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Abstract: Several analytical methods are documented for the estimation of vitamin D3 (VD3) in
pharmaceuticals, food supplements, nutritional supplements, and biological samples. However,
greener analytical methods for VD3 analysis are scarce in the literature. As a consequence, attempts
were made to design and validate a greener “high-performance thin-layer chromatography (HPTLC)”
method for VD3 estimation in commercial pharmaceutical products, as compared to the traditional
HPTLC method. The greenness indices of both approaches were predicted by utilizing the “Analytical
GREENness (AGREE)” method. Both traditional and greener analytical methods were linear for VD3
estimation in the 50–600 ng band−1 and 25–1200 ng band−1 ranges, respectively. The greener HPTLC
strategy outperformed the traditional HPTLC strategy for VD3 estimation in terms of sensitivity,
accuracy, precision, and robustness. For VD3 estimation in commercial tablets A–D, the greener
analytical strategy was better in terms of VD3 assay over the traditional analytical strategy. The
AGREE index of the traditional and greener analytical strategies was estimated to be 0.47 and 0.87,
respectively. The AGREE analytical outcomes suggested that the greener analytical strategy had
a superior greener profile to the traditional analytical strategy. The greener HPTLC strategy was
regarded as superior to the traditional HPTLC methodology based on a variety of validation factors
and pharmaceutical assays.

Keywords: AGREE; greener HPTLC; traditional HPTLC; validation; vitamin D3

1. Introduction

Vitamin D3 (VD3), also known as “cholecalciferol”, is a fat-soluble vitamin used in
the treatment of rickets [1–3]. It metabolizes to an active metabolite “25-hydroxyvitamin
D3 (calcifediol)” which plays an important role in several biochemical processes [4,5].
Most of the population of Saudi Arabia suffers from VD3 deficiency [6,7]. VD3 is present
in several pharmaceutical products, food supplements, and plant products. As a result,
the determination of VD3 in a variety of products, including pharmaceutical products, is
necessary both qualitatively and quantitatively.

An exhaustive literature survey demonstrated several analytical approaches for VD3
analysis in commercial pharmaceutical products, food supplements, and biological fluids.
For the determination of VD3 in various food, feed, pharmaceutical, and environmental
samples, a spectrophotometry method was reported [8]. Several “high-performance liquid
chromatography (HPLC)” methods were reported for VD3 analysis in various food prod-
ucts, nutritional supplements, pharmaceutical products, and edible fungus [9–17]. A num-
ber of HPLC approaches were also reported to determine VD3 and its metabolites in human
plasma and serum samples [18–20]. Additionally, various “liquid-chromatography mass-
spectrometry (LC-MS)” assays were reported for the determination of VD3 and its metabo-
lites in foodstuffs, plasma, and serum samples [12,21,22]. An ultra-high-performance liquid
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chromatography method was used for the detection of VD3 in dietary supplements [23]. A
fast supercritical fluid chromatography (SFC) method was also reported for the quantita-
tive determination of VD3 and its related impurities [24]. A few SFC-mass spectrometry
(SFC-MS) methods were proposed for the determination of VD3 and its metabolites in
human milk and plasma samples [25,26]. An electrochemical strategy was also utilized for
VD3 estimation in dosage forms [27]. A single “high-performance thin-layer chromatog-
raphy (HPTLC)” method was reported for VD3 analysis in fish oil [28]. A single greener
HPLC approach was reported for the determination of VD3 in thermodynamic solubility
samples [29]. The range of analytical approaches for VD3 analysis was found in published
literature. Some green analytical methods, such as SFC, SFC-MS, and HPLC methods, were
utilized for the quantification of VD3 in a variety of sample matrices [24–26,29]. However,
the greenness indices of the literature pharmaceutical assays were not determined. Fur-
thermore, no VD3 detection has been carried out using the greener HPTLC approach. The
literature has employed a variety of qualitative and quantitative methods to evaluate the
analytical assays’ greenness profiles [30–34]. Although, only the “Analytical GREENness
(AGREE)” methodology utilizes all twelve green analytical chemistry (GAC) principles for
the determination of the greenness profile [32]. Accordingly, the “AGREE approach” was
utilized for the evaluation of the greenness profile of the present analytical assays [32].

