconazole, clotrimazole, terbinafine, it-
raconazole, fluconazole, and voriconazole as stan-
dard compounds, and one GlaxoWellcome product
under development (GW-product), together with
verapamil and imidazole, which were tested as
internal standards. The separation conditions investi-
gated were the pH, concentration, and type of
running electrolyte, as well as the addition of a few
additives, and the effect of different instrumental
conditions such as the injection volume, separation
temperature, and applied voltage. Upon optimization
of the above-referenced separation conditions, ana-
lytical performances of the methods were aso in-
vestigated. The parameters involved were precision
(repeatability and reproducibility), linearity, and
limits of detection (LODs) and quantitation (LOQS).

2. Experimental
2.1. Instrumentation

The analyses were carried out in a CE apparatus
Model P/ACE 5510 from Beckman Instruments
(Fullerton, CA, USA), equipped with a diode array
detection (DAD) system. The instrument was under
control of a Compact Deskpro personal computer
running Beckman System Gold software. CZE was
carried out in fused-silica capillary tubing of 37 cm
(30 cm effective length)X75 pum I.D. purchased
from Composite Metal Services (Worcester, UK).
The capillary was thermostatted. Temperatures rang-
ing from 25 to 40°C were selected to carry out
separations. Samples were injected hydrodynamical-
ly using N, pressure of 0.5 p.si. (1 p.s.i.=6894.76
Pa). For separation, voltages ranging from 15 to 25
kV (anode on sampling end) were applied. Elec-
tropherograms were recorded at detection wave-
lengths of 210 nm.

The pH of the running electrolytes was measured
using a Titriprocessor (Model 670) with a combined
LL glass electrode from Metrohnm (Herisau, Switzer-
land).

2.2. Chemicals

All chemicals were of analytical-reagent grade and
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used as received. Sodium dihydrogenphosphate,
phosphoric acid, triethanolamine hydrochloride and
ethanesulfonic acid were purchased from Aldrich
(Milwaukee, WI, USA); formic acid, dimethyl sul-
foxide (DMSO), sodium hydroxide (NaOH) and
hydrochloric acid (HCI) were supplied by Merck
(Darmstadt, Germany); glacial acetic acid was from
Sigma (St. Louis, MO, USA); B-cyclodextrin was
purchased from Fluka (Buchs, Switzerland). Metha-
nol (MeOH) was of HPLC grade from Scharlab
(Barcelona, Spain). The solutions for calibration of
the pH electrode (pH values 2.00, 4.00, and 7.00)
were purchased from Panreac (Barcelona, Spain).
Water was purified by using a Milli-Q system from
Millipore. The standard of verapamil hydrochloride
was purchased from Aldrich, imidazole from Fluka,
ketoconazole and clotrimazole from Sigma, it-
raconazole from Janssen Pharmaceutica (Beerse,
Belgium), fluconazole and voriconazole from Pfizer
(New York, NY, USA), terbinafine from Novartis
Pharma (Basel, Switzerland), and GW-product was
provided by Glaxowellcome (Madrid, Spain). Mo-
lecular structures of these compounds are shown in
Fig. 1 except for GW-product which is under de-
velopment within Glaxowellcome Group Research.

2.3 Preparation of samples, buffers and capillary

Stock solutions of the different compounds were
prepared in DMSO at a concentration of 2 mg/ml.
All sample solutions were prepared by adding appro-
priate aliquots of stock solutions to methanol —water
(1:1, v/v). Two samples were used as test mixtures
to show the separations obtained with different
running electrolytes: (i) imidazole (5 pg/ml),
ketoconazole (5 wg/ml), clotrimazole (3 pg/ml),
terbinafine (5 wg/ml), verapamil (5 wg/ml), GW-
product (15 wg/ml), and itraconazole (5 pg/ml); (ii)
imidazole (5 pg/ml), ketoconazole (5 pg/ml),
clotrimazole (3 pg/ml), terbinafine (5 pg/ml),
verapamil (5 pg/ml), GW-product (15 pg/ml),
itraconazole (5 p.g/ml), fluconazole (10 ng/ml), and
voriconazole (10 p.g/ml). Eight solutions with con-
centrations in the range 0.5-20 w.g/ml were used as
standard solutions to study the linearity of the
detector response. Each standard solution contained
ketoconazole, clotrimazole, terbinafine, verapamil,
itraconazole, fluconazole, and voriconazole.

