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Abstract
Purpose The prevalence of type 2 diabetes mellitus is one of the global concerns and almost 80% of diabetic patients are 
treated with oral antidiabetic drugs. GLMP as a prescribed oral antidiabetic drug for diabetic patients enhanced its necessity. 
Therefore, it is essential to quantify it in several drug formulations and biological samples. Hence, a simple, eco-friendly, 
validated kinetic spectrophotometric method was developed for quantifying GLMP in commercial dosage forms.
Methods The method was based on the oxidation of the GLMP with potassium permanganate. The reaction was followed 
spectrophotometrically, measuring an increase in absorbance with time at 605 nm. RSM optimized the influence of prelimi-
nary experimental variables for the proposed procedure via BBD, a frequently used DoE. Under the optimized conditions, 
initial rate, fixed-time (at 6.0 min), and equilibrium method (25.0 min) were adopted for constructing the calibration graphs to  
determine the amount of GLMP. The robustness of the proposed method was performed, and the effect of selected analytical 
parameters was investigated with alternative conditions employing Youden and Steiner’s test.
Results The outcomes of the model were significant. Hence, the performance of the analytical method was validated sta-
tistically and through recovery studies using ICH guidelines. Calibration curves were linear in the concentration ranges of 
4.0–36.0 µg/ml with a detection limit of 1.60, 1.02, and 1.13 µg/ml for the initial rate, fixed-time, and equilibrium method, 
respectively. The proposed method’s greenness profile was assessed using the analytical Eco-Scale and found greener in terms 
of using harmful reagents, energy consumption, and waste production. Statistical comparison of the results is shown in good 
agreement with the results found by the reference method, indicating no significant difference in accuracy and precision.
Conclusion The proposed validated kinetic method is simple, accurate, low cost, safe, and eco-friendly and might be used 
in research laboratories, hospitals, and pharmaceutical industries for the routine quality control analysis of GLMP in com-
mercial dosage forms.
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Introduction

The prevalence of type 2 diabetes mellitus is one of the 
global concerns predicting more than 400 million cases 
by 2030 [1]. Almost 80% of diabetic patients are treated 
with oral antidiabetic drugs. Hence, it is crucial to estab-
lish proper guidelines for their use and dosage selection [2]. 
GLMP is a third-generation sulfonylurea derivative and an 
oral antidiabetic medication used to treat type II diabetes 
mellitus. It lowers blood glucose levels by stimulating insu-
lin secretion from the pancreatic β-cells, raising peripheral 
insulin sensitivity, and thereby reducing insulin resistance 
[3, 4]. It is chemically known as 1-{(p-[2-(3-ethyl-4-methyl-
2-oxo-3-pyrroline-1-carboxamide) ethyl] phenyl) sulfonyl}-
3-(trans-4-methyl cyclohexyl) urea. This drug is officially 
listed in United States Pharmacopeia, and the monograph 
specifies an HPLC method for the assay of GLMP tablets 
in the monograph [5, 6]. It is a yellowish-white crystalline 
powder formulated into tablets of 1, 2, and 4 mg for oral 
administration. It was observed to be effective at lower dos-
ages [7]. It is highly soluble in dimethyl sulfoxide, slightly 
soluble in buffers and organic solvents, and almost insoluble 
in aqueous and acidic media [8]. Hence, solubility enhance-
ment of such insoluble drug molecules is one of the most 
challenging tasks in current research. Many physical and 
chemical modifications of the drug substance and other 
methods, like the addition of surfactant and solid dispersion, 
have been explored to enhance drug solubility [9, 10]. Lit-
erature reported that GLMP shows pH-dependent solubility 
at low values [11]. However, the dissolution rate of GLMP 
can be enhanced with water-soluble and pharmacologically 
inactive polymeric carriers such as povidone K-30 with dif-
ferent solid dispersion methods [12, 13].

For quality control to protect human life, it is essential to 
apply a suitable, rapid, and cost-effective analytical method 
for accurately determining APIs in pure and commercial 
dosage forms. Various analytical techniques were utilized 
significantly in assessing the quality of bulk drugs, interme-
diates, their degradation products, and impurities [14–17]. 
Attempts have been made for the determination of GLMP 
using expensive, time-consuming, organic solvent-based 
chromatographic methods such as LC [18], HPLC [19], 

reversed-phase HPLC [20], micellar electrokinetic chroma-
tography [21], and LC-electrospray ionization tandem mass 
spectrometry [22, 23]. Few electrochemical methods were 
also used to determine GLMP [24, 25].

Analytical spectroscopic methods often include advan-
tages such as sensitivity, safety, accessibility, miniaturi-
zation, economical, fast, and automated sample turnover 
[26, 27]. Technological advancements and modifications 
improve measurements; hence, it has been broadly used for 
chemical qualification and quantification [28–30]. Recent 
trends in spectroscopy show its inline/online applications 
[31, 32]. No single technique is perfect, and UV–Vis spec-
trophotometry is no exception. However, UV–Vis spectros-
copy has a few advantages; for instance, non-destructive, 
quick, easy to use, inexpensive, fast response and minimal 
processing make it still a popular technique and used almost 
in all analytical laboratories. Therefore, it is considered 
one of the most suitable alternative analytical methods in 
pharmaceutical research and drug development [33]. Direct 
UV–Vis spectrophotometry has been used to assay GLMP 
developing ion-pair complexation and charge-transfer com-
plexation reactions with dyes [34–41].

The literature survey lacks simple and robust kinetic-
based analytical approaches to determine GLMP in com-
mercial tablet formulations. The term “kinetic method” is 
confined to the methods based on direct or indirect meas-
urement of the rate of a chemical reaction. It is often called 
the reaction-rate method [42]. Most spectrophotometric 
methods deal with chemical reactions in which the rate 
(the kinetic) of reaction or a related quantity is determined 
under dynamic conditions on systems approaching equilib-
rium. At equilibrium, the reaction has not stopped, and the 
forward and backward reaction rates go on at equal rates 
with no net change in the amounts of reactants or products. 
A measurement mode of the kinetic method in which the 
determination of initial reaction rate was made and utilized 
for the measurement of concentrations is known as the ini-
tial rate method. The analyte concentration is chosen over 
a predetermined time interval in the fixed-time method. 
While in the case of the equilibrium method, the analytical 
signal is determined by an equilibrium reaction involving 
the analyte by a steady state process that maintains the 
analyte’s concentration. In general, kinetic methods play 
a significant part in the analyses of environmental, clini-
cal, pharmaceuticals, and food samples for the catalytic 
(enzymatic or nonenzymatic) and noncatalytic methods 
[43]. These methods offer advantages over direct meth-
ods, including sensitivity, improved selectivity, reduced 
analysis time, and simplicity. It also eliminates some pre-
experimental steps, such as extraction before analysis. It 
decreases interference from other active ingredients in the 
commercial dosage formulations that may resist the chemi-
cal reaction conditions. Hence, it is one of the significant 
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interests in analytical pharmacy for routine determinations 
of drug substances [44].

