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Abstract: In the literature, greener/eco-friendly analytical techniques for simultaneous estimation of
chlorzoxazone (CZN) and paracetamol (PCT) are scarce. As a consequence, greener reverse-phase
high-performance thin-layer chromatography with ultraviolet (HPTLC-UV) detection was developed
and validated for simultaneous estimation of CZN and PCT in commercial capsules and tablets.
The greenness of the proposed HPTLC-UV technique was assessed quantitatively by utilizing the
“Analytical GREENness (AGREE)” methodology. For simultaneous estimation of CZN and PCT, the
greener HPTLC-UV technique was linear in the 40–1600 ng band−1 and 30–1600 ng band−1 ranges,
respectively. Furthermore, the suggested HPTLC-UV methodology proved sensitive, accurate, precise,
and robust for simultaneous detection of CZN and PCT. The assay of CZN in marketed capsules and
tablets was found to be 99.01 ± 1.53 and 100.87 ± 1.61%, respectively, using the suggested HPTLC-UV
method. The assay of PCT in commercial capsules and tablets was found to be 98.31 ± 1.38 and
101.21 ± 1.67%, respectively. The AGREE index for the greener HPTLC-UV technique was found
to be 0.79, suggesting an excellent greenness profile for the proposed HPTLC-UV technique. These
results and data suggested the suitability of the greener HPTLC-UV methodology for simultaneous
estimation of CZN and PCT in commercial formulations.

Keywords: chlorzoxazone; greener HPTLC; paracetamol; simultaneous detection; validation

1. Introduction

Combined dosage forms are widely used due to their tolerability, synergistic effects,
and patient’s acceptability [1]. Paracetamol (PCT) (chemical name: 4-hydroxyacetanilide;
molecular structure: Figure 1A) is a commonly used nonsteroidal anti-inflammatory, an-
tipyretic, and analgesic drug [2,3]. It is marketed in the form of several dosage forms [3].
Chlorzoxazone (CZN) (chemical name: 5-chloro-2-benzoxazolinone; molecular structure:
Figure 1B) is used as a muscle relaxant [4,5]. The combination of PCT and CZN (tablets
and capsules) is commonly used as a muscle relaxant [1,4]. Although PCT has been recom-
mended as the safest anti-inflammatory medicine, gastrointestinal bleeding, hypertension,
and hepatotoxicity are common hazardous/toxic effects of PCT in higher doses [6]. The
common overdose/hazardous effects of CZN are nausea vomiting, diarrhea, drowsiness,
and dizziness [7]. Therefore, it is crucial to conduct a qualitative and quantitative investiga-
tion of PCT and CZN in commercialized dosage forms.

A literature survey demonstrated several analytical methods for simultaneous detec-
tion of CZN and PCT in marketed dosage forms and biological samples. For simultaneous
detection of CZN and PCT in combined dosage forms, several ultraviolet (UV)-based spec-
trometry methods have been reported [1,8–12]. For simultaneous detection of CZN and
PCT in various commercially available combined pharmaceutical preparations, a number
of “high-performance liquid chromatography (HPLC)” methods are also reported [13–20].
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Ultra-high-performance liquid chromatography (UHPLC) and supercritical fluid chro-
matography methods have also been utilized for simultaneous detection of CZN and
PCT in commercially available combined dosage forms [21,22]. UHPLC and liquid chro-
matography tandem mass-spectrometry methods have also been used for simultaneous
detection of CZN and PCT in human plasma samples [23,24]. For simultaneous detection
of CZN and PCT in various commercially available combined pharmaceutical preparations,
various “high-performance thin-layer chromatography (HPTLC)” approaches have also
been used [25–28]. A capillary liquid chromatography technique has also been applied
for concurrent detection of CZN and PCT in commercialized tablets [29]. Recently, we
reported a single greener HPTLC method for simultaneous detection of caffeine and PCT
in combined dosage forms [30]. However, no greener HPTLC methods have been reported
for simultaneous detection of CZN and PCT in combined pharmaceutical preparations.
Various analytical approaches have been recommended in published papers on simultane-
ous detection of CZN and PCT in combination dosage forms. Meanwhile, the greenness
index in any of the pharmaceutical assay literature has not been determined. Furthermore,
greener HPTLC methods have not been used for simultaneous detection of CZN and PCT
in combined dosage forms. For the determination of the greenness index, several quan-
titative and qualitative analytical approaches have been documented [31–35]. Only the
“Analytical GREENness (AGREE)” methodology takes all twelve green analytical chemistry
(GAC) components into account when calculating the greenness index [33]. As a result, the
greenness index of a suggested HPTLC-UV method has been determined using the AGREE
analytical approach [33].
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Figure 1. Molecular structures of (A) paracetamol (PCT) and (B) chlorzoxazone (CZN).

