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Extractive Spectrophotometric Determinations of
Clotrimazole in Formulations
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Four simple sensitive and reproducible visible spectrophoto-
metric methods (A-D) for the determination of clotrimazole (CTZ)
in bulk samples and pharmaceutical formulations are described.
Mehods A, B and C are based on the formation of ion-association
complexes between CTZ and tropaeolen-000 (Tp000, A pax 480 nm),
supracen violet 3B (SV3B, Apax 560 nm) or wool fast blue BL
(WFB, Amax 580 nm). Method D is based on the formation of a
molecular complex between CTZ and cobalt thiocyanate (CTC,
Amax 600 nm). Regression analysis of Beer’s plots showed good
concentration ranges: 1.0~6.0 pg/mL for methods A, B and C and
1.25-7.5 pg/mL for method D. No interference was observed from
the usually existing additives in pharmaceutical formulations and
the applicability of the methods was examined by analysing cream
and powder containing CTZ. Relative standard deviations were
typically < 0.33%. Recoveries were = 99.5%.
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INTRODUCTION

Clotrimazole (CTZ) is a broad spectrum antimycotic agent effective against
pathogenic dermatophytes, yeasts and several species of Candida, Trichophyton,
Microsporum, Epidermophyton and Malassezia. Preparations of the drug are used
in topical treatment of dermal infections and to combat vulvovaginal candidiasis'.
It is a chemical known as 1-(o-chloro-o,0-diphenyl benzyl) imidazole.

The drug and its formulations are official in USP?, BP?,and IP*. Few methods
have appeared in the literature for the determination of CTZ in pharmaceutlcal
formulatlons The techmques used in this connection include HPLC 0, polaro-
graphy , titrimety'>"5, UV'$2! and visible spectrophotometry>-%. However,
analytically important functlonal groups have not been exploited thoroughly in
developing visible spectrophotometric methods. This paper describes some at-
tempts in this direction, with four visible spectrophotometric procedures by exploit-
ing the basic property of the tertiary nitrogen in the imidazole of CTZ
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(ion-association complex formation with acidic dyes such as Tp00O (method A), SV
3B (method B) and WFB (method C) and molecular complex formation with CTC
(method D).

EXPERIMENTAL

Instrumentation: - A Systronics model 117 visible spectrophotometer, Milton
Roy UV-visible spectrophotometer and an Elico LI-120 model digital pH meter
were used for absorbance and pH measurements.

Reagents: All chemicals were of analytical grade and all solutions were
prepared in triply distilled water.

Aqueous solutions of Tp000 (Fluka, 5.70 X 1073 M), SV 3B (chroma,
4.63 x 1073 M), WFB (Fluka, 3.26 x 107> M), hydrochloric acid (0.1 M, method A)
and glycine-HCI buffer solutions of pH (1.3, method B; 1.5, method C) and
trisodium citrate-HCI buffer solution of pH 2.0 (method D) were prepared in the
usual way®.

Cobalt thiocyanate (CTC, 2.5 x 10! M) solution was prepared by dissolving
3.8 g of ammonium thiocyanate and 7.25 g of cobaltous nitrate in 100 mL of
distilled water and the solution was saturated with sodium chloride.

Preparation of standard and formulations: CTZ pharmaceutical grade was
used as standard without further treatment. An accurately weighed 100 mg amount
of CTZ was dissolved in chloroform and made up to 100 mL with chloroform to
give a stock solution of 1 mg/mL. The stock solution was further diluted with
chloroform to give the working standard solutions (20 pg/mL) for methods A, B and
C. For method D, 25 pg/mL working standard solution was prepared in 1:1
aqueous methanol in the usual way.

Analysis of formulations: A quantity equivalent to 100 mg of CTZ cream or
powder was mxed with 30 mL of a mixture of 1 volume ok 1 M H,SO;, and 4
volumes of methanol and shaken with two quantities, each of 30 mL of carbon
tetrachloride, discarded the organic layers. The aqueous phase was madg alkaline
with dilute ammonia solution, added a further 10 mL of dilute ammonia solution
and extracted with two quantities, each of 30 mL of chloroform. Combined the
chloroform extracts, shaken with 5 g of anhydrous sodium sulphate, filtered and
~ added sufficient chloroform to bring the total volume to 100 mL. 20 mL. of this stock

solution was further diluted stepwise with chloroform to 20 g mL ™ for methods A,
B and C. The chloroform was completely evaporated from another 20 mL aliquot of
chloroform and the residue was dissolved and diluted with 1 : 1 aqueous methanol
to get 25 ug mL™! working sample solution in method D. They were analysed as
under procedures described for bulk samples.

