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Abstract
A novel sedative/hypnotic drug called suvorexant (SUV) is advised for treating insomnia. From a forensic 
standpoint, it is important medicine because of its sedative/hypnotic and depressing effects. There are no green 
“high-performance thin-layer chromatographic (HPTLC)” techniques for measuring SUV in the literature. Therefore, 
this study aims to develop and validate a reverse-phase HPTLC approach that indicates green stability for SUV 
measurement in commercially available tablet dosage forms. SUV was detected at 255 nm in wavelength. The 
suggested SUV analysis approach’s greenness was assessed using the “analytical eco-scale (AES), ChlorTox, and 
analytical GREEnness (AGREE)” tools. The current SUV analysis method showed linearity in the 10–1200 ng/
band range. Furthermore, the SUV analytical method was robust, accurate (% recoveries = 98.18–99.30), sensitive 
(LOD = 3.32 ng/band and LOQ = 9.98 ng/band), precise (% CV = 0.78–0.94), and environmentally friendly. The 
“AES, total ChlorTox, and AGREE” scales were derived to be 93, 0.96 g, and 0.88, respectively, using the current 
SUV analytical method, demonstrating an exceptional greenness profile. SUV was shown to be suitably unstable 
under oxidative degradation conditions and suitably stable under acid, base, and heat degradation conditions. 
Furthermore, the SUV analytical method’s stability-indicating component identified SUV in the presence of its 
breakdown products. It was observed that marketed SUV tablet brands A and B contained, respectively, 98.18 and 
101.32% of SUV. The findings of the study indicated that SUV in marketed tablet dosage forms may be monitored 
on a regular basis with the use of the current green HPTLC methodology.
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Introduction
The family of medications known as central nervous sys-
tem (CNS) drugs includes sedative/hypnotic drugs [1]. 
From a forensic standpoint, these drugs are important 
because of their widespread use, propensity for abuse, 
incapacitating effects, and capacity to mix with other 
CNS depressants to produce compounding effects [2]. A 
relatively new family of sedative/hypnotic medications is 
represented by the pharmaceutical product suvorexant 
(SUV), which is tablet-based [3, 4]. Figure  1 shows the 
SUV’s molecular structure. Insomnia is treated with it 
[5, 6]. SUV is allegedly a very potent dual orexin recep-
tor (OX1R and OX2R) antagonist that suppresses the OX 
neurons in the arousal system that promote alertness, 
accelerating the onset of sleep [3, 6]. Like other sedative/
hypnotic medicines, SUV has the potential to be abused, 
which is why the US Drug Enforcement Administration 
placed it under Schedule IV of the Federal Controlled 
Substances Act shortly after it was approved [7]. The 
forensic toxicology community is likely to come with 
SUV more frequently now that it has been successfully 
detected in the postmortem specimens of three different 
autopsy cases [8]. The SUV assessment is essential for its 
commercial pharmaceutical products, both in terms of 
quality and quantity.

Numerous analytical approaches for analyzing and 
identifying SUV in a variety of biological samples and 
drug dosage forms have been described. A “high-per-
formance liquid chromatography (HPLC)” approach has 
been documented for assessing SUV in tablet dosage 
forms [9]. SUV and lemborexant (LMB) concentrations 
in laboratory-prepared synthetic mixtures have recently 
been reported to be determined simultaneously using 
a greener HPLC method [10]. It has been reported that 
SUV can be detected in rabbit plasma samples using an 
HPLC bioanalytical approach [11]. There have also been 
reports of a bioanalytical approach using “LC-mass spec-
trometry (LC-MS)/MS (LC-MS/MS)” to detect SUV 
in blood samples [12]. Along with other sedatives and 
hypnotics, SUV has also been measured in whole blood 
samples using an LC-MS/MS bioanalytical technique 
[13]. Additionally, “LC-quadrupole/time of flight-MS 

(LC-Q/TOF-MS)” is a bioanalytical technique utilized to 
detect SUV in blood samples [14]. SUV in human plasma 
samples was also measured by an LC-MS/MS approach 
[15]. Several “ultra-performance LC-MS/MS (UPLC-MS/
MS)”-based bioassays were also used to evaluate SUV 
in plasma samples [16–18]. Urine sample SUV has been 
reported to be measured using “gas chromatography-MS 
(GC–MS), LC-Q/TOF-MS, and UPLC-MS/MS”-based 
bioassays [19–21]. We recently developed a bioassay for 
identifying SUV in human urine samples using “high-
performance thin-layer chromatography (HPTLC)” [22]. 
Our research team has also reported using a greener 
HPTLC technique to identify a comparable class of medi-
cation, LMB, in its pharmaceutical tablets [23].