This article describes a kinetic-based spectrophoto-
metric method performed at room temperature. The drug 
molecule undergoes an oxidation reaction with potassium 
permanganate producing a green-colored product. A sub-
sequent increase in the absorbance of the green-colored 
product was recorded at 605 nm as a function of time fol-
lowing the initial rate, fixed-time and equilibrium method 
for GLMP assay in tablet formulations. Due to the impor-
tance of  KMnO4 as a universal, eco-friendly, low-cost rea-
gent, and strong oxidant [45], it has been extensively used 
for quantifying several APIs and commercial dosage forms 
by kinetic spectrophotometry [46–53].

Method optimization of a spectrophotometric proce-
dure using the conventional method requires a longer time 
considering one variable at a time to achieve the target 
and excludes the interaction of the independent variables. 
DoE emerged as a powerful and well-designed setting that 
yields more information from the least data. DoE find-
ings provide a procedure for planning experiments with 
the “best” possible composition and valid conclusion. 
The influence of the experimental variables in the present 
study was optimized by RSM via BBD and validated. Its 
prominent statistical approach employing the multivariate 
approach enables significant improvement in the method 
development using fewer trials [54–56]. The use of desir-
ability functions  approach offers an additional value in 
the selection of optimum experimental conditions [57, 58]. 
BBD was established as an independent quadratic polyno-
mial regression model without any factorial or fractional 
factorial design. Prerequisite tools for DoE include statis-
tical analysis by ANOVA, diagnostic analysis, and RSM 
analysis [59].

The analytical Eco-Scale is a novel comprehensive 
approach, an alternative to traditional green chemistry met-
rics and a semi-quantitative tool. It has been used to evalu-
ate the greenness profile of the proposed analytical method 
based on penalty points. It includes using harmful reagents, 
energy consumption, and waste production, resulting in a 
greener approach in the current method [60]. Youden and 
Steiner’s robustness test was executed using factorial com-
binations of the selected analytical parameters and exam-
ined the influences with the alternative conditions [61]. A 
linear dynamic range of 4–36 µg/ml was obtained with a 
detection limit of 1.60, 1.02, and 1.13 µg/ml for the ini-
tial rate, fixed-time, and equilibrium method, respectively. 
Hence, the proposed spectrophotometric method’s novelty 
and practical applicability are as follows: (a) simple kinetic 
and economical method; (b) DoE optimized with RSM to 
determine GLMP in pharmaceuticals; (c) robust; (d) an 
eco-friendly and validated method that could be utilized in 

research laboratories, hospitals, and pharmaceutical indus-
tries for the routine quality control analysis of GLMP in 
commercial dosage forms.

Experimental

Materials

All spectrophotometric investigations were carried out 
with Jenway (UV–Vis 6300, UK) and Cecil (CE 7400, UK) 
spectrophotometers, using a 10 mm matched glass cuvette. 
Doubly distilled water was used throughout the experi-
ment. The absorbance data and statistical evaluations were 
computed using MS-Excel 2013 (v.15.0, Microsoft Cor-
poration, USA), SigmaPlot (Systat Software Inc., UK), 
and OriginLab software (USA). Design-Expert 8.0.6.1 
software, Stat-Ease Inc., USA) was used for RSM-BBD. 
FTIR was performed with Thermo NICOLET 6700 FT-IR 
Spectrophotometer (Thermo Electron Corporation, USA).

Potassium permanganate (PC 223468), glacial acetic 
acid (PC A6283), toluene (PC 179418), methanol (PC 
34860), ethyl acetate (PC 319902), and dimethylforma-
mide (PC 319937) were purchased from Sigma Aldrich, 
USA, while sodium hydroxide (PC S5881 and 20252) 
was purchased from Sigma Aldrich, USA, and Sd-Fine 
Chem. Ltd. India, respectively through a local vendor. 
All chemicals and reagents used were of analytical grade. 
The GLMP tablet formulations, such as Amaryl (Sanofi-
Aventis, Germany) and Glim (SPIMACO, Saudi Arabia), 
were purchased from the local pharmacy. Silica gel (Sisco 
Research Laboratories Pvt. Ltd, India) packed glass col-
umns to extract drug content for column chromatography.

Methodology

Extraction and Dissolution of GLMP

Fifty tablets of 4 mg strength were powdered using mor-
tar and pestle, transferred into a 200 ml volumetric flask, 
and a mixture of dimethylformamide: distilled water (1:4) 
(v/v) was added to dissolve. The column chromatographic 
method was performed using silica gel as a stationary 
phase. A mixture of polar solvents was used as the mobile 
phase, including methanol:water:glacial acetic acid (5:3:1) 
(v/v/v). Finally, it separated the drug compounds, dried 
them in an oven and was collected as solid GLMP. Two 
different concentrations (4 ×  10−2 M and 5 ×  10−2 M) of 
NaOH aqueous solutions were tested. NaOH (5 ×  10−2 M) 
is an adequate concentration for dissolving GLMP com-
mercial tablets.
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TLC and FTIR Studies

Solid GLMP was also analyzed using silica gel G coated 
TLC plates with a solvent system of toluene: methanol: ethyl 
acetate (15:4:1, v/v/v). The IR spectrum of the extracted 
solid GLMP was recorded from 400 to 4000  cm−1 at a reso-
lution of 4  cm−1 and an average of 32 scans using a Thermo 
NICOLET 6700 FT-IR Spectrophotometer compared with 
the standard IR spectrum. A fresh background spectrum was 
carried out with the same instrumental setting before each 
analysis.