The goal of the current study was to design and validate a reverse-phase HPTLC-UV
approach for rapid, accurate, and environmentally friendly simultaneous detection of
CZN and PCT in combination dosage forms. The greener HPTLC-UV methodology for
simultaneous detection of CZN and PCT was verified using “The International Council for
Harmonization (ICH)” Q2-R1 protocols [36].

2. Materials and Methods
2.1. Materials

CZN and PCT working standards were procured from Sigma Aldrich (St. Louis,
MO, USA). HPLC-grade ethanol and methanol were procured from E-Merck (Darmstadt,
Germany). Ultra-pure water was procured using a Milli-Q unit. Marketed capsules
(Relaxon containing 250 mg of CZN and 300 mg of PCT) and marketed tablets (Myodol
having 250 mg of CZN and 325 mg of PCT) were purchased from pharmacy shops in Riyadh
(Saudi Arabia) and New Delhi (India), respectively. Every other substance, including
solvents, was of analytical grade.

2.2. Instrumentation and Chromatographic Analysis

Simultaneous detection of CZN and PCT in their pure forms, as well as in marketed
capsules and tablets, was carried out using an “HPTLC CAMAG TLC system (CAMAG,
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Muttenz, Switzerland)”. The obtained samples were applied as 6 mm bands using a
“CAMAG Automatic TLC Sampler 4 (ATS4) Sample Applicator (CAMAG, Geneva, Switzer-
land)”. A “CAMAG microliter Syringe (Hamilton, Bonaduz, Switzerland)” was connected
to the sample applicator. TLC plates were glass plates (plate size: 10 × 20 cm) pre-coated
with RP silica gel (particle size: 5 µm) 60F254S plates. A constant application rate of
150 nL s−1 was established for the simultaneous detection of CZN and PCT. The TLC plates
were prepared in a “CAMAG automated developing chamber 2 (ADC2) (CAMAG, Muttenz,
Switzerland)” in a linear ascending mode at an 80 mm distance. A binary ethanol/water
(70:30, v v−1) mixture was used as the mobile phase. The preparation chamber was filled
with the vapors of the mobile phase for 30 min at 22 ◦C. CZN and PCT were measured at a
wavelength of 268 nm. Scan speed was adjusted at 20 mm s−1, and the slit size was set to
4 × 0.45 mm2. For each measurement, either three or six replicates were used. “WinCAT’s
(version 1.4.3.6336, CAMAG, Muttenz, Switzerland)” was the program utilized for data
processing and analysis.

2.3. Calibration Curves and Quality Control (QC) Samples for CZN and PCT

The required quantities of CZN and PCT were dispensed separately in the desig-
nated volumes of the mobile phase to create individual stock solutions, each of which
contained 100 µg mL−1 of the drug. By serial dilution of the CZN or PCT stock solution
using the mobile phase, concentrations in the 40–1600 ng band−1 range for CZN and the
30–1600 ng band−1 range for PCT were produced. On RP-TLC plates, 200 µL of each con-
centration of CZN and PCT were spotted. Each CZN and PCT concentration’s spot area was
noted. By plotting the concentrations of both medications against the observed spot area in
six replicates (n = 6), calibration curves for CZN and PCT were created. Three distinct QC
samples were freshly created for the evaluation of several validation parameters.