Procedures

Methods A, B and C: Drug aliquots of CTZ (0.5-3.0 mL, 20 pg mL™! for
methods A, B and C) were placed in a series of 125 mL separating funnels. Then 6.0
mL of 0.1 M HCI (method A) or buffer (pH 1.3, method B; pH 1.5, method C) and
2.0 mL of dye solution (Tp000, method A; SV 3B, method B; WFB, method C)
were added to each separating funnel. The total volumes of aqueous and chloroform
layers in each separating funnel were brought to 15 ml.and 10 mL respectively with
appropriate solvent and the contents were shaken for 2 min. The two phases were
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allowed to separate and the absorbance of the separated chloroform layer was
measured at appropriate A,, (480 nm, method A; 560 nm, method B; 580 nm,
method C) against a reagent blank similarly prepared within the stability period (1
min-6 h) at laboratory temperature (28 + 5°C). The amounts of CTZ in methods A,
B and C were computed from their respective calibration graphs.

Method D: Into a series of 125 mL separating funnels, aliquots of standard
CTZ solution (0.5-3.0 mL, 25 pg mL™") were taken. Then 2.0 mL of buffer (pH
2.0) and 5.0 mL of cobalt thiocyanate solutions were added. The total volume of
aqueous layer in each one was brought to 15 mL with distilled water. A 10 mL
portion of nitrobenzene was added to each funnel and the contents were shaken
for 2 min. The absorbance of the separated nitrobenzene layer was measured after
5 min at 600 nm against a reagent blank. The amount of CTZ present was
computed from a calibration graph. ’

RESULTS AND DISCUSSION

Conditions under which the reaction of CTZ with each dye fulfills the essential
analytical requirements were investigated. All the experimental conditions studied
were optimised at room temperature (25 + 3°C) and were established by varying
one parameter at a time and observing the effect on the absorbance of the coloured
species.

In the preliminary experiments, in view of developing methods of analysis
suitable for assaying small quantities of CTZ, several acidic dyes (other than
methyl orange3° which was reported”, RP) such as alizarin red S, supracen violet
3B, tropaeolin-00, tropaeolin-000, naphthalene blue 12BR, wool fast blue BL and
naphthol blue black were tested at various pH ranges as the colour producing
agents by a dye-salt partition technique. Different organic solvents such as
chloroform, carbon tetrachloride, benzene, toluene were tested for the extraction
of ion association complex formed between CTZ and each dye. The criterion of
the best dye®' was the highest absorbance value of the complex in the organic
phase at the wavelength of maximum absorbances. The above studies reveal that
three dyes namely Tp00O (CI No. 14600, azo dye), SV 3B (CI No. 60730,
anthraquinone dye) and WFB (CI No. 50315, phenazine dye) gave better results
than the other dyes. These dyes also gave low absorbance for the reagent blank.
Chloroform was suggested as a solvent of choice for the extraction of coloured
complex with respect to maximum stability.

In order to establish the optimum acid strength (for method A), or pH range
(for methods B and C), the CTZ was allowed to react with the respective dye in
aqueous solution in dil. HCI ranging from 0.05-1.5 M (method A) or solutions
buffered between pH 1.0-6.0 (methods B and C) and the complex formed was
extracted into chloroform for absorbance measurement. The results show that a
quantitative extraction was produced with an acid strength of 0.08-0.12 M HCl
(method A) or pH 1.1-1.5 (method B) or pH 1.4-1.8 (method C). All subsequent
studies were carried out with 0.1 M HCI (for method A) or pH 1.3 (for method
B) or pH 1.5 (for method C). The pH was adjusted using glycine-HCI buffer
solution (this buffer was chosen on account of its elevated complexing ability,
which could be of use in overcoming interferences). The volume of this buffer



