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Abstract: The objective of the proposed investigation is the
development and validation of a green stability-indicating
reverse-phase high-performance thin-layer chromatographic
method to determine croconazole hydrochloride (CCZ). The
developing system used was an 80:20 v/v mixture of acetone
and water. The measurement of CCZ was done at 198 nm.
With the use of the Analytical Eco-Scale (AES), ChlorTox,
and Analytical GREEnness (AGREE) tools, greenness was eval-
uated. The linearity was demonstrated by the present method
in the 25–1,200 ng/band range. The present approach was
additionally reliable, accurate, sensitive, precise, and green.
An exceptional greenness profile was demonstrated by the
AES, total ChlorTox, and AGREE scales, which were deter-
mined to be 89, 1.08 g, and 0.82, respectively. The green-
ness metrics of the present method were much better
than the reported high-performance liquid chromato-
graphy approach. Under acid and oxidative degradation
circumstances, CCZ was shown to be unstable, while
under alkaline and thermal-stress settings, it was suffi-
ciently stable. Furthermore, the stability-indicating com-
ponent determined by analytical method identified CCZ in
the presence of its degradation products. Commercial CCZ
cream was found to contain 0.98% w/w of CCZ. The investiga-
tion’s results suggested that CCZ in commercially available

creams might be regularly examined with the help of the
recommended green technology.

Keywords: croconazole hydrochloride, RP-HPTLC, green-
ness assessment, stability, validation

1 Introduction

Fungal infections, such as candidiasis and dermatophytosis,
are on the rise and are prevalent issues in dermatology [1].
A class of closely related fungi known as dermatophytes are
capable of invading human and animal keratinized tissues,
such as skin, hair, and nails, and causing dangerous infections
[2]. Numerous peptides produced by certain animals or syn-
thetic chemicals have antifungal properties that effectively
inhibit the growth of filamentous fungus and yeast [3–5].
Synthetic imidazole derivative croconazole hydrochloride
(CCZ) has demonstrated strong topical antifungal activity
against yeasts (Candida albicans) and dermatophytes, the
organisms that cause Tinea pedis infections [6]. In vitro, it
exhibits broad-spectrum action against a range of fungus
species [7]. It has been demonstrated to be more effective
against C. albicans than clotrimazole, but less effective than
miconazole and econazole [8]. Themolecular structure of CCZ
is depicted in Figure 1 [8,9]. It is commercially available in the
form of cream and marketed by the trade name of Pilzcin by
Merz and Co. (Frankfurt, Germany) [9–11]. Commercial
Pilzcin cream is used to treat T. pedis infection [12]. The inclu-
sion of CCZ in commercial cream formulations is common,
thus it is important to standardize and measure its contents.

A comprehensive review of the literature found that
there are scarcity of analytical methods for determining
the content of CCZ in pharmaceutical dosage forms and
biological materials. The determination of CCZ concentra-
tion in its pure or bulk form is limited to the use of a solitary
high-performance liquid chromatography (HPLC) method in
conjunction with parabens such as methyl, ethyl, n-propyl,
iso-butyl, and n-butyl [13]. But there is nothing in the litera-
ture about using green high-performance thin-layer chro-
matography (HPTLC) analytical methods to find CCZ in
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biological or pharmaceutical products. Furthermore, the cur-
rent HPTLCmethod is greener compared to the reported HPLC
method, which is an advantage of the current method from the
separation science viewpoint. When it comes to drug analysis,
green HPTLC methods provide a number of advantages over
traditional HPLC approaches [14,15]. Pharmaceuticals and
pharmaceutical products are currently the subject of green
analysis using HPTLC techniques [16,17].

Reducing the adverse impact of toxic eluents on the envir-
onment by utilizing environmentally acceptable alternatives is
one of the 12 tenets of green analytical chemistry (GAC) [18]. An
analysis of the literature showed that over the preceding dec-
ades, the usage of greener or more environmentally friendly
solvents had enhanced to a greater extent [19–21]. To evaluate
the eco-friendliness and greenness of analytical procedures, a
variety of green analytical tools are available [22–30]. The
Analytical Eco-Scale (AES) [25], ChlorTox [29], and Analytical
GREEnness (AGREE) [30] tools were utilized in the current
study to predict the greenness aspects of the suggested CCZ
analysis technique. Based on the above information and obser-
vations, the proposed investigation attempts to establish and
verify a green reversed-phase HPTLC approach for CCZ quan-
tification in marketed creams. The protocol of “The Interna-
tional Council for Harmonization (ICH)-Q2-R2” [31] was used
to verify the present HPTLC approach for CCZ analysis.