Based on these assumptions, the objective of the current research was to create and
verify a greener reverse-phase HPTLC strategy for VD3 detection in pharmaceutical prod-
ucts in comparison to the traditional normal-phase HPTLC strategy. The traditional solvent
combinations were utilized as the mobile phase in the traditional analytical strategy. How-
ever, the greener analytical strategy used green solvent combinations as the mobile phase.
Traditional and greener analytical strategies for VD3 detection have proven effective using
“The International Council for Harmonization (ICH)” Q2-R1 recommendations [35].

2. Materials and Methods
2.1. Materials

VD3 sample (purity > 98%) was procured from “Sigma Aldrich (St. Louis, MO, USA)”.
The HPLC-grade solvents such as chloroform (CHL), diethyl ether (Et2O), ethanol (E2OH), and
methanol (MeOH) were procured from “E-Merck (Darmstadt, Germany)”. The HPLC-grade
water was obtained from the Milli-Q unit. The commercial tablets of VD3 (A–D) (each tablet
containing 5000 IU or 125 µg VD3) were procured from the local pharmacy shop in Riyadh,
Saudi Arabia. All other materials and reagents used were of analytical grades.

2.2. Instrumentation and Analytical Conditions

The “HPTLC CAMAG TLC system (CAMAG, Muttenz, Switzerland)” was utilized
for the VD3 analysis in commercial tablets A–D. The samples were prepared and spotted
as 6 mm bands utilizing a “CAMAG Automatic TLC Sampler 4 (ATS4) Sample Applicator
(CAMAG, Geneva, Switzerland)”. The “CAMAG microliter Syringe (Hamilton, Bonaduz,
Switzerland)” was attached with the sample applicator. The application rate for VD3
detection was set at 150 nL s−1 and remained constant. The TLC plates were developed in
a “CAMAG automated developing chamber 2 (ADC2) (CAMAG, Muttenz, Switzerland)”
in linear ascending mode at an 80 mm distance. The preparation chamber was saturated
with the appropriate mobile phase vapors for 30 min at 22 ◦C. VD3 was identified at a
wavelength of 272 nm. Scan speed was set at 20 mm s−1, and the slit size was adjusted to
4 × 0.45 mm2. For each experiment, three or six replicates were used. The software used
was “WinCAT’s (version 1.4.3.6336, CAMAG, Muttenz, Switzerland)”.

Both the traditional normal-phase HPTLC strategy and the greener reverse-phase
HPTLC strategy utilized the same analytical conditions and instruments. The main dis-
tinctions between traditional and greener analytical strategies were the TLC plates and
mobile phase mixtures. The TLC plates used in the traditional HPTLC strategy were
“glass plates (plate size: 10 × 20 cm2) pre-coated with normal-phase silica gel (particle size:
5 µm) 60F254S plates (E-Merck, Darmstadt, Germany)” while the TLC plates used in the
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greener HPTLC strategy were “RP-60F254S plates (E-Merck, Darmstadt, Germany)”. The
traditional mobile phase in the traditional analytical strategy was CHL-Et2O (90-10, v v−1),
whereas the greener mobile phase in the greener analytical strategy was E2OH-water (70-30,
v v−1). Due to the use of RP-TLC plates and green solvent mixtures in the greener analytical
method, it is considered a reverse-phase HPTLC method.

2.3. Calibration Curves and Quality Control (QC) Sample for VD3

The necessary quantity of VD3 was dispensed into the specified volume of the mobile
phase to create the VD3 stock solution, which had a final concentration of 100 µg mL−1.
The traditional HPTLC strategy was used to obtain VD3 concentrations in the 50–600 ng
band−1 range, whilst the greener analytical strategy—which entailed adjusting the amount
of VD3 stock solution—was used to obtain concentrations in the 25–1200 ng band−1 range.
For the traditional and greener analytical strategies, 200 µL of each concentration of VD3
were spotted onto normal-phase and reverse-phase TLC plates, respectively. Both methods
were used to record the VD3 concentration spot area. Plotting VD3 concentrations versus
observed spot area over six replicates (n = 6) resulted in the creation of VD3 calibration
curves. For the evaluation of many validation parameters, three separate QC samples were
produced fresh.