Standard Solution Preparation

The  KMnO4 (4 ×  10−3 M) aqueous solution was freshly 
prepared in doubly distilled water and standardized with 
the titrimetric procedure. An aqueous solution of NaOH 
(5 ×  10−2 M) was freshly prepared in doubly distilled water 
and used to prepare the GLMP sample solutions. A standard 
solution of GLMP was prepared by dissolving an accurately 
weighed amount of the extracted and dried drug (50 mg) in 
an aqueous solution of NaOH (5 ×  10−2 M) into a 100 ml 
volumetric flask. It was further diluted to obtain a 0.4 mg/ml 
working standard solution. The standard stock solution pre-
pared 20 calibration samples within the linearity range. Five 
synthetic mixture samples were also considered as validation 
samples. Each solution mixture was applied to perform the 
experiments to record the absorbance and optimized using 
RSM via BBD.

Preparation of GLMP from the Commercial Tablet 
Formulations

Two commercial brand tablets were obtained, claiming 2 mg 
of active GLMP content. Twenty tablets of one brand were 
crushed and powdered using a mortar and pestle; 40 mg of 
the drug was transferred to a 100 ml volumetric flask. Fifty 
milliliters of NaOH (5 ×  10−2 M) solution was added and 
sonicated for 20 min to mix the contents. Finally, it was 
filtered through Whatman no. 42 filter paper (Whatman 
International Limited, Kent, UK) and made up to mark with 
NaOH (5 ×  10−2 M) solution. Each brand of tablet solution 
was prepared similarly and used for the quantification.

DoE

The DoE setting based on RSM with BBD used to evaluate 
multivariable systems, which analyzes interaction between 
two-variable and optimizes their response. In the present 
study, based on the preliminary investigation, three signifi-
cant independent variables (factors) were selected as GLMP 
concentration (A, µg/ml), potassium permanganate volume 

(B, ml), and reaction time (C, min) varied at three levels 
(low, medium, and high) (Table 1). Based on the BBD, 17 
trails were chosen to evaluate the effects of independent 
variables on the response. For RSM, regression coefficients 
were established by fitting the predicted response value into 
the second-order polynomial equation and predicting the 
relationship between factors and the response. The equation 
is expressed as follows:

where Y is the response (predicted absorbance), Xi and Xj 
represent the experimental variables, and β0, βi, βij, and βii 
are the model coefficients for intercept, linear, interaction, 
and quadratic terms, respectively. ε is the random error.

Model validity was checked by ANOVA, which involves 
the assessment of statistical parameters such as model 
F-value, lack of fit value, correlation coefficient (R2), 
adjusted R-squared (R2

Adj), predicted R-squared (R2
Pred), 

PRESS, and AP. A descriptive diagram was prepared, as 
shown in Fig. 1.

Proposed Kinetic Procedures for the Assay of GLMP

Aliquots of 0.1–0.9 ml standard solution of GLMP (0.4 mg/
ml) were pipetted into a series of 10 ml volumetric flasks. 
In each flask, 2.2 ml of  KMnO4 (4 ×  10−3 M) was added and 
diluted to volume with distilled water at room temperature. 
The contents of each flask were mixed well, and an imme-
diate increase in absorbance at 605 nm was recorded as a 
function of time against the reagent blank prepared similarly 
without the active drug. Three different methods (Method 1, 
2 and 3) were adopted to construct calibration curves.

Method 1 (Initial Rate Method)

The initial rates of the reaction (ν) were determined at dif-
ferent concentrations from the slope of the initial tangent 
of the absorbance-time curve. The calibration curve was 
constructed by plotting the logarithm of the initial reaction 
rate (log ν) vs the logarithm of the molar concentration of 
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Table 1  Box–Behnken experimental design to optimize variables

Factor Unit Symbol Levels

Low High

GLMP concentration µg/ml A 4 36
Potassium permanganate ml B 0.1 2.4
Reaction time min C 3 12
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the GLMP (log C). The amount of the GLMP was obtained 
either from the calibration graph or the regression equation.

Method 2 (Fixed‑Time Method)

This method measured the absorbance at 605 nm of each 
sample solution at a preselected fixed time against a rea-
gent blank prepared similarly without a drug. The cali-
bration curve was constructed by plotting the absorbance 
against the drug’s final concentration. A fixed time of 3, 
6, 9, and 12 min was established. The amount of GLMP 
in each sample was computed from the calibration curve 
or regression equation.

Method 3 (Equilibrium‑Time Method)

After 25  min, the equilibrium reaction condition was 
achieved. At this time, the absorbance of each sample 
solution was measured at 605 nm against a reagent blank 
prepared similarly except drug. The calibration graph was 
constructed by plotting the absorbance against the initial 
concentration of GLMP. The drug concentrations were 

calculated from the calibration graph or the correspond-
ing regression equation.

Procedure for Reference Method [36]

Different aliquots of GLMP (1 ×  10−3  M) were trans-
ferred into a series of 10 ml volumetric flasks. The volume 
(0.2–2.0 ml) of cresol-red dye solution was added to each 
flask and diluted with chloroform. The absorbance of the 
yellow-colored ion-pair complex was measured at 450 nm 
against the reagent blank for each solution. Linearity was 
obtained in the range of 10–60 μg/ml. The calibration graph 
was constructed by plotting absorbance versus GLMP 
concentration.

Youden and Steiner’s Test for Robustness Evaluation

The seven analytical parameters and eight runs were selected 
under standard and alternative conditions, as represented in 
Table 2. The nominal values of the variables were indicated 
by the uppercase letters A, B, C, D, E, F, and G, with their 
alternative values indicated by the corresponding lowercase 
letters a, b, c, d, e, f, and g. All seven parameters and their 

Define
Independent variables

and output response

Select the Design and
develop strategy

Conduct Experiment 
and measure the 

response of each run

Verification and
Confirmation

of model 

•Absorption maxima (λmax)

•GLMP concentration

•Concentration of KMnO4

•KMnO4 volume

•Reaction time
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Model Fitness (ANOVA)

Fig. 1  Design of experiments (DoE)
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respective variable combined in eight runs were performed 
randomly using constant concentrations of GLMP (32 μg/
ml) and 2.2 ml of  KMnO4 (4 ×  10−3 M) in the entire experi-
ment. The analysis results are shown by letters from s to z 
of all seven parameters: concentration of sodium hydrox-
ide, manufacturer of sodium hydroxide, wavelength maxima, 
sonication time, spectrophotometer model, filter model, and 
wavelength interval. From these results, the effect of each 
variable is estimated by obtaining the difference in the aver-
ages of the four analyses with the nominal value (uppercase 
letter) and the four analyses with the alternative value (low-
ercase letter). Considering the standard deviation of the eight 
runs, effect values higher than criterion s√2 (s = standard 
deviation) were considered significant.