2 Materials and methods

2.1 Materials

The reference CCZ (purity: 99% by HPLC) was obtained from
Shionogi & Co. Ltd. (Tokyo, Japan). The LC-grade green solvents,
such as acetone, ethanol, and ethyl acetate, were acquired from

E-Merck (Darmstadt, Germany). With the help of a Milli-Q®

(Milli-Q, Lyon, France) device, ultra-pure water was produced.
The commercial CCZ cream (containing 1.0% w/w of CCZ) was
obtained from pharmaceutical stores in Karachi, Pakistan. The
remaining chemicals/reagents used were of AR grade.

2.2 Chromatography procedures and
analysis

CCZ in commercial cream formulation was quantified using
the HPTLC system (CAMAG, Muttenz, Switzerland). Using an
Automatic TLC Sampler 4 (ATS4) Applicator (CAMAG, Geneva,
Switzerland), the solutions were identified as bands mea-
suring 6mm. The stationary phase employed to elute CCZ
was RP-60F254S TLC plates (E-Merck, Darmstadt, Germany).
Microliter Syringe (Hamilton, Bonaduz, Switzerland) was put
into the sample applicator. About 150 nL·s−1 was the fixed
application rate for every measurement. The TLC plates
were positioned 8 cm apart inside an automated development
chamber 2 (CAMAG, Muttenz, Switzerland). The developing
system used an 80:20 v/v binarymixture of acetone andwater.
For 30min at 22°C, the development chamber was filled to
capacity with fumes of the proposed developing system. The
detection of CCZ was done at 198 nm. The scanning speed of
20mm·s−1 was maintained in conjunction with the set slit
dimensions of 4 × 0.45 mm2. We used either three or six repli-
cations for every analysis. The results and data were processed
using the program WinCAT’s (CAMAG, Muttenz, Switzerland).

2.3 Calibration curve of CCZ

About 10 mg of CCZ was dissolved in 100mL of the devel-
oping system (acetone/water, 80:20 v/v) to yield a concen-
tration of 100 µg·mL−1, which was taken as the CCZ stock
solution. This stock solution was diluted several times to
provide CCZ concentrations between 25 and 1,200 ng/band.
About 10 µL of each CCZ solution was spotted on TLC plates,
and the required peak area was noted. The CCZ calibration
curve was plotted against the measured peak area as a
function of CCZ concentrations. For each one of these trials
and answers, there were six replications (n = 6).

2.4 Sample preparation for CCZ
determination in commercial cream
formulation

An accurately measured 1.5 g of a commercial cream for-
mulation was transferred to a separating funnel. The

Figure 1: Molecular structure of CCZ (Source: https://www.chemicalbook.
com/ChemicalProductProperty_EN_CB0841566.htm?N=Europe).
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creamwas then mixed with 75 mL of the developing system
(acetone/water, 80:20 v/v) and shaken for approximately
30min at 25°C. With the use of a rotary vacuum evaporator,
the resultant mixture was mixed and dried under reduced
pressure. The residues obtained were reconstituted with
10mL of developing system. This procedure was carried
out in triplicates (n = 3). The CCZ contents of the resulting
cream formulation samples were assessed using the current
analysis method.

2.5 Validation assessment

The ICH-Q2-R2 protocols [31] were used to validate the cur-
rent CCZ analysis method for a number of parameters, as
explained subsequently.

2.5.1 System suitability

To predict the system’s applicability for the suggested CCZ
analysis technique, estimates of the retardation factor (Rf),
peak asymmetry factor (As), and theoretical plates number
per meter (N·m−1) were required. Their published formulae
were used to generate the data of “Rf, As, and N·m−1” [21].

2.5.2 Linearity

The acquired peak area was plotted against CCZ concentra-
tions to assess the linearity of CCZ. The linearity of the CCZ
analytical method was obtained over the range from 25 to
1,200 ng/band using six repetitions (n = 6).

2.5.3 Accuracy

In terms of percentage recoveries, the accuracy of the pre-
sent CCZ analytical approach was evaluated using the
spiking technology [31]. The concentrations of 50%, 100%,
and 150% CCZ were added to the previously quantified CCZ
concentration (300 ng/band) to provide the following amounts
of CCZ: 450 ng/band for low quality control, 600 ng/band for
middle quality control (MQC), and 750 ng/band for high quality
control. Accuracy was evaluated for each CCZ quality control
(QC) solution. Six repetitions (n = 6) were used to derive the
percentage recovery at every level of QC.

