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Abstract

Clotrimazole was shown to react at room temperature in Britton Robinson buffer pH 2 with the reactive dye
Procion Red HE-3B. The product exhibited a differential pulse polarographic peak at −0.38 V, which was well
separated from the peaks of the reactive dye at −0.08, −0.80 and −0.95 V, and this allowed the indirect
determination of clotrimazole in the presence of excess of the reactive dye. The method has been applied satisfactorily
to the determination of clotrimazole in pharmaceutical formulations, calibration graphs are rectilinear up to at least
40 �g ml−1. The detection limit was calculated to be 2.6 �g ml−1 (3 �). © 2002 Elsevier Science B.V. All rights
reserved.

Keywords: Clotrimazole; Differential pulse polarography; Procion Red HE-3B dye

www.elsevier.com/locate/jpba

1. Introduction

Clotrimazole 1-{[(2-chlorophenil) diphenil me-
thil]-1 H-imidazole}, is a broad spectrum antimy-
cotic agent which is effective against dermal
infections and combats vulvovaginal candidiasis
[1,2]. Many analytical methods for the determina-
tion of clotrimazole in pharmaceutical prepara-
tions and biological fluids have been published
[2–11]. Titrimetric methods involving titrants
such as perchloric acid [2], picric acid [3,4], and
sodium lauryl sulphate [2,5] used to require high
clotrimazole concentration. Spectrophotometric

analysis [6] has been limited due to its low molar
absorptivity and some spectrophotometric meth-
ods have been based on the ion-pair complex
reaction [7,8] or acid hydrolysis [9] requiring ex-
traction procedures, time consuming and low sen-
sitivity. Chromatographic techniques like
thin-layer chromatography [1], gas chromatogra-
phy [10] and high performance liquid chromatog-
raphy [10–14] have been reported successfully and
need sophisticated equipment or long experimen-
tal procedures for the sample clean-up.

A particular advantage of voltammetric analyti-
cal methods when applied to pharmaceutical for-
mulations is that excipients often do not interfere
to the same extent as they do in the cases of
spectrophotometric and chromatographic meth-
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ods [15]. The only application of polarography to
the quantitative determination of clotrimazole
uses the ill-defined reduction wave obtained in
acidic solution, which occurs near the potential
cut off of the electrolyte [16].

Recent studies in these laboratories [17–21]
have included polarographic and stripping
voltammetric studies of reactive dyes that can be
analysed voltammetrically by reduction of the
chromophore (azo or anthraquinone groups) and
their reactive groups (chlorotriazine or vinylsul-
phone moieties) present in the dye molecule. The
present communication describes the use of Pro-
cion Red HE-3B (C.I. Reactive Red 120) a reac-
tive dye bearing a bisazo group as chromophore
and a bis-monochlorotriazine as chemically reac-
tive site, in the derivatization of clotrimazole, with
the aim to develop a reductive electroanalytical
procedure that permits selective determination of
clotrimazole in pharmaceutical preparations.

2. Experimental

2.1. Apparatus

Voltammetric experiments were performed with
a Metrohm Polarecord E 506 linked to a compat-
ible microcomputer, through a Microquimica in-
terface. The multimode electrode Metrohm stand
663 VA was used in both the hanging mercury
electrode (HMDE) and dropping mercury elec-
trode (DME). The three electrode system was
completed by means of an Ag/AgCl (3 M KCl)
reference electrode and a glassy carbon auxiliary
electrode.

2.2. Reagents

Suprapur grade reagents supplied by Merck
and desmineralized water from a Milli-Q system
(Milli-pore) were used in the preparation of all
solutions. Britton–Robinson (B–R) buffer used
as supporting electrolyte was prepared by mixing
apropriate amounts of 0.2 mol l−1 sodium hy-
droxide to orthophosphoric acid, acetic acid and
boric acid (0.04 mol l−1 in each) solution.

2.3. Procedure

Clotrimazole stock solution (1×10−2 mol l−1)
were prepared from the dried pure substance
(kindly supplied by Bayer S.A.) in methanol. An
aliquot of the clotrimazole standard solution to be
investigated was added by micropipette to 20 ml
of deaerated phosphate buffer (or B–R buffer) at
the appropriate pH containing 5×10−4 mol
l−1of RR120 dye. The differential-pulse mode
was used with a pulse amplitude of 50 mV, a drop
time of 0.8 s, unless stated otherwise.

