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Abstract
The use of sustainable solvents has increased significantly in recent years due to advancements in green analytical methods. The number of impurities in the drug substance determines how safe the finished product is. Therefore, during the whole medication planning process, contaminants need to be closely watched. Using chemometric models, the concentrations of hyoscine N-butyl bromide (HYO) and paracetamol (PAR) were determined in the presence of three PAR impurities [P-nitrophenol (PNP), P-aminophenol (PAP), and P-chloroacetanilide (PCA), as well as DL-tropic acid (TRO) as a HYO impurity]. It was possible to isolate and measure these dangerous impurities. Fever and spasms associated with COVID-19 are reported to be considerably reduced when PAR and HYO are taken together. Artificial neural networks, principal component regression, multivariate curve resolution-alternating least squares, and partial least squares are the four chemometric-assisted spectrophotometric models that were created and verified. All of the proposed methods’ quantitative analytical potency was assessed using recoveries%, root mean square error of prediction, and standard error of prediction. For PAR, HYO, PNP, PCA, TRO, and PAP, respectively, the indicated approaches were used in the ranges of 4.00–8.00, 16.00–24.00, 1.00–5.00, 0.40–0.80, 4.00–12.00, and 2.00–6.00 µg/mL. They are able to get around difficulties like collinearity and spectral overlaps. After statistical testing, there was no discernible difference between the recommended methods and the published one. The degree of greenness of the established models was evaluated using three different green assessment methods. In the presence of their harmful impurities, PAR and HYO could be identified using the recommended methods.
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Introduction
The terms "green analytical chemistry" (GAC), "environmental impact," "sustainable development," and "waste reduction" are frequently used interchangeably [1]. The Eco-Scale, Analytical GREEnness metric (AGREE), and Green Analytical Procedure Index (GAPI) are the methods available for assessing how environmentally friendly an analytical approach is [2]. Based on penalty points, the founded techniques eco-scaling was assessed, and deducted from a base of 100. From samples taken until assessment in the end, the trustworthy methodologies AGREE and GAPI are capable of supplying an extensive ecological evaluation of the entire analytic process [3]. Each solvent is therefore marked with a label that includes a description and a color code, such as "recommended" being indicated in green and "dangerous" by red [4].
SARS-CoV-2, a newly identified coronavirus that was first observed in China in December 2019, is the problem causing of the coronavirus disease 2019 (COVID-19) [5–8]. Increasing of body temperature, coughing, breathlessness, dry mouth, nasal congestion, migraines, diarrhea, spasm, nausea, and vomiting are the most typical COVID-19 symptoms [9].
Paracetamol (PAR), also known by its chemical name 4′ hydroxyacetanilide, is a common antipyretic and analgesic as shown in Additional file 1: Fig. S1 [10–12]. It is listed as a recognized drug in the British Pharmacopoeia (BP) and American Pharmacopoeia (USP) [13–15]. Recently, PAR was referred to as the main analgesic and antipyretic for the treatment of COVID-19 symptoms [9]. An anti-cholinergic quaternary ammonium compound called hyoscine N-butylbromide (HYO) is shown in Additional file 1: Fig. S1 [16]. It functions by calming the intestine and stomach muscles. Cramps, pain, bloating, and discomfort are reduced as unanticipated muscle spasms are avoided by HYO [17]. As a result, HYO was recently suggested as a treatment for COVID-19 symptoms like spam, nausea, and vomiting [18–20]. Recently, the combination of PAR and HYO was recommended by WHO as a treatment for COVID-19 symptoms such as fever, sore throat, headache, spasms, nausea and vomiting [18, 21, 22]. Each Buscopan Plus® tablet contains 500.00 mg of PAR and 10.00 mg of HYO, according to the manufacturer's instructions [23]. These tablets can ease the cramps and abdominal pain brought on by COVID-19.
In B.P. opinion, the following impurities, such as P-aminophenol (PAP), P-nitrophenol (PNP), and P-chloroacetanilide (PCA), may be present during the PAR manufacturing process (Additional file 1: Fig. S1) [14]. These impurities might be involved in the synthesis process or produced as degradation byproducts during storage. PAP is categorized as impurity "K" for PAR and is a nephrotoxic impurity whose concentration must not be higher than 50.00 ppm [24]. PNP, which is regarded as an impurity "F" for PAR and has a limit of 500.00 ppm, can cause methemoglobinemia [25]. Since it harms the skin and eyes, PAC is a PAR impurity "J" that should not be present in concentrations higher than 10.00 ppm. It may have a toxic side effect on the liver and kidneys [26]. DL-tropic acid (TRO) is categorized as impurity "B" for HYO causes skin, eye and respiratory irritation so its level must be controlled and not excessed 2000.00 ppm [14]. Therefore, developing a new analytical approach for assessing the two main compounds in the presence of specific toxic impurities and further assessing these impurities is a demanding and challenging task.
Spectrophotometric evaluation of this mixture in its pharmaceutical formulation for the concurrent assessment of PAR and HYO was found in the literature through a variety of sources [27, 28]. The quantitative assessment of this mixture has also been indicated using a variety of chromatographic techniques [23, 29, 30]. There is only one green chromatographic method was reported for estimation of the PAR and HYO in a binary mixture in presence of their toxic impurities [17].
Chemometry is thought to be more effective than one-variate calibration techniques for assessing complicated mixtures [31]. It has a wide range of uses and can extract the most data from datasets that are provided [32–34]. The concurrent existence of several spectral wavelengths, which offers greater accuracy than a specific wavelength is a key component of the multivariate calibration technique that can identify highly overlapping spectra [35]. Through the use of a multivariate model, this method can be utilized to quickly forecast analytes concentrations by analyzing spectra from unknown substances [36, 37]. Additionally, multivariate calibrations are thought to be an effective tool for spectral analysis because they can use a variety of spectral intensities, each of which has a huge impact on precision [38, 39].
The work aims to develop the first green chemometric methods to use GAC for quantitative and qualitative analysis of PAR and HYO in the presence of toxic impurities. Modern chemometric techniques for multicomponent matrix resolution including partial least squares (PLS), classical principal component regression (PCR), artificial neural networks (ANN), and multivariate curve resolution-alternating least squares (MCR-ALS) were used for determination our binary mixture in the presence its toxic impurities. In terms of green assessment, the developed methods were compared with a published approach utilizing eco-scaling, AGREE, and GAPI [17]. There were no appreciable differences discovered when the suggested procedures were statistically examined using the published HPLC technique [29].

Experimental
Equipment and software
The UV–visible spectrophotometer JASCO dual beam model V-630 (Tokyo, Japan) was utilized with the spectra II manager provided in the package. The scanning rate was 1000 nm/min, and the spectral slit width was 2 nm. MATLAB® 8.3.0.532 (R2014a), PLS Toolbox (version 2.1), MCR-ALS Toolbox [40], and Neural Network Toolbox were used to implement all chemometric approaches (Math Works, United States).

Chemicals and reagents
Delta Pharm for Pharmaceutical Industry generously contributed PAR and HYO (Cairo, Egypt). Their purity was determined to be 99.25% ± 0.792 for PAR and 99.73% ± 1.012 for HYO by official measurements [14]. PAP, PNP, PCA and TRO were given by Sigma Aldrich (Darmstadt, Germany). Analytical grade methanol was bought from El-Nasr Pharmaceutical Chemical Company in Cairo, Egypt. The Buscopan Plus® tablets were made by Sanofi Company. Each tablet active ingredients are listed as 500.00 mg of PAR and 10.00 mg of HYO.