2.5.4 Precision

The precision of the current CCZ analytical method was
assessed at two different levels, i.e., inter-day (intermediate)

precision and repeatability (intra-day precision). On the
same day, newly generated CCZ samples could be assessed
at predefined QC levels. Consequently, the CCZ intra-assay
precision or repeatability may be ascertained. To assess the
CCZ inter-batch variation, evaluation of freshly generated
CCZ samples at previously mentioned QC samples was con-
ducted for 3 days [31]. There were six replicates (n = 6)
included in the evaluation of both precisions. As a percen-
tage of relative standard deviation (% RSD), the precisions
were provided.

2.5.5 Robustness

To assess the robustness of the analytical approaches, sev-
eral intentional modifications can be made to the content
of the relevant developing system. The robustness of the
current analysis method was ascertained by making small,
purposeful modifications to the developing system’s com-
position during CCZ analysis. The initial acetone/water
(80:20 v/v) developing system was modified to acetone/
water (82:18 v/v) and acetone/water (78:22 v/v) for this pur-
pose. At each set of conditions, the necessary alterations in
peak area (quantitative parameter) and Rf (separation
parameter) values were recorded [31].

2.5.6 Sensitivity

The suggested CCZ analytical technique’s sensitivity was
determined by utilizing the standard deviation metho-
dology to compute the limit of detection (LOD) and limit
of quantification (LOQ) [31]. Using the suggestedmethodology,
six replicates (n = 6) of the blank solution (without CCZ) were
assessed, and the standard deviation was calculated. Then,
utilizing the established techniques and their standard equa-
tions, the CCZ LOD and LOQ were derived [31,32].

2.5.7 Specificity

To assess the method’s specificity for CCZ analysis, the Rf
data and UV-absorption spectrum of reference CCZ and
CCZ in commercial cream formulation were compared
with each other.

2.6 Forced degradation studies

No chromatograms were recorded before chromatographic
development. Studies on forced degradation used four stress
conditions: acid (HCl), base (NaOH), oxidative (H2O2), and
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thermal degradation conditions [31,33]. Using the developing
system, a fresh CCZ MQC sample (600 ng/band) was created
for every deterioration evaluation. Acid and base hydrolysis
was performed by mixing 1mL of MQC solution with 4mL
of either 1M HCl or 1M NaOH. Alkaline hydrolysis solutions
and acid solutions were diluted using the developing system.
These samples were subjected to 48 h of refluxing at 60°C
before being assessed for CCZ degradation using the present
analysis technique [31].

Using the developing system, a new CCZ MQC sample
was made for oxidative degradation conditions. Next, 4mL of
30% H2O2 was added to 1mL of this solution to oxidize it. The
developing system efficiently diluted this mixture. The CCZ
degradation of this combination was assessed using the cur-
rent analysis method [31] following 48 h of refluxing it at 60°C.

The CCZ MQC sample was heated to 60°C for 48 h in a hot
air oven after it had been suitably diluted using the developing
system. This resulted in the thermal hydrolysis of the MQC
(600 ng/band) solution. Then, the present analysis approach
was applied to evaluate CCZ thermal deterioration [31].

2.7 CCZ analysis in marketed cream
formulation using the current assay

The commercial cream formulation solutions were spotted
onto reverse-phase TLC plates for the current investiga-
tion. To determine CCZ, three peak area measurements
were taken using the same experimental setup as for a
typical CCZ. The current analysis method was used to eval-
uate the amount of CCZ in pharmaceutical cream formula-
tion by CCZ calibration plot.

2.8 Greenness evaluation

Three distinct tools were used in this work to derive the
greenness scale of the current analytical approach: the
AGREE [30], ChlorTox [29], and AES [25]. AES is a semi-
quantitative approach that considers waste, instruments,
and every step of the analytical process. Reagent usage,
energy consumption, and waste are all anticipated to be
negligible or absent in materials with an optimum analysis
of 100 points. If any of these guidelines are broken, penalty
points are given and subtracted from the total of 100 [25].
The ChlorTox scale was determined with the help of Eq. 1
as per the ChlorTox approach [29]:

= × mChlorTox
CH

CH

sub

CHCl

sub

3

(1)

where CHsub represents the substance of interest’s che-
mical risks, CHCHCl3

represents the chemical hazards of
standard chloroform, and msub indicates the mass of the
substance of interest needed for a single analysis. Using the
safety data sheet (SDS) from Sigma Aldrich (St. Louis, MO,
USA) and the weighted hazards number (WHN) model, the
values of CHsub and CHCHCl3

were determined [29]. Eq. 2 was
used to get CHsub values for the substance of interest, such
as acetone, acetonitrile, and methanol, using the WHN
model and SDS from Sigma Aldrich:

( ) ( ) ( )

( )

= × + × + ×
+ ×

N N N

N

CH 1 0.75 0.5

0.25

sub cat1 cat2 cat3

cat4

(2)

where the toxicity numbers for the 1, 2, 3, and 4 categories are
denoted, respectively, by the letters Ncat1, Ncat2, Ncat3, and Ncat4.