Results

TLC and Spectral Studies

Air-dried TLC plates detect a single spot with an  Rf value of 
about 0.48 ± 0.01 corresponding to GLMP, confirming the pres-
ence of the active drug component in the extracted GLMP [62].

FTIR analysis of the dried GLMP sample was performed 
by the KBr pellet method. The spectrum was scanned from 
400 to 4000   cm−1. The FTIR spectrum of dried GLMP 
showed a distinct NH stretching at 3100  cm−1, aromatic 
ring (C-H) at 2198  cm−1, 1633  cm−1, and 1458  cm−1 due 
to the presence of carbonyl stretching, C–N stretching at 
1365  cm−1, S = O stretching vibration at 1146  cm−1, as pre-
sented in Fig. 2. The FTIR studies revealed that GLMP is 
compatible with the excipients used in the formulation as it 
shows characteristic peaks within the range [63].

An aqueous solution of potassium permanganate exhibits 
an absorption peak at 527 nm. GLMP solution shows the 
highest absorption at 227 nm against a reagent blank. In the 
present study, GLMP solutions were added to the  KMnO4, 
a bathochromic shift peaking at 605 nm (Fig. 3). Since the 
absorbance increases with time, this study investigated a 
kinetic spectrophotometric determination of GLMP.

Optimization of  KMnO4 Volume

The influence of  KMnO4 concentration (4 ×  10−3  M) on 
the absorbance of the product was studied in the range of 

Table 2  Analytical parameters 
and variations with factorial 
combinations for the robustness 
evaluation

Parameter Nominal condition Variable condition Factorial combination

1 2 3 4 5 6 7 8

NaOH concentration 5 ×  10−2 M (A) 4 ×  10−2 M (a) A A A A a a a A
NaOH manufacturer Sigma-Aldrich (B) Sd-Fine (b) B B b b B B b B
Wavelength maxima 605 nm (C) 607 nm (c) C c C c C c C C
Sonication time 30 min (D) 20 min (d) D D d d d d D D
Spectrophotometer model Jenway (E) Cecil (e) E e E e e E e E
Filter paper model Whatmann grade 42 (F) Whatmann grade 41 (f) F f f F F f f F
Wavelength interval 3 nm (G) 5 nm (g) G g g G g G G G
Results s t u v w x y z

Fig. 2  FTIR spectrum of solid 
GLMP
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0.1–2.4 ml, keeping the constant amount of the drug (32 μg/ml). 
The maximum absorbance of the product was achieved with a 
2.0 ml  KMnO4 solution. Therefore, 2.2 ml of  KMnO4 was used 
as the optimum value with respective standard deviations (for 
five measurements at each volume) shown as error bars in Fig. 4.

Stoichiometric Ratio and Proposed Reaction 
Mechanism

By performing two different sets of experiments, the limit-
ing logarithmic method ascertained the stoichiometric ratio 

between potassium permanganate and GLMP [64]. GLMP 
concentration was varied in the first set, keeping a fixed molar 
concentration of  KMnO4 and vice versa in the other set of 
experiments. The logarithm of the absorbance thus obtained 
was plotted against the logarithm of the molar concentration 
of  KMnO4 or GLMP. The slopes of the two straight lines were 
perceived in each case and found to be 0.995: 0.979, indicat-
ing the combining molar reaction ratio between GLMP and 
 KMnO4 as 1:1 (Fig. 5). Literature reports that GLMP produces 
cyclohexyl hydroxy methyl derivative after the oxidative bio-
transformation, which is further metabolized into the carboxyl 
derivative of GLMP [65]. In this reaction, it has been expected 
that in the presence of a strong oxidizing agent,  KMnO4, the 
oxidative attack occurs at the methyl group of the cyclohexyl 
ring of the GLMP molecule converted into a carboxylic acid 
group producing carboxy GLMP [66]. In contrast, purple-
colored permanganate ion gets reduced to bluish-green manga-
nate ion. Based on the stoichiometric ratio and literature back-
ground [67], the reaction mechanism was proposed in Fig. 6.

Analytical Data

Method 1

The initial reaction rates were calculated from the slope of 
the initial tangent to the absorbance-time curve (Fig. 7). 
Under the optimized experimental conditions, the assay of 
GLMP was performed in the presence of the excess amount 
of  KMnO4. Consequently, a pseudo-first-order reaction con-
dition was obtained concerning the large excess concentra-
tion of  KMnO4. Therefore, the initial rate of reaction would 

Fig. 3  Absorption spectra of 
a GLMP solution (0.4 mg/
ml) in 5 ×  10−2 M NaOH 
solution, b 2.2 ml of  KMnO4 
(4 ×  10−3 M) solution, and 
c 0.8 ml GLMP (0.4 mg/
ml) + 2.2 ml of 4 ×  10−3 M 
 KMnO4 diluted to 10 ml with 
5 ×  10−2 M NaOH versus blank 
(2.2 ml of 4 ×  10−3 M  KMnO4 
diluted with 5 × 10.−2 M NaOH 
solution in 10 ml)
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Fig. 4  Effect of volume (ml) of 4 ×  10−3  M  KMnO4 with respective 
standard deviations as error bar
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depend on the concentration of the GLMP, and the rate equa-
tion can be written as follows [68]:

K′= is the pseudo-first-order rate constant, C is the con-
centration of the GLMP (mol/l), and n is the order of the 
reaction.

The logarithmic form of Eq. (1) can be log (rate of reac-
tion) = log (ν) = log K′ + n log C.

The order of the reaction was calculated by either plot-
ting the logarithm of the initial rate of reaction (log ν) ver-
sus the logarithm of the initial concentration of the drug or 
the regression analysis of the data, which yielded the equa-
tion, log (rate of reaction) = log (ν) = 2.783 + 0.995 log C 
with a correlation coefficient (r2) = 0.9992. The reaction’s 
order was found to be 0.995. The calibration curve was pre-
pared by plotting the initial rate of the reaction against the 

(1)Rate of reaction = v = K
�Cn

concentration of GLMP (μg/ml). The results of regression 
analysis of calibration data are reported in Table 3. It can 
be seen from Table 3 that the calibration graphs (initial rate 
vs concentration) were found to be linear over the concen-
tration range of 4–36 μg/ml. The correlation coefficient 
(r2 = 0.9992) with very low confidence limit values for the 
slope and intercept of the regression line indicates the high 
reproducibility of the initial rate method.