Preparation of standard solutions
Stock standard solutions of PAR, HYO, PNP, PCA, TRO, and PAP were made in methanol at a concentration of 1.00 mg/mL each. The corresponding stock standard solutions of PAR, HYO, PNP, TRO, and PAP in methanol were used to create working standard solutions (100.00 µg/mL). The corresponding stock standard solutions of PCA in methanol were used to create the working standard solutions (5.00 µg/mL).

Procedures
Zero-order absorption spectra
The PAR, HYO, PNP, PCA, TRO, and PAP absorption spectra were acquired spanning the wavelength range of 200.0–400.0 nm. For further data analysis, the spectral data points with a wavelength range of 230.0–266.0 nm were imported into Matlab®. The selected wavelength range show high interference between the developed drug and its impurities.


Calibration and validation sets
Using the five-level, six-factor experimental design and five concentration levels labeled from + 2 to − 2 for each of the two drugs and its impurities under consideration, calibration and validation datasets were produced [41]. For the calibration and validation sets, the concentration ranges for PAR, HYO, PNP, PCA, TRO, and PAP were respectively (4.00–8.00 µg/mL), (16.00–24.00 µg/mL), (1.00–5.00 µg/mL), (0.40–0.80 µg/mL), (4.00–12.00 µg/mL), and (2.00–6.00 µg/mL). Transferring various concentrations of PAR, HYO, PNP, PCA, TRO, and PAP from their corresponding working solutions to a series of 10-mL volumetric flasks resulted in the creation of 25 samples that were mixtures of PAR, HYO, PNP, PCA, TRO, and PAP in different ratios. To assess the predictive power of each calibration model, eight samples were randomly selected for the cross-validation set, and the remaining samples were utilized to create the regression model. The spectral data of the calibration and validation sets were scanned at intervals of 0.1 nm. After that, the data was imported into MATLAB® then processed further using PLS, PCR, ANN, and MCR-ALS multivariate calibration models. Every aspect of the approach was reviewed and enhanced.

Regression calibration optimization
Principal component regression and partial least squares
The number of latent variables (LVs) in the established calibration models was modified using mean-centered data and leave-one-out cross-validation. Eight LVs were the optimum number to obtain the lowest root mean square calibration error (RMSEC).

Artificial neural networks
The feed-forward model training process enhanced the ANN calibration method. There were 361 and 6 neurons, respectively, in the input and output layers. Additionally, efforts were made to maximize the number of neurons in the hidden layer. The purelin-purelin transfer function was used to select 6 neurons from the hidden layer. This function is frequently used for linear processes. Furthermore, it was found that the optimum number of epochs is 100.

Multivariate curve resolution-alternating least squares
The non-negativity constraints, which were obtained using the fast non-negativity constrained least squares algorithm (fnnl), were implemented to both spectral and concentrations profiles to obtain the best features with the fewest iterations. These constraints were the most important optimization factor in MCR-ALS calibration.


Greenness assessment
It was critical to investigate each analytical method environmental impact to determine whether it corresponded to the green chemistry theory. Different methods can be used to evaluate how green something is [42]. Four main criteria were used to evaluate how environmentally friendly analytical techniques were: high energy consumption, high waste production, excessive chemical use, and its risks, and the use of a lot of chemicals [4, 43]. Three analytical tools were used to evaluate the suggested technique greenness and cost-effectiveness. They were as follows:

Green analytical procedure index
It is a tool that offers extensive knowledge of fifteen analytical technique areas, each represented by five pentagrams [4]. According to the GAPI color scheme, red denotes a significant environmental risk, yellow denotes a lower ecological tolerance, and green denotes a higher ecological tolerance [44].

Analytical GREEnness metric
General guidelines like inclusivity, input flexibility, clarity, and yield clarity were used in the development of the AGREE tool [42]. Twelve segments make up the automatically generated pictogram, with the ability to change the width of each segment according to its importance [4]. The colors used for each section range from deep green to deep red [2]. The final score is displayed in the circular pictogram center. The final AGREE score is a decimal that ranges from zero to one [4].

Analytical eco-scale
Utilizing an analytical method known as the "eco-scale," it is possible to compare options and select the one that is the greenest [42]. 100 penalty points serve as the starting point. Each analytical technique parameter's penalty points are determined and are downgraded from 100. The more points, the more environmentally and economically responsible the analytical method [45, 46].

Pharmaceutical preparation analysis
In a neat mortar, ten tablets were weighed and a fine powder was made from them. A part of the weighed smashed powder was put into a 100 mL volumetric flask containing 60 mL of methanol to create a solution that contained 5000.00 µg/mL PAR and 100.00 µg/mL HYO. To complete the volume, methanol was added after 30 min of sonication. The filtration process was then done then transferring 2.5 mL from the stock solutions into a 100 mL volumetric flask allowed for the creation of a working solution with concentrations of 125.00 µg/mL for PAR and 2.50 µg/mL for HYO. Aliquot concentrations of this solution were transferred into 25 mL volumetric flasks (5.00 µg/mL for PAR and 0.10 µg/mL for HYO). The resulting solution was spiked with 16.00 µg/mL HYO and methanol was used to bring the volume up to the desired level. It was necessary to raise HYO concentration because it was extremely low in the mixture. This was accomplished by adding a predetermined amount of standard HYO to be examined. Before determining the claimed drug concentration, we first removed the HYO concentration. Following the aforementioned methods, each compound concentration was determined using the associated regression equations. Analysis of dosage form solutions was done using the suggested models, as indicated under linearity. To calculate the concentrations of the substances under inquiry, regression equations were constructed.


Results and discussion
During the synthesis process or as a result of improper pharmaceutical compound storage, impurities and degradation products are generated. PAR can degrade easily and contain impurities such as PNP, PCA and PAP while HYO can contain impurity such as TRO. There have been many published spectrophotometric approaches for assessing PAR and HYO in dosage forms, but as of now, no chemometric methods have been documented for determining our binary mixture in the presence of toxicities. Multivariate calibrations are employed in quality control laboratories not only for pharmaceutical testing but also for the identification of impurities in drug formulations and bulk drugs [2].
In this study, substantially overlapping drug spectra were resolved using multivariate data processing (Fig. 1).[image: ]
Fig. 1UV-spectra of paracetamol (6.00 µg/mL), hyoscine butylbromide (20.00 µg/mL), p-aminophenol (5.00 µg/mL), p-nitrophenol (2.00 µg/mL), p-chloractanilide (0.60 µg/mL) and tropic acid (8.00 µg/mL) product using methanol as solvent


Four multivariate methodologies were employed in the investigation of PAR, HYO, PNP, PCA, TRO, and PAP. A thorough experimental design of the calibration set composition is necessary for the multivariate calibration to yield the perfect guess. A multilevel multifactor design was applied to create the samples, with the training set consisting of 17 samples and the validation set consisting of the remaining 8 samples (Table 1). The best outcomes came from scanning a range of spectra between 230.0 and 266.0 nm at 0.1 nm intervals. The established models were calibrated and assessed using 361 experimental points. Calibration models were proposed, examined, and utilized to forecast unknown samples.Table 1Concentrations of PAR, HYO, PNP, PCA, TRO and PAP in the calibration and validation sets for the multivariate calibrations