2.4. Sample Preparations for Simultaneous Detection of CZN and PCT in Marketed Tablets
and Capsules

Ten marketed tablets (each having 250 mg of CZN and 325 mg of PCT) were taken,
and the average weight was noted. For the simultaneous detection of CZN and PCT in
commercial capsules, ten capsules (each having 250 mg of CZN and 300 mg of PCT) were
taken, and average weight was noted. The contents of the capsules were taken out from the
capsule shell. The contents of the tablets or capsules were powdered after being roughly
crushed. One hundred milliliters of methanol was used to dissolve a portion of the powder
from each brand. Ten milliliters of methanol was used to dilute around 1 mL of this solution
for each brand of tablet or capsule once more. To get rid of any undissolved excipients,
the produced tablets and capsule solutions were filtered and sonicated for ten minutes.
The produced solutions were utilized to detect CZN and PCT in the marketed tablets and
capsules using the suggested HPTLC-UV approach.

2.5. Validation Parameters

The proposed HPTLC-UV method for simultaneous detection of CZN and PCT was
validated for a number of parameters using the ICH-Q2-R1 protocols [36]. The linear-
ity range for CZN and PCT was established by plotting their concentrations versus the
measured spot areas. The linearity of the greener HPTLC-UV method was determined in
the 40–1600 ng band−1 range for CZN and the 30–1600 ng band−1 range for PCT in six
replicates (n = 6).

The determination of retardation factor (Rf), asymmetry factor (As), and theoretical
plates number per meter (N m−1) were used to assess the parameters for system accept-
ability for the suggested HPTLC-UV method for simultaneous detection of CZN and PCT.
Using their published equations, Rf, As, and N m−1 values were calculated [34].

The accuracy of the suggested HPTLC-UV approach for simultaneous detection of
CZN and PCT was evaluated using the percentage of recovery. For CZN and PCT, three
QC levels—lower QC (LQC; 100 ng band−1), middle QC (MQC; 400 ng band−1), and high
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QC (HQC; 1600 ng band−1)—were used to test the accuracy of the proposed HPTLC-UV
method. At each QC level, the percentage of recovery for CZN and PCT was evaluated
across six replicates (n = 6).

For CZN and PCT, the proposed HPTLC-UV method’s intra- and inter-assay precision
was assessed. Examining intra-assay variation for CZN and PCT involved quantifying
newly made CZN and PCT solutions at LQC, MQC, and HQC on the same day in six
replicates (n = 6). Inter-assay variability for CZN and PCT was examined using quantitation
of newly generated solutions at LQC, MQC, and HQC on three consecutive days in six
replicates (n = 6).

By making a few small, deliberate adjustments to the mobile phase mixture, the
robustness for CZN and PCT was assessed for the greener HPTLC-UV method. The
greener mobile phase for CZN and PCT, ethanol/water (70:30, v v−1), was changed to
ethanol/water (72:28, v v−1) and ethanol/water (68:32, v v−1), and the differences in
chromatographic response and Rf values were noted in six replicates (n = 6).

The sensitivity of the proposed HPTLC-UV methodology for CZN and PCT was
evaluated as “limit of detection (LOD) and limit of quantification (LOQ)” using a “standard
deviation” method. The “LOD and LOQ” values for CZN and PCT were determined using
their published equations (n = 6) [36].

To assess the specificity of the proposed HPTLC-UV method, the Rf values and UV-
absorption spectra of standard CZN and PCT were compared to those of CZN and PCT in
marketed tablets and capsules.

