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Abstract

A capillary zone electrophoresis method is presented to separate sulfadiazine, sulfamethoxazole, trimethoprim, bromhex-
ine and guaiacol by using a fused-silica capillary (60.2 cmX75 pm 1.D.). The separation was carried out at 30 kV and 25°C
in a 15 mM phosphate buffer adjusted to pH 6.2 as el ectrolyte. Under these conditions, the run time was 6 min and the limits
of quantification were about 1 mg/I for every component. The method was applied to pharmaceutical preparations and the
results provided recoveries close to 100%. [ 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

Sulfonamides have been widely used as anti-bac-
terial agents in medicine as well as in veterinary
practice. Nowadays, pharmaceutical and veterinary
commercials contain sulfonamides in conjunction
with other compounds in order to increase their
activities. Such compounds are called potentiators.

IlInesses related to the respiratory system, such as
bronchitis, pneumonia or sinusitis are usually treated
with the combinations sulfamethoxazole—trimetho-

“Presented at the 29th Scientific Meeting of the Spanish Group
of Chromatography and Related Techniques, Alcala de Henares
(Madrid), 12—14 July 2000.

*Corresponding author. Tel.: +34-926-295-300 ext. 3446; fax:
+34-926-265-318.

E-mail address: jjberzas@qata-cr.uclm.es (J.J. Berzas Nevado).

prim (SMX-TMP) or sulfadiazine—trimethoprim
(SDZ-TMP). In some commercials, the therapeutic
action of these combinations can be completed with
an expectorant and/or a pulmonary balsamic—an-
tiseptic agent: bromhexine (BRO) and guaiacol
(GUA), respectively.

The separation techniques provide analytical meth-
ods to resolve these combinations, with the purpose
of identifying and quantifying these compounds in
mixtures. Owing to the fact that the combination
TMP-SMX is very common in the pharmaceutical
and veterinary practices, severa liquid chromato-
graphic methods for the determination of both of
them have been reported, not only in biological
samples [1-3] but also in commercias [4,5]. TMP
can be associated with SDZ, too. This mixture has
been resolved in pharmaceutical commercials [6] by
using UV absorption spectrophotometry and in mi-
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crobiological samples [7] by high-performance liquid
chromatography (HPLC).

Some papers make reference to the separation of
sulfonamides by capillary electrophoresis (CE). In
these papers, the separation of a lot of sulfonamides
is carried out in order to show the pH and pK, its
limitations in capillary zone electrophoresis (CZE)
analysis and the high efficacy of this technique
[8-11]. In addition, some works show methods for
determining these compounds in milk [11] or pork
meat extracts [12], even though no recoveries are
shown. However, there are few papers reporting the
determination of sulfonamides in pharmaceuticals by
CZE. The introduction of modifiers such as 3-cyclo-
dextrins [13,14] and sodium dodecyl sulfate (SDS)
as micellar phase [15] have contributed to widen the
possibilities that CE has for the determination of
these drugs and its application to commercia prepa-
rations.

In this way, our group has been doing research, for
a long time, into the possibilities offered by CE for
the determination of sulfonamides and their poten-
tiators (or associated compounds) [16] in pharma-
ceutical commercials. As a result, regarding the
routine analysis of these kinds of drugs, this paper
presents a new, accurate and easy CZE method for
the determination of the mentioned mixture.

2. Experimental

2.1. Apparatus

A Beckman MDQ CE system equipped with a
diode array detector was used. The system was
controlled by a personal computer equipped with
P/ACE software.

The separations were carried out in a fused-silica
capillary of 60.2 cm (50 cm effective length) <75
pm 1.D.X375 um O.D. housed in a cartridge with a
800X100 pm detector window. The capillary was
conditioned by flushing first with 0.1 M NaOH for
30 min and then with water for 10 min before it was
used for the first time.

A Crison micro-pH 2002 instrument was used for
pH measurements.
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Fig. 1. Chemica structures of the mixture compounds.

2.2. Reagents

All solvents and reagents were of analytical grade
unless indicated otherwise. Solutions were prepared
with deionized water (Milli-Q quality). Potassium
salt of guaiacol (GUA), bromhexine hydrochloride
(BRO), sulfamethoxazole (SMX) and trimethoprim
(TMP) (see Fig. 1) were from Sigma (Germany and
USA). Sulfadiazine (SDZ) (Fig. 1) was from Vor-
quimica (Vigo, Spain).