For acetone, Ncat1 = 0, Ncat2 = 2, Ncat3 = 1, and Ncat4 = 0
were derived from SDS of Sigma Aldrich.

Hence for acetone, ( ) ( )= × + × +CH 1 0 0.75 2sub

( ) ( )× + × =0.5 1 0.25 0 2.

For substance acetonitrile, Ncat1 = 0, Ncat2 = 2, Ncat3 = 0,
and Ncat4 = 3 were derived from SDS of Sigma Aldrich.

Hence for acetonitrile, ( ) ( )= × + × +CH 1 0 0.75 2sub

( ) ( )× + × =0.5 0 0.25 3 2.25.

For substance methanol, Ncat1 = 1, Ncat2 = 1, Ncat3 = 3,
and Ncat4 = 0 were derived from SDS of Sigma Aldrich.

Hence for methanol, ( ) ( )= × + × +CH 1 1 0.75 1sub

( ) ( )× + × =0.5 3 0.25 0 3.25.

For standard chloroform, Ncat1 = 1, Ncat2 = 4, Ncat3 = 3,
and Ncat4 = 1 were derived from SDS of Sigma Aldrich.

Hence for standard chloroform, ( )= × +CH 1 1CHCl3

( ) ( ) ( )× + × + × =0.75 4 0.5 3 0.25 1 5.75.

Section 3 includes the msub data required for a single
analysis. Ultimately, the ChlorTox levels were determined
utilizing Eq. 1.

The AGREE score of the suggested CCZ analysis tech-
nique was evaluated by the AGREE-approach [30]. The
“AGREE: The Analytical Greenness Calculator (version
0.5, Gdansk University of Technology, Gdansk, Poland,
2020)” was utilized to derive the AGREE scores for the
current analysis approach. Based on 12 different GAC com-
ponents, the values varied from 0.0 to 1.0.

3 Results and discussion

3.1 Development and optimization of HPTLC
procedure

Based on previous research, HPTLC plates precoated with
silica gel 60F254 on an aluminum backing were selected and
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employed as the stationary phase for the development and
optimization of a green HPTLC method for the determina-
tion of CCZ in its commercial cream formulation [34–36].
Various pure green solvents such as ethanol, acetone, ethyl
acetate, and water were evaluated for the optimization of
Rf value and peak shape of CCZ. Subsequently, a variety of
binary combinations in varying proportions, such as ethanol/
water, acetone/water, ethanol/ethyl acetate, and acetone/ethyl
acetate, were evaluated based on the preliminary results
using pure green solvents. The use of high-volatile organic
solvents such as chloroform, methanol, or acetonitrile is
usually recommended as the developing system for HPTLC
analysis. The use of these volatile solvents results in identi-
fying and quantifying the drugs/pharmaceuticals efficiently.
These solvents are highly toxic and hazardous to the environ-
ment. The use of green organic solvents including water to
reduce the harmful effects of hazardous solvents on the
environment is emphasized in one of the 12 principles of
GAC [18]. Ethanol, water, acetone, and ethyl acetate are the
solvents under examination; they are categorized as green
solvents because they pose no environmental harm [37,38].

Because, water is the greenest solvent, it was utilized in com-
bination with different green organic solvents in order to
reduce the environmental toxicity of the present analytical
method. In addition, the studied analyte CCZ is very soluble in
water [8], which could be the additional advantage of using
water in combination with green organic solvents. We did not
study the influence of pH on drug analysis. As a result, the
drug pka value and pH of the developing system were not
mentioned in the trials of the developing system. In HPTLC
analysis, the developing system is used for the development
of TLC plates. After the development of plates, the solvents
are completely evaporated. During analysis, there is no use of
developing system. Therefore, all these physicochemical fac-
tors are not important for the analysis of drugs using HPTLC
technique. As a result, we did not consider these factors.