2.4. Sample Processing for the Estimation of VD3 in Marketed Tablets A–D

The average weight of ten marketed tablets of each brand (A–D) (each containing
125 µg of VD3) was noted. The VD3-containing tablets were crushed and finely pulverized
using a glass pestle and mortar. MeOH was utilized to extract the weight of powder
containing 250 µg of VD3. Each brand (A–D) separately had 50 mL of MeOH redispersed
into it after the MeOH had been evaporated at 40 ◦C [36]. The collected sample served as a
test sample for both methods to figure out the quantity of VD3 in the marketed tablets.

2.5. Validation Parameters

Traditional and greener analytical methods for VD3 estimation were validated for
different parameters following the ICH-Q2-R1 guidelines [35]. By graphing VD3 concentra-
tions versus measured spot area, VD3 linearity was discovered. In the 50–600 ng band−1

range (n = 6), the linearity of the traditional analytical strategy for VD3 was determined.
For the greener analytical strategy, VD3 linearity was determined in the 25–1200 ng band−1

range (n = 6).
The determination of the retardation factor (Rf), asymmetry factor (As), and theoretical

plate number per meter (N m−1) were utilized to assess the system suitability parameters
for traditional and greener analytical methods for VD3 analysis. The “Rf, As, and N m−1”
values for both processes were determined using their published equations [34].

Utilizing the percent recovery method, the accuracy of traditional and greener analyti-
cal strategies for the analysis of VD3 was assessed. To assess the accuracy of the traditional
analytical strategy, VD3 was measured at three QC concentrations of standard VD3 solution:
low QC (LQC; 100 ng band−1), middle QC (MQC; 300 ng band−1), and high QC (HQC;
600 ng band−1). To assess the accuracy of the greener analytical strategy, VD3 was also
measured at three QC concentrations of standard VD3 solution: LQC (50 ng band−1), MQC
(400 ng band−1), and HQC (1200 ng band−1). For both analytical strategies at each QC
level, the percent recovery for VD3 was computed (n = 6).

The intra/inter-assay precision of traditional and greener analytical strategies was
compared for VD3. The estimation of freshly produced VD3 samples at LQC, MQC, and
HQC on the same day for both analytical strategies (n = 6) was used to determine the
intra-assay precision for VD3. The assessment of freshly produced VD3 samples at LQC,
MQC, and HQC for three consecutive days for both strategies (n = 6) allowed for the
determination of the VD3 inter-assay precision (n = 6).

By purposefully changing the mobile phase compositions, the VD3 robustness was
assessed for both analytical strategies. For the traditional analytical strategy, the traditional
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mobile phase CHL-Et2O (90-10, v v−1) for VD3 was changed to CHL-Et2O (92-8, v v−1),
and CHL-Et2O (88-12, v v−1), and the variations in measured response and Rf values were
recorded (n = 6). Additionally, the changes in measured response and Rf values were
recorded (n = 6) when the greener mobile phase E2OH-water (70-30, v v−1) for VD3 was
changed to E2OH-water (72:28, v v−1) and E2OH-water (68-32, v v−1) for the greener
analytical strategy.

Using a “standard deviation” methodology, the sensitivity of the traditional and
greener analytical methods for VD3 was evaluated in terms of “limit of detection (LOD)
and limit of quantification (LOQ)”. The VD3 “LOD and LOQ” values were obtained using
their reported formulae for both analytical procedures (n = 6) [35].

To assess the specificity of the traditional and greener analytical strategies for VD3
estimation, the Rf values and UV absorption spectra of VD3 in the marketed formulations
A–D were compared to a VD3 standard.

2.6. Application of Traditional and Greener Analytical Strategies in the Estimation of VD3 in
Marketed Tablets A–D

For the traditional analytical procedure, the processed samples of commercial tablets
A–D were applied to normal-phase TLC plates and reversed-phase TLC plates for the greener
analytical procedure. For both analytical procedures, the chromatographic responses were
recorded using the same experimental procedures utilized for the determination of standard
VD3 (n = 3). For analytical procedures, the percent assay of VD3 in commercial tablets A–D
was obtained using a VD3 calibration curve.

