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ABSTRACT

The study focuses on the development and validation of a dual-wavelength UV spectrophotometric method

designed to estimate ketoconazole in topical formulations containing its cocrystal with 4-hydroxybenzoic acid.
The aim was to eliminate potential interference from the coformer during analysis. Methods: Cocrystals were
prepared using the solvent evaporation technique. A dual-wavelength method employing 241 nm and 249 nm
was optimized to selectively quantify ketoconazole in the presence of its coformer. Validation was performed
according to ICH guidelines, assessing parameters such as linearity, accuracy, precision, specificity, robustness,
and ruggedness. The method’s practical applicability was tested in in vitro release studies using a Franz
diffusion cell system and an optimized receptor medium. Results: The method demonstrated excellent
linearity across a range of 20-140 pg/mL with a correlation coefficient 0.9909. Good recovery and results with a
relative standard deviation of less than 2% were achieved, indicating high accuracy and precision. The selected
wavelengths enabled successful discrimination of ketoconazole from coformer interference. Application to
diffusion studies further confirmed the method’s suitability for evaluating drug release from the formulation.
Conclusion: This validated UV spectrophotometric method offers a straightforward, reliable, and interference-
free approach for estimating ketoconazole in cocrystal-based topical systems. It is especially suitable for in vitro
release studies where conventional methods may face challenges due to spectral overlap.
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INTRODUCTION acid as the coformer?2.

Approximately 60-70% of molecules in newly
identified drug candidates belong to BCS Classes II
and IV, both of which are characterised by poor

Cyclic ether (C-0)
of Ketoconazole

solubility.! Ketoconazole (KTZ), an imidazole-based

antifungal agent, is commonly administered via oral

. . . . . Hydroxyl group (O-H I
or topical routes and is available in multiple dosage e -t
acid

forms. It is a BCS Class II drug with poor aqueous
solubility and exerts its antifungal action by Figure 1: Interaction between KTZ and 4-Hydroxy benzoic acid
inhibiting ergosterol synthesis. To improve the

The resulting cocrystals were prepared using the

solubility of ketoconazole, a cocrystallisation solvent evaporation method and subsequently

strategy was employed using 4-hydroxybenzoic
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incorporated into a topical formulation.
For quality assessment of the crystallised

formulation, it is essential to accurately estimate the
amount of ketoconazole for both assay and drug
release studies. However, a major challenge arose
due to spectral interference—the coformer 4-
hydroxybenzoic acid exhibits absorbance at or near
the Amax of ketoconazole during UV
spectrophotometric analysis.

To overcome this issue, a modified analytical
technique was required. The dual-wavelength
spectrophotometric method was chosen, as it allows
for the selective quantification of a component
within a mixture by measuring the absorbance
difference at two carefully selected wavelengths.
This method effectively minimises interference from
overlapping spectra, making it particularly suitable
for analysing complex mixtures such as the
ketoconazole—4-hydroxybenzoic acid cocrystals.
Therefore, the dual-wavelength method provided a
practical and accurate solution to this analytical

challenge.®
The developed method met the acceptance criteria

after validation by ICH guidelines.” This technique
relies on measuring the difference in absorbance
between two selected wavelengths on the mixture's
spectrum to differentiate the component of interest
from interfering substances.’ In the dual-wavelength
method, the absorbance difference is directly
proportional to the concentration of the analyte,
regardless of the presence of interfering

components.1?

This approach requires selecting two wavelengths at
which the analyte exhibits a significant difference in
absorbance, while the interfering substance shows
equal absorbance (i.e., the absorbance difference
equals 0).1,'> This eliminates the contribution of the
interfering substance, allowing for the accurate
quantification of the analyte.'?,!3 The principle
assumes that in a mixture of two substances, one acts
as the analyte of interest and the other as the

interfering compound, and the roles may be

Wani.et.al

reversed depending on the analytical target.

The method is particularly useful for analysing
complex mixtures, as it allows the evaluation of the
component of interest based solely on the
absorbance difference between the selected
wavelengths.'® This absorbance difference remains
directly proportional to the analyte's concentration,
ensuring specificity and reliability of the analysis

despite spectral overlap.

A precise and validated analytical method is
essential for conducting in vitro release testing
(IVRT), as it ensures the reliability and consistency of
the results obtained. It enables the accurate
determination of the amount of active drug released
into the receptor medium over time, which is crucial
for generating meaningful release profiles. This
becomes particularly important when assessing
different formulations or ensuring uniformity across
production batches. In formulations containing
additional components, such as coformers in
pharmaceutical cocrystals, analytical specificity is
necessary to avoid interference during drug
estimation. Methods like dual-wavelength UV
spectrophotometry are advantageous in such cases,
as they help isolate the drug's signal from
overlapping substances. Additionally, using a
validated method aligns with regulatory
expectations, addressing parameters such as
accuracy, precision, and robustness. Overall, the
analytical techniqueis a cornerstone of IVRT studies,
contributing to data accuracy, reproducibility, and

proper evaluation of drug release characteristics.