Every single developing system was developed within
a saturation chamber. The forced-degradation samples,
reference CCZ samples, and commercial cream formulation
based on the best-developing systems are all represented by
a typical TLC image in Figure 2. Table 1 summarizes the com-
ponents of several developing systems as well as the measured

Figure 2: The TLC image for reference CCZ, commercial cream, and forced-degradation samples were derived utilizing the developing system
acetone/water (80:20 v/v) for the proposed analysis method.

Table 1: CCZ measured parameters and composition of developing systems for the current analysis method (mean ± SD; n = 3)

Developing system As N·m−1 Rf

Ethanol/water (50:50 v/v) 1.32 ± 0.05 2,874 ± 2.64 0.58 ± 0.05
Ethanol/water (80:20 v/v) 1.28 ± 0.04 2,914 ± 2.77 0.56 ± 0.04
Acetone/water (50:50 v/v) 1.21 ± 0.05 3,814 ± 2.87 0.50 ± 0.02
Acetone/water (80:20 v/v) 1.12 ± 0.03 4,612 ± 2.96 0.46 ± 0.01
Ethanol/ethyl acetate (50:50 v/v) 1.38 ± 0.06 1,814 ± 1.58 0.72 ± 0.04
Ethanol/ethyl acetate (80:20 v/v) 1.41 ± 0.07 1,782 ± 1.52 0.74 ± 0.05
Acetone/ethyl acetate (50:50 v/v) 1.43 ± 0.08 2,124 ± 1.84 0.77 ± 0.06
Acetone/ethyl acetate (80:20 v/v) 1.45 ± 0.09 2,041 ± 1.77 0.79 ± 0.07

Rf: retardation factor; As: peak asymmetry factor; N·m−1: theoretical plates number per meter.
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chromatographic characteristics. When various combinations,
such as ethanol/water (50:50 v/v), ethanol/water (80:20 v/v),
ethanol/ethyl acetate (50:50 v/v), ethanol/ethyl acetate (80:20 v/v),
acetone/ethyl acetate (50:50 v/v), and acetone/ethyl acetate
(80:20 v/v), were studied, inconsistent CCZ peaks with larger
As (As = 1.28–1.45) and low N·m−1 (N·m−1 = 1,782–2,914) were
recorded.

When the combinations of acetone/water (50:50 v/v)
and acetone/water (80:20 v/v) were explored, it was observed
that narrow As (As = 1.12–1.21) and higher N·m−1 (N·m−1 =

3,814–4,612) improved the CCZ chromatographic signals (Table 1).
The chromatogram of blank sample is presented in Figure 3a,
which showed no peak of CCZ. The most unique system among
all of these combinations was the green acetone/water (80:20v/v)
developing system, which displayed a continuous and uninter-
rupted CCZ signal at Rf = 0.46 ± 0.01 (Figure 3b). Additionally, it
was discovered that CCZ had an As value of 1.12, which is
suitable for CCZ analysis. Therefore, the most environmentally
friendly development system for the current CCZ analysis
method has been determined to be acetone/water (80:20 v/v).
The absorbance mode was used to record the CCZ spectral
bands in the range of 190–400nm in order to select the optimal
wavelengths. It was found that the greatest chromatographic
response was detected at 198 nm. Consequently, the optimal
wavelength for the full CCZ investigation was determined to
be 198 nm.

3.2 Validation assessment

As described below, the ICH-Q2-R2 procedures [31] were
utilized to assess numerous validation metrics for CCZ
analysis:

3.2.1 System suitability

For the current analysis approach, the system suitability
parameters were calculated using their standard equa-
tions. “Rf, As, and N·m−1” were calculated for the CCZ study
utilizing the current analytical approach, and the results
showed that they were 0.46 ± 0.01, 1.12 ± 0.03, and 4,612 ±

2.96, respectively. These specifications worked well for CCZ
detection.

3.2.2 Linearity

The outcomes of the linear regression analysis for the CCZ
calibration curve utilizing the suggested analytical tech-
nique are shown in Table 2. It was observed that the CCZ
calibration plot for the suggested analysis method was linear
over the concentration range of 25–1,200 ng/band. The corre-
lation coefficient (R) and determination coefficient (R2) for the

Figure 3: Typical chromatograms of (a) blank, (b) reference CCZ, and (c) commercial cream formulation for the proposed analysis method.
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CCZ under the current analysis approach were 0.9995 and
0.9991, respectively. Furthermore, the slope and calibration
curves’ standard deviations and standard error values were
excessively low in relation to their mean values. In addition,
the 95% confidence interval values for slope and intercept
were within the narrow range. These findings demonstrated
a significant correlation between the CCZ concentrations and
the observed peak area. These results proved that the current
CCZ analysis method is linear.