2.7. Greenness Evaluation

The greenness profile for the traditional and greener analytical strategies for VD3
estimation was assessed using the AGREE methodology [32]. The AGREE index (0.0–1.0)
for the traditional and greener analytical strategies was determined using “AGREE: The
Analytical Greenness Calculator (version 0.5, Gdansk University of Technology, Gdansk,
Poland, 2020)”.

2.8. Statistical Analysis

Several validation parameters of the traditional and greener analytical methods were
determined and compared utilizing the Student’s t-test, which was determined using MS
Excel 2013 program. A value of p < 0.05 was taken as a significant value.

3. Results and Discussion
3.1. Method Development

In order to develop a suitable band for VD3 estimation by the traditional analytical
procedure, different concentrations of CHL and Et2O, including CHL-Et2O (40-60, v v−1),
CHL-Et2O (50-50, v v−1), CHL-Et2O (60-40, v v−1), CHL-Et2O (70-30, v v−1), CHL-Et2O
(80-20, v v−1), and CHL-Et2O (90-10, v v−1) were evaluated as the traditional mobile
phase mixtures. The chamber saturation conditions were applied to develop all mobile
phase compositions. A typical TLC plate for the standard and commercial formulations is
presented in Figure 1.

It was discovered that the traditional mobile phases, including CHL-Et2O (40-60,
v v−1), CHL-Et2O (50-50, v v−1), CHL-Et2O (60-40, v v−1), CHL-Et2O (70-30, v v−1), and
CHL-Et2O (80-20, v v−1), provided unfavorable VD3 chromatographic peaks with higher
As values (As >1.15). It was discovered that the traditional mobile phase CHL-Et2O (90-10,
v v−1) provided a well-resolved and intact VD3 chromatographic peak at Rf = 0.34 ± 0.01
(Figure 2A) when tested. VD3 was also found to have an As values of 0.97, which is
acceptable. As a consequence, the CHL-Et2O (90-10, v v−1) was optimized as the final
traditional mobile phase for the traditional analytical method of VD3 measurement.
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Figure 2. Representative chromatograms of standard VD3 recorded using (A) traditional normal-
phase HPTLC and (B) greener reversed-phase HPTLC methods.

In order to develop a suitable band for VD3 estimation using the greener analytical
method, different concentrations of E2OH and water, such as E2OH-water (40-60, v v−1),
E2OH-water (50-50, v v−1), E2OH-water (60-40, v v−1), E2OH-water (70-30, v v−1), E2OH-
water (80-20, v v−1), and E2OH-water (90-10, v v−1), were evaluated as the greener mobile
phase mixtures. It was discovered that the greener mobile phase mixtures, including E2OH-
water (40-60, v v−1), E2OH-water (50-50, v v−1), E2OH-water (60-40, v v−1), E2OH-water
(80-20, v v−1), and E2OH-water (90-10, v v−1), provided unfavorable VD3 chromatographic
peaks with higher As values (As >1.20). It was discovered that the greener mobile phase
E2OH-water (70-30, v v−1) provided a well-resolved and intact VD3 chromatographic peak
at Rf = 0.69 ± 0.02 (Figure 2B) when tested. VD3 was also found to have an As values of
1.04, which is acceptable. As a consequence, the E2OH-water (70-30, v v−1) was optimized
as the final greener mobile phase for the greener analytical method of VD3 measurement.
When the spectral bands for VD3 were recorded in densitometry mode, the greatest TLC
response for VD3 was discovered at a wavelength of 272 nm. Thus, the complete VD3
study was performed at 272 nm.

3.2. Validation Parameters

The ICH-Q2-R1 recommendations were used to obtain a number of parameters for VD3
measurement [35]. The outcomes of the linear regression analysis of the VD3 calibration
curves for both analytical methods are shown in Table 1. The VD3 calibration curve for
the traditional analytical strategy was linear in the 50–600 ng band−1 range. The VD3
calibration curve was linear in the 25–1200 ng band−1 range for the greener analytical
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strategy. The determination coefficient (R2) and regression coefficient (R) for VD3 were
estimated to be 0.9919 and 0.9959, respectively, for the traditional analytical assay. The R2

and R values for VD3 were predicted to be 0.9955 and 0.9977, respectively, for the greener
analytical assay. The findings showed a significant correlation between the measured
area and VD3 levels. All these outcomes demonstrated the reliability of both analytical
approaches for VD3 estimation. On the other hand, the greener analytical assay was linear
over a wider range than the traditional analytical assay.

