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Abstract
Food colorant Erythrosine B (EB) is an antiviral xanthene dye with a wide range of uses as a colorant in cosmetics and medications. Its availability, affordability, quick labeling, and high sensitivity make it an excellent choice for spectrofluorometric and spectrophotometric examination of amine-based medications. Two quick and accurate spectrophotometric and spectrofluorometric methods were developed for the estimation of vericiguat in this case. To create an ion-pair complex at pH 4 using the Britton Robinson buffer, the suggested methods relied on the interaction between the amino groups of the medication under study and the phenolic group of EB. The quenching effect of the vericigaute drug of EB at excitation/emission wavelengths of 530.0/550.0 nm. This method demonstrated a limit of detection (LOD) of 0.036 µg/mL and a limit of quantification (LOQ) of 0.110 µg/mL, showing rectilinear response in the concentration range of 0.05–0.5 µg/mL. Additionally, the absorbance of the produced ion-pair complex was evaluated using the colorimetric approach at 560 nm, displaying a linearity range of 0.5–10.0 µg/mL with LOD = 0.428 µg/mL and LOQ = 1.298 µg/mL. The greenness of the developed approaches was determined by GAPT and AGREE software for evaluating the suggested methods.
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Introduction
Vericiguat (VER) (methyl N-(4,6-diamino-2-{5-fluoro-1-[(2-fluorophenyl)methyl]-1 H-pyrazolo[3,4-b]pyridin-3-yl}pyrimidin-5-yl) carbamate) (Fig. 1) is an entirely novel soluble guanylate cyclase (sGC) stimulator that is used to treat heart diseases and their symptoms. It processed by two transporters, one of which is called P-glycoprotein and the other called breast cancer resistance protein (BCRP). Vericiguat belongs to medications like riociguat, which was the first therapy in its class to be approved for clinical use in patients with pulmonary arterial hypertension [1, 2]. VER was marketed under the brand name Verquvo ® trademark by Merck since it was given FDA approval and permission for use throughout the European Union in 2021 [3]. Its mechanism of action involves improving cardiac pumping efficiency and relaxing blood vessels, which enhances blood circulation throughout the body. A review of the literature discovered that the drug has been evaluated using a lot of analytical approaches, including chromatographic methods [4–7], spectrophotometric methods [8–10], and spectrofluorometric methods [10]. RP-HPLC method for estimation of the studied drug in bulk and dosage form [4], stability-indicating HPLC/DAD method for quantitation of VER in dosage form and in presence of degradations [5], usage of UPLC-MS/MS for analysis VER [6], investigation of pharmacokinetic interaction of VER with apigenin based on UP-HPLC-MS assay [7], different spectrophotometric methods for determination of the studied drug in presence of its alkaline degradation products [8], utility of diazo coupling reaction for colorimetric analysis of VER [9], and in traduced analysis of Vericiguat via ion-pairing with eosin Y as spectrophotometric and spectrofluorometric probe [10]. To enable a rapid and straightforward evolution of VER with high sensitivity and selectivity, this study introduces a new spectrofluorometric approach in addition to the existing spectrophotometric method. Erythrosine B (EB) (Fig. 1b), a food colorant xanthine dye with antiviral properties against Zika and Dengue flaviviruses [11], is used in a different number of analytical applications, including as a selective and sensitive investigator for the assay for multiple medications due to its ability to adhere to biomaterials and high attenuation coefficients. According to its chemical structure, it is an acidic dye that can form ion-pair complexes with basic amino acids such as VER in a selected Britton-Robinson buffer of pH 4 was observed.
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Fig. 1Chemical structure of VER (a) and erythrosine B (b)