The majority of analysis techniques that have been doc-
umented have been used to the determination of SUV in 
biological materials, including blood, serum, urine, and 
plasma. Only two analytical methods are available to 
determine SUV in pharmaceutical dosage forms [9, 10]. 
Additionally, there is a dearth of information in the lit-
erature about the greener HPTLC methods for determin-
ing SUV. The adoption of ecologically appropriate solvent 
alternatives to decrease the hazardous effects of toxic 
or hazardous solvents on the ecosystem is one of the 12 
requirements of “green analytical chemistry (GAC)” [24]. 
A review of the literature indicated that during the past 
few decades, there has been a significant increase in the 
usage of greener solvents [25–30]. Numerous approaches 
for evaluating the greenness of analytical methodologies 
are available in the literature [31–39]. The current study 
used three different tools—“the Analytical Eco-Scale 
(AES) [34], ChlorTox [38], and the Analytical GREEnness 
(AGREE)” [39]—to assess the greenness of the proposed 
methodology. The present approach sought to establish 
and verify a reverse-phase HPTLC technique for the 
rapid, sensitive, environmentally benign, and stability-
indicating identification of SUV in commercially avail-
able pharmaceutical tablets. The proposed SUV analysis 
method was validated using “The International Council 
for Harmonization (ICH)” Q2-R2 protocols [40].

Materials and methods
Materials
The reference SUV (purity: 99.2% by HPLC) was 
acquired from “Beijing Mesochem Technology (Bei-
jing, China)”. The LC grade ethanol was acquired from 
“E-Merck (Darmstadt, Germany)”. The “Milli-Q device 
(Lyon, France)” was used to obtain the purified water. 
We bought commercial SUV tablet brands A and B, each 
containing 10 mg of SUV, from a pharmacy in Mumbai, 
India. The materials that were remaining were of AR 
quality.

Fig. 1 Suvorexant (SUV)’s molecular structure
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Chromatography and instrumental settings
SUV in commercial tablets was measured utilizing the 
“HPTLC system (Muttenz, Switzerland)”. The solutions 
were applied using an “Automatic TLC Sampler 4 (ATS4) 
Sample Applicator (CAMAG, Geneva, Switzerland)” in 
the shape of 6 mm bands. “Microliter Syringe (Hamilton, 
Bonaduz, Switzerland)” was filled with the sample appli-
cator. The application rate for SUV analysis was 150 nL/s. 
Silica gel with a particle size of 5 μm was pre-coated on 
60 RP-18F254S glass-coated (10 × 20  cm) plates, which 
served as the stationary phase for SUV separation. The 
plates were developed in an “automated developing 
chamber 2 (ADC2) (CAMAG, Muttenz, Switzerland)” 
at a distance of 8 cm using a linear ascending mode. The 
best developing system for SUV analysis was a 75:25 v/v 
ethanol/water mixture. The developing system’s fumes 
were forced into the development chamber and held 
there for thirty minutes at 22  °C. SUV was found utiliz-
ing a UV detector in densitometry mode at a wavelength 
of 255  nm. Two parameters were set: the scan speed 
(20  mm/s) and the slit size (4 × 0.45 mm2). We utilized 
either three or six replications for every measurement. It 
was “WinCAT’s (version 1.4.3.6336, CAMAG, Muttenz, 
Switzerland)” software that was utilized.

SUV calibration curve
In order to produce a stock solution containing 100 µg/
mL of SUV, which is the working standard, 10 mg of SUV 
that had been precisely weighed was dissolved in 100 mL 
volumes of ethanol/water (75:25 v/v). To further produce 
SUV concentrations in the range of 10–1200 ng/band, 
the developing system was diluted with varying volumes 
of the SUV stock solution using the current approach. 
For the current procedure, TLC plates were filled with 
approximately 10 µL of each SUV concentration. The 
proposed methodology was utilized to measure the peak 
area for every SUV concentration. The SUV calibration 
curve was produced by plotting the observed peak area 
against the SUV concentrations using six replications 
(n = 6).