2.6. Application of a Greener HPTLC-UV Method in Simultaneous Detection of CZN and PCT in
Commercial Tablets and Capsules

The acquired marketed tablet and capsule solutions were spotted onto RP-TLC plates
for the HPTLC-UV technique, and the chromatographic responses were recorded using the
same experimental conditions used for the simultaneous detection of standards CZN and
PCT in three replicates (n = 3). Using the calibration curves for CZN and PCT, the amounts
of CZN and PCT in the marketed tablets and capsules were calculated.

2.7. Greenness Evaluation Using AGREE Methodology

The AGREE methodology [33] was used to determine the greenness index for the
greener HPTLC-UV method for simultaneous detection of CZN and PCT. In this method-
ology, different greenness scores (between 0.0 and 1.0) are assigned to twelve different
components of GAC, and the average of twelve is finally taken. Twelve different com-
ponents considered by the AGREE methodology are sample treatment, sample amount,
device positioning, steps for sample preparation, automation of device, derivatization,
amount of waste, analysis throughput, energy consumption, source of reagents/solvents,
toxicity, and operator’s safety [33]. AGREE indices (0.0–1.0) for the greener HPTLC-UV
method were assessed using “AGREE: The Analytical Greenness Calculator (version 0.5,
Gdansk University of Technology, Gdansk, Poland, 2020)”.

3. Results and Discussion
3.1. Method Development

Different ethanol/water concentrations between the ranges of 40 and 90% ethanol
were investigated as greener mobile mixtures for method development in order to create a
valid chromatogram for concurrent detection of CZN and PCT by the proposed HPTLC-
UV methodology. The development of all the suggested green mobile phase mixtures
took place under saturation chamber conditions. The outcomes revealed that the green
solvent mixture of ethanol and water (70:30, v v−1) produced well-separated and intact
chromatographic peaks for CZN at Rf = 0.54 ± 0.02 and for PCT at Rf = 0.67 ± 0.02, as
shown in Figure 2. In HPTLC chromatograms of CZN and PCT (Figure 2), the zero point
of the horizontal coordinate and the zero point of the vertical coordinate were coincided
together, which is very common in such chromatograms. Additionally, As values of 1.06
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and 1.04, which are particularly reliable for simultaneous detection of CZN and PCT,
were discovered for CZN and PCT. As a result, the ethanol/water (70:30, v v−1) ratio was
chosen as the final mobile phase composition for the proposed HPTLC-UV method for
simultaneous detection of CZN and PCT in commercial tablets and capsules. When the
spectral bands for CZN and PCT were recorded in densitometry mode, the maximum
response was found at a wavelength of 268 nm. As a consequence, the wavelength at which
CZN and PCT were simultaneously detected was 268 nm.
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chromatograms of standard CZN and PCT.

3.2. Validation Parameters

To evaluate a number of parameters for simultaneous detection of CZN and PCT, the
ICH-Q2-R1 protocol was employed [36]. The outcomes of the HPTLC-UV method’s linear
regression analysis of the CZN and PCT calibration curves are illustrated in Table 1. CZN
and PCT calibration curves were linear in the 40–1600 ng band−1 and 30–1600 ng band−1

ranges for CZN and PCT, respectively. In the HPTLC method of analysis, the samples
are applied in the form of bands. As a result, the most convenient unit for representing
concentration is ng band−1. Therefore, the concentrations of CZN and PCT are expressed
in ng band−1 in this study. CZN and PCT’s determination coefficients (R2) were predicted
to be 0.9990 and 0.9985, respectively. For both medications, the values of R2 were highly
significant (p < 0.05). These results revealed that for simultaneous detection of CZN and
PCT, there was a significant correlation between the concentration and measured response
of CZN and PCT.
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Table 1. Results for linearity evaluation for simultaneous detection of chlorzoxazone (CZN) and parac-
etamol (PCT) using the greener high-performance thin-layer chromatography ultraviolet (HPTLC-UV)
methodology (mean ± SD; n = 6).

