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Clotrimazol é reduzido em eletrodo de mercirio em tampéo fosfato pH > 6 através de um
processo reversivel de um elétron. O processo €l etrddico apresentaforte efeito de adsorcéo, o qual
pode ser minimizado na presenca de Triton X-100. Clotrimazol pode ser determinado em niveis
de 50 ng mL 1 quando pré-acumulado durante 3 min 4—0,20 V. O método proposto foi aplicado
para determinagdo do farmaco em formulag@o comercial.

The reduction of clotrimazole at a mercury electrode, in phosphate buffer, pH>6, involves a
reversible one-electron process. The electrochemical process presents a large contribution from
adsorption effects. For the differentia pulse polarographic determination the addition of Triton X—
100 is recommended. Clotrimazole can be determined by cathodic stripping voltammetry at 50 ng
mL-1 level when pre-accumulated for 3 min at an accumulation potential of —0.20 V. The proposed
method is applied successfully for the determination of clotrimazole in a commercia formulation.
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Introduction

Clotrimazole, 1-(a-2-chlorotrityl) imidazole (Figure 1)
isachlorinated synthetic imidazol e derivative having broad
spectrum antifungal and antibacterial properties which is
often used as a topical treatment of several infections 1.2,

Several methods have been employed for the
guantitative determination of clotrimazole in its pure
or in its dosage forms. Titrimetric methods involving
titrants such as perchloric acid?, picric acid3 and sodium
lauryl sulphate?4 require high concentration of
clotrimazole. Spectrophotometric analysis® has been
limited due to its low molar absorptivity and some
spectrophotometric methods have been based on theion-
pair complex reaction®7 or on acid hydrolysis8 that
require extraction procedures, that are time consuming
and have low sensitivity. Chromatographic techniques
such as thin-layer chromatographyl, gas chromato-
graphy® and liquid chromatographyl0 have been
reported and need sophisticated equipment or detailed
experimental procedures.

Cathodic stripping voltammetry is a very sensitive
technique that has been extensively used for determining
pharmaceutical compounds. This technique is based on a
preconcentration step of the analytical speciesonamercury
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Figure 1. Molecular structure of clotrimazole.

electrode surfacell and can be used to monitor trace
concentrations of these substances with low cost. The
electrochemical investigations of clotrimazole found in the
literature have shown that the drug can be determined by
DC polarography by using the stability constants of
complexes with some metallic ions'2 or by an oscillo-
polarographic techniquel3. Nevertheless, the utilization of
modern voltammetric techniques in the analysis of
clotrimazole has not been reported.

The aim of the present work is therefore to investigate
the electrochemical reduction of clotrimazole at a mercury
electrode and to develop asimple, sensitive and inexpensive
procedure for the determination of clotrimazole based on
cathodic stripping voltammetry.
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Experimental

Apparatus

Voltammetric experimentswere performed withaMetrohm
Polarecord E 506 linked to a compatible microcomputer,
through a Microgquimica interface. The multimode eectrode
Metrohm stand 663 VA was used in both the hanging mercury
drop electrode (HMDE) and dropping mercury electrode
(DME). The three dectrode system was completed by means
of anAg/AgCl (3moal L1 KCl) referencedectrodeand aglassy
carbon auxiliary eectrode. The differentid pulse polarograms
obtained in the presence of Triton X-100 were recorded in a
Polarograph Analyzer 264 A PARC coupled with X-Y recorder
REO091 Houston and amultimode e ectrode PARC 303A with
DME asworking eectrode, aAg/AgCl referencedectrode and
aPtwireasauxiliary dectrode.

Suprapur grade reagents supplied by Merck and de-
mineralized water from aMilli-Q system (Milli-pore) were
used in the preparation of all solutions. The supporting
electrolytes were phosphate buffer prepared by mixing
sodium phosphate acid and sodium phosphate diacid
(0.2 mol L-1) and Britton-Robinson (B-R) buffer, prepared
in the usual way by adding appropriate amounts of
0.2 mol L1 sodium hydroxide to orthophosphoric acid,
acetic acid and boric acid (0.04 mol L-1in each).