Sample Preparation for the analysis of SUV in marketed 
tablets
A total of twenty-five tablets, each having 10 mg of SUV, 
were randomly taken in order to ascertain the quantity 
of SUV present in marketed tablet brands A and B. Next, 
the two tablet brands’ average weights were calculated. 
To obtain the fine powder, the tablets were first crushed 
and then triturated. The fine powder was divided using 
10 mL of the developing system, and each brand’s 10 mg 
of SUV was contained in it. The resultant mixes were 
filtered using a 0.45 μm membrane filter after 15 min of 
sonication [41]. The resulting mixture was diluted uti-
lizing the appropriate development system to get the 

sample at the SUV concentration of 200 ng/band. Using 
the current approach, 10 µL samples were injected to 
determine the SUV in commercial tablet brands A and B.

Validation assessment
In compliance with ICH-Q2-R2 recommendations, the 
current SUV measuring method was validated for several 
validation criteria [40]. SUV linearity was determined by 
plotting the measured peak area against the SUV con-
centrations. To evaluate the linearity of the current SUV 
analysis method in the 10–1200 ng/band range, six inde-
pendent replicates (n = 6) were used.

The parameters for the system adequacy for the current 
technique were calculated using the following parame-
ters: “retardation factor (Rf), peak asymmetry factor (As), 
and number of theoretical plates per meter (N/m)”. For 
the current procedure, the “Rf, As, and N/m” were calcu-
lated using their reported formulae [42, 43].

Using spiking technology and a typical addition strat-
egy, the accuracy of the current method was computed 
and expressed as a percentage of recoveries [40]. The pre-
analyzed SUV solution (300 ng/band) was spiked with 
extra 50, 100, and 150% SUV solution using the current 
methodology. SUV levels for low-quality control (LQC) 
at 450 ng/band, middle-quality control (MQC) at 600 ng/
band, and high-quality control (HQC) at 750 ng/band 
were the outcome of this. In order to evaluate the accu-
racy of the existing methodology, three different SUV QC 
samples were investigated. Six replications (n = 6) were 
carried out in order to ascertain the percent recovery at 
each QC level.

The current method’s SUV intra- and inter-batch preci-
sion was assessed. The intra-batch variation for SUV was 
calculated using six replicates (n = 6) of freshly made SUV 
solutions at LQC, MQC, and HQC on the same day using 
the current approach. SUV inter-batch variation was 
assessed for the current method utilizing six replications 
(n = 6) of freshly produced SUV samples at the same QC 
levels distributed over the course of three days.

Certain deliberate modifications to the content of the 
pertinent developing system can be made to measure the 
SUV’s robustness for the current methodology. Six rep-
licate (n = 6) were utilized to measure the errors in spot 
area, a quantitative metric, and Rf, a separation param-
eter [40]. The developing system of ethanol/water (75:25 
v/v) in the current approach was modified to ethanol/
water (77:23 v/v) and ethanol/water (73:27 v/v).

The sensitivity of the current SUV analysis method 
was calculated using a standard deviation approach, and 
it was stated as “limit of detection (LOD) and limit of 
quantification (LOQ)”. After a blank sample—one with-
out SUV—was injected six times for the purposes of this 
investigation, the sample’s standard deviation was calcu-
lated. Six replications (n = 6) for the current methodology 
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were used to determine the SUV “LOD and LOQ” using 
the published equations [40].

The specificity/peak purity of the current procedure 
were evaluated by contrasting the Rf data and UV-
absorption spectrum of SUV in marketed tablets (brand 
A and B) to that of reference SUV [40].

Forced-degradation investigations
The current approach’s forced-degradation tests were 
carried out in environments with oxidative, thermal 
stress, alkaline, and acidic conditions [41, 44]. The SUV 
was exposed to thermal stress conditions for 24 h using 
a hot air oven set at 55 ºC, 1 M HCl (acid), 1 M NaOH 
(base), and 30% v/v H2O2 (oxidative) at a concentration 
of 600 ng/band. The samples were diluted by the develop-
ing system. The thorough protocols outlined in our most 
recent publication [41] were followed for these investiga-
tions. SUV chromatograms were obtained for the current 
procedure under the previously mentioned stress set-
tings, and degradation products were checked.