Table 1. Results for the linearity of vitamin D3 (VD3) for the traditional normal-phase high-
performance thin-layer chromatography (HPTLC) and greener reversed-phase HPTLC methods
(mean ± SD; n = 6).

Parameters Traditional HPTLC Greener HPTLC

Linearity range (ng band−1) 50–600 25–1200
Regression equation y = 16.975x + 922.55 y = 18.446x + 1213.2

R2 0.9919 0.9955
R 0.9959 0.9977

Traditional error of slope 0.40 0.41
Traditional error of intercept 11.81 4.63

95% confidence interval of slope 15.25–18.69 16.65–20.23
95% confidence interval of intercept 871.70–973.39 1193.25–1233.14

LOD ± SD (ng band−1) 17.54 ± 0.24 8.47 ± 0.12
LOQ ± SD (ng band−1) 52.62 ± 0.72 25.41 ± 0.36

R2: determination coefficient; R: regression coefficient; LOD: limit of detection; LOQ: limit of quantification.

Table 2 presents the system suitability parameters for both the traditional and greener
analytical assays. For VD3 estimation, the Rf, As, and N m−1 values for the traditional
analytical assay were obtained as 0.34, 0.97, and 4875, respectively, which were acceptable.
For the greener analytical assay, the Rf, As, and N m−1 results for VD3 estimation were
0.69, 1.04, and 4798, respectively, which were also acceptable values.

Table 2. System suitability parameters of traditional and greener HPTLC methods for VD3 estimation
(mean ± SD; n = 3).

Parameters Traditional HPTLC Greener HPTLC

Rf 0.34 ± 0.01 0.69 ± 0.02
As 0.97 ± 0.01 1.04 ± 0.02

N m−1 4875 ± 4.19 4798 ± 4.12

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

The accuracy of both analytical methods for VD3 estimation was measured in terms of
percent recovery. Table 3 illustrates the accuracy outcomes for both analytical methods. The
% recoveries of VD3 at three QC concentrations were uncovered as 94.83–103.52% using
the traditional analytical assay. The VD3 % recoveries at three QC concentrations were
uncovered as 98.74–100.85% for the greener analytical assay. Both assays were expected
to be accurate for VD3 estimation based on these outcomes. However, the % recoveries
of VD3 using the greener analytical assay were significant compared to the traditional
analytical assay (p < 0.05). As a result, for VD3 estimation, the greener analytical assay was
demonstrated to be more accurate than the traditional analytical assay.

The intra/inter-assay precision of both analytical assays was studied, and the data
for VD3 estimation were expressed as the percent of the relative standard deviation (%
RSD). For both analytical assays of VD3 estimation, Table 4 illustrates the outcomes of the
intra/inter-day precisions. The % RSD of VD3 for intra-day precision was uncovered as
2.69–3.13% for the traditional analytical assay. The % RSD of VD3 for inter-day precision
was uncovered as 2.99–3.14% for the traditional analytical assay. For the greener analytical
assay, the % RSD of VD3 for intra-day precision was uncovered as 0.61–0.77%. For the
greener analytical assay, the % RSD of VD3 for inter-day precision was uncovered as
0.61–0.86%. These outcomes revealed that both assays for VD3 estimation were precise.
The precisions of VD3 using the greener analytical assay were significant compared to the
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traditional analytical assay (p < 0.05). Therefore, the greener analytical assay showed to be
more precise than the traditional analytical assay for VD3 estimation.

Table 3. Accuracy analysis of VD3 for traditional and greener HPTLC methods (mean ± SD; n = 6).