	Mix no.
	PAR
	HYO
	PNP
	PCA
	TRO
	PAP

	1
	6.00
	20.00
	3.00
	0.60
	8.00
	4.00

	2
	6.00
	16.00
	1.00
	0.80
	6.00
	6.00

	3
	4.00
	16.00
	5.00
	0.50
	12.00
	4.00

	4
	4.00
	24.00
	2.00
	0.80
	8.00
	3.00

	5
	8.00
	18.00
	5.00
	0.60
	6.00
	3.00

	6
	5.00
	24.00
	3.00
	0.50
	6.00
	5.00

	7
	8.00
	20.00
	2.00
	0.50
	10.00
	6.00

	8
	6.00
	18.00
	2.00
	0.70
	12.00
	5.00

	9
	5.00
	18.00
	4.00
	0.80
	10.00
	4.00

	10
	5.00
	22.00
	5.00
	0.70
	8.00
	6.00

	11
	7.00
	24.00
	4.00
	0.60
	12.00
	6.00

	12
	8.00
	22.00
	3.00
	0.80
	12.00
	2.00

	13
	7.00
	20.00
	5.00
	0.80
	4.00
	5.00

	14
	6.00
	24.00
	5.00
	0.40
	10.00
	2.00

	15
	8.00
	24.00
	1.00
	0.70
	4.00
	4.00

	16
	8.00
	16.00
	4.00
	0.40
	8.00
	5.00

	17
	4.00
	22.00
	1.00
	0.60
	10.00
	5.00

	18
	7.0
	16.00
	3.00
	0.70
	10.00
	3.00

	19
	4.00
	20.00
	4.00
	0.70
	6.00
	2.00

	20
	6.00
	22.00
	4.00
	0.50
	4.00
	3.00

	21
	7.00
	22.00
	2.00
	0.40
	6.00
	4.00

	22
	7.00
	18.00
	1.00
	0.50
	8.00
	2.00

	23
	5.00
	16.00
	2.00
	0.60
	4.00
	2.00

	24
	4.00
	18.00
	3.00
	0.40
	4.00
	6.00

	25
	5.00
	20.00
	1.00
	0.40
	12.00
	3.00


Bolded rows are concentration of samples in the validation set



Partial least squares and principal component regression
When developing multivariate calibration models, the two inverse least squares algorithms that are most frequently utilized are PCR and PLS [47, 48]. In the statistical study of spectra, PLS and PCR models are frequently employed to extract specific data from more general data [41]. The data concerning responses and levels are taken into account by the PLS and PCR algorithms simultaneously [49]. In this study, the proper number of components was determined by cross-validating, leave one out technique while omitting one sample at a time.
The most significant prediction errors produced by the least number of LVs is the optimal number of LVs. It was determined that 8 latent variables were the ideal number in this situation (Figs. 2, 3).[image: ]
Fig. 2RMSECV plot of the cross-validation results of the calibration set as a function of the number of latent variables used to construct PLS calibration

[image: ]
Fig. 3RMSEV plot of the cross-validation results of the calibration set as a function of the number of latent variables used to construct PCR calibration



Artificial neural networks
To identify links between inputs and outputs, ANN uses a significant number of basic, tightly connected nodes. Normally, an ANN has three layers: input, hidden, and transfer functions [50, 51]. The ANN type was utilized in this study and a feed-forward model of that type was instructed. Six neurons were utilized in the output layer, which corresponds to how many parts there were going to be assessed for each compound, and 361 neurons were applied in the input layer, which represents the number of spectral data points that were applied. Changing the number of neurons in the hidden layer should be done through trial and error. Six hidden neurons were the ideal number for a purelin-purelin transfer function and 100 epochs (Fig. 4) displays the output plot of a properly trained ANN for mean squared error (MSE) vs epochs. After epoch = 0, the MSE of training rapidly decreased. There was no overfitting, as evidenced by the similarity of the trial and validating curves and the absence of any abrupt shifts. Prediction diagrams for the chosen layers and neurons' training, test, and validation series are also displayed in (Fig. 5). A correlation coefficient value (r) that is nearer to 1 for the validation, test, and training series indicates that this model is highly effective at making predictions [52].[image: ]
Fig. 4Best validation performance for the prediction of ANN model

[image: ]
Fig. 5Prediction for the training, test and validation diagrams of ANN model



Multivariate curve resolution-alternating least squares
Beer's-Lambert law's multi-wavelength extension and the bilinear model that MCR assumes are both obtained using factor analysis [53]. The recorded spectra data matrix in MCR is sorted out into spectral and concentration profile matrices for each drug in the samples, and mistakes are then detected [47, 54]. The ALS method was designed to predict concentrations from spectral characteristics repeatedly and vice versa. It is possible to reduce the number of potential solutions for data matrix decomposition by imposing restrictions such as uni-modality, closure, equality, or non-negativity.
In order to begin ALS optimization, the "easy-to-use interactive self-modeling analysis" technique was utilized to calculate the spectral-profile matrix [55]. In addition, the spectral-profile matrix was applied to compute the unconstrained least-squares solution for the concentration profile.
In the current work, a non-negativity requirement was placed on both spectral and concentration profiles. To meet the non-negativity criterion, both spectra and concentration must equal 6. ALS effective algorithm was completed when a certain convergence threshold was met (30%). When the variance between the root mean square of "E" the residuals matrix, between numerous iterations, is less than a threshold level, the convergence is commonly stopped (typically set at 0.1%) [52]. Iterations are carried out until the desired outcome is obtained, satisfying both the predetermined convergence criteria and the predicted constraints. The convergence was broken after two repetitions. According to the computed percentages of variance (R2) and lack of fit (% lof), which were 100 and 0.0237, respectively, they were both very good and supported the efficacy of the developed MCR-ALS method. This method could be applied to evaluate the spectral profile of components. It is evident that the calculated and actual spectra are similar (Fig. 6).[image: ]
Fig. 6Original spectra and estimated spectra by MCR-ALS of a PAR, b HYO, c PNP, d PCA, e TRO, f PNP


The recovery values, mean recovery values, and RSD% are displayed in (Table 2). Utilizing the ICH criteria, the recently proposed procedures were verified [56]. Validation parameters for the validation sets were summarized in (Table 3). The proposed models additionally estimated the root mean square error of prediction (RMSEP) and RMSEC for each component.Table 2Prediction of validation set samples using the proposed chemometric methods; PLS and PCR (a) ANN and MCR-ALS (b)


	(a) Prediction of validation set samples using PLS and PCR models

	Concentration (µg/mL)
	PLS
	PCR

	PAR
	HYO
	PNP
	PCA
	TRO
	PAP
	PAR
	HYO
	PNP
	PCA
	TRO
	PAP
	PAR
	HYO
	PNP
	PCA
	TRO
	PAP

	8.00
	18.00
	5.00
	0.60
	6.00
	3.00
	100.05
	95.30
	100.61
	97.59
	103.11
	101.37
	98.08
	97.85
	102.47
	101.12
	99.12
	101.72

	6.00
	18.00
	2.00
	0.70
	12.00
	5.00
	98.75
	100.40
	98.14
	100.43
	99.63
	98.11
	99.28
	100.72
	99.09
	102.86
	100.15
	97.88

	5.00
	22.00
	5.00
	0.70
	8.00
	6.00
	101.46
	97.65
	100.55
	97.708
	103.44
	99.81
	102.44
	97.71
	99.74
	99.10
	102.42
	99.51

	7.00
	24.00
	4.00
	0.60
	12.00
	6.00
	99.55
	99.28
	98.93
	103.21
	102.34
	99.98
	102.20
	99.28
	97.19
	100.50
	98.95
	101.11