Experimental and theoretical studies of the mechanisms that underlie ion-pair formation, their properties, and applications in various fields have been and still are focused on by researchers since the introduction of the concept in 1926 by Bjerrum. Ion pairs are distinct chemical entities, electrically neutral, formed between ions of opposite charge and held together by Coulomb forces, without formation of a covalent bond. For instance, it has been employed for spectrofluorimetric and spectrophotometric determination of albendazole [12], benzimidazole [13], varenicline [14], trospium chloride [15], tamoxifen [16], sunitinib [17], rupatadine [18], and naftidrofuryl [19].
As a result, in addition to spectrophotometric methodologies, the present study provides the first spectrofluorimetric approaches for quick and simple VER estimation that have excellent selectivity and sensitivity. The two methods were created using green chemistry principles and do not require the use of harmful solvents during extraction. Green Analytical Procedure Index (GAPI) [20] and the Analytical Greenness Calculator (AGREE) [21]. The two green assessment measures were used to examine the environmental benefits of present practices. When this medicine is used, its effect will be observed on both spectroscopic methods. The native fluorescence of EB decreases, which is the basis for the proposed spectrofluorimetric methods; however, the spectrophotometric method showed an increase in absorbance.

Experimental
Instrumentation
The spectrofluorimetric measurements were carried out using a JASCO FP-83 spectrofluorimeter. The instrument has a PMT tuned to 400 V and a 150 W Xe-arc light. The excitation and emission monochromators had a slit width of 5 nm and a scanning speed of 1000 nm/min. The spectrophotometric measurements were performed using a T80 twin beam UV-VIS spectrophotometer (PG Instruments, Leicestershire, UK) in conjunction with UV-Win software. The measurements were performed using quartz cells with a diameter of one centimeter. The Aquatron water still 4000d (Cole-Parmer, Staffordshire, UK) was used for creating double-distilled water.

Materials and reagents
The supplier of the VER standard (purity > 98%) [10] was Bayer Zydus Pharma, Bayer AG Barmen, Germany. VER-labeled Verquvo® 5 mg Tablets were utilized. Merck provided methanol, ethanol, and acetonitrile spectroscopic grades as well as EB (Darmstadt, Germany). Fischer Scientific supplied analytical-grade dimethyl formamide (DMF) from Loughborough, UK. Analytical-grade sodium acetate, ethyl acetate, acetic acid, and acetone were supplied by El Nasr Pharmaceutical Chemical Co. (Cairo, Egypt). Acetic acid, boric acid, and phosphoric acid (0.04 M each) were combined in the proper amounts to create Britton Robinson (BR) buffer solutions (pH: 2.0–6.0). When making the buffer solutions, 0.2 M NaOH was used to alter the pH.

Preparation of standard solution
The aqueous standard solution of VER (100 µg mL-1) was performed by dissolving an appropriate amount of VER (10.0 mg) in 100 mL of distilled water. Further dilutions were then made to obtain the specified range for each method. The reagent EB of two definite concentrations, 1 × 10-4 and 5 × 10-4 M, was prepared in distilled water for the fluorimetric and colorimetric measurements, respectively.

General procedure
Calibration curves
Method I: Spectrofluorimetric method
Portions of the standard VER solution (0.05–0.5 µg mL-1 ) were translocated in a series of 10-mL glass volumetric flasks. Each flask received (0.5 mL) of BR buffer (pH 4), followed by 0.7 mL of EB solution of concentration 1 × 10− 4 M, and then mixed very well. Each flask was filled with distilled water to 10.0 mL. At 550.0 nm, the relative fluorescence intensity was monitored after excitation at 530 nm against a blank experiment (Fig. 2). The quenching in fluorescence intensity (ΔRFI) was then graphed versus the final concentration of the analyte to acquire the corresponding calibration graph from which the regression equation was derived.
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Fig. 2(a, a*) The excitation and emission spectra, respectively, of (1 × 10− 4M) erythrosine B (EB) in Britton Robinson (BR) buffer (pH 4) without the addition of the analyte. (b, b*) The excitation and emission spectra, respectively, of the reaction product of (1 × 10− 4 M) EB and VER (0.4 µg/mL) in BR buffer (pH 4)



Method II: Colorimetric method
The procedure from the spectrofluorimetric method was adapted for the drug within the range 0.5–10.0 µg mL-1 using 2.0 mL EB (5.0 × 10-4 M). The resultant color was monitored at 560 nm against blank. The absorbance values were graphed against the final concentration of the analyte to acquire the corresponding calibration graph (Fig. 3) from which the regression equation was derived.
[image: ]
Fig. 3The spectrophotometric absorption spectra of (a) VER in distilled water (4.0 µg/mL) and (b) the reaction product of VER (4.0 µg/mL) with (5.0 × 10 − 4 M) erythrosine B (EB) at pH 4




Assay of VER in tablets
A set quantity of Verquvo® Tablets (10) was weighed and finely crushed. A 100 mL volumetric flask containing 50.0 mL of distilled water and a precisely weighed amount of the powder equal to 10.0 mg VER. The solution was sonicated for 30.0 min, then diluted to one hundred mL with distilled water and filtered. The calibration curve’s main method was followed to generate and assay various quantities. The drug content of the tablets was determined using the appropriate regression models.

