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Abstract

Background: Clotrimazole is used to treat topical vaginal yeast infections. Vaginal gelatin film formulations of
clotrimazole were prepared, and the present study aims to develop an HPLC method for quantifying clotrimazole in
the film formulation.

Results: The chromatographic separation of components was achieved on a Phenomenex Luna C18(2) (150 × 4.6
mm, 5 μm) stationary phase with Phenomenex Security Guard Cartridge C18 (4 × 3 mm) using acetonitrile and
water (70:30% v/v) as mobile phase. The flow rate was 1.0 ml/min and the absorbance was monitored at 210 nm.
Clotrimazole was eluted at 5.6 min. The procedures and capabilities of the method were evaluated against the
criteria for system suitability, specificity, linearity, precision, accuracy, and robustness as defined by the ICH
guidelines. The method showed good linearity (R2 = 0.999) in the range of 10–50 μg/ml and an average recovery of
101.05%.

Conclusion: The method could be applied for the quantification of clotrimazole in the gelatin film formulation.
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Background
Clotrimazole, an imidazole derivative (Fig. 1), is a broad-
spectrum antifungal. It inhibits the biosynthesis of ergos-
terol, a component of the fungal cell membrane, and this
affects the permeability of the cell membrane, which re-
sults in leakage and loss of essential intracellular com-
pounds and finally causes cell lysis [1].
Clotrimazole is used to treat vaginal and skin yeast or

fungal infections, rashes, oral thrush, athlete’s foot, jock
itch, ringworm, etc. This is administered orally or ap-
plied topically. It is commonly available in various dos-
age forms, such as a cream, vaginal tablet, or throat
lozenge. Topically, clotrimazole is used for vulvovaginal
candidiasis. Tablets and creams are inserted into the va-
gina. Clotrimazole gelatin films have been developed for
vaginal application in our laboratory.

Few methods have been reported for the determin-
ation of clotrimazole individually or in combination in
different formulations. These include HPLC [2–7], cen-
trifugal partition chromatography [8], HPTLC [9], and
spectrophotometry [10–12] for the quantification of clo-
trimazole. According to a survey of analytical literature,
none of the reported methods describes a simple HPLC
method for estimation of clotrimazole in gelatin film for-
mulation. Furthermore, buffers were used in the mobile
phase of reported HPLC methods. Thus, there was a
need for a validated simple HPLC method to determine
clotrimazole in gelatin film formulation without any pre-
treatment to sample.

Methods
Chemicals
Clotrimazole was obtained from Glenmark Laboratories
Ltd, Mumbai, India. HPLC-grade acetonitrile LiChro-
solv, water LiChrosolv, and methanol were procured
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from Merk Pvt. Ltd., Mumbai. Gelatin and sodium lauryl
sulfate were procured from S D Fine-Chem Ltd, Mum-
bai. Gelatin films (3% w/w of clotrimazole) were pre-
pared in the laboratory.

Instruments
The Younglin Acme 9000 HPLC system consisting
of the components, 4 Channel Vacuum Degasser and
Mixer SDV50A, Gradient Pump SP930D, Rheodyne
Injector, Phenomenex Luna C18(2) (150 × 4.6 mm,
5 μm) column with Phenomenex security guard
cartridge C18 (4 × 3 mm), and UV–VIS Detector
UV730D, was used. The equipment was controlled
by PC installed with the Younglin Autochro 3000
Chromatograph data system software. Shimadzu UV-
Vis Spectrophotometer 1800, Shimadzu Electronic
balance AY220, Borosil All Glass Filter with Nylon
6,6 membrane 0.45 μm 47 mm filters, and Phenom-
enex RC membrane 0.45 μm 15 mm syringe filters
were used.

Preparation of standard solution
Ten milligrams of clotrimazole was weighed and
transferred into 10 ml volumetric flask. 5 ml of the
methanol was added to clotrimazole and sonicated for
10 min; the volume was made up to the mark with

methanol (flask A). An aliquot of 5 ml from flask A
was transferred into 50 ml volumetric flask, and the
volume was made up of the mark with methanol
(flask B) to obtain a solution of clotrimazole (100 μg/
ml).

Preparation of sample solution
Film equivalent to 10mg of clotrimazole (332 mg) was
taken in a 50ml volumetric flask and dissolved in 40 ml
of 1% sodium lauryl sulfate (SLS) solution with stirring
at 50 °C. The volume was made up to the mark with
SLS solution (flask C). An aliquot of 1 ml from flask C
was transferred into a 10 ml volumetric flask and a mo-
bile phase was added up to the mark to obtain a sample
solution (flask D).

Selection of UV wavelength
A solution of clotrimazole in the mobile phase (10 μg/
ml) was scanned in the range of 200–400 nm in a UV-
VIS spectrophotometer, and λmax was selected from the
UV spectrum.

Method development and optimization
To achieve satisfactory separation of clotrimazole,
solvents of different proportions were tried as binary
eluents on the C18 column. However, ACN achieve

Fig. 1 Clotrimazole
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good satisfactory results. The optimized chromatogram
and optimized conditions are decided on the basis of
system suitability parameters.