Analysis of dosage forms were carried out using
a commercial spray of Canesten and Dermobene
1% (nominally 10 mg ml−1 in clotrimazole). An
aliquot of 10 ml of these formulations after evap-
oration of the organic solvent under a stream of
nitrogen, were diluted with 10 ml of methanol.
Aliquots of 200 �l of these stock solutions were
transferred directly into the voltammetric cell con-
taining 20 ml of B–R buffer pH 2.0 and 5×10−4

mol l−1 RR120 dye. The voltammetric curves
were recorded as above procedure. The method
was also applied in Canesten vaginal tablets (la-
beled to contain clotrimazole as 100 mg per tablet
as dosage forms). One tablet were weighed, finely
powdered and it was shaken with 10 ml of
methanol. After transferred to a centrifuge tube,
an aliquot of 200 �l of the supernatant solution
were analysed as above discussed.

3. Results and discussion

3.1. Differential pulse polarographic beha�ior

The polarographic reduction of 5×10−4 mol
l−1 clotrimazole in B–R buffer pH 2.0 occurs at
a very negative potential ( peak I, at about −1.1
V) and it is ill-defined due to be very close to the
cut-off potential for the electrolyte, as shown
Curve X, Fig. 1. Therefore, the peak is not suit-
able for analytical purposes.

On the other hand, the electrochemical be-
haviour of Procion Red HE-3B (RR120) in the
same experimental conditions have shown three
well defined reduction peaks (peaks A, B and C)
as shown Curve Y, Fig. 1. The electrochemical
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Fig. 1. Differential pulse polarograms of 5×10−4 mol l−1

clotrimazole in B–R buffer pH 2.0 (Curve X) and differential
pulse polarograms of 5×10−4 mol l−1 RR120 dye in B–R
buffer pH 2.0 (Curve Y).

behaviour of the RR120 dye has been investigated
previously [21] and the peak at −0.08 V (peak A)
is attributed to the simultaneous electrochemical
reduction of the bis-azo moiety to the bis-hydrazo
derivative. The pair of peaks at −0.80 and −
0.95 V (peaks B and C) are due to the electro-
chemical reduction of the bis-monochlorotriazine
groups, which involves elimination of chloride
from the molecule [21]. Both peaks A or B can be
used to follow the dye concentration in acidic
solution from 1×10−6 to 1×10−4 mol l−1 with
good reproducibility.

In order to investigated the application of the
RR120 dye as an analytical reagent for the deriva-
tization of clotrimazole, differential pulse polaro-
grams of mixture of RR120 dye and clotrimazole
were recorded. Differential pulse polarograms ob-
tained after direct mixture of 5×10−4 mol l−1 of
RR120 dye in B–R buffer pH 2 in the presence of
variable concentration of clotrimazole from 7.5×
10−5 to 2.5×10−4 mol l−1 are shown in the Fig.
2. There is no significant change in the potential
of the differential pulse peak of the azo groups of
RR120 (peak A) after derivatization of clotrima-
zole except for occurrence of a small shoulder that
do not increases in function of clotrimazole con-
centration, but the peaks due to the reactive

Fig. 2. Effect of clotrimazole on differential pulse polarograms of 5×10−4 mol l−1 of RR120 in B–R buffer pH 2.0. Clotrimazole
concentration, II, 7.5×10−5 mol l−1, III, 9.5×10−5 mol l−1, and IV, 2.5×10−4 mol l−1. I, Supporting electrolyte.
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Fig. 3. The effect of the mole ratio of clotrimazole to RR120 on the current obtained. RR 120 concentration, 1×10−4 mol l−1.

chlorotriazine groups (peaks B and C) are signifi-
cantly reduced in size. In addition, a new peak at
−0.38 V (peak D) appears on addition of clotri-
mazole and increases in height with further addi-
tion of the drug. The loss of the peaks owing to
the reactive groups of the azo dye after derivatiza-
tion of clotrimazole indicates that the derivatiza-
tion involves reaction of the chlorotriazine groups
of RR120 with the clotrimazole and presents great
analytical potentiality.