Determination of reaction stoichiometry
Reaction stoichiometry was determined using Job’s approach and the limiting logarithmic method. Two solutions of VER and EB having the same molarity (1 × 10-4 M) were prepared. The general procedure for the spectrofluorimetric method was applied. The values of ΔF were plotted against the mole fraction of VER.



Results and discussion
In an acidic solution, the acidic dye EB can combine with basic analytes to create ion-pair complexes. When excited at 530 nm at pH 4, the generated compound caused the fluorescence intensity of EB at 550.0 nm to be quenched in the spectrofluorometric method (Fig. 2). The colorimetric method, on the other hand, involves measuring the complex’s absorbance at 560 nm (Fig. 3).
Optimization of the reaction condition
A number of variables, including buffer pH and volume, reagent (EB) volume, surfactant, dilution media, and reaction time, were examined since they may have an impact on the ion-pair formation between EB and VER.
Buffer pH and volume
Varied pH values within the range of 2–6 were studied using BR buffer because EB is an acidic type. It was found that the maximum absorbance was produced at pH 4 (Fig. 4). Most studies of EB quenching by basic drugs proceed in the acidic medium. Different volumes of BR buffer (0.3–2.0 mL) at pH 4 were examined. It was found that 0.5 mL of BR buffer was the optimum volume (Fig. 5).
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Fig. 4Effect of the pH of Briton Robinson (BR) buffer on the absorbance of VER-EB complex


[image: ]
Fig. 5Effect of the volume of Briton Robinson (BR) buffer (pH 4) on the absorbance of VER-EB complex



Volume of reagent
In the spectrofluorometric method, it was found that 0.7 mL of 1 × 10− 4 M EB was sufficient to produce the optimum (ΔRFI) (Fig. 6a). For the colorimetric method, 2.0 mL of 5.0 × 10− 4 M EB was found to be suitable for yielding the highest absorbance value (Fig. 6b).
[image: ]
Fig. 6(a) Effect of EB volume (1 × 10− 4 M) on the fluorescence intensity of VER-EB complex. (b) Effect of EB volume (5 × 10− 4 M) on the visible absorbance of VER-EB complex



Reaction medium (diluting solvents)
Ethanol, acetonitrile, methanol, and distilled water were examined as diluting solvents. It was discovered that utilizing distilled water produced the highest absorption, whereas in organic solvents there was no complex formation. The selection of distilled water as a solvent also has many advantages, such as being cheap, available, and green. The EB complex with drugs always shows maximum intensity in distilled water rather than organic solvents, as reported in various studies. Organic solvents may degrade the procedure of the complex’s properties, highlighting and explaining the mild response seen in the study. If particular solvents are used, the complex may get denatured, and the fluorescence value may be changed. Due to their extremely short carbon chains, methanol and ethanol both dissolve readily in aqueous solutions and streamline the procedure by altering the solvent’s characteristics. If more of it enters the system, it could cause a significant disturbance. A very complex system is disrupted by alcohol. As the solvent’s dielectric permittivity logarithm grows, the dominant equilibrium form of EB molar absorptivity rises linearly. Distilled water has the highest dielectric permittivity (ε0 81) and polarity index (10.2) among the aforementioned solvents. The system is entirely miscible since its constituent parts are already dissolved in an aqueous medium. The limited miscibility of other organic diluents, however, may prevent the complex from forming because of variations in their dielectric constants.

Surfactants
The probe’s efficiency was evaluated utilizing several surfactants, including cetrimide, SDS, Tween 80, and β-cyclodextrin. All of them were used at concentrations greater than the critical micelle concentration (1.0% w/v). Such surfactants were observed to have no apparent influence on the ion-pair formation, so the work was performed without using any surfactant.