	6.00
	24.00
	5.00
	0.40
	10.00
	2.00
	99.58
	98.68
	102.26
	99.54
	101.77
	97.88
	99.38
	99.12
	102.44
	102.36
	101.28
	97.59

	8.00
	24.00
	1.00
	0.70
	4.00
	4.00
	100.68
	95.36
	100.43
	98.71
	99.84
	99.20
	101.56
	100.01
	98.76
	98.77
	99.39
	100.63

	4.00
	22.00
	1.00
	0.60
	10.00
	5.00
	101.46
	98.59
	98.35
	100.62
	101.43
	98.78
	97.78
	100.47
	101.24
	100.75
	98.42
	98.73

	7.00
	18.00
	1.00
	0.50
	8.00
	2.00
	99.45
	98.45
	96.42
	99.43
	100.08
	99.13
	98.49
	101.45
	98.90
	100.39
	99.72
	101.97

	Mean (%)
	100.12
	97.96
	99.46
	99.65
	101.45
	99.28
	99.90
	99.58
	99.98
	100.73
	99.93
	99.89

	RSD (%)
	0.98
	1.84
	1.85
	1.82
	1.46
	1.12
	1.89
	1.34
	1.89
	1.40
	1.32
	1.71


	(b) Prediction of validation set samples using ANN and MCR-ALS models

	Concentration (µg/mL)
	ANN
	MCR-ALS

	PAR
	HYO
	PNP
	PCA
	TRO
	PAP
	PAR
	HYO
	PNP
	PCA
	TRO
	PAP
	PAR
	HYO
	PNP
	PCA
	TRO
	PAP

	8.00
	18.00
	5.00
	0.60
	6.00
	3.00
	100.03
	99.84
	99.25
	99.12
	100.53
	101.86
	98.21
	102.14
	100.88
	101.91
	98.68
	101.20

	6.00
	18.00
	2.00
	0.70
	12.00
	5.00
	100.26
	100.08
	99.24
	98.56
	99.69
	99.57
	97.82
	100.22
	98.37
	99.25
	99.12
	98.78

	5.00
	22.00
	5.00
	0.70
	8.00
	6.00
	100.70
	100.09
	100.19
	97.92
	99.78
	100.16
	100.23
	100.64
	97.93
	99.54
	99.02
	100.81

	7.00
	24.00
	4.00
	0.60
	12.00
	6.00
	101.34
	99.91
	101.75
	98.87
	99.72
	99.76
	101.87
	100.41
	101.44
	101.56
	100.91
	101.08

	6.00
	24.00
	5.00
	0.40
	10.00
	2.00
	100.64
	103.61
	101.04
	98.73
	97.99
	98.33
	101.71
	100.49
	102.19
	98.83
	98.47
	99.91

	8.00
	24.00
	1.00
	0.70
	4.00
	4.00
	100.56
	99.87
	103.27
	99.00
	100.09
	99.62
	98.70
	99.50
	97.17
	103.01
	98.733
	99.16

	4.00
	22.00
	1.00
	0.60
	10.00
	5.00
	98.01
	97.26
	101.27
	100.88
	100.02
	97.23
	99.61
	101.04
	99.82
	97.78
	97.73
	102.23

	7.00
	18.00
	1.00
	0.50
	8.00
	2.00
	99.96
	99.86
	98.10
	102.62
	100.05
	100.44
	99.28
	98.91
	98.77
	102.76
	101.66
	101.02

	Mean (%)
	100.18
	100.06
	100.51
	99.46
	99.73
	99.62
	99.68
	100.42
	99.57
	100.58
	99.29
	100.52

	RSD (%)
	0.98
	1.71
	1.64
	1.53
	0.75
	1.38
	1.51
	0.96
	1.80
	1.95
	1.32
	1.14



Table 3Performance parameters of the calibration and validation sets calculated for each proposed model; PLS and PCR (a) ANN and MCR-ALS (b)


	(a) Performance parameters of the calibration and validation sets using PLS and PCR models

	Validation parameters
	PLS
	PCR

	PAR
	HYO
	PNP
	PCA
	TRO
	PAP
	PAR
	HYO
	PNP
	PCA
	TRO
	PAP

	Linearitya
	4.00–8.00
	16.00–24.00
	1.00–5.00
	0.40–0.80
	4.00–12.00
	2.00–6.00
	4.00–8.00
	16.00–24.00
	1.00–5.00
	0.40–0.80
	4.00–12.00
	2.00–6.00

	Correlation coefficient (r)a
	0.9997
	0.9995
	0.9993
	0.9993
	0.9994
	0.9995
	0.9991
	0.9991
	0.9992
	0.9996
	0.9995
	0.9993

	Slopea
	0.99336
	0.99835
	0.9711
	0.97476
	0.91544
	1.0121
	0.97322
	0.9758
	0.988
	1.022
	0.9404
	0.9901

	Intercepta
	− 0.04762
	− 0.02744
	0.1031
	0.001836
	0.51118
	− 0.06784
	0.05264
	0.4888
	0.0542
	− 0.02744
	0.391
	0.01216

	RMSECb
	0.05
	0.05
	0.03
	0.01
	0.16
	0.02
	0.06
	0.07
	0.03
	0.01
	0.11
	0.01

	RMSEPc
	0.07
	0.07
	0.05
	0.01
	0.24
	0.04
	0.10
	0.10
	0.04
	0.04
	0.23
	0.07

	LODd
	0.28
	1.10
	0.22
	0.04
	0.55
	0.24
	0.47
	1.58
	0.24
	0.03
	0.46
	0.28

	LOQd
	0.84
	3.30
	0.66
	0.12
	1.65
	0.72
	1.41
	4.74
	0.72
	0.09
	1.38
	0.84


	(b) Performance parameters of the calibration and validation sets using ANN and MCR-ALS models

	Validation parameters
	ANN
	MCR-ALS

	PAR
	HYO
	PNP
	PCA
	TRO
	PAP
	PAR
	HYO
	PNP
	PCA
	TRO
	PAP

	Linearitya
	4.00–8.00
	16.00–24.00
	1.00–5.00
	0.40–0.80
	4.00–12.00
	2.00–6.00
	4.00–8.00
	16.00–24.00
	1.00–5.00
	0.40–0.80
	4.00–12.00
	2.00–6.00

	Correlation coefficient (r)a
	0.9993
	0.9997
	0.9998
	0.9994
	0.9998
	0.9995
	0.9998
	0.9991
	0.9992
	0.9994
	0.9998
	0.9993

	Slopea
	0.9935
	0.9608
	0.9868
	1.019
	0.9749
	0.9871
	0.997
	1.0008
	0.993
	1.028
	0.9749
	0.9871

	Intercepta
	− 0.0522
	0.6488
	0.0292
	− 0.023
	0.1146
	0.034
	− 0.0318
	− 0.0512
	− 0.019
	− 0.0322
	0.1146
	0.008

	RMSECb
	0.05
	0.09
	0.01
	0.02
	0.06
	0.02
	0.03
	0.06
	0.03
	0.01
	0.02
	0.03

	RMSEPc
	0.08
	0.14
	0.02
	0.01
	0.09
	0.03
	0.04
	0.09
	0.05
	0.10
	0.09
	0.05

	LODd
	0.42
	0.82
	0.10
	0.03
	0.30
	0.24
	0.23
	1.55
	0.24
	0.04
	0.30
	0.30

	LOQd
	1.26
	2.46
	0.30
	0.11
	0.90
	0.72
	0.69
	4.65
	0.72
	0.12
	0.90
	0.90


aData of the straight line plotted between predicted concentrations of each component versus actual concentrations of the calibration set
bRoot mean square error of calibration
cRoot mean square error of prediction
dLOD and LOQ were calculated from the standard deviation (s) of the response and the slope of the calibration curve (S) according to the following equations: LOD = 3.3(s/S) and LOQ = 10(s/S)