Further information about the derivatization
reaction was investigated by comparative spec-
trophotometric study carried out in B–R buffer
pH 2.0. The UV-visible absorption spectrum of
1×10−5 mol l−1 of clotrimazole B–R buffer pH
2.0 presents characteristic absorption band at �=
213 nm [1]. The absorption spectra of the dye
solution at pH 2 is characterised by three main
bands, two in the visible range, �=542 and 514
nm, due to the long conjugated � system of
aromatic ring connected by two azo groups and
one in the UV region at �=294 nm, characteristic
of the two adjacent rings [22]. The another in the
UV region at 233 nm is due to the chlorotriazine
groups absorption [22]. Solutions containing 1×
10−5 mol l−1 of clotrimazole in the presence of
1×10−5 mol l−1 of the dye, presents no change

in the bands attributable to the azo group (maxi-
mum absorption bands at 542, 514 and 294 nm),
but the band at 233 nm is eliminated on the
addition of clotrimazole. These results indicates
that the interaction between dye and clotrimazole
occurs only in the chlorotriazine group, while no
modification is seen in the azo groups absorption
bands.

The effect of dye concentration on the deriva-
tization reaction was studied by obtaining polaro-
grams with various amounts of clotrimazole
(3×10−5–1.5×10−4 mol l−1) and a constant
concentration of 1.0×10−4 mol l−1 of RR 120
dye in B–R buffer pH 2. The resulting peak
currents of peak A (azo group) and peak D
(triazine derivative) are shown in Fig. 3 as a
function of the drug to dye ratio. The first peak
current (A) is only slightly decreased when the
drug concentration is increasing, despite higher
half-width values are observed at higher clotrima-
zole concentrations. This behaviour is indicative
that the reduction potential of the azo groups is
not greatly affected by the derivatization, but
possibly it is influencing the diffusion coefficients
and/or reversibility. The peak current correspond-
ing to reduction of the derivative, however, in-
creases linearly up to 1×10−4 mol l−1 of the RR
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120 and then reaches a limiting value. A similar
behavior is observed for constant concentration of
5.0×10−4 mol l−1 of RR 120 dye that increases
the linear relationship between ip (peak D) versus
clotrimazole concentration up to 4.7×10−4 mol
l−1. Thus, as observed by spectrophotometry the
reaction ratio is 1:1, and this indicates that only
one triazine group is taking part in the derivatiza-
tion reaction. So, concentration of 5.0×10−4 mol
l−1 of RR 120 dye was chosen as best experimen-
tal conditions.

In order to obtain the optimum derivatization
condition for the clotrimazole, several parameters
including pH influence, reaction temperature and
reaction time were studied.

3.2. Effect of pH

The effect of pH and the composition of the
supporting electrolyte on the voltammetric mea-
surement of the RR120/clotrimazole derivative
was examined by comparing the response in vari-
ous electrolytes, such as B–R and acetate buffers,
as well as in HCl/KCl solutions, with the aim of
obtaining the best conditions in which to deter-
mine clotrimazole using the polarographic peak at
−0.38 V. The most satisfactory supporting elec-
trolyte was B–R buffer, as it allowed the best
discrimination between the dye peak and that of

the derivative. In addition, it was observed that
the new compound can be identified only at pH�
4.5, although the reduction of the azo group in
the RR120 dye is present in over the whole pH
range investigated of 2–12.

The peak potentials and currents obtained for
5×10−4 mol l−1 of RR120 dye in the presence
of 1×10−4 mol l−1 clotrimazole in acidic
medium are shown in Table 1. The peak poten-
tials for both the azo and the derivative peaks can
be seen to shift towards more negative values as
the pH is increased. The equations are as follows:
EpI(V)= −91.8+107.2 pH; R=0.988 (peak A)
and EpII(V)=314+37.5 pH; R=0.990 (peak
D). Higher currents and better separation from
the background electrolyte reduction is obtained
at pH 2.0, and this pH is the best value for the
determination of clotrimazole. The pKa value of
clotrimazole is reported to be 4.7 [1]. This indi-
cates that derivatization occurs when the imida-
zole moiety is in the protonated form. Therefore,
taking into consideration the high reactivity of the
bis-monochlorotriazine groups in the dye
molecule, it is possible to suggest that the interac-
tion between the dye and the drug could involve
the displacing of the leaving group (chloride) of
the chlorotriazine group, which would replace it,
of the pharmaceutical compound. This reaction
would be similar to other processes observed in
the dyeing of fibres [22], and the substituted tria-
zine group could be easier to reduced bearing the
polarographic peak at less negative potential than
the chlorotriazine group.