Reaction time
Over the course of 45.0 min, the influence of time on complex development was investigated at various intervals. It was observed that the reaction occurs immediately, and absorbance was nearly constant for 60.0 min.

Effect of temperature
The impact of temperature on the formed complex formation reaction was studied at nine different temperatures (room temperature 25, 30, 40, 50, 60, 70, 80, 90, and 100 oC). Figure 7 demonstrates that the highest fluorescence values were obtained at 25–49 oC. The fluorescence values were significantly decreased by increasing the temperature higher than 40 oC. Therefore, the reaction was carried out at room temperature (about 25 oC).
[image: ]
Fig. 7Effect of temperature on the D IRRS of the reaction product between VER and erythrosine B




Validation
Both methods were validated in accordance with the International Conference on Harmonization’s (ICH) Q2 requirements. To guarantee the validity of the designed sensor to be used for spectrophotometric and spectrofluorometric analysis of VER, various validation parameters were evaluated.
Linearity and range
Adding increased concentrations of VER showed a quantitative decrease in the fluorescence intensity of EB (Fig. 8). The calibration graph showed a rectilinear relationship between fluorescence quenching (ΔF) and concentrations over the range of 0.1–1.0 µg mL− 1 VER in the spectrofluorometric assay. Conversely, in the spectrophotometric method, increasing the concentrations of VER showed quantitative increases in the absorbance (Fig. 9). The linearity was achieved in the range of 0.5–10.0 µg mL− 1 VER. The linear regression parameters are shown in Table 1.
[image: ]
Fig. 8The emission spectra of the reaction products of EB with different concentrations of VER in BR buffer at pH 4


[image: ]
Fig. 9Absorption spectra of the reaction products of EB with different concentrations of VER in BR buffer at pH 4


Table 1Validation data of VER by the proposed methods


	Parameter
	Spectrofluorometric method
	Spectrophotometric method

	Concentration range (µg mL− 1)
	0.05–0.5
	0.5–10.0

	Detection limit (µg mL− 1)
	0.012
	0.131

	Quantitation limit (µg mL− 1)
	0.036
	0.412

	Determination coefficient (r2)
	0.9996
	0.9999

	Slope
	1131
	0.0578

	Intercept
	47.83
	0.0729

	Sy/x
	1.8358
	0.0061

	Sa
	12.467
	0.0075

	Sb
	17.796
	0.0083

	% Error
	0.764
	0.675

	% RSD
	1.964
	1.432

	Mean found (%) ± SD
	100.76 ± 0.987
	99.89 ± 1.01


Note: Sa, standard deviation of the intercept of regression line; Sb, standard deviation of the slope of regression line; Sy/x, standard deviation of the residuals




Detection and quantitation limits
Detection and quantitation limits were calculated as guided by the ICH recommendation.
For the spectrofluorometric method, the detection limit was 0.012 µg mL− 1, whereas the quantitation limit was 0.036 µg mL− 1. For the colorimetric approach, the detection limit was found to be 0.131 µg mL− 1, whereas the quantitation limit was 0.412 µg mL− 1.

Precision and accuracy
Intra- and inter-day precision (repeatability and intermediate precision) of the presented approaches were confirmed via measuring three various concentrations (0.05, 0.07, and 0.09 µg mL− 1 for the spectrofluorometric approach and 0.5, 7.0, and 9.0 µg mL− 1 for the spectrophotometric approach of the analyte VER at three various times within a day (intra-day precision) and in three successive days (intermediate precision) as illustrated in Table 2. The results indicated a high percentage of found and low RSD values, confirming the high precision of the developed approaches. The methods were also compared with a comparison method to prove the accuracy of the developed methods. The used comparison method was a spectroscopic method [10]. Student’s t-test and variance ratio F-test were found to be lower than the tabulated ones [22], indicating the accuracy and precision of the developed spectrofluorometric and spectrophotometric approaches as demonstrated in Table 3.
Table 2Precision data for the Estimation of VER in pure form by the proposed methods