Vol. 14. No. 1 (2002) Spectrophotometric Determinations of Clotrimazole 193

added (4-10 mL) had no effect in methods B and C. A 6.0 mL portion of 0.1 M
HCI solution was found to be optimal in method A. The minimum shaking time
was determined by varying the shaking time from 1-10 min; although 1 min was
sufficient, prolonged shaking has no adverse effect on the extraction and 2 min
was selected for this study. A ratio of 1 : 1.5 (methods A, B and C) of organic to
aqueous phases were required for efficient extraction of the coloured species and
lowest reagent blank reading. It was found that better reproducibility and a lowest
reagent blank was achieved if the dye was purified by extraction with chloroform
initially. In order to establish the optimum experimental conditions for method
D, the drug was allowed to react with CTC in aqueous solution buffered
(trisodium citrate-HCl) to pH 1.5-4.0 and the molecular complex formed was
extracted info nitrobenzene for measurement. Constant absorbance was obtained
over the pH range 1.7-2.5, hence pH 2.0 was used. A 2 mL portion of CTC
solution was found to be optimal. Constant absorbance was obtained for shaking
periods between 1-4 min, hence 2 min was selected. Nitrobenzene was preférred
for the selective extraction of drug-CTC complex among the water-immiscible
solvents. A ratio of 1.5:1 aqueous to nitrobenzene phases was required for
efficient extraction of the coloured species.
Analytical data

The optical characteristics such as A, Beer’s law units, molar extinction
coefficient, Sandell’s sensitivity, regression equation and correlation coechient
obtained by linear least square treatment>? of the results for the systems involving
CTZ with the mentioned dyes or CTC are presented in Table-1. The precision of
each method was tested by estimating six replicates of CTZ within Beer’s law
limits. The per cent standard deviation and the per cent range of error at 95%
confidence limit are given in Table-1. :

TABLE-1

OPTICAL CHARACTERISTICS, PRECISION AND ACCURACY OF
THE PROPOSED METHODS FOR CTZ

MethodA  Method B MethodC  Method D
Tp000 SV 3B WFB CTC

Amax (nm) 480 560 580 600
Beer’s law limits (ug mL™!, C) 1.0-6.0 1.0-6.0 1.0-6.0 1.25-7.50
Molar absorptivity (Lmole ™' em™) 3.79x10* 3.69x10* 296x10* 1.39xi0*
Sandell’s sensitivity (ug cm /0.001 9.17x 10~ 9.35x 107 1.17x 1072 2.49x 1072
absorbance unit)

Regression equation (Y)*:

Slope (b) 1.1x107"  1.07x10" 1.14x107"' 4.0x1072
Intercept (a) -133x107* -1.33x107* 1.33x10™* 6.66x107°
Relatigfe standard deviation (%)** 0.145 0.245 0.317 0.257
% range of error (confidence limits)**
0.05 level 0.152 0.257 0.333 0.270
0.01 level 0.239 0.424 0.548 0.424
% error in bulk samples+ 0.110 0.230 0.230 0.250

Ry

*Y = a+bC, where C is concentration.
+Six replicate samples.
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The effects of various substances that often accompany in various phar-
maceutical formulations were studied. None of them -interfered in proposed
methods (A-D) even when added in excess fold than anticipated in formulations.

In order to confirm the utility of the proposed-methods, they were applied to
the estimation of CTZ in various creams and pewders and the results are presented
in Table-2. The rsults obtained by the proposed and UV reference (R)' methods
for the formulations were compared statistically*> by means of F- and t-tests and
were found not to differ significantly. As an additional check of accuracy of
proposed methods, recovery experiments were performed by adding a fixed
amount of the CTZ to the preanalysed formulation gnd the results are also
summarized in Table-2. The results indicate that the proposed procedures do not
differ significantly from reference method.

Chemistry of coloured species

In methods A, B and C, the formation of the coloured complex is based on
the basic nature of the drug (CTZ), which under specified experimental conditions
forms ion-association complexes with certain acidic dyes (Tp000, SV 3B or
WEFB) which are extractable into chloroform. The stoichiometric ratio of CTZ to
Tp000, SV 3B or WFB was determined with the slope ratio method** and found
to be 1: 1. The quantitative measure of the effect of complexation on acid-base
equilibrium is most likely to be interpretable in terms of electronic, steric and
other effects of complexing. The drug CTZ (1 mole) and the oppositely charged
form of the dye (1 mole) behave as a single unit, being held together by
electrostatic attraction.

In method D, the drug (CTZ) forms a coordination complex with CTC reagent.
The coloured complex formed between the drug and CTC was quantitatively
extractable into nitrobenzene from the aqueous phase and it was observed that
CTZ, cobalt and thiocyanate were in the ratioof 2:1: 4.

Conclusions

The order of A, values among the proposed (A-D), reported (RP) and a
reference method (R) in the determination of CTZ is: method D > method C >
Method B > Method A > RP > R. The higher A, of the proposed methods is a
decisive advantage since the interference from the associated ingredients should
be far less at these higher wavelengths. The sensitivity order of the methods is
method A > method B > method C > method D > RP.

The proposed methods are simple, selective and sensitive for the determination
of CTZ and provide a wide choice depending upon the needs of the specific
situation.
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