3.2.3 Accuracy

The accuracy of the current CCZ analysis method was
obtained by applying the spiking approach that is covered

in the experimental section. The data obtained from the %
recovery utilizing the current analytical approach are shown
in Table 3. The percentage recoveries of CCZ at three distinct
QC levels ranged from 100.72% to 101.87%, according to the
research done using the current methodology. The high per-
centage of recoveries showed that the existing analysis method
could measure CCZ with accuracy.

3.2.4 Precision

The CCZ analysis precision for two degrees of precision is
expressed as %RSD. The resulting data of both precisions
for the suggested CCZ analysis approach are displayed in
Table 4. It was discovered that the suggested analysis
approach’s intra-day precision RSD of CCZ ranged from
0.83% to 0.92%. It was found that the current analytical
method’s inter-day precision has an RSD of CCZ ranging
from 0.87% to 0.98%. The obtained outcomes demonstrated
that the suggested analysis methodology can precisely
identify the CCZ.

3.2.5 Robustness

The percentage of the green developing system was purpo-
sefully changed in order to determine how robust the
existing CCZ analysis method is. Table 5 presents the
results of the robustness measurement for the current ana-
lytical methodology. According to calculations, the current
analysis method’s CCZ %RSD falls between 0.99% and
1.02%. The present analysis approach yielded CCZ Rf values
ranging from 0.45 to 0.47. These findings proved that the
CCZ analysis method currently in use is robust.

3.2.6 Sensitivity

To find out how sensitive the current CCZ analytical method
is, the “LOD and LOQ” were computed. CCZ “LOD and LOQ”
computed using the current analytical method are listed in

Table 2: Linear regression data of CCZ for the proposed analysis
approach (mean ± SD; n = 6)

Parameters Data

Linearity range (ng/band) 25–1,200
Regressed equation y = 18.027x + 314.11
R2 0.9991
R 0.9995
Slope ± SD 18.027 ± 0.84
Intercept ± SD 314.1 ± 1.76
Standard error of slope 0.34
Standard error of intercept 0.71
95% confidence interval of slope 16.55–19.50
95% confidence interval of intercept 311.01–317.20
LOD ± SD (ng/band) 1.62 ± 0.05
LOQ ± SD (ng/band) 4.87 ± 0.15

Table 3: Accuracy results of CCZ for the proposed analysis approach
(mean ± SD; n = 6)

Conc.
(ng/band)

Conc. found (ng/band)
± SD

Recovery (%) RSD (%)

450 453.24 ± 4.87 100.72 1.07
600 611.23 ± 5.76 101.87 0.94
750 763.45 ± 6.89 101.79 0.90

Table 4: Precision results of CCZ for the proposed analysis method (mean ± SD; n = 6)

Conc. (ng/band) Intra-day precision Inter-day precision

Conc. (ng/band) ± SD SE RSD (%) Conc. (ng/band) ± SD SE RSD (%)

450 447.81 ± 4.12 1.68 0.92 456.23 ± 4.48 1.82 0.98
600 605.58 ± 5.22 2.13 0.86 591.41 ± 5.49 2.24 0.92
750 741.25 ± 6.21 2.53 0.83 756.33 ± 6.61 2.69 0.87
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Table 2. CCZ “LOD and LOQ” are 1.62 ± 0.05 and 4.87 ± 0.15 ng/
band, respectively, according to the data in Table 2. The out-
comes demonstrated the sensitivity of the existing CCZ ana-
lysis technique.

3.2.7 Specificity

The specificity of the current CCZ analytical method was
assessed by comparing the Rf data and UV-absorption spec-
trum of CCZ in commercial cream formulation to that of
reference CCZ. Figure 4 shows the overlaid UV-absorption
spectrum of the commercial cream formulation and stan-
dard CCZ.

By comparing the spectra at the peak start (S), peak apex
(M), and peak end (E) positions of the spots, the peak purity of
standard CCZ and CCZ in commercial cream formulation was
assessed [39,40]. The homogeneity of the peaks was shown by
the estimated values of r (S,M) and r (M,E) of the commercial
cream formulation and standard CCZ, which were found to
be greater than 0.99 [39–41]. The standard and commercial
cream formulations had identical UV absorption spectra. The
greatest chromatography signal was seen for CCZ in both
reference and commercial cream formulations at awavelength
of 198 nm. Additionally, the Rf values of the commercial cream

formulation and the standard CCZ were identical. Overall, the
standard and commercial cream formulations had the same
wavelengths, Rf measurements, and UV-absorption spectra.
These findings demonstrated the existing CCZ analysis
method’s specificity.