Chromatographic conditions
The chromatographic separation of components was
achieved on a Phenomenex Luna C18(2) (150 × 4.6 mm,
5 μm) stationary phase with Phenomenex Security Guard
Cartridge C18 (4 × 3mm) using acetonitrile and water
(70:30% v/v) as mobile phase. The flow rate was 1.0 ml/
min and the absorbance was monitored at 210 nm. The
volume of the sample was 20 μl.

Method validation
The method has been evaluated for system suitability,
specificity, linearity, precision, accuracy, robustness, and
stability of solution as per ICH guideline Q2(R1) [13].

System suitability
System suitability parameters (capacity factor, tailing fac-
tor, number of theoretical plates, and resolution of peak)
were assessed by injecting a blank mobile phase followed
by clotrimazole solution (20 μg/ml).

Specificity
The specificity of the method has been established by
comparing the chromatograms obtained by injecting
blank (mobile phase), solution of clotrimazole (20 μg/
ml), and sample solution of clotrimazole gelatin film.
The effect of excipients used in film was checked. The
parameters retention time, tailing factor, and resolution
were calculated in order to prove that the method
chosen was specific.

Precision
Precision was assessed by injecting six samples of clotri-
mazole solution (20 μg/ml) on the same day (repeatabil-
ity) and a different day (intermediate precision). The
precision of the method was investigated as %RSD of the
response.

Linearity
Ten, 20, 30, 40, and 50 μg/ml of clotrimazole solutions
were prepared by diluting the solution from flask B with
mobile phase. Solutions were filtered through 0.45 μm
syringe filter and injected in an HPLC system to meas-
ure the peak area. The calibration curve (peak area v/s
concentration) was plotted. The correlation coefficient
of the calibration curve was determined to ensure the
linearity of the analytical method.

Accuracy
Recovery studies were conducted by the standard
addition (spiking) technique to the matrix of gelatin film.

In this method, 80, 100, and 120% of three different
levels of pure drug (1.6, 2, and 2.4 ml from flask B) were
added to the previously analyzed sample solution (0.5 ml
from flask C) in the 10 ml volumetric flask and diluted
to 10 ml with mobile phase. Solutions were filtered
through 0.45 μm syringe filter and injected in an HPLC
system to measure the peak area. Accuracy was evalu-
ated as recovery values of the clotrimazole.

Robustness
Deliberate minute variations in the chromatographic
conditions such as flow rate (±0.1 ml/min), aceto-
nitrile ratio in the mobile phase (± 2%) have been
made. After each change, assay results were checked
by injecting the clotrimazole solution (20 μg/ml) into
the chromatographic system and the results were
compared with those under the original chromato-
graphic conditions.

Solution stability
The stability of the clotrimazole solution (20 μg/ml)
was assessed over 24 h at room temperature. The
peak area and retention time were evaluated after
injecting clotrimazole solution (20 μg/ml) into the sys-
tem after every 8 h.

Analysis of clotrimazole film
Sample solution (flask D) was filtered through 0.45 μm
syringe filter and injected in an HPLC system to meas-
ure the peak area.

Results
Method development
Two hundred ten nanometers was selected as the wave-
length of determination from the UV spectrum of clotri-
mazole (Fig. 2).
Clotrimazole was eluted at 5.6 min. Figure 3 illustrates

a typical chromatogram obtained at optimum
conditions.

Method validation
System suitability
After setting the optimum conditions, system suitabil-
ity parameters for the method are determined and
compared with recommended limits. The clotrimazole
was repeatedly eluted at 5.6 min, tailing factor for
peak less than 2 indicating good peak symmetry, and
a number of theoretical plates always greater than
2000 ensure good column efficacy. Results are repre-
sented in Table 1.

Specificity
The clotrimazole was eluted at 5.6 min in both a chro-
matogram of standard clotrimazole (Fig. 3) and
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Fig. 2 UV spectrum of clotrimazole

Fig. 3 Chromatogram of clotrimazole (20 μg/ml)
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clotrimazole gelatin film (Fig. 4). The clotrimazole peak
in film is properly resolved from another excipient’s
peak and shows no interference from the excipients of
the film (Fig. 5).

Linearity and range
The analytical calibration curve is linear in the range of
10–50 μg/ml and indicates the closeness of the correl-
ation coefficient (R2) to 1 (0.999). The linear regression
equation is y = 149.91x − 36.7. (Figs. 6 and 7, Table 2).

Precision
Repeatability and intermediate precision have been
expressed by the relative standard deviation of peak area
response (Table 3). The results ensure the high precision
of the method where data was expressed in %RSD (ac-
ceptance limit %RSD < 2).

Accuracy
Accuracy was assessed by spiking of a known quantity of
clotrimazole to the film sample solution of 3 concentra-
tion levels (80, 100, and 120%) and expressed as percent
recovery by the assay of a known added amount of clo-
trimazole in the film sample. Results for recoveries are
shown in Table 4.