	Concentration taken (µg mL− 1)
	% Found
	% RSD

	Spectrofluorometric method
	 	 
	Intra-day
	 	 
	0.05
	99.43
	1.11

	0.07
	98.36
	1.32

	0.09
	100.11
	1.26

	Inter-day
	 	 
	0.05
	100.38
	2.01

	0.07
	98.11
	1.68

	0.09
	99.34
	0.99

	Spectrophotometric method
	 	 
	Intra-day
	 	 
	4.0
	99.78
	2.98

	6.0
	101.57
	1.88

	10.0
	99.85
	1.91

	Inter-day
	 	 
	5.0
	99.68
	1.89

	7.0
	98.97
	0.99

	9.0
	98.59
	1.89




Table 3Application of the developed fluorometric and colorimetric methods and the comparison method for Estimation of VER in Raw materials


	Parameters
	Spectrofluorometric method
	Comparison method (n = 3) [10]
	Spectrophotometric method
	Comparison method (n = 3) [10]

	VER
(pure form)
	Amount taken (µg mL− 1)
	% Recovery
± SD
	 	Amount taken (µg mL− 1)
	% Recovery ± SD
	 
	 	0.05
	99.89 ± 1.11
	99.76 ± 0.85
	0.5
	101.65 ± 0.99
	100.32 ± 1.35

	 	0.10
	100.76 ± 1.76
	100.42 ± 1.01
	2.5
	100.98 ± 0.75
	100.68 ± 1.02

	 	0.20
	100.64 ± 0.86
	99.66 ± 0.95
	4.5
	99.75 ± 0.54
	99.99 ± 0.97

	 	0.30
	99.07 ± 0.97
	 	6.5
	100.87 ± 1.65
	 
	 	0.40
	100.26 ± 1.77
	 	8.5
	99.54 ± 1.53
	 
	 	0.50
	99.75 ± 1.74
	 	10.0
	98.59 ± 1.94
	 
	X− ± SD
	 	100.06 ± 1.37
	99.95 ± 0.94
	 	100.23 ± 1.23
	100.33 ± 1.11

	t -test
	 	0.865
	 	 	0.457
	 
	F - value
	 	1.457
	 	 	1.108
	 

Note: Figures within parentheses are the tabulated t and F values at p = 0.05
Average of three separated exterminations
Theoretical values at 95% confidence interval: t = 2.776, F = 5.97



Statistical evaluation of the results of the assays was performed by one-way ANOVA test at a confidence interval (Cl) level of 95%. Results from the ANOVA test came with F-values lower than the critical value and acceptable higher P-value than the Cl level confirming no statistically significant difference between the proposed methods and the reported method as shown in Tables 3 and 4.
Table 4Application of the developed spectrofluorometric and spectrophotometric methods and the comparison method for Estimation of VER in tablet form


	Parameters
	Spectrofluorometric method
	Comparison method (n = 3) [10]
	Spectrophotometric method
	Comparison method (n = 3) [10]

	 	Amount taken (µg mL− 1)
	% Recovery
± SD
	 	Amount taken (µg mL− 1)
	% Recovery ± SD
	 
	 	0.2
	99.67 ± 1.15
	99.76 ± 0.85
	2.5
	98.59 ± 0.99
	100.32 ± 1.35

	 	0.3
	100.87 ± 0.98
	100.42 ± 1.01
	4.5
	100.97 ± 1.17
	100.68 ± 1.02

	 	0.4
	100.68 ± 1.32
	99.66 ± 0.95
	6.5
	99.68 ± 1.87
	99.99 ± 0.97

	X− ± SD
	 	100.41 ± 1.15
	99.95 ± 0.94
	 	99.75 ± 1.34
	100.33 ± 1.11

	t -test
	 	1.042
	 	 	0.345
	 
	F - value
	 	1.923
	 	 	0.954
	 

Note: Values within parentheses are the tabulated t and F values at p = 0.05
Average of three separated exterminations
Theoretical values at 95% confidence interval: t = 2.776, F = 5.97




Robustness
The effect of small variations in certain factors on the performance of the presented approaches was studied carefully. Such factors included BR buffer pH, BR buffer volume, and EB reagent volume. It was discovered that the performance of the created approaches is not significantly impacted by these minor adjustments.