Parameters CZN PCT

Linearity range (ng band−1) 40–1600 30–1600
R2 0.9990 0.9985

Slope ± SD 19.29 ± 0.56 18.73 ± 0.53
Intercept ± SD 294.32 ± 5.38 900.96 ± 9.87

Standard error of slope 0.22 0.21
Standard error of intercept 2.19 4.03

95% CI of slope 18.31–20.28 17.80–19.67
95% CI of intercept 284.86–303.77 883.61–918.30

LOD ± SD (ng band−1) 13.86 ± 0.21 10.21 ± 0.16
LOQ ± SD (ng band−1) 41.58 ± 0.63 30.63 ± 0.48

R2: determination coefficient; CI: confidence interval; LOD: limit of detection; LOQ: limit of quantification.

Table 2 documents the details of the system’s compatibility for the proposed HPTLC-
UV methodology. The Rf, As, and N m−1 for the proposed HPTLC-UV technique were
found to be satisfactory for simultaneous detection of CZN and PCT.

Table 2. The values of system suitability parameters for CZN and PCT for the HPTLC-UV methodol-
ogy (mean ± SD; n = 3).

Parameters CZN PCT

Rf 0.54 ± 0.02 0.67 ± 0.02
As 1.06 ± 0.03 1.04 ± 0.02

N m−1 5361 ± 6.12 5485 ± 6.28

Rf: retardation factor; As: asymmetry factor; N m−1: number of theoretical plates per meter.

The accuracy of the proposed HPTLC-UV approach was evaluated using the percent-
age of recovery for both CZN and PCT. Table 3 presents the accuracy evaluation findings
for the proposed HPTLC-UV methodology. The percentage recoveries of CZN and PCT at
three different QC concentrations were determined to be 98.68–101.42 and 98.69–100.96,
respectively, using the proposed HPTLC-UV technique. These findings demonstrated
that the proposed HPTLC-UV technique was reliable for simultaneous detection of CZN
and PCT.

Table 3. Determination of the accuracy of CZN and PCT for the HPTLC-UV methodology (mean ± SD;
n = 6).

Conc. (ng band−1) Conc. Found (ng band−1) ± SD Recovery (%) CV (%)

CZN

50 50.71 ± 0.54 101.42 1.06
400 404.64 ± 3.12 101.16 0.77

1600 1578.95 ± 9.94 98.68 0.62
PCT

50 50.48 ± 0.47 100.96 0.93
400 394.76 ± 1.92 98.69 0.48

1600 1585.83 ± 7.16 99.11 0.45
CV: coefficient of variance.

For simultaneous detection of CZN and PCT, the precision of the proposed HPTLC-
UV approach was assessed as intra- and inter-assay precision, with findings reported
as a percentage of the coefficient of variation (CV). The findings of intra- and inter-day
precisions for the simultaneous detection of CZN and PCT utilizing the proposed HPTLC-
UV approach are illustrated in Table 4. It was discovered that the percent CVs of CZN and
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PCT for intra-day variation were 0.49–0.90 and 0.64–0.97 percent, respectively. According
to research, the percent CVs of CZN and PCT for intra-day variation are 0.75–0.98 and
0.54–0.96 percent, respectively. These findings showed that the proposed HPTLC-UV
technique was precise for simultaneous detection of CZN and PCT.

Table 4. Determination of intra- and inter-day precision of CZN and PCT for the HPTLC-UV
methodology (mean ± SD; n = 6).

Conc.
(ng band−1)

Intra-Day Precision Inter-Day Precision

Conc.
(ng band−1) ± SD Standard Error CV (%) Conc.