I. MATERIAL AND METHODS:

2.1 Instrument:
The Instrument used was a double-beam

spectrophotometer that was UV-visible (model UV-
1800), made by SHIMADZU, equipped with two
identical quartz cells measuring one centimetre. The
Shimadzu analytical balance (Model AU-220) was

used for all weight measurements.
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2.2 Chemicals and Reagents:
Ketoconazole (KTZ) sample was kindly provided

by Galentic Pharma Ltd, Mumbai. All other
ingredients, such as solvents, buffer components,
and 4-hydroxybenzoic acid, were purchased from
Loba Chemie, India. Double-distilled water was
used throughout the research.

II. EXPERIMENTAL

3.1 Selection of Solvent for Analysis:
As the objective was to develop an analytical

method for the in vitro release study (IVRT) of
ketoconazole, the solvent system was chosen in
alignment with the selected IVRT media. The
selection was based on the drug's solubility profile
in different ratios of aqueous and organic solvents to
ensure optimal conditions for accurate release

measurement.

Using the same solvent system for both the receptor
medium and the analytical method offers several
advantages in diffusion studies. Most importantly,
it eliminates the need for additional sample
processing, such as solvent exchange or dilution,
which can introduce variability or loss of analyte.
This ensures consistency and compatibility between
the medium in which the drug diffuses and the
medium used for its quantification, leading to more
accurate and reproducible results. Additionally, it
simplifies method validation and reduces potential
interferences during UV or other
spectrophotometric analyses, as both the receptor
medium and analytical solvent share the same

baseline characteristics.

Solubility of the drug in different receptor media:
Therefore, the selection of the receptor medium was
based on an assessment of Ketoconazole's solubility
in various receptor media, striking a balance to

ensure optimal conditions for the diffusion study.

Wani.et.al

Table 1: Composition of different receptor media for the solubility

of Ketoconazole
Sr. No. Receptor media Receptor media
components
1 Water

2 Plain phosphate buffer pH 7.4, pH 6.8
PBS: MeOH (5:5)
Phosphate Buffer Saline (pH PBS: MeOH (6:4)
3 7.4): Methanol ratios PBS: MeOH (7:3)
PBS: MeOH (8:2)
PBS: MeOH (9:1)
PBS: MeOH (5:5)
Phosphate Buffer Saline (pH PBS: MeOH (6:4)
4 6.8): Methanol ratios PBS: MeOH (7:3)
PBS: MeOH (8:2)
PBS: MeOH (9:1)

3.2 Selection of Wavelength for Estimation of
Ketoconazole in IVRT Studies:

The absorbance spectra of 4HBA and KTZ (each at
10e pg/ml) were recorded in the range of
200-400e0 nm using a Shimadzu UV-1800
spectrophotometer. The resulting spectra were
overlaid to identify suitable wavelengths for the
dual wavelength method based on their spectral
characteristics. At 241 nm and 249 nm, the co-former
4HBA exhibited the same absorbance. Based on the
dual wavelength method, 241 nm and 249 nm were
chosen as the two wavelengths for the KTZ as that
the co-former (4HBA) showed no absorbance. The
difference in absorbance (AA) between these two
wavelengths was used to determine the presence of

ketoconazole.

3.3 METHOD VALIDATION:
The proposed methods were validated as per ICH

guidelines.
3.3.1Linearity

Preparation of stock solution: 25 mg of the drug was
dissolved in a 25 ml volumetric flask, and the
volume was made up using PBS 6.8: Methanol (7:3)
to produce a 1000 ppm solution. 2.5 ml of the 1000
ppm solution was diluted to 25 ml using Methanol

to produce a 100 ppm (stock solution).
Calibration curve: A series of dilutions was

prepared from 20-140 ppm. The graph of the

difference in absorbance at selected wavelengths vs.
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concentration was plotted, and the value of R? was
determined from the graph. Three sets of calibration

curves were performed.

3.3.2 Accuracy: An 80 ppm standard (Solution A)
was prepared. Accuracy was assessed at 64, 80, and
96 ppm (Solutions B-D). In three 10 mL flasks, 1 mL
of Solution A was combined with Solutions B, C, and
D, then diluted to volume. Two additional sets were
prepared. Absorbance was measured, and mean

recovery, SD, and %RSD were calculated.

Repeatability: An intermediate concentration was
chosen, and the solution's absorbance was
measured six times at the same concentration to
ensure repeatability. The mean, standard deviation,
and percentage R.S.D. of the absorbance values
were determined. The concentration of the solution

taken for absorbance measurement was 80 ug/mL.

Intraday Precision: From the stock solution, three
concentrations were prepared, and two sets were
created in the same way. At two-hour intervals, the
absorbance of each concentration set was measured
concurrently. The standard deviation, mean, and
percentage R.S.D. were determined for these

measurements.