Stock solutions (100 mg/l) of TMP and SMX
were prepared in ethanol-water (50:50), BRO in
ethanol—water (10:90) whereas SDZ and GUA stock
solutions were prepared in water.

Buffer solutions were prepared by dissolving the
adequate quantity of NaH,PO, in deionized water
and then adjusting with HCI or NaOH to the required
pH. All these reagents were from Panreac (Bar-
celona, Spain).

3. Results and discussion
3.1 Preiminary experiments

A solution containing 20 mg/| of each component,
which will be called **Q"’, was prepared by diluting
the stock solutions of the five compounds.

In order to select a pH for the separation, it was
necessary to take into account that BRO is not
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soluble at pH>7. In addition, using pH 5.5 (acetate
buffer), the peaks of BRO and TMP overlapped
partially. This behavior made us work in a very
narrow pH range, from 5.5 to 7.0. At a pH close to
6.0 the BRO and TMP peaks start to separate from
each other, but at pH 6.5, the BRO peak begins to
decrease, which is the first signal of precipitation.

As a conclusion, it was decided to use phosphate
buffer to adjust the pH about 6.0. Every compound
in the mixture has either a positive or negative
charge at pH 6.0. That is why they al can be
separated by CZE. In order to study the influence of
different analytica and instrumental parameters on
the separation, some initial conditions were selected:
15 mM phosphate buffer (pH 6.0), 25 kV voltage,
20°C and 5 s injection time (0.5 p.si.; 1 p.si.=
6894.76 Pa).

3.2 Effect of pH

The effect of the pH of the buffer on the migration
times was studied. For this purpose, five 15 mM
phosphate buffer solutions, adjusted to pH 5, 5.5,
6.0, 6.2 and 6.5 were prepared. Electropherograms of
the Q" solution were performed in accordance with
the conditions above. The response at different pH
values versus migration time is plotted in Fig. 2.
From the migration time of the electroosmotic flow
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Fig. 2. Influence of the electrolyte pH on the migration time.

(EOF), we can state that BRO and TMP are in their
cationic forms and that SDZ, SMX and GUA are in
their anionic forms. Moreover, it can be seen that the
BRO and TMP peaks overlap in the pH range from 5
to 5.5 and also that GUA shows high migration time.
At pH 6.5, good resolutions were obtained for al
peaks, nevertheless that of BRO begins to decrease.
Consequently, pH 6.2 was selected as suitable and
was used for further separations.

3.3. Influence of phosphate buffer concentration

Some experiments were carried out in order to
study the influence of buffer concentration on the
separation. Thus, the concentration of the pH 6.2
phosphate buffer was varied in successive sepa
rations.

As ionic strength increased, the total run time did
too, nevertheless, no changes in resolution were
reported.

Accordingly, a 15 mM phosphate buffer concen-
tration was considered as suitable because it showed
enough buffer capacity. Moreover, the run time
remained under 6 min and the current was moderate
(64 pA).

34. Influence of voltage

The effect of varying the voltage from 15 to 30 kV
was investigated under the conditions selected above.
The influence of the voltage on the migration time of
the drugs is plotted in Fig. 3. An applied voltage of
30 kV yielded the best compromise in terms of run
time, current generated and linearity between voltage
and current. This voltage was used in subseguent
stages of the method devel opment.

3.5. Effect of temperature

The effect of the temperature on the separation
was tested between 20 and 35°C. Temperatures
lower than 20°C were not considered because the
temperature regulation with our instrument is not
efficient beyond 4°C under room temperature.

A decrease in temperature resulted in a decrease in
EOF and an increase of migration times due to the
lower electrolyte viscosity. According to resolution,
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Fig. 3. Influence of the voltage on the migration time.

run time and current generated (62 pwA), 25°C was
selected as suitable.

3.6. Selected conditions

From the studies carried out before, we suggest
that the procedure summarized below is convenient
to separate the mixture properly: a fused-silica
capillary of 60.2 cmXx75 pum I.D.; 15 mM phosphate
buffer at pH 6.2 as electrolyte; 25°C; 30 kV; 150
kV/min in 0.2 min as voltage ramp; auto-zero at 1.5
min and a detection window of 800X100 p.m.

The electropherogram obtained in the separation
under the selected conditions is presented in Fig. 4. It
is remarkable that all peaks have good resolution in a
run time as short as 5 min.

3.7. Quantitative aspects

3.7.1. Limits of detection and quantification

Limits of detection (LODs) and quantification
(LOQs) were estimated in accordance with the
baseline noise. The baseline noise was evaluated by
recording the detector response over a period about
10 times the peak width. The LOD was obtained as
the sample concentration that caused a peak with a
height three times the baseline noise level and the
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Fig. 4. Electropherogram of a “Q" sample obtained under the
optimized conditions at 250 nm.