Application of current methodology in the analysis of SUV 
in marketed tablets
The current method was applied in three replicates (n = 3) 
to get the peak responses for SUV using marketed tablet 
solutions on TLC plates. With the current methodology, 
the SUV calibration plot was used to assess the SUV con-
tent of the pharmaceutical tablets.

Greenness assessment
Three different approaches were used to analyze the 
greenness profile of the current approach: AES [34], 
ChlorTox [38], and AGREE [39]. AES is a semi-quantita-
tive method that takes instrumentation, waste, and each 
step of the analysis process into account. For the solvents 
and reagents that use little to no reagent, low energy, and 
no waste, a perfect analysis with 100 points is expected. 
Penalty points are awarded and deducted from the final 
score of 100 if any of these conditions are not met [34]. 

Equation  (1) [38] is employed, in accordance with the 
ChlorTox scale technique, to determine the ChlorTox 
scale.

 
ChlorTox = CHsub

CHCHCl3
× msub (1)

Where CHsub denotes the substance of interest’s chemi-
cal risks, CHCHCl3 denotes the standard CHCl3’s chemical 
risk, and msub denotes the mass of the substance of inter-
est needed for a single measurement. With the use of the 
safety data sheet from “Sigma Aldrich (St. Louis, MO, 
USA)”, the values of CHsub and CHCHCl3 for the weighted 
hazards number (WHN) model could be calculated [38]. 
The AGREE score for the current SUV analysis method-
ology was obtained using the AGREE-metric technique 
[39]. The AGREE scale for the present method was com-
puted using the “AGREE: The Analytical Greenness Cal-
culator (version 0.5, Gdansk University of Technology, 
Gdansk, Poland, 2020)”. The values ranged from 0.0 to 1.0 
and were established by 12 different GAC principles.

Results and discussion
Development of the green HPTLC method
An illustration of a typical TLC image is shown in Fig. 2. 
The chamber saturation conditions were used to estab-
lish the TLC plates for the current procedure. A range 
of ethanol/water combinations between 35 and 95% 
ethanol were studied as the development systems for 
the SUV analysis by the current approach. The ethanol/
water (75:25 v/v) mixture produced an uninterrupted 
and well-resolved SUV chromatographic peak at Rf = 
0.47 ± 0.01, according to the data (Fig. 3A). Furthermore, 
the SUV peak did not show any fronting, which may have 
been caused by the high sample solubility. Additionally, 
an As value forecast of 1.07 ± 0.03 was established, which 
was reliable for SUV evaluation. For the SUV assessment 
utilizing the current methodology, the ethanol/water 
(75:25 v/v) combination was determined to be the best 

Fig. 2 A typical TLC image for reference SUV, marketed formulations, and forced-degradation samples derived using the present method

 



Page 5 of 12Alam et al. BMC Chemistry           (2025) 19:54 

environmentally friendly developing system. The SUV 
spectral bands in the 200–400 nm range were evaluated 
using spectrodensitometry mode, and 255 nm was found 
to have the greatest TLC response. As a result, 255  nm 
was used for the entire SUV analysis.

Validation studies
The various SUV validation parameters were computed 
following the ICH-Q2-R2 protocols [40]. The statistical 
results for the SUV calibration plots linear regression 
analysis carried out utilizing the proposed methodol-
ogy are indicated in Table 1. For the proposed method-
ology, the SUV calibration curve was linear between 10 
and 1200 ng/band. Using the proposed methodology, the 
SUV’s “correlation coefficient (R) and coefficient of deter-
mination (R2)” were 0.9984 and 0.9969, respectively. Fur-
thermore, the slope and intercepts’ standard error values 
were abnormally low when in comparison to correspond-
ing average values for the proposed methodology. These 
results demonstrated a strong relationship between the 

evaluated peak area and the SUV concentrations. These 
findings demonstrated the linear nature of the present 
SUV assessment process.