Interday precision: Two sets were created in the
same way using three concentrations that were
prepared from the stock solution. Over three days,
the absorbance of each set's concentration was
measured concurrently. The mean, standard
deviation, and percentage R.S.D. were calculated

for these measurements.

3.3.4 Robustness: A slight modification +/-Inm
was done while taking the absorbance of any one
concentration to both wavelengths. % RSD was

calculated.

3.3.5 Ruggedness: The absorbance of each
concentration was measured using different
instruments. The same procedure was repeated for

another five sets of the same concentration.
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Figure 2: Graphical representation of IVRT media selection

4.2 Selection of Wavelength:

The overlap observed in the overlay spectra
suggests that the dual-wavelength method was
suitable for estimating ketoconazole in a topical
dosage forms containing cocrystalised
ketoconazole. Based on the principle of the dual-
wavelength method, 241 nm and 249 nm were
selected as the wavelengths for a drug, ensuring that
the difference in absorbance is zero for the coformer
(4HBA). Figure 3 indicates, coformer has equal
absorbance at 241nm and 249 nm, where the
differences in absorbance(dA) were measured for

the determination of Ketoconazole. This way,
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Figure: 3 Overlay spectra of KTZ and 4HBA in PBS: Methanol (7:3)
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4.3 Method Validation
4.3.1 Calibration Curve of Ketoconazole:

Beer's law was found to be obeyed in the
concentration range of 20-140 pg/ml for PBS 6.8 :
Methanol (7:3) The graph in Figure represents the
calibration curve of Ketoconazole in PBS: Methanol
(7:3). The slope and regression coefficient are given
in the Figure 4. Figure 4 represents the calibration
curve of KTZ on the selected wavelength for the

dual wavelength method.
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standard deviation of 0.34 %, indicating good

reproducibility under varied conditions.

4.3.5 Ruggedness: The ruggedness of the method
for ketoconazole analysis demonstrated a relative
standard deviation of 0.47%, indicating good
reproducibility under varied conditions of
wavelength and instrument. The results of all the
parameters are summarized in Table 2

Table 2: Summary of validation parameters

Calibration Curve
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Figure 4: Calibration curve on the selected wavelengths
for the dual-wavelength method
43.2 Accuracy: The recovery percentages of
ketoconazole at three levels were found to be
98.24%, 101.73%, and 97.55% suggesting that the
method is accurate in recovering ketoconazole from
the samples. Standard deviations of less than two
indicate that the method is precise, with low

variability in the measurements.

43.3 Precision: The repeatability of the method
showed a relative standard deviation (%RSD) of
0.44%, indicating high consistency in results. The
intra-day precision demonstrated %RSD values
ranging from 0.58% to 1.02%, while the inter-day
precision exhibited %RSD values between 0.20%
and 0.78%, confirming the method’s reliability over

time.

434 Robustness: The Robustness of the method

for ketoconazole analysis demonstrated a relative

PARAMETERS RESULTS
Linearity R® =0.9909
Accuracy

80% 1.29 % RSD

100% 1.20 % RSD

120% 0.68% RSD

Repeatability 0.45% RSD
Intraday Precision

64 ug/ml 0.58 % RSD

80 ug /ml 0.70 % RSD

96 pg /ml 1.02% RSD
Intraday Precision

64 mcg/ml 0.20% RSD

80 mcg/ml 0.78 % RSD

96 mcg/ml 0.26 % RSD

LOD 29.21ug/ml

LOQ 88.54ug/ml

Robustness 0.34 % RSD

Ruggedness 0.47% RSD

4.3 In-vitro Drug Diffusion: In vitro drug diffusion
studies were conducted to measure the rate and
extent of compound transport across the
membrane. The % cumulative release of
ketoconazole from the cocrystal formulation and
marketed formulation was calculated using the
developed and validated dual-wavelength method.
The % cumulative release of Cocrystal was found to
be 26
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Figure 5: In-vitro release study Comparison Graph

IV. Conclusion

A UV spectrophotometric method based on dual-
wavelength analysis was successfully designed and
validated for determining ketoconazole in a topical
formulation comprising its cocrystals with 4-
hydroxybenzoic acid. The method demonstrated
good performance in terms of precision, accuracy,
specificity, and robustness, efficiently minimising
interference from the coformer. Its application in in
vitro release testing confirmed its suitability for
monitoring the diffusion of ketoconazole through a
dialysis membrane using a carefully selected
receptor medium. This method offers a reliable,
economical, and reproducible analytical tool for
evaluating drug release from cocrystal-based
formulations. Furthermore, it presents the potential
to be adapted for other cocrystal systems, especially
in cases where coformers may interfere with
conventional UV analysis, thereby broadening its
utility in pharmaceutical research and

development.
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