3.3 Forced degradation studies

Using four distinct stress conditions, the suggested CCZ
analytical technique’s forced degradation was investigated.
The findings of forced-degradation investigations are shown
in Table 6 and Figure 5. It was observed that CCZ remained at
82.07%, while 17.93% was decomposed under acid hydrolysis
stress conditions (Table 6). Consequently, it was shown that
under acid hydrolysis conditions, CCZ was unstable. Chroma-
tographic peaks 1, 3, and 4 in Figure 5a reflect the peaks of
degradation compounds, which were divided using Rf values
of 0.07, 0.59, and 0.67, respectively. Under acid hydrolysis, the
Rf value for CCZ stayed at 0.46. Since no breakdown products
were detected under base hydrolysis conditions, it was con-
cluded that CCZ demonstrated exceptional stability under
alkaline hydrolysis. It was discovered that under base hydro-
lysis stress settings (Table 6 and Figure 5b), the CCZ Rf value

Table 5: Results of CCZ robustness for the current analysis method (mean ± SD; n = 6)

Conc. (ng/band) Developing system (acetone/water) Results

Original Used Level Conc. (ng/band) ± SD RSD (%) Rf

82:18 +2.0 584.94 ± 5.84 0.99 0.45
600 80:20 80:20 0.0 593.61 ± 5.98 1.00 0.46

78:22 −2.0 603.65 ± 6.21 1.02 0.47

Figure 4: UV-absorption spectra of standard CCZ and commercial cream formulation.
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was not shifted (Rf = 0.46). CCZ stayed at 82.79% under oxida-
tive degradation conditions, and following stress setting,
17.21% broke down (Table 6 and Figure 5c). Consequently, it
was shown that CCZ was unstable in oxidative environments.
The breakdown product signals, represented by chromato-
graphic peaks 1 and 3 in Figure 5c, were separated by Rf
values of 0.07 and 0.65, respectively. Under oxidative degra-
dation, the Rf value for CCZ was slightly moved (Rf = 0.45).
Conversely, it was discovered that under thermal deteriora-
tion circumstances, no degradation products were observed,
indicating that CCZ demonstrated exceptional stability under
thermal hydrolysis. Under thermal hydrolysis stress settings
(Table 6 and Figure 5d), it was observed that the CCZ Rf value
was not shifted (Rf = 0.46). The purpose of forced-degradation
studies was to evaluate the selectivity and stability-indicating
features of the present analytical method. Using the suggested
CCZ analysis methodology, the highest CCZ breakdown was
observed under acid degradation test. Based on the current

research approach, all of these data revealed that CCZ might
be detected in the presence of its degradation products. These
observations and data confirmed the suggested technique’s
selectivity and stability-indicating capabilities.

3.4 CCZ analysis in marketed cream
formulation using the current assay

The proposed analysis approach was used to determine
CCZ in pharmaceutical creams instead of classic HPLC pro-
cedures. The CCZ was extracted from creams using the
proposed developing system, i.e., acetone/water (80:20 v/v).
After reconstitution of cream with the proposed developing
system, the CCZ contents were analyzed using the present
method. The chromatogram of the commercial cream for-
mulation of CCZ was confirmed by contrasting the TLC spot
at Rf = 0.46 ± 0.01 for CCZ with reference CCZ utilizing the

Table 6: Results of forced-degradation studies of CCZ for the current analysis method under varied stress conditions (mean ± SD; n = 3)

Stress condition Degradation products (Rf) CCZ Rf CCZ remained (ng/band) CCZ recovered (%)

1 M HCl 3 (0.07, 0.59, 0.67) 0.46 492.42 82.07 ± 2.52
1 M NaOH 0 0.46 600.00 100.00 ± 0.00
30% H2O2 2 (0.07, 0.65) 0.45 497.82 82.79 ± 2.57
Thermal 0 0.46 600.00 100.00 ± 0.00

Figure 5: Representative CCZ chromatograms taken under the following conditions: (a) acidic, (b) basic, (c) oxidative, and (d) thermal stress
degradation.
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present analysis approach. When analyzed with the current
analysis method, the chromatograms of CCZ in commercial
cream formulation were identical to the reference CCZ. The
absence of excipient peaks in the formulation of commercial
creams suggested that there was no interaction between the
CCZ and the components in the creams (Figure 3c). Using the
CCZ calibration curve, the amount of CCZ in commercial
cream formulation was determined. Using the current ana-
lysis method, the amount of CCZ in commercial cream for-
mulation was determined to be 0.98 ± 0.02% w/w (label claim
1.0% w/w). These results demonstrated that the current ana-
lytical method was reliable for the pharmaceutical analysis
of CCZ.