Method 2

The absorbance of the solution containing varying amounts 
of GLMP was measured at 605 nm with a preselected fixed 
time. The calibration graphs were constructed by plotting the 
absorbance against the initial concentration of GLMP at a 
preselected fixed-time of 3, 6, 9 and 12 min. The results of 
the statistical analysis are summarized in Table 4. The most 

Fig. 5  Limiting logarithmic 
plot for molar combining ratio 
between GLMP and  KMnO4. 
a log A vs log [GLMP]. b log A 
vs log  [KMnO4]
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acceptable linearity, LOD, and the LOQ were obtained with 
a fixed time of 6 min. Therefore, a fixed-time of 6 min was 
used as the optimum time and selected to quantify GLMP.

Method 3

In this equilibrium time method, the absorbance of the green-
colored solution was measured after attaining the equilibrium 

time for different concentrations of GLMP. However, this 
method requires a little longer time of analysis in comparison 
to the fixed-time method. The linear regression equation and 
other statistical parameters of this method are summarized 
in Table 5.

RSM Using BBD for Optimization

Based on BB factorial design, a design matrix comprised 
of 17 trials was prepared. The variables combination for all 
proposed experiments is presented in Table 6. It investigated 
absorbance as a dependent variable (response) using Design-
Expert software (Version 8.0.6.1, Free Trial, Stat-Ease Inc., 
USA) against independent variables.

A second-order polynomial regression equation was gen-
erated to determine the relationship between the variables 
and the response as absorbance, and the results are shown 
below.

Absorbance = 0.578 + 0.1679 A + 0.1466 B + 0.0021 
C + 0.1101 AB – 0.0470 AC + 0.0512 BC – 0.1705  A2 
– 0.0974  B2 – 0.1525 C.2

The highest predicted response (absorbance) was 
obtained with optimized conditions, including a 32.9 µg/ml 
GLMP, 2.37 ml of  KMnO4 and 8.048 min reaction time with 
the maximum desirability function 1.

The ANOVA was accomplished with p-values < 0.05 
(Table 7). It includes linear coefficients (A, B, C), interac-
tive coefficients (AB, AC, BC), and quadratic coefficients 
 (A2,  B2,  C2) that were significant (Table 8).

Method Validation

The developed methods are required to validate the FDA 
regulations followed by the ICH guidelines [69]. Validation 
is not only necessary for regulatory purposes, but it has a 
tremendous demand for long-term analysis. The standard 
parameters to validate a method include linearity, LOD, 
LOQ, accuracy, precision, stability, selectivity, recovery, 
ruggedness and robustness. Hence, after optimising reagent 
concentration, the proposed method has been validated for 
linear dynamic range, stability, selectivity, reproducibility, 
accuracy and precision, detection and quantitation limits, 
robustness, and recovery.

Linearity Range, LOD, and LOQ

For linearity evaluation, the data was analyzed five times at 
eight concentration levels: 4.0, 8.0, 12.0, 16.0, 20.0, 24.0, 
32.0, and 36.0 μg/ml for the three methods to obtain a corre-
lation coefficient greater than 0.9990. LOD and LOQ values 
were 1.61 and 4.88 μg/ml for method 1, 1.02 and 3.10 μg/
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Fig. 7  Absorbance-time graph for the reaction product at a 4 μg/ml, 
b 8 μg/ml, c 12 μg/ml, d 16 μg/ml, e 20 μg/ml, f 24 μg/ml, g 32 μg/
ml, and h 36 μg/ml GLMP concentration

Table 3  Summary of the optical and regression data for method 1

a Standard deviation of the regression
b Standard deviation of the intercept
c Confidence interval of the intercept at 95% confidence level
d Standard deviation of the slope
e Confidence interval of slope at 95% confidence level

Parameter Value

Linear regression equation ν = 1.26 ×  10−3 
[GLMP] + 5.04 ×  10−4

λmax (nm) 605
Beer’s law limit (μg/ml) 4–36
Correlation coefficient (r2) 0.9992
So

a 6.14 ×  10−4

Sa
b 4.48 ×  10−4

 ±  tSa
c 1.18 ×  10−3

Sb
d 2.06 ×  10−5

 ±  tSb
e 5.04 ×  10−5

Variance  (So
2) of regression 3.77 ×  10−7

LOD (μg/ml) 1.61
LOQ (μg/ml) 4.88
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ml for method 2, and 1.13 and 3.41 μg/ml for method 3, 
respectively, presented in Tables 3, 4, and 5.

Solution Stability

The stability of the GLMP in a 5 ×  10−2 M NaOH aqueous 
solution was studied by recording the UV absorption spectra 

of the drug. The drug solution having λmax at 227 nm, showed 
no change in the absorption spectra of the sample solutions of 
the drug for at least four days when the solutions were stored 
in a dark place at room temperature.

Table 4  Optical and regression characteristics of method 2

a Standard deviation of the regression
b Standard deviation of the intercept
c Confidence interval of the intercept at 95% confidence level
d Standard deviation of the slope
e Confidence interval of the slope at 95% confidence level

Parameter Fixed-time

3 min 6 min 9 min 12 min

Regression equation A =  − 1.39 ×  10−4 
+ 3.83 ×  10−3 
GLMP

A = 2.22 ×  10−4 + 7.80 ×  10−3 
GLMP

A = 1.96 ×  10−3 + 1.15 ×  10−2 
GLMP

A =  − 1.40 ×  10−3 
+ 1.67 ×  10−2 
GLMP

Linear dynamic range (μg/ml) 4–36 4–36 4–32 4–32
Correlation coefficient (r2) 0.9994 0.9997 0.9993 0.9972
Standard deviation of the regression  (S0

a) 1.61 ×  10−3 2.42 ×  10−3 4.54 ×  10−3 1.35 ×  10−2

Sa
b 1.17 ×  10−3 1.76 ×  10−3 3.53 ×  10−3 1.06 ×  10−2

 ±  tSa
c 2.86 ×  10−3 4.31 ×  10−3 8.64 ×  10−3 2.59 ×  10−2

Sb
d 5.02 ×  10−5 7.82 ×  10−5 1.75 ×  10−4 5.23 ×  10−4

 ±  tSb
e 1.23 ×  10−4 1.91 ×  10−4 4.28 ×  10−4 1.28 ×  10−4

Variance  (So
2) of regression 2.59 ×  10−6 5.86 ×  10−6 2.06 ×  10−5 1.82 ×  10−6