3.3. Effect of temperature and reaction time

The reaction between clotrimazole and RR 120
to form the reductive product was studied in the
range 20–95 °C using a heating time of 30 min. A
significant decrease in the peak current and a clear
shifting of the peak potential of the compound
formed occurred on heating above 70 °C. Room
temperature was chosen as the best condition for
analysis.

The effect of reaction time on the formation of
the clotrimazole derivative was studied at room
temperature using 5×10−4 mol l−1 RR 120 dye
and 2×10−4 mol l−1 clotrimazole in B–R pH

Table 1
Polarographic peak potentials and currents obtained from
differential pulse polarograms of 5×10−4 mol l−1 of RED120
and 1×10−4 mol l−1 of clotrimazole in B-R buffer of different
pH values

Peak A (dye)pH Peak D (derivatized
clotrimazole)

−Epc (V) ipc (�A) −Epc (V) ipc (�A)

0.021 0.4081.0a 0.352 0.275
0.2180.096 0.3831.5a 0.390

0.085 0.3572.0 0.379 0.214
2.5 0.160 0.260 0.408 0.170

0.244 0.2633.0 0.421 0.177
0.282 0.2333.5 0.442 0.113

4.0 0.348 0.273 0.474 0.017
4.5 –0.388 0.247 –

a System HCl/KCl.



F.C. Pereira et al. / J. Pharm. Biomed. Anal. 27 (2002) 201–208206

2.0. The reaction occurred instantaneously. The
signals obtained immediately on mixing for 19
determinations had a relative standard deviation
of 3.5%. In this study the differential pulse polar-
ograms were recorded at time intervals of 5 min
for up to 4 h, and they were found not to change.
This indicates the stability of the derivative under
these conditions and its suitability for the determi-
nation of clotrimazole.

The stability of clotrimazole in solution is pH
dependent [1]. In alkaline media it is stable, but it
is hydrolysed in strongly acidic solution to (o-
chlorophenyl)-diphenylmethanol plus imidazole.
In order to determine whether it might be possible
to monitor the hydrolytic degradation of clotri-
mazole using the derivatization reaction with RR
120, the effect of addition of imidazole and (o-
chlorophenyl)-diphenylmethanol on the differen-
tial pulse polarograms obtained for reduction of
RR 120 in B–R buffer pH 2.0 were investigated.
There were no significant differences between the
polarograms obtained before and after addition
of these two compounds. These results indicate
that the derivatization reaction must involve the
imidazole group of the original molecule and not
the released imidazole. Clearly (o-chlorophenyl)-
diphenylmethanol does not interfere with the de-
termination of clotrimazole, and the hydrolysis of
clotrimazole to (o-chlorophenyl)-diphenyl-
methanol can be monitored using this derivatiza-
tion method.

3.4. Polarographic determination of clotrimazole
and analytical characteristics of the method

Calibration graphs obtained using the above
optimum parameters and a concentration of 1×
10−4 mol l−1 RR 120 were shown to be linear
between 8 and 40 �g ml−1 of clotrimazole, but a
plateau is observed at the higher concentrations.
Nevertheless, using a higher dye concentration of
5×10−4 mol l−1, the linear relationship can be
extended from 10 to 69 �g ml−1, equation, ip
(�A)= −0.0233+0.053 C (C=�g ml−1 and r=
0.997; n=12). The reproducibility of the polaro-
graphic response was evaluated for 14
determinations of 69 mg ml−1 of clotrimazole in
B–R buffer pH 2 and the relative standard devia-

tions (R.D.S.) were calculated to be 4.1%. The
detection limit based on a signal-to-noise ratio of
3 was calculated to be 2.6�0.0025 �g ml−1.
Samples of 25.9 �g ml−1 clotrimazole in B–R
buffer pH 2.0 containing 5×10−4 mol l−1 of RR
120 have shown a mean recovery (n=7) of
99.4�1.81% when submitted to standard addi-
tions of the pure drug.