Greenness assessment
Green analytical procedure index
The GAPI tool assigned a green evaluation profile to the analytical processes it examined, as shown in (Fig. 7). As seen in (Fig. 7), the established techniques were straightforward, environmentally friendly, and capable of being used for both measurement and characterization without the need for extraction techniques as they have one red pentagram, while reported one has 3 red pentagrams. So, the established models were greener than the reported one. Additionally, they offered simple processes that generated the least amount of waste and dangerous substances.[image: ]
Fig. 7GAPI pictograms a for the proposed methods and b for reported method [29]



Analytical GREEnness metric
The colored pictograms in (Fig. 8) are shown for comparison between the suggested and the published techniques. The AGREE score for the established and reference methods was 0.76 and 0.61, respectively. So, according to score of AGREE the established methods mor green than the published one.[image: ]
Fig. 8AGREE assessment of the green profile a for the evaluated methods and b for the reported method [29]. The total score is displayed in the center of the pictogram, with values near to 1 and dark green color representing that the evaluated method is more environmentally friendly



Analytical eco-scale
According to Table 4, the suggested methods result in 7 penalty points, which is ideal for green analysis because it produces less waste and potentially hazardous reagents while reported method penalty points was 12. After calculation of each penalty points for each analytical technique they are subtracted from 100 to calculate analytical eco-scale score. Analytical eco-scale scores of 100 indicate the optimal score for a green analytical method; scores of 75 or higher indicate excellent green analysis; scores of 50 to 75 indicate acceptable green analysis; and scores of less than 50 indicate insufficient green analysis.Table 4Penalty points (PPs) for proposed chemometric and reported HPLC methods


	Parameters
	Penalty points (PPs)

	Proposed methods
	Reported method [29]

	Reagents
	 	 
	 Methanol
	6.00
	6.00

	 Water
	–
	0.00

	Instrument
	 	 
	 Energy (˃ 0.1kWh per sample)
	0.00
	1.00

	 Occupational hazard
	0.00
	0.00

	 Waste
	1.00
	5.00

	Total PPs
	Ʃ7.00
	Ʃ12.00

	93.00
	88.00

	Analytical Eco-scale score
	Excellent green analysis
	Excellent green analysis


Analytical eco-scale score = 100 (the ideal score of green analytical method)
Analytical eco-scale score > 75 (Excellent green analysis)
Analytical eco-scale score 50–75 (the green analysis is acceptable)
Analytical eco-scale score < 50 (the green analysis is inadequate




Comparative statistical study
PLS, PCR, ANN, and MCR-ALS models were used for the precise estimation of PAR and HYO in Buscopan Plus® tablets. Statistics were used to compare the outcomes of the reported technique to those produced utilizing the existing regression procedures [29]. The F-ratio test and t-test revealed that the suggested techniques and the published one had an excellent agreement. The outcomes of the two tests did not differ much, and all information was compiled in (Table 5).Table 5Statistical analysis of the results obtained by the developed chemommetric methods and the reported HPLC methods for the determination of PAR and HYO in pharmaceutical preparation


	Parameters
	PAR
	HYO

	Proposed methods
	Reported methoda
	Proposed methods
	Reported methoda

	PLS
	PCR
	ANN
	MCR-ALS
	HPLC
	PLS
	PCR
	ANN
	MCR-ALS
	HPLC

	Meanb (%)
	100.93
	100.68
	100.41
	100.90
	101.85
	100.89
	100.72
	100.55
	100.77
	101.52

	SD
	0.86
	0.75
	0.72
	0.77
	0.48
	0.85
	0.65
	0.88
	0.83
	0.52

	Variance
	0.74
	0.56
	0.51
	0.60
	0.23
	0.73
	0.42
	0.78
	0.69
	0.27

	N
	6.00
	6.00
	6.00
	6.00
	6.00
	6.00
	6.00
	6.00
	6.00
	6.00

	Student’s t-teste (2.23)c
	0.44
	0.31
	0.25
	0.39
	–
	0.65
	0.43
	0.43
	0.54
	–

	F-valuec (5.05)c
	3.15
	2.41
	2.20
	2.55
	–
	2.65
	1.54
	2.83
	2.50
	–


aHPLC method using water: methanol (50:50, V/V pH adjusted to 3.9 with CF3COOH acid) at flow rate of 1 ml/min, detection at 2210.0 nm [29]
bAverage of 6 experiments
cFigures between parentheses represent the corresponding tabulated values of t and f at P = 0.05



The recovery% data were examined statistically using one way-ANOVA when the aforementioned methodologies were used to prepare medicines, but no appreciable differences were discovered (Table 6). These findings confirm the usefulness of the created models for accurate PAR and HYO calculation in pharmaceutical manufacturing.Table 6One-way ANOVA statistical analysis within 95% confidence interval on the recovery percentage data obtained from application of the chemometric methods and the reported HPLC methods on Buscopan® plus tablet


	 	Source of variation
	SS
	df
	MS
	f
	P-value
	F-crit

	PAR
	Between groups
	8.83
	4
	2.20
	2.42
	0.07
	2.75

	Within groups
	22.74
	25
	0.90
	–
	–
	–

	HYO
	Between groups
	3.29
	4
	0.82
	1.55
	0.21
	2.75

	Within groups
	13.22
	25
	0.52
	–
	–
	–




For each component, column charts display the RMSEP and RMSEC calculated using the recommended validation and calibration models (Fig. 9). The MCR-ALS approach has the lowest RMSEP and RMSEC, per the findings. A diagnostic tool for evaluating prediction mistakes is RMSEP, indicating the method precision and accuracy. RMSEP evaluates the range of concentration changes and serves as a standard deviation [49]. The most effective model for selecting a numerical ingredient was determined to be the MCR-ALS method.[image: ]
Fig. 9The calculated a RMSEC for each component obtained by the proposed validation models and b RMSEP obtained by the corresponding calibration model





Conclusion
The development of chemometrics offers numerous useful tools that make it easier to resolve complex spectrum data when studying drugs and their primary effects. The current study highlighted the importance of chemometry. It could be used with minimal modification and simple procedures for the simultaneous assessment of our binary mixture in dosage form. The tried-and-true green PLS, PCR, ANN, and MCR-ALS techniques were successfully used to evaluate the two drugs' and the contaminants' spectral profiles. It was found that the ANN model was the most accurate and precise model. Furthermore, the MCR-ALS technique is the only way to extract the spectral profiles of the six variables, and it is suitable for both qualitative and quantitative investigations. The present approach's greenness was considered in the early phases of development and then evaluated using the GAPI, AGREE index, and penalty point scoring system. The results showing that the developed models were greener than the reported one. The suggested chemometric techniques can be used for quality control analysis without the need for an initial separation step, and they are appropriate for determining the mentioned medications in their dosage form together with PAR impurities. When compared to the reported method, the methods are found to be equally sensitive with no discernible difference in precision. They can therefore be used in laboratories that do not have liquid chromatographic equipment. They could be used in the pharmaceutical formulation of the drug or for routine analysis of pure drugs.