Robustness
No significant changes were noticed on 20 μg/ml of clo-
trimazole assay results upon applying small variations to
the chromatographic conditions, flow rate, or mobile
phase ratio. Results for robustness are presented in
Table 5.

Solution stability
Clotrimazole solution was stable for 24 h at room
temperature. The stability results have been assessed
for the difference from zero-time injections, where no
change in the peak areas was observed (Table 6).

Analysis of clotrimazole gelatin film
The developed and validated method was applied for the
determination of clotrimazole in gelatin film. The result
of the assay of the film is shown in Table 7. Gelatin film
contains 2.94% of clotrimazole.

Table 1 System suitability results

Parameter Criteria Clotrimazole

Capacity factor (k′) k′ > 2 4.2

Tailing factor (T) T < 2 1.1

Theoretical plates (N) N > 2000 10,545

Resolution factor (Rs) Rs > 2 11

Fig. 4 Chromatogram of clotrimazole gelatin film
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Discussion
Method development
Optimization studies are carried out to develop the
HPLC method for the determination of clotrimazole. In
this case, the mobile phase parameter was investigated.
The optimum parameters are selected based on the re-
tention time and peak shape.
Two hundred ten nanometers is selected as the wave-

length of determination because of the maximum ab-
sorption of the analyte. Also, the baseline obtained with
this wavelength was horizontal. Similarly reported by
Rajameena [4], clotrimazole was detected at 254 nm in

some reported methods; however, we observed no UV
absorption above 250 nm (Fig. 2).
Acetonitrile is commonly used as an organic solvent

for the determination of clotrimazole in the reported
methods. In addition to that, it has the ability to produce
a better peak shape compared to methanol. Therefore,
acetonitrile is selected as an organic solvent. Different
isocratic profiles were explored by increasing the aceto-
nitrile ratio to obtain a retention time less than 10 min
as well as the peak symmetry. In this study, the aceto-
nitrile ratio was increased, because it caused a shorter
retention time. In addition, acetonitrile has higher

Fig. 5 Overlay of chromatograms of std clotrimazole (blue) and clotrimazole film (red)
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elution strength, which improves the peak shapes. The
flow rate of 1.0 ml/min is chosen as the flow rate of the
method. The injection volume was 20 μl, and the experi-
ment was carried out at 25 °C. Clotrimazole was shown
good retention on the C18 column. Early trials of higher
organic proportion in the mobile phase retain clotrima-
zole on the C18 column.

Method validation
The system suitability parameters, capacity factor, tailing
factor, theoretical plates, and resolution factor are within

the recommended limits, so the method is suitable for
the analysis.
Demonstration of the discrimination of the analyte in

the presence of impurities and/or excipients is involved
in the specificity. There is no interference from the ex-
cipients of the film to the clotrimazole peak. Hence, the
method is specificity.
The method is linear (R2 = 0.999), precise (%RSD <

2), accurate (100–101.66%), and robust (%RSD < 2).
Analysis of clotrimazole gelatin film is done by this
method.

Fig. 6 Overlay of chromatograms of 10, 20, 30, 40, and 50 μg/ml of clotrimazole
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Fig. 7 Calibration curve of area vs concentration in μg/ml

Table 2 Linearity of response for clotrimazole

Concentration (μg/ml) Peak area

10 1496

20 2956

30 4419

40 5925

50 7507

Table 3 Precision result as the peak area of clotrimazole (20 μg/
ml)

Sample Peak area (intra-day) Peak area (inter-day)

1 2956 3030

2 2980 3000

3 3004 2994

4 3020 3015

5 2990 3012

6 2998 2960

STD DEV 21.93 24.02

%RSD 0.733 0.800

Table 4 Result of accuracy study (recovery result)

Level
(%)

Spiked amount (μg/
ml)

Found amount (μg/
ml)

Recovery
(%)

80 16 16.0 100.00

100 20 20.3 101.50

120 24 24.4 101.66

Table 5 Result of robustness study

Parameter Amount found (μg/ml) Recovery (%)

Flow rate ml/min

0.9 19.8 99.0

1.0 19.8 99.0

1.1 19.7 98.5

%RSD 0.29

Acetonitrile:water

68:32 19.4 97.0

70:30 19.8 99.0

72:28 19.7 98.5

%RSD 1.06
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Conclusion
The developed HPLC method is simple, accurate, and
precise. The results of the statistical analysis demon-
strate that the values of the validation parameters are
acceptable, and therefore, the method is suitable for
the quantitative determination of clotrimazole in gel-
atin film formulation. Additionally, the method does
not involve any pre-procedure such as extraction.
Similar methods could be developed for the estima-
tion of active ingredients in the gelatin film formula-
tions. Validated HPLC methods are required in the
drug development process and pharmaceutical
industry.
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Table 6 Result of solution stability

Time (h) Area

0 3022

8 3016

16 3009

24 2998

Table 7 Analysis of clotrimazole gelatin

Claimed amount (μg/ml) Found amount (μg/ml) Recovery (%)

20 19.6 98
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