Applications
The developed method and the comparison spectrometric method [10] were employed to assay VER in A Verquvo Tablets. The results indicated that no significant variation existed between the proposed spectrometric methods and the comparison spectrometric approach when the student’s t-test and F-test were applied, as indicated in Table 4. Statistical analysis of the results produced in Table 4 revealed the excipients and additives present in the studied tablet, e.g. corn starch, crospovidone, hydroxypropyl cellulose, lactose monohydrate, magnesium stearate, mannitol, microcrystalline cellulose, and sodium lauryl sulfate, have no interference with the suggested spectrometric methods. This means the high selectivity of the produced methods.

Reaction stoichiometry
On the mechanism of the vericiguat-erythrosine B reaction, the ratio between EB and VER in the produced ion-pair complex was estimated by applying Job’s continuous variation method. A series of solutions containing different molar ratios of the drug and the reagent with equal molar concentrations (1.7 × 10− 4 M) were prepared, keeping the total moles in all solutions constant. Then, the fluorescence intensities of each mixture at various mole fractions were determined, and then the ΔF was obtained by subtracting the observed fluorescence intensity from that of the solutions with the same concentration of the EB dye alone. Subsequently, the Job’s plot was constructed by graphing ΔF versus the mole fraction of VER in the mixtures, Fig. 10. The obtained curve showed a maxima point indicating that the molar ratio is (2:1) for EB: VER. The reaction mechanism between VER and EB was suggested based on the estimated molar ratio as represented in Scheme 1. In weakly acidic media (pH 4.0), EB will dissociate, producing a monovalent anion, with the OH group ionizing more than the COOH group of the benzene ring. This is because the xanthene ring has two strong electron-withdrawing iodine atoms next to the hydroxyl group. To produce the ion pair complex, the negatively charged monovalent anion of EB will engage with the drug cation via electrostatic contact as well as hydrophobic forces as illustrated in Scheme 1.
[image: ]
Fig. 10Job’s plot of the ion pair complex of VER and erythrosine Busing the same concentration of the analyte and the reagent (1 × 10 -4 M)


[image: ]
Scheme 1The proposed reaction mechanism for the ion-pair complex formation between VER and EB


Job’s approach was utilized to estimate the reaction stoichiometry between VER and the reagent EB. The reaction stoichiometry was found to be 2:1 in both spectrofluorometric and spectrophotometric methods, as shown in Fig. 10. Erythrosine B, a xanthene dye, is a diprotic weak acid (H2L) having pKa1 of 3.9 and pKa2 of 5.0 in aqueous solution [23]. One acidic group of erythrosine B will be ionized to produce a monovalent anion (HL− ) in a slightly acidic solution (pH 4). Even though EB has two acidic groups, phenolic and carboxylic groups, ionization of the phenolic OH group is easier than the carboxylic group owing to its location between two electron-withdrawing groups [24, 25]. The findings also show that the primary reaction is hydroxyl dissociation. The AM1 quantum chemistry method calculation findings suggest that the enthalpy alterations of hydroxyl on the xanthene group and–COOH on phenyl are 285.8 and 165.5 kJ/mol, respectively. The hydroxyl group can release more energy than that of–COOH, which of 120.3 kJ/mol. Additionally, it demonstrates that hydroxyl dissociation makes the system more stable [26]. In an acidic aqueous solution, the hydroxyl group of the erythrosine B molecule will be easily ionized, generating a monovalent anion, which bears a negative charge (HL−). Additionally, the positively charged cationic form of the VER molecule via two primary amino group cationization is chemically logical and simple in an acidic environment because its pKa is 13.82 [27]. Therefore, at a weakly acidic medium (pH 4), the ion-pair complex between the two primary amine-containing drugs (VER) and the reagent (EB) is formed due to the electrostatic force between the primary amino groups of VER and the phenate group of EB [28]. Various primary amine drugs have been documented to interact with EB, causing the inhibition of its inherent emission magnitude [12, 13, 27, 29].
Also, the reaction stoichiometry between VER and EB was studied using the limiting logarithmic method. Straight lines with slopes of 1.042/0.5214 were produced by plotting log absorbance against either log [EB] or log [VER] (Fig. 11). Thus, it is postulated that the reaction takes place in a 2:1 ratio between VER and EB (Scheme 1).
[image: ]
Fig. 11Stoichiometry of the fluorometric interaction between VER and EB using logarithmic method where a Log [VER] against Log RFI, b Log [RB] against Log RFI