(ng band−1) ± SD Standard Error CV (%)

CZN

50 49.39 ± 0.48 0.19 0.97 49.52 ± 0.49 0.20 0.98
400 392.34 ± 3.08 1.25 0.78 389.88 ± 3.14 1.28 0.80
1600 1581.41 ± 10.22 4.17 0.64 1610.23 ± 12.21 4.98 0.75

PCT

50 49.61 ± 0.45 0.18 0.90 50.66 ± 0.49 0.20 0.96
400 406.14 ± 2.14 0.87 0.52 392.87 ± 2.24 0.91 0.57
1600 1653.54 ± 8.12 3.31 0.49 1581.87 ± 8.55 3.49 0.54

CV: coefficient of variance.

The robustness of the proposed HPTLC-UV approach for concurrent detection of CZN
and PCT was assessed by making small, purposeful changes to the greener mobile phase
mixtures. Table 5 illustrates the resulting data of robustness analysis utilizing the proposed
HPTLC-UV method. It was established that percent CVs for CZN and PCT were 0.94–1.06
and 0.94–0.97 percent, respectively. Additionally, the Rf values of CZN and PCT were found
to be 0.53–0.55 and 0.66–0.68, respectively. These findings demonstrated the robustness of
the greener HPTLC-UV technique for simultaneous detection of CZN and PCT.

Table 5. Robustness evaluation of CZN and PCT for the HPTLC-UV methodology (mean ± SD;
n = 6).

Conc.
(ng band−1)

Mobile Phase Composition (Ethanol/Water) Results

Original Used (ng band−1) ± SD % CV Rf

CZN

72:28 +2.0 386.87 ± 3.68 0.95 0.53
400 70:30 70:30 0.0 395.41 ± 3.74 0.94 0.54

68:32 −2.0 404.64 ± 3.95 0.97 0.55
PCT

72:28 +2.0 387.84 ± 3.65 0.94 0.66
400 70:30 70:30 0.0 397.63 ± 3.86 0.97 0.67

68:32 −2.0 405.64 ± 4.30 1.06 0.68

CV: coefficient of variance; Rf: retardation factor.

In order to evaluate the sensitivity of the proposed HPTLC-UV methodology for
simultaneous detection of CZN and PCT, the “LOD and LOQ” were determined. Table 1
illustrates the computed data of “LOD and LOQ” for CZN and PCT using the proposed
HPTLC-UV approach. The “LOD and LOQ” for CZN were calculated to be 13.86 ± 0.21 and
41.58 ± 0.63 ng band−1, respectively, using the proposed HPTLC-UV methodology. The
“LOD and LOQ” for PCT were calculated to be 10.21 ± 0.16 and 30.63 ± 0.48 ng band−1,
respectively, using the proposed HPTLC-UV technique. The LOD values for CZN and
PCT were much lower than the lowest linearity concentration for both drugs. The linearity
range for CZN was 40–1600 ng band−1, and its LOD was 13.86 ng band−1, which was
much lower than the lowest linearity concentration of CZN. Similarly, the linearity range
for PCT was 30–1600 ng band−1, and its LOD was 10.21 ng band−1, which was also much
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lower than the lowest linearity concentration of PCT. However, the LOQ values for CZN
and PCT were slightly higher than the lowest linearity concentration for both drugs. The
LOQ is the amount of analyte which can be quantified by the proposed analytical method.
The LOQ value is always within the linearity range, which was achieved in the present
study [36]. Hence, both LOD and LOQ values for both drugs correlated well with the
linearity range. These results revealed that the greener HPTLC-UV method was sensitive
enough for simultaneous detection and quantification of CZN and PCT.

The Rf values and overlaid UV-absorption spectra of CZN and PCT in commercially
available tablets (Myodol) and capsules (Relaxon) were examined and compared with
that of standards CZN and PCT to determine the specificity of the proposed HPTLC-UV
method for simultaneous detection of CZN and PCT. The standards CZN and PCT as well
as CZN and PCT in commercially available tablets and capsules are shown in Figure 3
along with their overlapping UV-absorption spectra.
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Figure 3. Overlaid UV-absorption spectra of standard CZN and PCT and CZN and PCT in commercial
Relaxon capsules and commercial Myodol tablets.