Acknowledgements
Delta Pharm for Pharmaceutical Industry (Cairo, Egypt) has provided the authors with paracetamol and hyoscine samples, for which they are grateful.

Author contributions
HA: carried out sample preparation, analysis, and writing the draft of manuscript. ME: supervised analysis procedures, reviewing all results and the draft of manuscript. HZ: planned, supervised the study and approved the final manuscript. BE: supervised analysis procedures, reviewing all results and the draft of manuscript. All authors read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank (EKB). This work wasn’t funded by any third party.

Availability of data and materials
Data collected using a spectrophotometer and software. The corresponding author will provide the datasets created and/or analysed during the current study upon reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors state that they are not aware of any financial or interpersonal issues that might have affected the study that was the subject of this work.


References
	1.
Youssef SH, Mohamed D, Hegazy MA, Badawey A. Green liquid chromatographic methods with ultraviolet and tandem mass spectrometry detection: an application to ternary mixture of paracetamol, pseudoephedrine, and cetirizine in capsules. J AOAC Int. 2020;103:148–55. https://​doi.​org/​10.​5740/​jaoacint.​18-0404.CrossrefPubMed

	2.
Hemdan A, Eissa MS. Simultaneous chromatographic analysis of Sofosbuvir/Ledipasvir in their combined dosage form: an application to green analytical chemistry. J Anal Sci Technol. 2019. https://​doi.​org/​10.​1186/​s40543-019-0197-x.Crossref

	3.
Abd El-Hadi HR, Eltanany BM, Zaazaa HE, Eissa MS. HPLC-DAD approach for determination of pyridoxine HCl and doxylamine succinate in pure and pharmaceutical dosage forms: a Green stability-indicating assay method. Microchem J. 2021;172:106982. https://​doi.​org/​10.​1016/​j.​microc.​2021.​106982.Crossref

	4.
Wojnowski W, Tobiszewski M, Pena-Pereira F, Psillakis E. AGREEprep—analytical greenness metric for sample preparation. Trends Anal Chem. 2022;149:116553. https://​doi.​org/​10.​1016/​j.​trac.​2022.​116553.Crossref

	5.
Banerjee R, Perera L, Tillekeratne LMV. Potential SARS-CoV-2 main protease inhibitors. Drug Discov Today. 2021;26:804–16. https://​doi.​org/​10.​1016/​j.​drudis.​2020.​12.​005.CrossrefPubMed

	6.
Abd El-Hadi SR, Zien El-Deen EE, Bahaa MM, Sadakah AA, Yassin HA. COVID-19: vaccine delivery system, drug repurposing and application of molecular modeling approach. Drug Des Devel Ther. 2021;15:3313–30. https://​doi.​org/​10.​2147/​DDDT.​S320320.CrossrefPubMedPubMedCentral

	7.
Lin L, Lu L, Cao W, Li T. Hypothesis for potential pathogenesis of SARS-CoV-2 infection—a review of immune changes in patients with viral pneumonia. Emerg Microbes Infect. 2020;9:727–32. https://​doi.​org/​10.​1080/​22221751.​2020.​1746199.CrossrefPubMedPubMedCentral

	8.
Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID-19): a review. J Am Med Assoc. 2020;324:782–93. https://​doi.​org/​10.​1001/​jama.​2020.​12839.Crossref

	9.
Pergolizzi JV, Varrassi G, Magnusson P, LeQuang JA, Paladini A, Taylor R, Wollmuth C, Breve F, Christo P. COVID-19 and NSAIDS: a narrative review of knowns and unknowns. Pain Ther. 2020;9:353–8. https://​doi.​org/​10.​1007/​s40122-020-00173-5.CrossrefPubMedPubMedCentral

	10.
El-Yazbi FA, Hammud HH, Assi SA. Derivative-ratio spectrophotometric method for the determination of ternary mixture of aspirin, paracetamol and salicylic acid. Spectrochim Acta Part A Mol Biomol Spectrosc. 2007;68:275–8. https://​doi.​org/​10.​1016/​j.​saa.​2006.​11.​027.Crossref

	11.
Dinç E, Kökdil G, Onur F. Derivative ratio spectra-zero crossing spectrophotometry and LC method applied to the quantitative determination of paracetamol, propyphenazone and caffeine in ternary mixtures. J Pharm Biomed Anal. 2001;26:769–78. https://​doi.​org/​10.​1016/​S0731-7085(01)00472-1.CrossrefPubMed

	12.
Hussien EM, Mohammed G, El-Razeq A. Simultaneous determination of camylofin dihydrochloride and paracetamol using differential pulse voltammetry in micellar media. Int Res J Pure Appl Chem. 2019;17:1–12. https://​doi.​org/​10.​9734/​irjpac/​2018/​45823.Crossref

	13.
Dinc E. The spectrophotometric multicomponent analysis of a ternary mixture of ascorbic acid, acetylsalicylic acid and paracetamol by the double divisor-ratio spectra derivative and ratio spectra-zero crossing methods. Talanta. 1999;48:1145–57.CrossrefPubMed

	14.
British Pharmacopoeia, Stationary Office, Appendix 1D, Buckingham Palace Road, London, UK; 2016.

	15.
The United States of Pharmacopoeia-39/National Formulary-34, United States Pharmacopoeial Convention, Inc., Rockville, Maryland, USA; 2016.

	16.
Gamal M. Analytical review: analytical techniques for hyoscine: N butyl bromide. Analyst. 2020;145:2025–37. https://​doi.​org/​10.​1039/​d0an00076k.CrossrefPubMed

	17.
El-hadi HRA, Eltanany BM, Zaazaa HE, Eissa MS. Chromatographic impurity profile assessment of dual action binary combination: ecological analysis with comparative statistics. Sustain Chem Pharm. 2023;33:101075. https://​doi.​org/​10.​1016/​j.​scp.​2023.​101075.Crossref

	18.
Heath L, Carey M, Lowney AC, Harriss E, Miller M. Pharmacological strategies used to manage symptoms of patients dying of COVID-19: a rapid systematic review. Palliat Med. 2021;35:1099–107. https://​doi.​org/​10.​1177/​0269216321101325​5.CrossrefPubMedPubMedCentral

	19.
Veterini AS, Andriyanto L, Hamzah H. A case report: respiratory manifestations of covid-19 starting with a gastrointestinal complaint: a coincidence or a correlation? Afr J Infect Dis. 2021;15:31–7. https://​doi.​org/​10.​21010/​ajiv15n2S4.CrossrefPubMedPubMedCentral

	20.
Ramos-Rincon JM, Moreno-Perez O, Gomez-Martinez N, Priego-Valladares M. Palliative sedation in covid-19 end-of-life care. Retrospective cohort study. Med. 2021;57:1–7. https://​doi.​org/​10.​3390/​medicina57090873​.Crossref

	21.
Wu C, Liu Y, Yang Y, Zhang P, Zhong W, Wang Y, Wang Q, Xu Y, Li M, Li X, Zheng M, Chen L, Li H. Analysis of therapeutic targets for SARS-CoV-2 and discovery of potential drugs by computational methods. Acta Pharm Sin B. 2020;10:766–88. https://​doi.​org/​10.​1016/​j.​apsb.​2020.​02.​008.CrossrefPubMedPubMedCentral