In order to study the effect of the pH, the
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Fig. 1. Molecular structures for the compounds studied except for
the GW-product whose structure is confidential information (it isa
basic drug currently under development within the Glaxowel-
Icome Research Group).

phosphate running buffers with pH values ranging
from 2.0 to 4.0 were prepared by adjusting a 0.025
M agueous solution of NaH,PO,, to pH required with
05 M H,PO,. To study the effect of the con-
centration of phosphate in the running buffer, differ-
ent buffers with concentrations ranging from 0.025
to 0.1 M were prepared by adding appropriate
aliquots of 0.5 M H,PO, into water and adjusting to
pH 2.3 with 0.1 M NaOH. Additives such as
triethanolamine, ethanesulfonic acid, or B-cyclodex-
trin were added in the latter phosphate running
buffers before adjusting to pH 2.3 with 0.1 M NaOH.
Finally, other running electrolytes were prepared by
adding appropriate aliquots of formic or/and acetic
acid into water, measuring their pH values. All
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electrolyte solutions were filtered through 0.45-pm
pore size disposable nylon filters from Millipore.

Before first use, a new capillary was precon-
ditioned by rinsing with 1 M NaOH for 30 min,
followed by a 15 min rinse with water. At the start of
each day, the capillary was conditioned with the
running electrolyte for 15 min, and two injections
with a solution of methanol-water (1:1, v/v) were
achieved to equilibrate the system. In order to
increase migration time reproducibility, the capillary
was rinsed between injections with the running
electrolyte for 2 min. In addition, this rinsing step is
needed to eliminate those components of the sample
still remaining in the capillary during the anaysis
time. An injection of running electrolyte (1 s) after
the sample zone is used to improve the precision by
avoiding a cross-contamination [42] and to prevent
loss of sample when the separation is started, due to
the buffer and sample expansion [43]. At the end of
each day, the capillary was rinsed with MeOH for 2
min, 0.1 M NaOH for 2 min, 0.1 M HCI for 2 min
and water for 5 min.

3. Results and discussion
3.1. Method devel opment

The use of water or an organic solvent with low
conductivity has shown to improve peak efficiency
by stacking [44]. The optimization of the separation
conditions for all the antifungals studied in this work
was carried out by preparing the solutions of analytes
in methanol—water (1:1, v/v). This hydro—organic
mixture increases the solubility of compounds with
low solubility in water and avoids evaporation [45]
when only one organic solvent is used.

The highest sensitivity for ketoconazole, clot-
rimazole, itraconazole, fluconazole, voriconazole and
verapamil was obtained at about 198 nm, but im-
proved sensitivity for terbinafine was obtained at 220
nm (data not shown). Thus, a wavelength of 210 nm
was chosen for the anaysis of al compounds
studied.

The method development was performed by op-
timizing initially the chemical parameters such as
pH, concentration, and type of running electrolyte, as
well as the use of a few additives. In this first step,

the instrumental parameters were fixed at 3 s for the
hydrodynamic injection, at 25°C for the separation
temperature and at 15 kV for the applied voltage.
Secondly, the effect on the separation of instrumental
parameters (injection volume, applied voltage, and
separation temperature) was studied.