LOD (μg/ml) 1.38 1.02 1.30 2.67
LOQ (μg/ml) 4.20 3.10 3.94 8.10

Table 5  Statistical data for method 3

a Standard deviation of the regression
b Standard deviation of the intercept
c Confidence interval of the intercept at 95% confidence level
d Standard deviation of the slope
e Confidence interval of the slope at 95% confidence level

Parameter Value

Linear regression equation A =  − 2.33 ×  10−3 + 2.19 ×  10−2 
GLMP

λmax (nm) 605
Beer’s law limit (μg/ml) 4–36
Correlation coefficient (r2) 0.9996
So

a 7.49 ×  10−3

Sa
b 5.44 ×  10−3

 ±  tSa
c 1.32 ×  10−2

Sb
d 2.41 ×  10−4

 ±  tSb
e 5.88 ×  10−4

Variance  (So
2) of regression 5.61 ×  10−5

LOD (μg/ml) 1.13
LOQ (μg/ml) 3.41

Table 6  Box–Behnken experimental design with three independent 
factors against response (absorbance)

Runs Factors Absorbance

A: GLMP 
(µg/ml)

B: potassium 
permanganate 
(ml)

C:  
reaction 
time 
(min)

Experimental Predicted

1 20 2.4 12 0.529 0.528
2 20 1.25 7.5 0.578 0.578
3 36 1.25 3 0.468 0.468
4 36 2.4 7.5 0.734 0.735
5 36 0.1 7.5 0.222 0.221
6 20 1.25 7.5 0.578 0.578
7 20 1.25 7.5 0.578 0.578
8 4 1.25 3 0.038 0.037
9 4 2.4 7.5 0.178 0.179
10 4 0.1 7.5 0.107 0.106
11 36 1.25 12 0.378 0.378
12 4 1.25 12 0.136 0.136
13 20 2.4 3 0.422 0.421
14 20 1.25 7.5 0.578 0.578
15 20 0.1 12 0.132 0.133
16 20 0.1 3 0.230 0.231
17 20 1.25 7.5 0.578 0.578
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Accuracy and Precision

The accuracy and precision of the proposed kinetic spectro-
photometric method were determined in terms of intermedi-
ate precision at three concentration levels (10.0, 20.0, and 
30.0 μg/ml). Five sample solutions of each concentration 
were prepared and tested five times in one day (intraday 
precision) and five consecutive days (interday precision). 
The standard deviations (SD), percentage relative SD, stand-
ard analytical error (SAE), and confidence limit (CL) were 
calculated by standard methods (Table 9). Percentage rela-
tive standard deviation (%RSD) as precision and percent-
age recovery as the accuracy of the suggested methods of 
GLMP ascertained from the calibration curves showed that 

the present kinetic analytical approaches have good repeat-
ability and reproducibility.

Selectivity

This was investigated by analyzing the extracted drug and 
co-formulated substances present in tablets, including lac-
tose, sodium starch glycolate, magnesium stearate, cellulose 
and polyvinylpyrrolidone, by performing placebo blank and 
synthetic mixture analyses. The results were reproducible 
with a % recovery between 99.484 and 100.109% (Table 9), 
suggesting the non-interference of tablet additives and excip-
ients in the analysis.

Table 7  The sequential model 
of absorbance results using 
 KMnO4

Sequential model sum of squares

Source Sum of squares df Mean square F-value p-value

Mean vs total 2.46 1 2.46
Linear vs mean 0.3974 3 0.1325 4.83 0.0179
2FI vs linear 0.0678 3 0.0226 0.7830 0.5301
Quadratic vs 2FI 0.2888 3 0.0963 1.648E + 05  < 0.0001
Cubic vs quadratic 4.090E-06 3 1.363E-06
Residual 0.0000 4 0.0000
Total 3.21 17 0.1889
Model summary statistics
Source Std. Dev R2 Adjusted R2 Predicted R2 PRESS
Linear 0.1656 0.5271 0.4179 0.2602 0.5578
2FI 0.1699 0.6170 0.3872 0.0725 0.6994
Quadratic 0.0008 1.0000 1.0000 0.9999 0.0001
Cubic 0.0000 1.0000 1.0000

Table 8  ANOVA contribution 
to quadratic model to determine 
GLMP

Source Sum of squares df Mean square F-value p-value

Model 0.7541 9 0.0838 1.434E + 05  < 0.0001
A—GLMP 0.2256 1 0.2256 3.861E + 05  < 0.0001
B—potassium permanganate 0.1718 1 0.1718 2.941E + 05  < 0.0001
C—reaction time 9.031E-06 1 9.031E-06 61.83 0.0001
AB 0.0485 1 0.0485 83,062.26  < 0.0001
AC 0.0088 1 0.0088 15,122.74  < 0.0001
BC 0.0105 1 0.0105 17,911.25  < 0.0001
A2 0.1224 1 0.1224 2.095E + 05  < 0.0001
B2 0.0399 1 0.0399 68,294.08  < 0.0001
C2 0.0979 1 0.0979 1.676E + 05  < 0.0001
Residual 4.090E-06 7 5.843E-07
Lack of fit 4.090E-06 3 1.363E-06
Cor total 0.7541 16
Std. Dev 0.0008 R2 1.0000
Mean 0.3802 Adjusted R2 1.0000
C.V. % 0.2011 Predicted R2 0.9999
PRESS 0.0001 AP 1188.5995
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Robustness

The effect of all seven analytical variables, the eight runs 
standard deviation, and criterion s√2 were calculated and 
used to evaluate the results. Using the requirements of 
Youden’s test, effect values higher than s√2 were consid-
ered significant and needed to be controlled by the changes 
in the concerned variable. The results indicate that a varia-
tion of 2 nm in wavelength maxima is the only variable with 

a more significant influence and needs to be controlled to 
quantify GLMP in both brand pharmaceutical formulations. 
It may arise due to substantial interference from the tablet 
excipients in the region of GLMP absorption maxima, which 
precludes the analytical use of zero-order spectrophotometry 
and deteriorates the spectral intensity signal. It concludes 
that the method is fairly robust concerning the parameters of 
sodium hydroxide concentration, sodium hydroxide supplier, 
sonication time, spectrophotometer model, filter model, and 

Table 9  Test of accuracy and 
precision of methods 1, 2, and 3 
in pharmaceutical formulations

a Mean of five analyses

Method 1

Formulations Taken (μg/ml) Found ±  SDa (μg/ml) %Recovery %RSD SAE CL

Intraday Amaryl 10 9.992 ± 0.067 99.923 0.675 0.031 0.084
Glim 20 19.987 ± 0.027 99.945 0.136 0.012 0.034
Amaryl 30 30.023 ± 0.056 100.081 0.186 0.025 0.069