	22.
Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, Zhang Q, Shi X, Wang Q, Zhang L, Wang X. Structure of the SARS-CoV-2 spike receptor-binding domain bound to the ACE2 receptor. Nature. 2020;581:215–20. https://​doi.​org/​10.​1038/​s41586-020-2180-5.CrossrefPubMed

	23.
Ali N. Simultaneous determination of hyoscine N-butyl bromide and paracetamol by RP-TLC spectrodensitometric method. Br J Pharm Res. 2013;3:472–84. https://​doi.​org/​10.​9734/​bjpr/​2014/​3522.Crossref

	24.
Yehia AM, Mohamed HM. Chemometrics resolution and quantification power evaluation: application on pharmaceutical quaternary mixture of paracetamol, guaifenesin, phenylephrine and p-aminophenol. Spectrochim Acta Part A Mol Biomol Spectrosc. 2016;152:491–500. https://​doi.​org/​10.​1016/​j.​saa.​2015.​07.​101.Crossref

	25.
El Sherbiny D, Wahba MEK. Analysis of some pharmaceuticals in the presence of their synthetic impurities by applying hybrid micelle liquid chromatography. Open Chem. 2020;18:377–90. https://​doi.​org/​10.​1515/​chem-2020-0041.Crossref

	26.
Farid JF, Mostafa NM, Fayez YM, Essam HM, ElTanany BM. Chemometric quality assessment of paracetamol and phenylephrine hydrochloride with paracetamol impurities; comparative uv-spectrophotometric implementation of four predictive models. Spectrochim Acta Part A Mol Biomol Spectrosc. 2022;265:120308. https://​doi.​org/​10.​1016/​j.​saa.​2021.​120308.Crossref

	27.
Yonis MS, Al-Saidi KH. Simultaneous determination of paracetamol and hyoscine-n-butyl bromide in binary mixture using derivative spectrophotometry and their application for pharmaceutical samples. J Al-Nahrain Univ. 2016;19:56–68. https://​doi.​org/​10.​22401/​jnus.​19.​1.​07.Crossref

	28.
Ali N, Gamal M, Abdelkawy M. Determination of hyoscine N-butyl bromide and paracetamol mixture by zero order and 1 dd first derivative ratio spectrophotometric method. Ann Der Chem Forsch. 2014;2:9–19.

	29.
Ali NW, Gamal M, Abdelkawy M. Simultaneous determination of hyoscine N-butyl bromide and paracetamol in their binary mixture by RP-HPLC method. Arab J Chem. 2017;10:1868–74. https://​doi.​org/​10.​1016/​j.​arabjc.​2013.​07.​015.Crossref

	30.
Nagarajan NC, Sivaperumanan A. Stability indicating RP-HPLC simultaneous estimation of hyoscine butylbromide and paracetamol in tablets. Pharm Chem J. 2021;55:410–5. https://​doi.​org/​10.​1007/​s11094-021-02435-8.Crossref

	31.
Yehia AM, Elbalkiny HT, Riad SM, Elsaharty YS. Chemometrics for resolving spectral data of cephalosporines and tracing their residue in waste water samples. Spectrochim Acta Part A Mol Biomol Spectrosc. 2019;219:436–43. https://​doi.​org/​10.​1016/​j.​saa.​2019.​04.​081.Crossref

	32.
Karthik D, Vijayarekha K, Manickkam V. A simple method for detecting adulteration in sunflower oil using chemometry. Rasayan J Chem. 2014;7:99–103.

	33.
De Dong J, Zhang YY, Wang YS, Wu ML, Zhang S, Cai CH. Chemometry use in the evaluation of the Sanya Bay water quality. Brazilian J Oceanogr. 2010;58:339–52. https://​doi.​org/​10.​1590/​s1679-8759201000040000​8.Crossref

	34.
Saber FR, Mohsen E, El-Hawary S, Eltanany BM, Elimam H, Sobeh M, Elmotayam AK. Chemometric-enhanced metabolic profiling of five Pinus species using HPLC-MS/MS spectrometry: Correlation to in vitro anti-aging, anti-Alzheimer and antidiabetic activities. J Chromatogr B Anal Technol Biomed Life Sci. 2021;1177:122759. https://​doi.​org/​10.​1016/​j.​jchromb.​2021.​122759.Crossref

	35.
Kelani KM, Hegazy MA, Hassan AM, Tantawy MA. Univariate versus multivariate spectrophotometric methods for the simultaneous determination of omarigliptin and two of its degradation products. Spectrochim Acta Part A Mol Biomol Spectrosc. 2022;271:120880. https://​doi.​org/​10.​1016/​j.​saa.​2022.​120880.Crossref

	36.
Abdelazim AH, Shahin M. Stability and biosimilarity assessment of bevacizumab monoclonal antibody: orthogonal testing protocol coupled with peptide mapping-principal component analysis. J AOAC Int. 2023;8:22–8. https://​doi.​org/​10.​1093/​jaoacint/​qsad094.Crossref

	37.
Hegazy MA, Yehia AM, Moustafa AA. Bivariate versus multivariate smart spectrophotometric calibration methods for the simultaneous determination of a quaternary mixture of mosapride, pantoprazole and their degradation products. Pharmazie. 2013;68:317–26. https://​doi.​org/​10.​1691/​ph.​2013.​2196.CrossrefPubMed

	38.
Yehia AM, Arafa RM, Abbas SS, Amer SM. Ratio manipulating spectrophotometry versus chemometry as stability indicating methods for cefquinome sulfate determination. Spectrochim Acta Part A Mol Biomol Spectrosc. 2016;153:231–40. https://​doi.​org/​10.​1016/​j.​saa.​2015.​08.​037.Crossref

	39.
Hemmateenejad B, Morteza Akhond FS. A comparative study between PCR and PLS in simultaneous spectrophotometric determination of diphenylamine, aniline, and phenol: Effect of wavelength selection. Spectrochim Acta A Mol Biomol Spectrosc. 2007;67:958–65. https://​doi.​org/​10.​1016/​j.​saa.​2006.​09.​014.CrossrefPubMed

	40.
https://​mcrals.​wordpress.​com/​2014/​11/​17/​mcr-als-gui-2-0-reference-and-videos.

	41.
Tawfik SA,  Hegazy MA,  El-Ragehy NA,  Sedik GA. Smart chemometrics-assisted spectrophotometric methods for efficient resolution and simultaneous determination of paracetamol, caffeine, drotaverine HCl along with three of their corresponding related impurities, BMC chem ,2023;17:133. https://​doi.​org/​10.​1186/​s13065-023-01036-8Crossref

	42.
Kannaiah KP, Sugumaran A, Chanduluru HK, Rathinam S. Environmental impact of greenness assessment tools in liquid chromatography—a review. Microchem J. 2021;170:106685. https://​doi.​org/​10.​1016/​j.​microc.​2021.​106685.Crossref

	43.
 Mouhamed AA, Eltanany BM ,Mostafa NM, Elwaieb TA , Nadim AH. Design of screen-printed potentiometric platform for sensitive determination of mirabegron in spiked human plasma; molecular docking and transducer optimization. RCD Adv 2023;13:23138. https://​doi.​org/​10.​1039/​d3ra02343eCrossref

	44.
Płotka-Wasylka J. A new tool for the evaluation of the analytical procedure: green analytical procedure index. Talanta. 2018;181:204–9. https://​doi.​org/​10.​1016/​j.​talanta.​2018.​01.​013.CrossrefPubMed