Calculation of quantum yield
It is known that the quantum yield (Ф) of the fluorophore is a specific property that can be computed by comparison with a suitable standard [30]. In the suggested fluorophore (EB), Rhodamine 6G is selected as a reference (prepared in ethanol; reported Ф = 0.91 [31] to calculate Ф of EB.
The following equation is utilized to calculate Ф:
[image: $${\Phi _x} = {\Phi _{st}} \times {I_x}/{I_{st}} \times {A_{st}}/{A_x} \times {n_x}/{n_{st}}$$]




where Фx and Фst are the Ф of EB and Rhodamine 6G in ethanol, respectively. I is integrated fluorescence, A is the absorbance, and n is the refractive index of the solvent. The symbols (x) and (st) denote EB and the standard Rhodamine 6G, respectively.
The results revealed that EB has Ф of 4.35%, which was decreased after the addition of VER to 3.26%. This decrease in Ф assured the interaction of EB with the studied drug.
According to the charge density, electrostatic potential, and frontier orbital theories, the active sites and active bonds were obtained, and a series of reactions were given. The thermodynamic and structural parameters of each reaction were explored.

Assessment of the greenness of the proposed methods
One of the main goals of green analytical chemistry (GAC) nowadays is to develop safe and environmentally friendly methods. Both the Green Analytical Procedure Index (GAPI) and Analytical Greenness (AGREE) tools have been used to assess the greenness of the.
presented methods. GAPI is used for the evaluation of the greenness of various analytical approaches employed for the analysis of pharmaceutical compounds [32–34]. It is represented by a pictogram constructed of 15 sectors; each sector has red, yellow, or red color based on the level of greenness [35]. As shown in Fig. 12, the majority of the pictogram is green. Sectors 1 and 15 are red due to offline sampling and untreated waste, respectively. Sector 14 is yellow due to the volume of 10 mL of waste. The AGREE metric was also reported for the greenness evaluation of different analytical methods and showed high efficiency [31, 33]. AGREE pictogram is a graph divided into 12 sectors representing the principles of GAC. The core of the graph has a color and score indicating the greenness score of the approach. For the developed methods, the AGREE pictogram has a green core with a score of 0.81 (Fig. 13). Both GAPI and AGREE tools prove the greenness of the proposed methods.
[image: ]
Fig. 12Green Analytical Procedure Index (GAPI) pictogram for the assessment of methods’ greenness


[image: ]
Fig. 13Analytical Greenness (AGREE) pictogram for the assessment of methods’ greenness




Conclusion
For the first time, VER in its raw material and tablet dosage forms was analyzed using spectrofluorometric and spectrophotometric methods using the food colorant EB as a selective sensor. Using BR buffer, the ion-pair complex formed between erythrosine B and VER—which is brightly pigmented and non-fluorescent at pH = 4 is the basis for the methods that are being discussed. The spectrophotometric and spectrofluorometric approaches have linearity ranges of 0.5–10.0 µg/mL and 0.05–0.5 µg/mL, respectively, and are both simple, quick, and sensitive enough to be used for quality control analysis of VER in its pharmaceutical formulations. When compared to a previously published method, the fluorometric and colorimetric procedures showed no discernible difference and were validated in accordance with ICH requirements. The results of the statistical analysis showed sensitivity and selectivity of the suggested spectrometric methods for determination of active constituents of the studied drug in micro quantities and in the presence of corn starch, crospovidone, hydroxypropyl cellulose, lactose monohydrate, magnesium stearate, mannitol, microcrystalline cellulose, and sodium lauryl sulfate without interference. Moreover, both methods are environmentally benign as they do not incorporate hazardous organic solvents. The greenness of the presented approaches was confirmed by applying GAPI and AGREE metrics, which indicated the greenness of the presented approaches.
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