3.5 Greenness evaluation

Numerous methods for assessing the greenness of drug
analysis methods have been developed, including green
analysis [22–30]. In this article, the greenness of the sug-
gested CCZ analytical assay was obtained by three different
methods: AES [25], ChlorTox [29], and AGREE [30] tools. The
AES scales with penalty points for the current analysis
method in comparison to the reported HPLC method are
displayed in Table 7. The AES score for the current analysis

approach, which came out to be 89, displayed an extremely
good greenness profile. The literature HPLC approach’s
AES score was 65, according to the findings of Akhtar
et al. [13]. The AES analysis demonstrated that the present
analytical strategy was substantially more environmentally
friendly than the previously described HPLC method [13].

Together with a comparison to the published HPLC
method, Table 8 shows the data of the overall ChlorTox
score and the particular greener solvent ChlorTox score
for the current analysis method. The total ChlorTox score
for the current analysis approach was expected to be 1.08 g,
which makes it safer and better for the environment [29].
Reported HPLCmethodwas expected to have a total ChlorTox
scale of 3.66 g, suggesting that the published HPLC method
was both unsafe and less green [13]. The proposed analysis
method is safer and greener over the reported HPLC method
[13], according to the ChlorTox data.

Because it considers all 12 GAC principles, AGREE is the
most widely used quantitative method for evaluating green-
ness [30]. An AGREE score of 0.75 or above suggested out-
standing greenness, 0.75 but greater than 0.50 indicated
adequate greenness, and 0.50 or lower indicated insufficient
greenness, according to the reports [30]. Using the 12 GAC
principles, Figure 6 presents a summary of the recorded total
AGREE scale. The overall AGREE scale for the current HPTLC
approach was found to be 0.82. The AGREE results demon-
strated the existing analysis method’s outstanding green

Table 7: Current analysis method’s AES with penalty points compared to
the reported HPLC method

Reagents/instruments/waste Penalty points

HPLC [13] Present HPTLC

Acetone — 8
Water — 0
Methanol 18 —

Acetonitrile 12 —

KH2PO4 (0.05 M) 0 —

Instruments 0 0
Waste 5 3
Total penalty points 35 11
AES scale 65 89

Table 8: Findings from the ChlorTox scales for the current analysis method in comparison to reported HPLC technique for the relative risks associated
with chloroform (CHsub/CHCHCl3

), which were computed using the WHN model

Stage Solvent/reagent Relative hazard (CHsub/CHCHCl3
) msub (mg) ChlorTox (g) Total ChlorTox (g) Ref.

Sample preparation Acetone 0.34 1,600 0.54 1.08 Present HPTLC
HPTLC analysis Acetone 0.34 1,600 0.54
Sample preparation Methanol 0.56 792 0.44 3.66 [13]
HPLC analysis Acetonitrile 0.39 8,253 3.22

Figure 6: The scale of AGREE for the present CCZ analysis technique.
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features once more. When compared to the existing HPLC
methodology, the new analysis method for CCZ evaluation
in commercial cream formulation demonstrated an excellent
greenness profile based on the evaluation of all greenness
tools [13].

4 Conclusions

For the quantitative analysis of CCZ in the commercial
cream formulation, a green reverse-phase HPTLC method
was created and verified. It was discovered that the current
CCZ analytical approach for CCZ estimate is simple, accurate,
sensitive, selective, stability-indicating, and green. As evi-
denced by the results of the AES and ChlorTox analyses, the
present analysis method has significantly greener properties
over the reported HPLCmethod for CCZ determination. It was
demonstrated that CCZ was unstable in the presence of acid
and oxidative stress, but that it was relatively stable in the
presence of basic and thermal degradation conditions. The
present analysis approach was selective and stability-indi-
cating, as evidenced by its ability to measure CCZ in the pre-
sence of its degradation products. Moreover, it proved to be
an effective tool for quantifying CCZ in commercial cream
formulation. Overall, it has been found that compared to
the previously reported HPLC approach, the present analysis
approach is safer and greener. When CCZ is present in phar-
maceutical dosage forms, the current analysis approach may
be utilized to perform a quantitative study of the compound.
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