Fig. 2 shows the electropherograms obtained for a
mixture of seven compounds using a phosphate
running buffer at a pH ranging from 2.0 to 4.0. It can
be observed that the pH of the separation buffer has
amagjor influence on the separation of these analytes.
According to these electropherograms, the best pH to
perform the separation of these compounds ranges
from pH 2.0 to 2.5. In fact, at this pH, these analytes
are fully ionized and are separable by CZE with the
electroosmotic flow virtually eliminated [46]. Under
these conditions, it was possible to use the same
running buffer during the whole day with good
repeatability in the separations, because buffer deple-
tion (acidification and alkalinisation of running elec-
trolyte in the anode and cathode reservoirs) [47] is
negligible in practice [48].

In Table 1 it can be observed that the values for
the plate number in phosphate buffer are the highest
when compared to those obtained in formic and
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Fig. 2. Electropherograms of a mixture of seven basic compounds
showing the effect of the pH on the CZE separation with
phosphate buffer (=0.025 M). Capillary, 37 cm (effective length
30 cm)X75 wm |.D. Applied voltage, 15 kV. UV detection at 210
nm. Temperature, 25°C. Hydrodynamic injection, 0.5 p.s.i. for 3 s.
Compounds (see Section 2.3): (1) imidazole; (2) ketoconazole;
(3) clotrimazole; (4) terbinafine; (5) verapamil; (6) GW-product;
and (7) itraconazole.
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Table 1
Effect of the concentration and type of the running electrolyte on the separation

Ketoconazole Clotrimazole Terbinafine Verapamil GW-product Itraconazole Running electrolyte

Time(min) 4.2 4.9 5.2 5.8 6.2 7.2 0.025 M Phosphate
Plates 106 000 98 000 91 000 72 000 48 000 26 000 pH 2.31

Resolution 12.8 33 8.6 5.2 7.4 64 pA

Time (min) 4.2 48 5.0 5.8 6.2 7.6 0.050 M

Plates 128 000 107 000 104 000 80 000 48 000 25 000 pH 2.30

Resolution 12.0 37 115 55 83 107 pA

Time (min) 4.9 55 5.7 6.8 7.3 9.1 0.100 M

Plates 130 000 112 000 106 000 81 000 49 000 25 000 pH 2.32

Resolution 9.0 34 145 51 9.3 185 pA

Time (min) 2.8 32 33 35 38 42 0.050 M Formic acid
Plates 47 000 50 000 45 000 31000 31 000 19 000 pH 2.55

Resolution 9.1 19 30 27 41 24 pA

Time(min) 3.0 3.6 37 4.0 4.3 4.8 0.100 M

Plates 64 000 61 000 49 000 37 000 41 000 25 000 pH 2.30

Resolution 11.6 22 36 3.2 4.8 36 pA

Time(min) 3.3 4.0 43 4.6 49 54 0.200 M

Plates 77 000 76 000 72 000 57 000 51 000 35 000 pH 2.15

Resolution 14.6 238 4.4 35 53 49 pA

Time (min) 3.2 34 35 38 42 4.9 0.050 M Acetic acid
Plates 79 000 106 000 53 000 30 000 8500 5000 pH 2.95

Resolution 37 19 38 3.0 30 7 pA

Time(min) 34 37 38 41 45 52 0.100 M

Plates 77 000 95 000 56 000 34 000 17 000 8500 pH 2.80

Resolution 6.3 21 38 3.2 39 10 pA

Time(min) 3.6 4.0 43 46 4.9 55 0.2000 M

Plates 73 000 77 000 55 000 32 000 24000 15 000 pH 2.65

Resolution 8.6 21 35 31 45 14 pA

Time(min) 35 42 43 4.6 49 55 0.05/0.05 M  Acetic—formic acids
Plates 70 000 63 000 56 000 44 000 36 000 19 000 pH 2.45

Resolution 10.7 22 3.6 32 4.8 24 pA

Time(min) 3.8 4.6 48 51 54 6.1 0.1/01 M

Plates 66 000 60 000 58 000 46 000 41 000 27 000 pH 2.35

Resolution 11.9 2.3 3.8 32 51 33 pA

Capillary, 37 cm (effective length 30 cm) X 75 um |.D. Hydrodynamic injection, 0.5 p.s.i. for 3 s. Applied voltage, 15 kV. UV detection at
210 nm. Temperature, 25°C. Average values for n=3.