	45.
Eissa MS, Abd El-Hadi HR, Zaazaa HE, Eltanany BM. Smart TLC—densitometric methods for determination of ophthalmic ternary mixture containing chloramphenicol in the presence of its synthetic precursor: Comparative eco-scaling for greenness assessment. J Planar Chromatogr Mod TLC. 2020;33:501–9. https://​doi.​org/​10.​1007/​s00764-020-00055-8.Crossref

	46.
Atty SA, Abd Hadi HRE, Eltanany BM, Zaazaa HE, Eissa MS. Analytical eco-scale for evaluating the uniqueness of voltammetric method used for determination of antiemetic binary mixture containing doxylamine succinate in presence of its toxic metabolite. Electrocatalysis. 2022;4:1–16. https://​doi.​org/​10.​1007/​s12678-022-00751-5.Crossref

	47.
El-Ragehy NA, Yehia AM, Hassan NY, Tantawy MA, Abdelkawy M. Chemometrics tools in detection and quantitation of the main impurities present in aspirin/dipyridamole extended-release capsules. J AOAC Int. 2016;99:948–56. https://​doi.​org/​10.​5740/​jaoacint.​16-0082.CrossrefPubMed

	48.
Abdelazim AH, Shahin M, Abu-Khadra AS. Application of different chemometric assisted models for spectrophotometric quantitative analysis of velpatasvir and sofosbuvir. Spectrochim Acta Part A Mol Biomol Spectrosc. 2021;252:119540. https://​doi.​org/​10.​1016/​j.​saa.​2021.​119540.Crossref

	49.
Abd El-Hadi HR, Eissa MS, Zaazaa HE, Eltanany BM. Chemometric quality assessment of doxylamine succinate with its degradation product: implementation of two predictive models on uv-spectrophotometric data of anti-emetic binary mixture. J AOAC Int. 2022;8:1–7. https://​doi.​org/​10.​1093/​jaoacint/​qsac090.Crossref

	50.
Tantawy MA, Michael AM. Artificial neural networks versus partial least squares and multivariate resolution-alternating least squares approaches for the assay of ascorbic acid, rutin, and hesperidin in an antioxidant formulation. Spectrosc Lett. 2019;1:1–7. https://​doi.​org/​10.​1080/​00387010.​2019.​1639760.Crossref

	51.
Zeid AM, Abdelazim AH, Shahin M. Simultaneous spectrophotometric quantitative analysis of elbasvir and grazoprevir using assisted chemometric models. Spectrochim Acta Part A Mol Biomol Spectrosc. 2021;252:119505. https://​doi.​org/​10.​1016/​j.​saa.​2021.​119505.Crossref

	52.
Abd El-Hadi HR, Eissa MS, Zaazaa HE, Eltanany BM. Univariate versus multivariate spectrophotometric data analysis of triamterene and xipamide; a quantitative and qualitative greenly profiled comparative study. BMC Chem. 2023;5:1–14. https://​doi.​org/​10.​1186/​s13065-023-00956-9.Crossref

	53.
Antunes C, Simão J. Multivariate curve resolution of overlapping voltammetric peaks: quantitative analysis of binary and quaternary metal mixtures. Analyst. 2002;127:809–17.CrossrefPubMed

	54.
Katsarov P, Gergov G, Alin A, Pilicheva B, Al-Degs Y, Simeonov V, Kassarova M. Advanced spectrophotometric chemometric methods for resolving the binary mixture of doxylamine succinate and pyridoxine hydrochloride. Acta Pharm. 2018;68:61–73. https://​doi.​org/​10.​2478/​acph-2018-0008.CrossrefPubMed

	55.
Shaaban H, Mostafa A, Al-zahrani B, Al-jasser B. Al-ghamdi, Simultaneous determination of drugs affecting central nervous system in bulk and pharmaceutical formulations using multivariate curve resolution-alternating least squares. J Anal Methods Chem. 2020;2020:1–8.Crossref

	56.
ICH. Q1A (R2) Stability testing of new drug substances and products. In: International conference on harmonization, IFPMA, Geneva, Switzerland; 2003.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/13065_2023_1089_Fig9_HTML.png
RMSEC

RMSEP

0.18
0.16
0.14
0.12

0.08
0.06
0.04
0.02

03

0.25

0.2

0.15

0.

=

0.0!

w

(=]

(@)

mPAR = HYO mPNP
WCAC mTRO mPAP

()

MCR-ALS

mPAR mHYO mPNP
WCAC ETRO mPAP

MCR-ALS





OEBPS/images/13065_2023_1089_Fig6_HTML.png
Peak amplitude

Peak amplitude

Peak amplitude

(@) —original
0.3 — estamited
0.2
0.1
0
230 240 250 260
Wavelength (nm
0.25 —original
(©) —estimated
0.2
0.15
0.1
0.05
0
230 240 250 260
Wavelength (nm)
0.2
—original
© —estimated
0.15
0.1
0.05 \/
0
230 240 250 260

Wavelength (nm)

Pesk amplitde Peak amplitude

Peak amplitude

0.1 (b)

—original
— ——estamited
0.06
0.04
0.02
0
230 240 250 260
Wavelength (nm)
0.1 ——original
d . -
208 (@ estimated
0.06
0.04
0.02
0
230 240 250 260
Wavelength (nm)
0.7 —original
0.6 )
—estimated
0.5
0.4
0.3
0.2
0.1
0
230 240 250 260

‘Wavelength (nm)





OEBPS/navigation.xhtml

    
      Contents


      
        		Development and validation of chemometric-assisted spectrophotometric models for efficient quantitation of a binary mixture of supportive treatments in COVID-19 in the presence of its toxic impurities: a comparative study for eco-friendly assessment


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13065_2023_1089_Fig3_HTML.png
RMSECV

RMSECV vs LV

——PAR

4 6
Latent variable

12





OEBPS/images/13065_2023_1089_Fig2_HTML.png
RMSECV

RMSECV vs LV

4 6
Latent variable

10

12





OEBPS/images/13065_2023_1089_Fig5_HTML.png
Training: R=0.99994

25F

15+

Output ~= 1*Target + 0.0039

25F

Output ~= 1" Target +-0.041

[e Data
Fit
------- Y=T
5 10 15
Target

Test: R=0.99995

20

151

10

(o] Data
Fit
------- Y=T
L 10 15
Target

Output ~= 1" Target + -0.0025

1*Target +0.011

Output ~

25

20

15

10

25F

20+

151

10+

Validation: R=0.99996

< Data
Fit
------- Y=T
5 10 15
Target
All: R=0.99991
o] Data
Fit
------- Y=
5 10 15

Target






OEBPS/css/envelope.png





OEBPS/images/13065_2023_1089_Fig4_HTML.png
Mean Squared Error (mse)

Best Validation Performance is 3.5612 at epoch 0

1
10 Train
Validation
Test
-~ Best
CJ\
10°t
0 1 2 3 5





OEBPS/images/13065_2023_1089_Fig7_HTML.png





OEBPS/images/13065_2023_1089_Fig8_HTML.png
1. Sample treatment
2. Sample amount

3. Device positioning
4. Sample prep. stages
5. Automation, miniaturization
6. Derivatization

7. Waste

8. Analysis throughput
9. Energy consumption
10. Source of reagents
11. Toxicity

12. Operator's safety






OEBPS/css/sidebar.gif





OEBPS/images/13065_2023_1089_Fig1_HTML.png
Absorbance

0.8

0.6

0.4

0.2

200

250

m— PAR
— PAP
— HYO
— PCA

300
Wavelength (nm)

350

400