Interday Amaryl 10 9.995 ± 0.080 99.953 0.797 0.036 0.099
Glim 20 19.995 ± 0.067 99.984 0.337 0.030 0.083
Amaryl 30 29.951 ± 0.075 99.845 0.251 0.033 0.093

Method 2
Formulations Taken (μg/ml) Found ±  SDa (μg/ml) %Recovery %RSD SAE CL

Intraday Amaryl 10 9.920 ± 0.147 99.203 1.471 0.065 0.181
Glim 20 19.997 ± 0.190 99.991 0.952 0.085 0.263
Amaryl 30 29.843 ± 0.202 99.484 0.679 0.091 0.251

Interday Amaryl 10 9.997 ± 0.167 99.972 1.672 0.075 0.207
Glim 20 19.997 ± 0.278 99.984 1.391 0.124 0.345
Amaryl 30 29.949 ± 0.247 99.821 0.823 0.110 0.306

Method 3
Formulations Taken (μg/ml) Found ±  SDa (μg/ml) %Recovery %RSD SAE CL

Intraday Amaryl 10 9.994 ± 0.019 99.942 0.198 0.009 0.024
Glim 20 19.987 ± 0.094 99.933 0.473 0.042 0.118
Amaryl 30 30.024 ± 0.088 100.081 0.293 0.039 0.109

Interday Amaryl 10 10.011 ± 0.065 100.109 0.653 0.029 0.081
Glim 20 19.988 ± 0.110 99.939 0.550 0.042 0.118
Amaryl 30 30.015 ± 0.116 100.050 0.388 0.052 0.144

Table 10  Youden and Steiner 
robustness’s test summary

* Average of the values obtained at nominal conditions − an average of the values obtained at variable state
a Effect values higher than Youden’s test criteria

Parameter Effects*

Amaryl Glim

NaOH concentration (A = 5 ×  10−2 M, a = 4 ×  10−2 M) 0.0158 0.0140
NaOH manufacturer (B = Sigma-Aldrich, b = Sd-Fine) 0.0022  − 0.0010
Wavelength maxima (C = 605 nm, c = 607 nm) 0.0473a 0.0391a

Sonication time (D = 30 min, d = 20 min)  − 0.0023  − 0.0055
Spectrophotometer model (E = Jenway, e = Cecil) 0.0128 0.0045
Filter paper model (F = Whatmann Garde 42, f = Whatmann Garde 41) 0.0043 0.0075
Wavelength interval (G = 3 nm, g = 5 nm)  − 0.0243  − 0.0112
s√2 0.0432 0.0333
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wavelength interval. The analytical results obtained in the 
robustness test are shown in Table 10.

RSM Plots

The polynomial regression equation predicting the effect 
of GLMP concentration (µg/ml),  KMnO4 volume (ml), and 
reaction time (min) were explained by 3D response surface 
plots. The absorbance responses against the variables are 
investigated. The surface plot explains (Fig. 8a) as a func-
tion of the  KMnO4 volume (ml) and GLMP concentra-
tion (µg/ml) at a constant time of 12 min. The absorbance 
increases with  KMnO4 volume and GLMP concentration 
increment. The influence of the GLMP concentration (µg/
ml) against the time at the fixed volume of 2.4 ml  KMnO4 
was studied (Fig. 8b). It also shows absorbances enhanced 
with higher GLMP concentration (36 µg/ml) and attained 
with a maximum reaction time of 12 min. The collective 
impact of reaction time (min) and  KMnO4 volume (ml) 
on absorbance is demonstrated in which the absorbance 
increases with increasing reaction time and  KMnO4 volume 
(Fig. 8c). The optimized experimental conditions were to 

produce the absorbances, including the volume of  KMnO4 
to about 2.4 ml with a reaction time of 12 min at a GLMP 
concentration of 36 µg/ml to achieve the highest absorbance 
and continued the procedure throughout the experiments to 
determine GLMP in pharmaceutical formulations.

Discussion

Model Calibration and Validation

The multivariate calibration regression model based on the 
PLS was performed in two steps, calibration, and validation. 
It depended on the GLMP concentration and their responses 
transferred into Design–Expert. The model was performed 
utilizing GLMP concentration,  KMnO4 volume, and reac-
tion time. It typically was selected based on the minimum 
to highest absorbance as a response. Then, the calibration 
model’s predicted and observed values were applied to cal-
culate the coefficient of determination (R2). It can be used 
for validation as an accuracy parameter because it explains 
the closeness between the predicted and actual values. 

Fig. 8  RSM plots as a function of a volume of  KMnO4 (ml) and concentration of GLMP (µg/ml). b Reaction time (min) and concentration of 
GLMP (µg/ml). c Reaction time (min) and volume of  KMnO4 (ml)

Fig. 9  Response surface plot. a Normal plot of residuals. b Residuals vs predicted. c Predicted vs run
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Additionally, the model’s adequacy was selected based on 
its capability to provide the lowest errors in calibration and 
validation, typically articulated with RSMEC and RMSECV. 
The difference in the sum of these squares is well-known 
as PRESS. These values were generally explained by the 
precision parameter because its deals with the degree of 
concurrence with the expected values outcomes when the 
process is used constantly with multiple calibration sam-
ples. Based on the DoE set, the variables were the ultimate 
choice for GLMP quantitative analysis. Simultaneously due 
to their ability to present the highest values of R2 and the 
lowest values of RMSEC, RMSECV, and PRESS. The R2 
predicted (0.9999), calibrated (1) with the low RMSECV 
value (0.0008, close to 0), PRESS value 0.0001 and RMSEC 
value 0.0007 illustrates the prediction abilities of the calibra-
tion model acquired with cross-validation.

GLMP’s residual profile identifies the random errors in 
the calibration model (Fig. 9). It is noticeable that random 
errors ensued. However, the appearance of the residual point 
above and below the target value is insignificant to the sys-
tematic error. Almost the difference between the observed 
and predicted value is close to 0. The results produced by 
calibration and cross-validation decided that this model is 
well managed to determine the GLMP in pharmaceutical 
formulations with a higher value of R2 and lower PRESS, 
RMSEC, and RMSECV values.