The findings of the system suitability parameters for 
the current approach are displayed in Table 2. The SUV 
study yielded measurements of 0.47 ± 0.01, 1.07 ± 0.03, 
and 4688 ± 4.65 for “Rf, As, and N/m” using the current 
approach. The current method’s recommended system 
suitability parameters were accurate and appropriate for 
SUV analysis.

The % recovery was used to evaluate the accuracy of 
the existing methodology. Table  3 displays the accuracy 
measurement results for the current methodology. Using 
the current methodology, the SUV recoveries at three 
different QC levels were analyzed; the findings indicated 
a range of 98.18–99.30%. These results proved that the 
current SUV analysis approach is accurate.

The intra- and inter-batch variance of the suggested 
methodology was acquired in order to compute the SUV. 
As a proportion of the coefficient of variation (%CV), the 
data are displayed. Table  4 presents the current meth-
od’s intra- and inter-assay precisions. Under the pro-
posed methodology, the intra-batch CVs of SUV ranged 
from 0.78 to 0.87%. The SUV inter-assay CVs using this 
approach ranged from 0.85 to 0.94% respectively. The 
precision of the proposed method was demonstrated by 
these measurements.

The developing systems were subjected to intentional, 
prearranged changes to evaluate the robustness of the 
existing methodology. Table  5 indicates the outcomes 
of the current technique’s robustness examination. The 
SUV CVs with the current methodology varied from 1.09 
to 1.16%. The SUV Rf values obtained with the current 

Table 1 Statistical data for the linearity assessment of SUV for 
the present method (mean ± SD; n = 6)
Parameters Values
Linear range (ng/band) 10-1200
Regression equation y = 12.229x + 1153.7
R2 0.9969
R 0.9984
Standard error of slope 0.31
Standard error of intercept 2.29
95% confidence interval of slope 10.94–13.64
95% confidence interval of intercept 1143.82-1163.57
LOD ± SD (ng/band) 3.32 ± 0.08
LOQ ± SD (ng/band) 9.98 ± 0.24

Table 2 System suitability parameters of SUV assessment for the 
present method (mean ± SD, n = 3)
Parameters Value
Rf 0.47 ± 0.01
As 1.07 ± 0.03
N/m 4688 ± 4.65

Table 3 Accuracy results of SUV for the present analysis 
approach (mean ± SD; n = 6)
Conc. (ng/band) Conc. found (ng/

band) ± SD
Recovery (%) CV 

(%)
450 446.88 ± 4.93 99.30 1.10
600 591.13 ± 5.88 98.52 0.99
750 736.41 ± 7.18 98.18 0.97

Fig. 3 Representative chromatograms of (A) reference SUV and (B) commercial tablet dosage form
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approach were found to vary between 0.46 and 0.48. 
These measurements demonstrated the existing method’s 
robustness.

Sensitivity for the suggested technique was determined 
with “LOD and LOQ.” Table  1 lists the projected “LOD 
and LOQ” values for SUV based on the present meth-
odology. The SUV’s “LOD and LOQ” were found to be 
3.32 ± 0.08 and 9.98 ± 0.24 ng/band, respectively, using 
the current methodology. These results demonstrated 
the degree of sensitivity of the existing SUV evaluation 
methodology.

By contrasting the Rf data and superimposed UV, and 
3D spectrum of SUV in marketed tablet brands A and B 
with that of reference SUV, we evaluated the specificity 
and peak purity of the proposed SUV assessment tech-
nique. Figure 4 displays the superimposed UV spectrum 
of the reference SUV and the A and B SUV from com-
mercial tablet brands. Figure 5 displays the 3D spectrum 
of reference SUV and the A and B SUV from commercial 
tablet brands. The peak purities of conventional SUV and 
SUV in commercial tablet dosage forms were assessed 
by comparing the spectra at the peak start (S), peak apex 
(M), and peak end (E) positions of the spot [45, 46]. The 

estimated values of r (S, M) and r (M, E) for standard 
SUV and commercial tablets were found to be greater 
than 0.99, indicating the homogeneity of the peaks [47, 
48]. SUV was found to exhibit the highest chromato-
graphic response at 255  nm in both standard and com-
mercial tablets. The specificity of the currently employed 
SUV analysis approach was shown utilizing the simi-
lar UV spectra, 3D spectra, Rf values, and wavelengths 
recorded in both reference and marketed tablets. These 
results also suggest that a simple spectroscopic approach 
can measure SUV without interference from any matrix 
ingredients. Simple spectroscopic methods, however, 
are less sensitive than separation techniques like HPTLC 
and HPLC. Consequently, the SUV analysis in this work 
employed HPTLC as the separation technique.