Clotrimazole (1x102 or 1x10"4 mol L-1) stock solutions
were prepared from the dried pure substance (kindly supplied
by Bayer S.A.) in methanol. An diquot of the clotrimazole
standard solution to be investigated was added to 20 mL of
deaerated phosphate buffer (or B-R buffer) at the appropriate
pH. The differential-pulse mode was used with a pulse
amplitude of 50 mV and a drop time of 0.8s unless stated
otherwise. The cathodic stripping voltammograms were
obtained using a step accumulation at -0.2V for 30 s by
gtirring unless otherwise stated. Following 15s after having
stopped the tirring, acathodic voltammogram wasrecorded
with a50mV s scan rate in the linear scan mode.

Analyses of dosage forms were carried out using a
commercial topic solution of Canesten and Dermobene 1%
(10 mg mL-1). An aliquot of this formulation, after
evaporation of the organic solvent under a stream of
nitrogen, was diluted with 10 mL of methanol. Aliguots of
20 L of thissolution weretransferred into the voltammetric
cell containing 20 mL of phosphate buffer (pH 7.0) and
the voltammetric curve was recorded.

Results and Discussion

Overall characteristics of the reduction of clotrimazole

Clotrimazole is polarographically reduced in asingle
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wave between pH 6-12. In acidic solution (pH < 3.0), the
reduction wave is marked by the electrolyte discharge.
Figure 2 shows representative polarograms for
172 pg mL-1 clotrimazole in phosphate buffer solution
(pH 7.0). The wave shows distortion in the baseline at a
more negative potential than peak potential with non
symmetrical valuesin the peak half-width. The height of
the reduction peak decreases continuously above pH 7.0
and the peak potential is shifted toward less negative
values with increasing pH up to 10.0, as shown in Figure 3.
This polarographic behaviour may indicate that the
electrode process could involve a strong adsorption
phenomenon on the dropping mercury electrodel4. The
effect of the composition of the supporting electrolyte on
the voltammetric measurement of clotrimazole was
examined in Britton—Robinson buffer pH 6-12 and
phosphate buffer pH 6-8. The more convenient supporting
electrolyte was phosphate buffer, exhibiting greater
voltammetric response and better discrimination against
the electrolyte curve.
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Figure 2. Differentia pulse polarograms of 172 pg mL-1 dlotrimazole in
phosphate buffer pH 7.0 (curve I1). Supporting electrolyte (curvel).
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Figure 3. Effect of pH on the peak current and peak potentials obtained
from 172 pg mL clotrimazole. (A)=Ep vs pH and (B) = ip vs pH.
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At pH 7.0, the effect of droping time on the peak
current was investigated from 0.4s to 3.0s for 172 pg
mL-1 of clotrimazole solution. A linear relationship was
obtained up to 1.4s from log i vs log t, following the
equation: log i = 0.60739 +0.86556 log t. An erratic
behaviour isverified at these drop time greater than 1.4s,
suggesting that the adsorption process is intensified
under these conditions.

Differential pulse polarograms aobtained for different
concentrations of clotrimazole in phosphate buffer solution
(pH 7.0) from 103 pg mL"1 to 259 pg mL-1 are shown in
Figure 4. When the concentration is increased the peak
potential is shifted to a more negative potential and the
baseline of the cathodic part of the peak is completely
distorted. Therefore, the corresponding rel ationship between
peak current (taken at less negative potential) and
concentration has a linear segment without crossing the
origin, following the equation ip(puA)=-0.03012 + 0.00025C
(C= pg mL-Y), indicating an electrode process associated
with a strong adsorption phenomenom?>.
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Figure4. Differentia pulse polarograms of clotrimazolein phosphate buffer
solution (pH 7.0). Curve I= Supporting electrolyte; curve I1= 86; curve
111=121; curve IV= 138; curve V=155; curve VI= 172; curve VlI= 190;
curve VIl1= 207; curve IX= 241 and curve X=259 (ug mL™1).

In order to improve the polarographic curve, the effect
of the addition of Triton X-100 on the differential pulse
polarograms was studied. Polarograms recorded for a
68.9 pug mL-1 clotrimazole solution in the presence of
7.5x10" %(m/v) Triton X-100 have shown the atenuation
of the distortion on the baseline (Curve Il of Figure 5) and
that thewaveis shifted to less negative potential. Therefore,
0.001% (m/v) of Triton X-100 was chosen as the best
condition to minimize the anomalous behaviour of the
polarographic curve without suppressing the current (Curve
[l of Figure5).