LOQ was calculated as 10 times the baseline noise
level.

Thus, LODs and LOQs are shown in Table 1 for
each compound.

3.7.2. Linearity range and calibration curves

The linearity of the assay was checked by inject-
ing standard solutions of each drug in the range from
1to 25 mg/l. In all cases, the separation was carried
out by using the optimized electrophoretic procedure.
The calibration curves were obtained for each com-
ponent by plotting the corrected area, measured at
the maximum absorption wavelengths, 241, 262,
205, 213 and 204 nm for SDZ, SMX, TMP, BRO
and GUA, respectively, versus their concentrations.

A good linear relationship was obtained between
concentration and corrected area for each compo-
nent. In Table 1, equations, determination coeffi-
cients and linearity ranges for the calibration curves
are presented. In al cases the intercepts were esti-
mated as negligible by using the Student’s t-test
(«=0.05).

3.7.3. Repeatability and reproducibility

Repeatability was assessed under the previously
selected conditions by means of 12 replicates of a
solution containing 12 mg/l of each component.
Reproducibility was evaluated over 2 days by per-
forming 12 replicates each day.
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Table 1
LODs and LOQs

BRO TMP Sbz SMX GUA
LOD (mg/1) 0.3 01 0.3 0.2 0.2
LOQ (mg/1) 11 0.4 1.0 0.6 0.7
Intercepts (CAU?) —109+43 —2*18 20+69 —14+60 4+15
Slope (CAUXI/mg) 202.0+3.3 549+13 188.3x5.1 181.7+4.3 387+12
r’ 0.9987 0.9970 0.9964 0.9972 0.9954
Linear range (mg/1) 12-24 12-24 1.2-25 1.3-26 11-23

Linear regression calibration curves.
#CAU, Corrected area unit.

The results showed that the repeatability for every
component in each day is satisfactory. In terms of
reproducibility, the comparison of averages with the
Snedecor test did not provide any significant differ-
ence between both days series, for «=0.05 (n=12).

3.8 Application

The presented method was tested to determine the
mentioned compounds in pharmaceutical prepara-
tions.

Ten capsules of each commercial were emptied,
weighed accurately and the contents were mixed
thoroughly. A quantity of the powder equivaent to
one tablet was dissolved in 400 ml of water, then

Table 2

Application results

Commercial  Claimed (mg/l)  Found (mg/l)  Recovery (%)

Brongenit SMX 400 404.0+9.3 101.0
TMP 80 81.6*+1.9 102.1

Triglobe SDZ 820 811+17 99.3
TMP 180 178.8+8.6 98.9

Balsoprim SMX 400 386.9+8.2 97.7
TMP 80 78.3+2.6 97.9
BRO 5 4.91+0.19 98.2

Pulmosterin ~ SMX 400 394.9+35 98.7
TMP 80 79.9+1.4 99.9
BRO 5 5.148+0.043 102.9

Eduprim SMX 400 390+10 97.6
TMP 80 78.1*25 97.6

Septrin SMX 400 410+14 102.5
TMP 80 81.5*25 101.9

500 ml of ethanol were added and later on, diluted to
11 ("X solution).

For the determination of SMX-TMP and SDZ—
TMP, three aliquots of 1 ml were taken from ** X"
and placed in three 25-ml volumetric flasks, where
the pH was set to 6.2 by adding 2.5 ml of phosphate
buffer, and then diluted with water.

For the determination of BRO, no dilution of ** X"
was necessary and it was then directly analyzed.

In the analysis of the commercials, the found
amounts and recoveries were achieved by comparing
with standard solutions containing the same con-
centrations than expected for commercials, according
to their claimed levels. The standard solutions were
prepared from the stock solutions after convenient
dilution.

The results, presented in Table 2, show agreement
between the claimed and found values.

4. Conclusion

The results show that CZE is a valuable technique
for the determination of sulfonamides and their
associated compounds. CZE complies with the re-
quirements of drug quality control, in terms of
reproducibility and accuracy, and it is also useful for
routine analysis. In addition, it offers advantages
such as simplicity of operation, flexibility and low
cost.

The presented CZE method to determine SMX,
SDZ, TMP, BRO and GUA was easy to apply to
commercials because there are no previous sample
treatments, only the dissolution of the commercials
in ethanol—water (50:50).
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