acetic acids and their mixtures, but migration times olution improved when the running electrolyte con-
are also the highest. Formic acid provides better centration was increased, but as increases in current
results (probably because it generates more acid pH intensities were also obtained, the use of high
values) than acetic acid or the acetic acid—formic concentrations is only recommended if a stable
acid mixture as far as efficiency and resolution are baseline can be obtained. Therefore, the concen-
concerned, but the migration times obtained with tration of phosphate is limited a a maximum of
these running electrolytes were very similar. On the 0.025 M.

other hand, in genera terms, efficiency and res The use of some additives (B-cyclodextrin,
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Fig. 3. Electropherograms of a mixture of nine basic compounds
showing the effect of the nature of the running electrolyte and the
presence of some additives on the CZE separation: (8 0.2 M
formic acid (pH 2.15); (b) 0.025 M phosphate buffer (pH 2.30);
(c) asin (b) with 0.025 M B-cyclodextrin; (d) asin (b) with 0.025
M ethanesulfonic acid; (€) as in (b) with 0.025 M ethanolamine.
Compounds (see Section 2.3): (1) imidazole; (2) ketoconazole;
(3) clotrimazole; (4) terbinafine; (5) verapamil; (6) GW-product;
(7) itraconazole; (8) fluconazole; and (9) voriconazole. Other
conditions as in Fig. 2.

ethanesulfonic acid and ethanolamine) in the running
electrolyte (e.g., phosphate buffer) changed the selec-
tivity but increased the analysis time (see Fig. 3).
B-Cyclodextrin largely improved the selectivity be-
tween clotrimazole (peak 3) and terbinafine (pesk 4),
when compared to all other methods. However, the
deterioration in selectivity between compounds 5 and
6 and the increased separation time make this
method inadvisable. The use of ethanesulfonic acid
appears to offer improved efficiency (sharper peaks
and higher sensitivities) but generated high current
intensities (105 wA as contrasted with 60 wA when
only phosphate was used) and also leaded to in-
creased separation time. Finally, the addition of
ethanolamine in phosphate buffer caused the poorest
separation, unstable baseline, peak with tailing and
the largest separation time. From these results, it can
be stated that the best separations for the group of
nine compounds studied are obtained using a 0.025
M phosphate buffer (pH 2.30) or a0.2 M formic acid
(pH 2.15), both without additives. Phosphate buffer
can be a good choice in order to obtain a better

sengitivity and selectivity but formic acid enables
shorter analysis times.

Concerning the effect of instrumental parameters,
a study showed that the use of a hydrodynamic
injection longer than 5 s caused a loss of efficiency
greater than 10%. Therefore, in our case injection
times larger than 5 s should be avoided unless higher
sengitivity is required, and the loss of resolution does
not prevent achieving the separation. A linear rela-
tionship was obtained for the variation of the peak
area as a function of the injection time (R>0.999),
data showing that there is a right correlation between
the injection time and the injected volume or injected
plug length. On the other hand, a study on the effect
of the temperature, over the range 25-40°C, showed
that this parameter did not have a significant impact
on the separation. A value of 30°C was chosen in
order to avoid high current intensity values. Finaly,
an increase in the applied voltage over 15 kV resulted
in a decrease of the separation performance, although
baseline resolution can be achieved at 25 kV in about
half the time required at 15 kV (see Fig. 4). How-
ever, the high current intensities generated (values
>100 pA with voltages >20 kV, when 0.025 M

15 kV (68 pA)

0.03 ! 2

0.024
0.014

Fig. 4. Electropherograms of a mixture of seven basic compounds
showing the effect of the applied voltage on the CZE separation
with a 0.025 M phosphate buffer. Capillary, 37 cm (effective
length 30 cm) X 75 um |.D. UV detection at 210 nm. Temperature,
30°C. Hydrodynamic injection, 0.5 p.s.i. for 5 s. Compounds (see
Section 2.3): (1) imidazole; (2) ketoconazole; (3) clotrimazole;
(4) terbinafing; (5) verapamil; (6) GW-product; and (7) it-
raconazole.