Forced-degradation evaluation
The forced degradation of the proposed SUV analysis 
approach was examined under four different stress situ-
ations. Figure  6 displays the chromatograms from the 
forced-degradation experiments. Table  6 summarizes 
the results of forced-degradation studies. The results 
showed that SUV exhibited remarkable stability during 

Table 4 Precision results of SUV for the proposed analysis method (mean ± SD; n = 6)
Conc. (ng/band) Intra-day precision Inter-day precision

Conc. (ng/band) ± SD SE CV (%) Conc. (ng/band) ± SD SE CV (%)
450 458.61 ± 4.02 1.64 0.87 445.71 ± 4.23 1.72 0.94
600 612.13 ± 5.10 2.08 0.83 590.12 ± 5.30 2.16 0.89
750 765.14 ± 6.02 2.45 0.78 735.44 ± 6.26 2.55 0.85

Table 5 Results of SUV robustness for the current analysis method (mean ± SD; n = 6)
Conc. (ng/band) Developing system (Ethanol/water) Results

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

77:23 + 2.0 588.72 ± 6.43 1.09 0.46
600 75:25 75:25 0.0 596.74 ± 6.71 1.12 0.47

73:27 -2.0 611.22 ± 7.11 1.16 0.48

Fig. 4 UV-absorption spectrum of reference SUV and commercial tablet dosage forms
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acid, base, and thermal hydrolysis. Specifically, no deg-
radation products were found under acid (Fig. 6A), base 
(Fig.  6B), or thermal (Fig.  6D) deterioration conditions. 
Under the acid, base, and heat hydrolysis stress settings, 
it was discovered that the SUV Rf values had changed 
slightly (Rf = 0.46 in all three cases). In comparison, it 

was shown that under oxidative hydrolysis stress condi-
tions, SUV degraded at a rate of 45.22% while remaining 
at 54.78%. As a result, it was shown that SUV was highly 
unstable when oxidative hydrolysis was investigated. 
Rf values of 0.33 and 0.38, respectively, were used to 
separate the breakdown product signals represented by 

Fig. 6 SUV chromatograms obtained using the current approach under the following conditions: (A) acid, (B) base, (C) oxidative, and (D) heat degradations

 

Fig. 5 3D spectrum of reference SUV and commercial tablet dosage form
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chromatographic peaks 1 and 2 in Fig. 6C. The Rf value 
for SUV was similarly somewhat changed at 0.46 under 
oxidative hydrolysis. The settings for oxidative degra-
dation produced the largest SUV breakdown, accord-
ing to the recommended SUV analysis methodology. 
All of these data indicated that SUV could be identified 
even when their breakdown components were present, 
according to the methodology used in the study. These 
outcomes confirmed the current approach’s selectivity 
and stability-indicating abilities.

Application of the present method in SUV determination in 
commercial tablets
The green HPTLC approach offers many benefits com-
pared to traditional LC techniques, such as reduced 
solvent consumption, quicker sample analysis times, 
nondestructiveness, low preparation requirements, user-
friendliness, ability to analyze multiple samples simulta-
neously, non-toxicity, and environmental friendliness [26, 
41, 44, 48]. HPTLC techniques have numerous advan-
tages, but they also have certain drawbacks, such as a 
lack of reproducibility and standardization, which might 
affect the overall outcomes [22, 47, 48]. To find the SUV 
in marketed tablets, the proposed SUV analysis method 
was utilized. The single TLC spot at Rf = 0.47 ± 0.01 for 
SUV and standard SUV were compared using the cur-
rent method to evaluate the chromatogram of SUV from 
commercial tablet brands A and B. According to the 
current method, the chromatographic peak of SUV in 
commercial tablets (Fig.  3B) matched the peak of stan-
dard SUV. Additionally, there were no extra peaks of the 
ingredients in the marketed tablets, indicating that SUV 
and the ingredients in the tablets did not interact. The 
SUV calibration plot for the proposed technique was uti-
lized to derive the quantity of SUV in marketed tablets. 
The amount of SUV in marketed tablet brands A and B 
was found to be 98.18 ± 1.36 and 101.32 ± 1.41%, respec-
tively, using the current approach. According to Sid-
dhartha et al. [9] and Iqbal et al. [10], the SUV content 
of commercial tablet dosage forms is 99.05 ± 0.16% and 