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

Traditional HPTLC

100 103.24 ± 3.23 103.24 3.12
300 284.51 ± 8.65 94.83 3.04
600 621.14 ± 16.97 103.52 2.73

Greener HPTLC
50 49.91 ± 0.38 99.82 0.76

400 394.98 ± 2.97 98.74 0.75
1200 1210.23 ± 7.61 100.85 0.62

Table 4. Evaluation of VD3 intra/inter-day precision for traditional and greener HPTLC methods
(mean ± SD; n = 6).

Conc.
(ng band−1)

Intra-Day Precision Inter-Day Precision
Conc. Found (ng

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

Traditional HPTLC

100 94.87 ± 2.97 1.21 3.13 93.61 ± 2.94 1.20 3.14
300 316.54 ± 9.12 3.72 2.88 318.21 ± 9.68 3.95 3.04
600 581.45 ± 15.67 6.39 2.69 618.31 ± 18.54 7.57 2.99

Greener HPTLC

50 50.23 ± 0.39 0.15 0.77 50.64 ± 0.44 0.17 0.86
400 405.61 ± 3.01 1.22 0.74 393.65 ± 3.10 1.26 0.78

1200 1194.51 ± 7.35 3.00 0.61 1206.32 ± 7.41 3.02 0.61

The robustness of both analytical methodologies for VD3 estimation was determined
by intentionally altering mobile phase components. Table 5 illustrates the outcomes of
the robustness analysis for both analytical strategies. The VD3 % RSD for the traditional
analytical strategy was uncovered as 3.63–3.71%. The VD3 Rf values were predicted to be
0.33–0.36 for the traditional analytical strategy. For the greener analytical strategy, the %
RSD for VD3 was uncovered as 0.67–0.71%. The VD3 Rf values were uncovered as 0.68–0.70
for the greener analytical strategy. These outcomes demonstrated that both analytical
strategies for VD3 estimation were robust. When compared to the traditional analytical
strategy, the greener analytical strategy significantly reduced the %RSD of VD3 (p < 0.05).
Accordingly, the greener analytical strategy fared better than the traditional analytical
strategy when it came to VD3 estimation.

Table 5. Measurement of VD3 robustness for traditional and greener HPTLC methods
(mean ± SD; n = 6).

Conc.
(ng band−1)

Mobile Phase Mixture (Chloroform-Diethyl Ether) Results
Original Used Conc. (ng band−1) ± SD RSD (%) Rf

Traditional HPTLC

92:8 +2.0 288.71 ± 10.12 3.50 0.33
300 90:10 90:10 0.0 294.61 ± 10.95 3.71 0.34

88:12 −2.0 308.41 ± 11.21 3.63 0.36
Greener HPTLC

Mobile phase mixture (ethanol-water)

72:28 +2.0 389.51 ± 2.64 0.67 0.68
400 70:30 70:30 0.0 394.25 ± 2.75 0.69 0.69

68:32 −2.0 403.67 ± 2.89 0.71 0.70
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To assess the sensitivity of both VD3 estimation assays, the “LOD and LOQ” were
utilized. Table 1 illustrates the outcomes of the “LOD and LOQ” calculations for VD3
utilizing both analytical strategies. According to the traditional HPTLC strategy, VD3s
“LOD and LOQ” were found to be 17.54 ± 0.24 and 52.62 ± 0.72 ng band−1, respectively.
The “LOD and LOQ” of VD3 using the greener HPTLC strategy were determined to be
8.47 ± 0.12 and 25.41 ± 0.36 ng band−1, respectively. These outcomes demonstrated
that both analytical strategies were sensitive to VD3 estimation. When compared to the
traditional analytical strategy, the “LOD and LOQ” values of VD3 when employing the
greener analytical strategy were significant (p < 0.05). Accordingly, the greener analytical
strategy was demonstrated to be more sensitive than the traditional analytical strategy for
VD3 estimation.