3.5. Interferences

The method was tested for other imidazole
derivatives that are used extensively as antifungal
and antibacterial agents, tinidazole 1-{[2-(ethyl-
sulfonyl)ethyl]-2-methyl-5-nitro-1H-imidazole}
and miconazole 1-{[2-(2,4-dichlorophenyl)-2-(2,4-
dichlorophenyl) methoxy} ethyl} -1H-imidazole.

Differential pulse polarograms recorded for
5×10−4 mol l−1 of RR 120 dye in B–R buffer
pH 2.0 exhibit an extra wave at −0.21 V in the
presence of miconazole, in addition to the azo
reduction wave of the RR 120 dye at −0.09 V.
Although, the discrimination between derivatizing
reagent and the derivatized miconazole is not
good enough to allow the use of the reaction for
the determination of miconazole, miconazole can
be a potential interferent in the proposed method
for the determination of clotrimazole. Tinidazole
has a nitro group in the molecule, which is re-
duced at the same potential of the reactive dye.
No new wave corresponding to derivatized tinida-
zole was observed.

3.6. Application

The method described was applied to the deter-
mination of clotrimazole in bulk drug as pharma-
ceutical formulations. A Canesten commercial
spray and Canesten vaginal tablets labeled to
contain clotrimazole as 10 mg ml−1 and 100 mg
per tablet, respectively, and a topic solution com-
mercialised as Dermobene containing 10 mg ml−1

were tested. These were analysed using the
method developed above.

An aliquot of the test solution prepared as
described in the experimental section was diluted
to 20 ml with B–R buffer pH 2.0, the final
solution containing 5×10−4 mol l−1 of RR 120
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Fig. 4. Differential pulse polarograms obtained in the determination of clotrimazole in a Canesten sample using the standard
additions method. RR120 concentration=5×10−4 mol l−1. B–R buffer pH 2.0. Plot 1 RR120 only, plots 2–5 in presence of 29.3
�g ml−1 of Canesten sample with standard additions of 10 to 34 �g ml−1 of clotrimazole solution (plots 3–5).

Table 2
Analysis of clotrimazole in pharmaceutical formulations by polarographic determination and spectrophotometric methods [7]

Nominal content Polarographic methodReported methodFormulation Recovery (%)
(�g ml−1)b(�g ml−1)a �S.D.(�g ml−1)c

–Canesten 42.8�0.02343.1 99.5�0.001
79.6�0.070solution –80.0 96.5�0.075

– 44.4�0.00743.1 103�0.100Dermobene
solution 83.2�0.09880.0 – 104�0.120

– 54.8�0.05356.9 96.3�0.018Canesten
80.0tablets 79.1�0.380 – 98.9�0.210

S.D., Standard deviation.
a Concentration based on information supplier by the manufacturer.
b Label claim.
c Median of three determinations.

dye. Typical differential pulse polarograms before
and after standard additions of clotrimazole to
commercial spray of Canesten are shown in Fig.
4. The results show that the excipients contained
in these formulations do not interfere in the polar-
ographic method. The average recoveries (n=7)
was tested using add method, which high percent-
age obtained from 96.48 to 102.2% indicates the
efficiency and reproducibility of the method.

The results obtained using the proposed
method and the comparative determination of

clotrimazole in different commercial pharmaceuti-
cal preparation using a spectrophotometric
method [7] is also shown in Table 2. The values
are in agreement with the values provided by the
manufacturers. No significant differences were
found between the two methods, at a confidence
level of 95% values of 42.8�0.023 and 44.4�
0.007 �g ml−1 was obtained for clotrimazole in
canesten and dermobene, respectively. Neverthe-
less, the method have shown low efficiency when
applied to Canesten cream, using usual extraction
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procedures described in the literature [7,11]. Low
percentage recovery obtained indicates that the
method is influenced by common excipients and
additives encountered in this matrix and requires
specific clean up sample.

4. Conclusions

A polarographic method has been developed
for the determination of clotrimazole based on its
derivatization with a bis-diazo bis-chlorotriazine
reactive dye. The reaction appears to involve the
elimination of one chloride ion with the addition
of the imidazole moiety of the clotrimazole. A
new polarographic peak is obtained which is dis-
tinct from the peaks of the excess of dye. The
results have shown that this technique could be
used as a convenient method for the analysis of
clotrimazole in bulk material and pharmaceutical
preparations namely solution form.
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