The maximum densitometry response of CZN and PCT in standards, commercially
available tablets, and commercially available capsules was observed at a wavelength of
268 nm. The identical UV-absorption spectra, Rf values, and wavelengths of CZN and
PCT in standards and commercial tablets and capsules demonstrated the specificity of the
proposed HPTLC-UV approach for concurrent detection of CZN and PCT.

3.3. Application of the HPTLC-UV Method in Simutaneous Detection of CZN and PCT in
Marketed Tablets and Capsules

For simultaneous detection of CZN and PCT in their commercially available tablets
and capsules, the greener HPTLC-UV method has been proposed as an alternative to routine
liquid chromatography methods. The chromatograms of CZN and PCT from marketed
tablets and capsules were verified by comparing their TLC bands at Rf = 0.54 ± 0.02 for
CZN and Rf = 0.67 ± 0.02 for PCT with that of standards CZN and PCT using the proposed
HPTLC-UV method. Figure 4 illustrates the obtained densitograms of CZN and PCT in
marketed capsules Relaxon (Figure 4A) and tablets Myodol (Figure 4B), which revealed
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the densitograms of CZN and PCT similar to those of standard CZN and PCT in marketed
capsules and tablets.
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Figure 4. HPTLC-UV densitograms of CZN and PCT in (A) marketed Relaxon capsules and
(B) marketed Myodol tablets.

The percent assay of CZN in commercially available capsules (Relaxon) and tablets
(Myodol) was found to be 99.01 ± 1.53 and 100.87 ± 1.61 percent, respectively, using the
proposed HPTLC-UV approach. The percent assay of PCT in commercially available cap-
sules (Relaxon) and tablets (Myodol) was discovered to be 98.31 ± 1.38 and 101.21 ± 1.67%,
respectively, utilizing the proposed HPTLC-UV method. These pharmaceutical assay re-
sults demonstrated that the greener HPTLC-UV method was suitable and acceptable for
simultaneous detection of CZN and PCT in marketed capsules and tablets.

3.4. Greenness Evaluation Using the AGREE Approach

For the estimation of the greenness of analytical techniques, a number of quantitative
and qualitative methodologies have been published [31–35]. Only AGREE, however, makes
use of all twelve GAC principles for this objective [33]. As a result, the suggested HPTLC-
UV approach’s greenness was assessed using the AGREE methodology. Figure 5 shows the
typical pictogram for the AGREE index of the suggested HPTLC-UV approach. Using all
twelve GAC principles, 0.79 was the expected value for the AGREE index. These results
revealed that the suggested HPTLC-UV methodology for concurrent detection of CZN and
PCT had an outstanding greenness profile.Separations 2022, 9, x FOR PEER REVIEW 11 of 13 
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4. Conclusions

The literature shows a scarcity in greener analytical methods for simultaneous detec-
tion of CZN and PCT. Therefore, the goal of the current work was to design and validate a
rapid (analysis time: 30 min for 24 samples), sensitive, and greener HPTLC-UV method
for simultaneous detection of CZN and PCT in their commercialized tablets and capsules.
The proposed HPTLC-UV approach is linear, rapid, affordable, accurate, precise, robust,
specific, and sensitive for concurrent detection of CZN and PCT. The amounts of CZN and
PCT in marketed tablets and capsules were found to be acceptable using the proposed
HPTLC-UV method. The AGREE evaluation revealed an excellent greenness profile of the
proposed HPTLC-UV method. These observations and results demonstrated that the pro-
posed HPTLC-UV method can be successfully utilized for simultaneous detection of CZN
and PCT in commercially available combined dosage forms, such as tablets and capsules.
Due to its successful application in tablets and capsules, the proposed HPTLC-UV method
can also be applied to simultaneous detection of CZN and PCT in other dosage forms.
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