101.31 ± 1.23%, respectively. The results of the current 
SUV analysis strategy in marketed tablets were compared 
with published HPLC methods using the Student’s t-test 
and the variance ratio F-test. The findings are compiled 
in Table  7 [9, 10]. There were no discernible variations 
in the accuracy and precision of the tested methods, 
as shown by the obtained t and F values of the present 
HPTLC approach and the reported HPLC methods not 
surpassing their theoretical values [9, 10]. These findings 
demonstrated the comparability of the suggested HPTLC 
technology with the published HPLC processes [9, 10].

Greenness evaluation
The developed analytical processes’ greenness can be 
evaluated using several greenness tools [31–39]. The 
present study determined the greenness of the current 
method using three different methods: “AES [34], Chlor-
Tox [38], and AGREE [39]”. Table 8 shows the outcomes 
of AES scales with penalty points for the current proce-
dure. If the AES score was greater than 75, it was con-
sidered excellent; if it was less than 75 but greater than 
50, it was considered adequate; and if it was less than 

Table 6 Findings from the forced-degradation assessment of 
SUV using the present analysis technique under various stress 
scenarios (mean ± SD; n = 3)
Degradation 
setting

Degradation 
products (Rf)

SUV 
Rf

SUV re-
mained (ng/
band)

SUV recov-
ered (%)

1 M HCl 0 0.46 600.00 100.00 ± 0.00
1 M NaOH 0 0.46 600.00 100.00 ± 0.00
30% H2O2 2 (0.33, 0.38) 0.46 328.68 54.78 ± 1.71
Thermal 0 0.46 600.00 100.00 ± 0.00

Table 7 Comparison of assay results of the current analysis 
method with reported HPLC methods in tablets using student 
t-test and the variance ratio F-test (mean ± SD; n = 3)
Marketed product Recovery (%) ta Fa

Present HPTLC Reported HPLC
Brand A 98.18 ± 1.36 99.05 ± 0.16 [9] 0.167 0.443
Brand B 101.32 ± 1.41 0.016 0.871
Brand A 98.18 ± 1.36 101.31 ± 1.23 [10] 0.174 0.541
Brand B 101.32 ± 1.41 0.025 0.916
aTheoretical values of t and F are 4.303 and 4.256, respectively at 95% 
confidence limit

Table 8 The comparison of the recommended methodology’s 
greenness to published HPLC and HPTLC techniques, as well as 
its assessment using the analytical eco-scale (AES) and penalty 
points
Reagents/instruments/waste Penalty points

HPLC 
[9]

HPLC 
[10]

HPTLC 
[22]

Present 
RP-HPTLC

Ethanol - 4 - 4
Water 0 - - 0
Methanol 18 - 18 -
Chloroform - - 8 -
Orthophosphoric acid 6 - - -
KH2PO4 (10 mM) - 0 - -
Instruments 0 0 0 0
Waste 5 5 3 3
Total penalty points 29 9 29 7
AES scale 71 91 71 93
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50, it was considered unsatisfactory [34]. The current 
method’s AES scale was determined to be 93. Further-
more, we compared the current SUV assessment method 
to the AES scales of two HPLC and one HPTLC method 
that were calculated and found in the literature (Table 8). 
Two reported HPLC methods were observed to have AES 
scales of 71 and 91, respectively [9, 10]. However, the AES 
scale for the reported HPTLC method was found to be 
71 [22]. Based on AES scales, it was discovered that the 
current HPTLC approach for SUV assessment was much 
better than one of the documented HPLC methods and 
the HPTLC method found in the literature [9, 22]. One of 
the published HPLC approaches for SUV assessment was 
shown to be equivalent to the current HPTLC methodol-
ogy based on AES scales [10].