20KV (98 pA)

Absorbance (AU at 210 nm)

25 kV (132 uA)

Time (min)
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phosphate running buffer was used) together with the
loss in the separation capacity and sensitivity dis-
courage the use of high applied voltages (>20 kV)
unless higher sample through-put is desired. In
conclusion, as it can be seen in Fig. 5, the use of
CZE with 0.2 M formic acid (pH 2.15) or 0.025 M
phosphate buffer (pH 2.3) as running electrolytes
enables the separation of al compounds studied
(including seven antifungals) in less than 10 min at
an applied voltage of 20 kV and a temperature of
30°C. These conditions provide a good compromise
between resolution, analysis time, and current in-
tensity.

3.2 Analytical characteristics of the method

Upon optimization of the separation conditions for
the antifungals, the analytical characteristics of the
method were investigated. The parameters involved
were precision, linearity, sensitivity, LODs, and
LOQs.

Precision (repeatability and reproducibility) was
assessed as relative standard deviation (RSD) for all
studied antifungal compounds studied. Repeatability
on 10 consecutive injections obtained for the de-
veloped methods in terms of RSD,,_,, was from 0.1
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Fig. 5. Electropherograms of a mixture of nine basic compounds
obtained by CZE using the optimized methods: (8) 0.2 M formic
acid (pH 2.15); (b) 0.025 M phosphate buffer (pH 2.30).
Compounds (see Section 2.3): (1) imidazole; (2) ketoconazole;
(3) clotrimazole; (4) terbinafine; (5) verapamil; (6) GW-product;
(7) itraconazole; (8) fluconazole; and (9) voriconazole. Applied
voltage, 20 kV. Other conditions as in Fig. 4.

to 0.3% for migration times, from 1.4 to 3.4% for
peak areas, and from 2.3 to 4.7% for the number of
theoretical plates. Reproducibility was assessed on 5
different days, each injection by duplicate. RSD, _,,
values from 0.3 to 1.0% for migration times, from
1.4 to 4.3% for peak areas, and from 2.7 to 5.3% for
the number of theoretical plates were obtained.

Although the precision obtained in the migration
times and peak areas was satisfactory, the possibility
of using an internal standard (1.S.), imidazole or
verapamil was also tested. Thus, repeatabilities for
relative migration times of different antifungals
studied were better than 0.1% and reproducibilities
were better than 0.4% when verapamil was used to
calculate the relative migration times. On the other
hand, repeatabilities for peak area ratios (antifungal /
verapamil) were better than 1.5% and reproducibili-
ties were better than 2.2%. However, there was not a
significant improvement in the values for the preci-
sion neither for relative migration times nor peak
area ratios when imidazole was used as |.S. instead
of verapamil. This result indicates that imidazole is
not a good choice as |.S. possibly due to its
migration times, since imidazole had the smallest
migration time whereas verapamil’s migration time
was intermediate [49,50].

On the other hand, the reproducibility of the
method was aso determined as the RSD for inter-
day calibration slopes using new running electrolytes
every day (n=5). Values from 1.5 to 2.7% were
obtained using peak areas to establish the calibration
plots for each standard antifungal compound. Re-
producihilities better than 1.0% were obtained when
verapamil was used as |.S. to calculate the peak area
ratios (antifungal / verapamil) employed in the cali-
bration plots.