A pH of 7.0, adrop timeof 1.0sand 0.001% Triton X-100
were chosen as optimum for analytical purposes. Under these
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Figure5. Influence of Triton X-100 on differentid pulse polarograms of 68.9
ug mL-1 clotrimazole in phosphate buffer pH 7.0. Curve I= without; curve
I1=7.5x10" % (m/v) Triton X-100 and curve I11= 1x10-3% (m#v) Triton
X-100 and curve IV= 2x103% (m/v) triton X-100.

conditions, the peak current wasfound to be alinear function
over the concentration range 1.72 to 93.1 ug mL -1, following
the equation: ip(uA)= -0.32386 + 52329 C (C= pg LY. This
behaviour indicatesthat the surfactant preferentially covers
themercury electrode surface and promotesthe suppression
of the adsorption process coupled with the reduction of
clotrimazole.

The eectroreduction of clotrimazole was aso studied
by cyclic voltammetry under the same experimental
conditions as described for its polarographic reduction at
scan ratesfrom 0.010V s1to5V s1. Figure 6 showsatypical
cyclic voltammogram of 172 pg mL-1 clotrimazole in
phosphate buffer solution (pH 7.0) at HMDE. A cathodic
peak is seen at potentials corresponding to the polarographic
step. An anodic peak resulting from re-oxidation of the
generated product was observed during the reverse potential
scan a pH 7.0 and pH 12.0, indicating areversible step in
the overall electrode reaction!®. The difference between the
cathodic and the anodic peak potential, AE= 50 mV, indicates
aone-electron reduction. Theratio of the anodic-to-cathodic
peak heights for this redox couple increased with the scan
rate from 050 at 30 mV sl to 1.01 at
300 mV s?, indicating that the reversible step is followed
by an irreversible chemical reaction!®. Nevertheless, on
plotting ip vs v, alinear relationship was observed for both
cathodic and anodic peskswhich may indicatean adsorption-
controlled process involving the reagent and product.
Multicyclic voltammograms repested at the same mercury
drop €electrode do not shown any ateration of the height of
the cathodic or anodic pesk. These results confirm that the
product formed remains strongly adsorbed on the electrode
surface and can be reversibly reduced. Consequently, the
cyclic voltammogram always presents the same shape on
successive scans.
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Figure 6. Cyclic voltammogram of 172 ug mL"1 clotrimazole in
phosphate buffer pH 7.0, u= 60 mV s,

It is known from the literaturel®17 that imidazole is
not reducible polarographically in agueous media in the
normally available potential range. Hence, the most
probable electrode reaction for clotrimazole is the
electroreduction of the carbon-halogen bond, which can
be represented as in Scheme 1.

€ ==RCl. -~ R +Cl (Eq1)

o

[RCIHg]® - RHg + CI~ (Eq.2)

Scheme 1. Redution of clotrimazole.

R-Cl +

Although reduction with substitution of halogen by
hydrogen can take place (Eg. 1), the cathode material plays
avery important role and the formation of organometallic
compounds prior or after the electron transfer is often the
preferred route of el ectroreduction of halogenated organic
compounds on cathods of mercury16. Therefore, the over-
all course of thereduction of clotrimazole probably involves
one-electron transfer, but formation of an organometallic
species (Eq.2) is competitive with the reductive cleavage
of the halide (Eg.1). Hence the direct participation of
mercury onthe electrode processexplainsall theanomal ous
behaviour observed in the polarographic experiments and
the reversibility of the cyclic voltammo-grams in the first
Or successive scans.

Cathodic stripping voltammetry

Taking into consideration the existence of the adsorption
process at the mercury electrode means that it could be
used as an effective pre-concentration step of clotrimazole
before voltammetric measurements are made.
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Typical linear sweep cathodic stripping voltammograms
of a0.345 pug mL"1 solution of clotrimazole in phosphate
buffer solution (pH 7.0) after 30 s and 90 s accumulation at
—0.2V areshown in Figure 7. A well defined cathodic peak
was observed at all pHs in the range of 6-12 B-R buffer.
Nevertheless, maximum signal was observed in phosphate
buffer solution between pH 6.0 and 8.0. For analytical
purposes, pH 7.0 wastherefore chosen for the determination
of clotrimazole.
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Figure 7. Cathodic stripping voltammograms of 0.345 pg mL-1
clotrimazole in phosphate buffer pH 7.0. Under accumulation time of 30
s (curve I1) and 90 s (curve I11). Ex= -0.2V; u= 100mV s. Curve I=
blank solution.