Applicability of the Proposed Method

Initial rate, fixed-time, and equilibrium time methods were 
successfully applied to determine GLMP in their pharma-
ceutical dosage forms. Five replicate measurements were 
made in each case, and the drug concentration was com-
puted from the corresponding calibration equations. The 
results of the proposed methods were compared with those 
obtained by the reference method [36] using point and inter-
val hypothesis tests. In the interval hypothesis, the lower and 

upper acceptance limits can be calculated using the follow-
ing equation [70].

The values of θL and θU of confidence interval were 
obtained as

where x
1
 and x

2
 are estimates of μ1 and μ2 based on  n1 and 

 n2 measurements, respectively. Sp is the pooled standard 
deviation, and  ttab is the tabulated one-sided t-value, with 
 n1 +  n2 − 2 degrees of freedom at the specified significance 
level.
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Table 11  Point and interval 
hypothesis tests: applicability 
evaluation of the proposed 
methods at 95% confidence 
level

Theoretical t (n = 8) and F-values (n = 4, 4) at 95% confidence level are 1.860 and 6.39, respectively. θL and 
θU are within the acceptable limits of ± 2%

Formulations Recovery ± RSD (%) t-value F-value θL θU Reference method [36]
Recovery ± RSD (%)

Method 1
Amaryl 99.984 ± 0.509 0.351 2.241 0.989 1.008 99.873 ± 0.745
Glim 99.971 ± 0.491 0.373 2.293 0.991 1.005 99.914 ± 0.343
Method 2
Amaryl 99.921 ± 0.471 0.161 2.744 0.991 1.007 99.873 ± 0.745
Glim 100.022 ± 0.586 0.788 3.162 0.993 1.004 99.914 ± 0.343
Method 3
Amaryl 99.921 ± 0.471 0.175 2.493 0.994 1.006 99.873 ± 0.745
Glim 100.022 ± 0.586 0.344 3.242 0.992 1.008 99.914 ± 0.343

Table 12  Penalty points and analytical Eco-Scale score for the evalu-
ation of the greenness of the proposed method

Reagents/instrument/chemical Penalty points

Proposed 
method

Reference 
method 
[36]

Chloroform - 2
Cresol red - 5
Potassium permanganate 0 -
Sodium hydroxide 1 -
UV–Vis spectrophotometry 0 0
Waste 5 5
Total penalty points 6 12
Analytical Eco-Scale score 94 88
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No significant difference among the proposed kinetic 
methods was observed, as the calculated t (paired) and 
F-values at 95% confidence level did not exceed the  ttab val-
ues [71], thus indicating good accuracy and precision in the 
analysis of GLMP in commercial dosage forms. As evident 
from Table 11, θL and θU values of all the drug samples 
lie within the acceptance limit of 0.98 and 1.02, smaller 
than ± 2%, indicating compliance with regulatory guidelines 
[72].

Analytical Eco‑Scale Score

It calculated the Eco-Scale score by taking the penalty 
points for each analytical parameter. The lower the penalty 
points, the higher the Eco-Scale score indicates that the 
analytical procedure is greener and more eco-friendly. The 
calculated analytical Eco-Scale score was 94 (close to the 
ideal green analysis score), as shown in Table 12. It proves 
that the proposed kinetic spectrophotometric method is 
greener, excellent, and, hence, more eco-friendly than the 
compared method.

Comparison with Existing Methods

It is the first kinetic-based spectrophotometric method 
reported for the assay of GLMP in commercial tablet for-
mulations using green and universal oxidant,  KMnO4, as 
per my knowledge and literature reports. A comparison 
table (Table 13) presented the performances of the existing 

methods with the proposed kinetic method favors many 
advantages, including short analysis time, good linear range, 
sensitivity, non-extractive, inexpensive, and avoiding harm-
ful reagents.

Conclusion

This paper reports a simple, robust, eco-friendly, and first-time 
kinetic spectrophotometric method for quantifying GLMP in 
commercial tablets using  KMnO4. Beer’s law was obeyed in 
the range of 4–36 µg/ml with a detection limit of 1.60, 1.02, 
and 1.13 µg/ml for the initial rate, fixed-time, and equilibrium 
method, respectively. No organic or harmful solvents/reagents 
were used to develop this method except for extracting GLMP 
content from the commercial tablet formulations. Moreover, 
no laborious clean-up procedures are involved at any analy-
sis stage. The method shows no interferences by the com-
mon excipients of commercial tablet formulations. A widely 
accepted, descriptive, and three-level factorial DoE (BBD-
RSM) was used to optimize the experimental data variables. 
A quadratic equation was generated and showed an excellent 
correlation between actual and predicted responses. Youden’s 
test was performed to investigate the influence of alternative 
conditions to check the robustness of the kinetic spectropho-
tometric procedure. The method was validated following ICH 
guidelines. The proposed kinetic spectrophotometric approach 
was found sensitive, accurate, and precise. Lower penalty 
points and higher Eco-Scale scores indicate that the analytical 
procedure is greener and more eco-friendly. Thus, it can be a 

Table 13  Performance of the proposed kinetic method over existing spectrophotometric methods

a Method 1
b method 2
c method 3

Reagents Solvent used UV/visible/direct/
kinetic method

Extractive/nonextractive Linear 
dynamic range 
(µg/ml)

LOD (µg/ml) References

3-Methylbenzothiazolinone 
hydrazone and cerric sulfate

Aqueous Visible/direct Nonextractive 2–16 0.06 [34]

Sodium hydroxide Aqueous UV/direct Non-extractive 2–40 0.826–4.371 [35]
Cresol red Organic Visible/direct Non-extractive 10–60 0.1179 [36]
Bromophenol blue 2–20 0.6173
Water Aqueous UV/direct Non-extractive 6.25–100 - [37]
Bromothymol blue Organic Visible/direct Extractive 2.453–49.062 0.300 [38]
Dimethylformamide Organic UV/direct Non-extractive 1.00–500.00 1.000 [39]
Chloroform Organic UV/direct Non-extractive 5–30 0.400 [40]
7,7,8,8-Tetracyanoquinodimethane Organic Visible/direct Non-extractive 10–80 2.6 [41]

20–120 2.8
Potassium permanganate Aqueous Visible/kinetic 

(methods 1, 2, 
and 3)

Nonextractive 4–36 1.60a

1.02b

1.13c

Present work
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good and worthy alternative method for GLMP determination 
in dosage forms. Easy availability of the instrumental tech-
nique and inexpensive reagents enable frequent applications in 
research laboratories, pharmaceutical industries, and hospitals.
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