The specificity of the proposed analytical strategies of VD3 estimation was evaluated
by comparing the Rf values and UV absorption spectra of VD3 in commercial tablets
A–D with that of standard VD3. Figure 3 shows the overlaid UV absorption spectra of
standard VD3 and VD3 in commercial tablets A–D. The peak response of standard VD3 and
commercial tablets A–D was measured at 272 nm. By recoding the similar UV absorption
spectra, Rf values, and wavelengths of VD3 in standard and commercial formulations A–D,
we demonstrated the specificity of both analytical strategies for VD3 determination.
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3.3. Application of Traditional and Greener HPTLC Strategies in the Estimation of VD3 in
Marketed Tablets A–D

For the estimation of VD3 in commercial tablets A–D, both analytical strategies were
applied as alternative approaches to routine liquid chromatography methods. The chro-
matograms of VD3 from commercial formulations A–D were identified by comparing the
TLC spot at Rf = 0.34 ± 0.01 for VD3 with the standard VD3 utilizing the traditional analyt-
ical strategy. The chromatographic peaks of VD3 in commercial tablets A–D were similar to
that of standard VD3 when using the traditional analytical assay. The chromatograms of
VD3 from commercial formulations A–D were also identified by comparing the TLC spot
at Rf = 0.69 ± 0.02 for VD3 with the standard VD3 utilizing the greener analytical strategy.
The chromatographic peaks of VD3 in the commercial tablets A–D were also similar to that
of standard VD3 when using the greener analytical strategy. Furthermore, no additional
peaks of excipients were found in the commercial tablets using both analytical strategies,
indicating no interaction between VD3 and tablet excipients. The calibration curve of VD3
was used to determine its content using traditional and greener analytical strategies, and
the results are illustrated in Table 6. Using the traditional analytical assay, the % assay of
VD3 in the commercial tablets A–D ranged from 87.64–95.36%. Using the greener analytical
strategy, the % assay of VD3 in commercial tablets A–D ranged from 98.19–101.12%.
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Table 6. Application of traditional and greener HPTLC strategies in the estimation of VD3 in
commercial tablets A–D.

Samples Label Claim (µg) Content Found (µg) ± SD Assay (%)

Traditional HPTLC

Formulation A 125 119.21 ± 2.12 95.36
Formulation B 125 116.41 ± 2.06 93.12
Formulation C 125 111.51 ± 1.97 89.20
Formulation D 125 109.56 ± 1.88 87.64

Greener HPTLC
Formulation A 125 126.41 ± 2.18 101.12
Formulation D 125 125.98 ± 2.14 100.78
Formulation C 125 124.14 ± 2.13 99.31
Formulation D 125 122.74 ± 2.15 98.19

Using the greener analytical strategy rather than the traditional analytical strategy,
it was discovered that all commercial tablets had more VD3. This observation may have
been made feasible by the employment of different solvent mixtures in the traditional
and greener analytical methods. Overall, the greener analytical strategy was considered
superior to the traditional analytical strategy for VD3 pharmaceutical assay.

3.4. Greenness Assessment

For the evaluation of analytical techniques’ greenness, various qualitative and quan-
titative methodologies are presented [30–34]. However, only AGREE makes use of all
twelve GAC components for evaluating greenness [32]. Accordingly, the greener profiles of
both analytical strategies were evaluated using the AGREE method. Figure 4 illustrates
a representative pictogram of the AGREE index of the traditional and greener analytical
strategies. For traditional and greener analytical strategies, the AGREE index was predicted
to be 0.47 and 0.87, respectively. These results showed that the greener analytical strategy
for VD3 analysis had a superior greenness profile to the traditional analytical strategy.
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4. Conclusions

There is a scarcity of greener analytical assays for VD3 estimation in the literature. In
contrast to the traditional HPTLC methodology, this research aimed to design and validate a
sensitive and greener HPTLC assay for VD3 estimation in marketed tablets. The amount of
VD3 in all commercial tablets was discovered to be much higher in terms of % assay when
comparing the greener analytical method to the traditional analytical strategy. According to
the AGREE outcomes, the greener analytical strategy had a higher level of greenness than
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the traditional analytical strategy. Based on a number of validation criteria and the results
of pharmaceutical assays, the greener HPTLC approach was declared to be superior to the
traditional HPTLC approach for VD3 estimation in commercial tablets. In conclusion, these
outcomes suggest that the greener HPTLC assay can be used for the estimation of VD3 in
commercially available products. Overall, the greener HPTLC strategy is more accurate,
precise, robust, and sensitive than the traditional HPTLC strategy for the determination of
VD3 in commercial formulations.
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