Table  9 displays the total ChlorTox and solvent-spe-
cific ChlorTox scale results for the current methodol-
ogy in relation to reported HPLC and HPTLC protocols. 
The ChlorTox scale of less than 1.00 g indicated that the 
method is environmentally safe. However, the ChlorTox 
scale of greater than 1.00 g indicated that the method is 
not environmentally safe [38]. The predicted total Chlor-
Tox scale for the current approach was 0.78 g, which indi-
cates that it is safe and benign for the environment [38]. 
Furthermore, we computed the ChlorTox scales for one 
reported HPTLC two HPLC approaches and compared 
them to the present HPTLC method of SUV analysis 
(Table 9). Two literature HPLC techniques were found to 
have ChlorTox scales of 2.75 g and 1.14 g, respectively [9, 
10]. However, the ChlorTox scale for the HPTLC method 
that was described was 3.96  g [22]. Based on ChlorTox 

scales, it was demonstrated that the existing HPTLC 
approach is much more successful than one of the lit-
erature’s HPLC methods and literature HPTLC method 
for SUV detection [9, 22]. One of the reported HPLC 
approaches for SUV assessment was found to be compa-
rable to the current HPTLC method based on ChlorTox 
scales [10].

The AGREE method [39], which takes into account 
each of the 12 GAC criteria [24], is the most widely 
used quantitative method for evaluating greenness. Fig-
ure 7 displays the overall AGREE scale for the suggested 
approach in relation to methods for HPLC and HPTLC 
that have been published [10, 22]. If the AGREE score 
was greater than 0.75, it was considered excellent; if it 
was less than 0.75 but greater than 0.50, it was consid-
ered adequate; and if it was less than 0.50, it was consid-
ered unsatisfactory [39]. A total AGREE scale of 0.88 was 
predicted by the current method (Fig. 7A). For the stated 
HPLC and HPTLC procedures, the overall AGREE scale 
was computed to be 0.79 (Fig.  7B) and 0.52 (Fig.  7C), 
respectively [10, 22]. The current HPTLC and reported 
HPLC procedures have outstanding greenness properties 
and are therefore comparable with each other based on 
the AGREE scale. The current HPTLC method has been 
found to be much better than the previously published 
HPTLC methodology for SUV assessment, based on the 
AGREE scale [22]. When compared to one of the HPLC 
methods and HPTLC method found in the literature, the 
new method for SUV analysis in marketed tablets has 
an excellent greenness profile, as shown by all greenness 
techniques.

Table 9 Results of the WHN model-computed ChlorTox scales for the relative hazards associated with chloroform (CHsub/CHCHCl3) 
compared to previously published HPLC and HPTLC methods
Stage Solvent/reagent Relative hazard (CHsub/CHCHCl3) msub (mg) ChlorTox (g) Total ChlorTox (g) Ref.
Sample preparation Ethanol 0.26 1500 0.39 0.78 Present HPTLC
HPTLC analysis Ethanol 0.26 1500 0.39
Sample preparation Methanol 0.56 792 0.44 2.75  [9]
HPLC analysis Methanol 0.56 4118 2.31

Orthophosphoric acid 0.56 5.26 0.00
Sample preparation Ethanol 0.26 552 0.14 1.14  [10]
HPLC analysis Ethanol 0.26 3866 1.00
Sample preparation Chloroform 1.00 1950 1.95 3.96  [22]

Methanol 0.56 50 0.03
HPTLC analysis Chloroform 1.00 1950 1.95

Methanol 0.56 50 0.03
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Conclusions
Stability-indicating HPTLC approaches for SUV mea-
surement are lacking in the literature. Developing and 
testing a green stability-indicating, sensitive reverse-
phase HPTLC technique for SUV characterization in 
commercial tablets is the aim of this work. The present 
methodology for analyzing SUV is linear, robust, sensi-
tive, accurate, precise, and sustainable. The SUV content 
of commercial tablets was successfully measured using 
the current methodology. The current approach was 
found to have stability-indicating qualities and selectiv-
ity. The present HPTLC strategy demonstrated a better 
greenness profile when compared to previously published 
HPLC and HPTLC methods for SUV analysis, as demon-
strated by the AES, ChlorTox, and AGREE results. These 
findings demonstrated that the existing method can be 
regularly used to determine SUV in its commercial dos-
age forms. In the near future, SUV’s pharmacokinetics 
may be examined in plasma samples using the existing 
HPTLC technology.
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