Results obtained for linearity, sensitivity, LODs
and LOQs are grouped in Table 2. The calibration
plots for the six standard antifungals studied showed
linear ranges for concentrations between 0.5 and 2.0
and 15 pg/ml (see Table 2) using both, peak areas
(R*>0.999) and peak heights (R*>0.996). The sen-
sitivity was measured as the slope of the calibration
lines using peak heights for each one of the six
studied standard antifungals investigated. These val-
ues show that the use of phosphate buffer as running
electrolyte enables to obtain a better sensitivity than
formic acid. The highest value was obtained for
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Table 2

Results for the linearity, sensitivity, limits of detection (LODs) and limits of quantitation (LOQs) obtained by CZE using the optimized
methods: (a) 0.2 M formic acid (pH 2.15) and (b) 0.025 M phosphate buffer (pH 2.30)

Compound Linearity® Analytical characteristics
(range: pg/ml)

Formic acid Phosphate buffer

Sensitivity” LOD LOQ Sensitivity LOD LOQ

(AU ml/pg) (ng/mt) (ng/ml) (AU mi/pg) (ng/mt) (ng/ml)
K etoconazole 0.5-15.0 0.00173 0.35 116 0.00198 0.20 0.62
Clotrimazole 0.5-15.0 0.00277 0.22 0.72 0.00310 0.12 0.40
Terbinafine 0.5-15.0 0.00150 0.40 1.30 0.00178 0.22 0.72
Itraconazole 1.0-15.0 0.00069 0.87 2.90 0.00083 0.50 1.60
Fluconazole 2.0-15.0 0.00038 1.60 5.20 0.00046 0.90 3.00
\oriconazole 2.0-15.0 0.00038 1.60 5.20 0.00046 0.90 3.00

Capillary, 37 cm (effective length 30 cm)X75 wm |.D. Hydrodynamic injection, 0.5 p.s.i. for 5 s. Applied voltage, 20 kV. Temperature,

30°C. UV detection at 210 nm.
At least five standard solutions, each solution injected twice.

® Measured as the slope of the calibration line using peak heights. The equations for the calibration lines were calculated using at least five

standard solutions, each solution injected twice.

clotrimazole, and the lowest values for fluconazole
and voriconazole. On the other hand, the values of
the LOD and LOQ (Table 2) were calculated from
the calibration plots obtained using pesk heights:
LOD is the concentration corresponding to a signal-
to-noise ratio of 3, and LOQ is the concentration
corresponding to a signal-to-noise ratio of 10. The
noise was estimated as the largest deviation of the
detector signal from the baseline measured in a
section of about 5 min in the absence of analyte and
a 210 nm. The noise values (1.2:10"* AU with
phosphate buffer, and 2.0-10°* AU with formic
acid) show that the use of phosphate buffer as
running electrolyte generates a smaller noise than
formic acid. Therefore, the use of phosphate buffer
enables smaller background noise and higher sen-
sitivities than formic acid, which results in lower
LODs and LOQs. Thus, when phosphate buffer is
used as running electrolyte the lowest LOD was
obtained for clotrimazole (0.12 pg/ml) and the
highest value for fluconazole and voriconazole (0.90
pg/ml). Also, the lowest and the highest LOQ were,
respectively, 0.40 pg/ml for clotrimazole and 3.00
pg/ml for fluconazole and voriconazole.

4. Conclusions

The present work is intended to demonstrate the

potential of CZE to achieve fast and very efficient
separations of a variety of antifungals with fused-
silica capillaries with no additives in the running
electrolyte. Resolutions better than 1.5 in less than
10 min are obtained using 0.025 M phosphate buffer
(pH 2.30) or 0.2 M formic acid (pH 2.15), with an
applied voltage of 20 kV and a temperature of 30°C.

The pH of the running electrolyte has a major
influence on the separation of these analytes, and the
best condition is at acidic medium (pH about 2).
Phosphate buffer can be a good choice in order to
obtain a better sensitivity and selectivity but formic
acid enables shorter analysis times. The addition of
B-cyclodextrin or ethanesulfonic acid to a phosphate
buffer has also demonstrated that, for some analytes,
these additives can lead to improved selectivity or
sengitivity, respectively, but at the expense of in-
creased separation time. Therefore, the use of these
additives should be considered in the future develop-
ment of related methods.
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