Theeffect of the accumulation potential on the stripping
current at potentials from 0 to —1.2 V was investigated.
The peak currents are higher from 0 to -0.2 V and an
accumulation potential of —0.2V was chosen as satisfactory.
Figure 8 shows the dependence of peak currents against
different accumulation times at 0.172 pug mL-1 and 0.345
ug.mL1 clotrimazole. A linear relationship was obtained
from 0 to 4 min and up to 2 min, respectively, for both
concentrations investigated.

Calibration graphs obtained using 3 min of
accumulation time were linear from 0.05 ugmL-1t00.17
ug mL-1 clotrimazole, following the equation:
ip (MA)=-0.0681 + 0.9951 C (C= pg mL-1and r= 0.994).
At higher concentrations, the peak current reachsalimiting
value suggesting an electrode surface saturation.
Nevertheless, the linear range can be extended to 0.07 pg
mL1t00.35ug mL 1 by pre-concentration for 1 min, equation:
ip (WA)=-0.0251 + 0.6872C (C= pg mL-1and r=0.994). The
reproducibility of the cathodic stripping voltammetric response
wasevaluated for 0.345 pug mL -1 of clotrimazolein phosphate
buffer (pH 7.0) and the relative standard deviations were
calculated to be 4.6%, for 9 determinations. The detection
limit was estimated as 0.005 pg mL-1 with a 1 min
accumulation ( based on a Sgna-to-noise ratio of 3).
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Figure 8. Influence of accumulation time on peak current obtained for
0.172 ug mL2 (curve &) and 0.345 pg mL (curve b) of clotrimazole in
phosphate buffer pH 7.0; E,=-0.2V. u=100mV st.

Thus, clotrimazole can be determined in agueous
solution with good precision and a low detection limit by
cathodic stripping voltammetry.

Analytical applications

Themethod described was applied to the determination
of clotrimazole in pharmaceutical preparations. Topic
solutions commercialised as Canesten 1% containing a
nominal quantity of 10 mg mL"1 of clotrimazole, were
tested. An aliquot of thetest solution prepared as described
inthe experimental sectionwasdiluted to 20 mL with 0.002
mol L-1 phosphate buffer solution (pH 7.0) and subjected
to the optimum voltammetric parameters chosen,
accumulation time 60 s, accumulation potential of 0.2V
and scan rate of 100 mV s1. The corresponding
voltammetric curve obtained for Canesten and after
standard addition of clotrimazole is shown in Figure 9.
Table 1 shows the mean values of claimed clotrimazole
content by the manufacturers and those given by the
proposed method.

Further comparative determination of clotrimazole in
the same pharmaceutical preparationl® using a
spectrophotometric method is also shown in Table 1. The
results obtained have shown good agreement between the
two methods. At aconfidencelevel of 95%, valuesof 0.352
+0.017 pugmL -1 and 0.235 + 0.069 pug mL -1 weve obtained
for Canesten and Dermobene respectively.

Conclusion

From these studies it was concluded that clotrimazole
contains reducible halide and this provides the basis for its
electroanalytical determination. The drug is reduced at a
mercury electrode above pH 6 involving areversible one-
electron process. Differential pulse polarography can be
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Figure 9. Cathodic stripping voltammograms obtained in phosphate
buffer pH 7.0, T, = 60 s; E,. = -0.2V; v = 100 mV sl Curve
| = Supporting electrolyte, curve || = 0.345ug mL-1 of Canesten and
curve |11 = addition of 0.345ug mL"1 of clotrimazole.

Table 1. Analysis of clotrimazole in pharmaceutical formulations by
voltammetric determination and spectrophotometric methods.

Dosage Declared Proposed Reported  %Recovery
form amount method method18

(hgmLY)  (gmL?l  (igmLY
Canesten 0.35 0.35+ 0.01 102 + 0.02
solution 8.00 - 7.96+0.04 995+ 0.01
Dermobene 0.207 0.23 £ 0.03 114+ 0.12

solution 8.00 - 893+093 112+0.10
All values represent the mean of 3 determinations.

satisfactorily applied in this work for analytical purposes
only in the presence of Triton X-100. The results have
shown that improvements in sengitivity can be achieved
by using cathodic stripping voltammetry and that this
technique can be used as a convenient method for the
analysis of clotrimazole in bulk material and in
pharmaceutical preparations, namely in solution form.
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