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Abstract
Simple, diverse univariate spectrophotometric methods were developed and validated for the determination of amlodipine besylate (AM), perindopril arginine (PE), and indapamide (ID). The first method involved direct measurement of AM absorbance at 365 nm within a concentration range of 2.00–40.00 µg/mL, where PE and ID exhibited no spectral interference. To eliminate the contribution of AM from the ternary mixture, its spectrum was divided by a reference spectrum of AM (12 µg/mL), followed by mathematical subtraction of the resulting constant. The spectrum was then multiplied by the AM divisor to yield a corrected spectrum of the PE and ID binary mixture, allowing their quantification. Various approaches were used to quantify both drugs, including measurement of their second (2DD) and first derivative (1DD) spectra at 231.30 nm and 251.00 nm, respectively. Additionally, the ratio difference (RD) technique and dual wavelength (DW) method were employed. The concentration ranges for PE and ID were 5.00–100.00 µg/mL and 1.00–20.00 µg/mL, respectively. Among these methods, the DW technique was the simplest, so it was chosen for dissolution monitoring of PE and ID. These methods were successfully applied to determine AM, PE, and ID in bulk powder, as well as in Triplixam® tablets, without interference from excipients and in different used dissolution media. The whiteness of the method was evaluated, demonstrating its excellent environmental, analytical and practical efficiency.
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Introduction
Oral dosage forms continue to be one of the most complying formulations available to patients. Their effectiveness depends upon the drug ability to dissolve in the gastrointestinal tract fluids before their absorption into the circulation. Therefore, the rate of drug dissolution from tablets is pivotal. Dissolution testing is very important in adding in-vivo relevance to an in-vitro data which provide a realistic correlation between in-vitro/in-vivo results. In quality control laboratories, dissolution studies are performed to assess the quality of the dosage form and to evaluate the newly developed drug products [1]. FDA describes a dissolution method for tablets containing Amlodipine besylate (AM), Perindopril arginine (PE) and Indapamide (ID) separately, and for tablets containing a mixture of AM and PE [2]. In the present research, we are dealing with Triplixam® tablets, which are a combination of three active ingredients: AM, PE and ID. Each active ingredient helps lower blood pressure, and together they effectively manage hypertension. Chemically; AM is 3-Ethyl 5-methyl (4RS)-2-[(2-aminoethoxy)methyl]-4-(2-chlorophenyl)-6-methyl-1,4- dihydropyridine-3,5-dicarboxylate benzenesulfonate [3] (Fig. 1a). AM is a widely prescribed medication that falls under the category of calcium channel blockers. It is commonly utilized to manage hypertension, angina, and myocardial ischemia [4]. PE is 2-Methylpropan-2-amine (2S,3aS,7aS)-1-[(2S)-2-[[(1S)-1-(ethoxycarbonyl)butyl]amino] propanoyl]octahydro-1H-indole-2-carboxylate [3] (Fig. 1b). As an angiotensin-converting enzyme (ACE) inhibitor, PE blocks the conversion of angiotensin I to angiotensin II, a crucial component of the renin-angiotensin-aldosterone system. It is prescribed for managing mild to moderate essential hypertension and congestive heart failure [4]. ID is 4-Chloro-N-[(2RS)-2-methyl-2,3-dihydro-1H-indol-1-yl]-3-sulfamoylbenzamide [3] (Fig. 1c). ID is a diuretic used to treat hypertension, either alone or in combination with other antihypertensive medications. It is also employed to manage salt and fluid retention related to congestive heart failure [5].
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Fig. 1Chemical structure of (a) AM, (b) PE, and (c) ID


Searching the literature, we found one Thin layer chromatographic method (TLC) [6], one LC-MS/MS method [7], three HPLC methods [8–10] for simultaneous determination of the ternary mixture. In addition to one ultraviolet absorbance correction method [11], however it shows no real application on dosage forms or in any dissolution mediums. Spectrophotometric techniques are proved to be direct, quick, and less expensive than any other methods for the determination of drugs in mixture form in different pharmaceutical formulations. So, the target of this work was to establish, and validate different simple univariate spectrophotometric methods for determination of the three drugs in a single pill dosage form. Furthermore, dissolution testing of the three drugs was done simultaneously which open a new era for spectrophotometric methods to be a real-world application extending their use beyond just drug determination or dosage form quantification.
In recent years, Green Analytical Chemistry (GAC) has become a global trend among analysts aiming to develop environmentally sustainable analytical methods. The focus is on minimizing the use of harmful solvents and reducing waste while ensuring safer and less toxic procedures [12, 13]. However, improving a method’s greenness should not come at the cost of its performance. To address this, White Analytical Chemistry (WAC) was introduced as an extension of GAC. WAC ensures a balanced approach, incorporating environmental, analytical, and practical considerations to ensure both functionality and sustainability. The “whiteness” of a method is measured by evaluating it against the 12 principles of WAC, making it a useful tool for selecting and comparing the best analytical methods [14]. By integrating the principles of WAC with our spectrophotometric approach, we provide a robust, eco-friendly solution for analyzing AM, PE, and ID in both their combined pharmaceutical dosage form and their dissolution medium.

Experimental
Instrument and software
The analysis was conducted using a SHIMADZU UV-1650 double-beam UV-visible spectrophotometer (Kyoto, Japan), equipped with UVProbe software version 2.21 and connected to an IBM-compatible PC and an HP 1020 LaserJet printer. Measurements were performed with two matched 10-mm quartz cells. The instrument was set with a spectral bandwidth of 2 nm, a scanning speed of 2800 nm/min, and an interval of 0.1 nm.

Materials and reagents
Pure standards and pharmaceutical formulation
Pfizer, Cairo, Egypt, kindly provided the AM Standard certified to contain 99.8%. Laboratoires Servier, Cairo, Egypt, supplied the PE and ID standards certified to contain 99.7% and 99.5%, respectively.
Triplixam® tablets - produced by Laboratoires Servier – are labeled to contain: 13.87 mg of AM, 10 mg of PE, and 2.5 mg of ID were procured from the gulf region.

Reagents and chemicals
Analytical grade hydrochloric acid was sourced from El-Nasr Pharmaceutical Chemicals Company in Cairo, Egypt. Potassium dihydrogen phosphate and disodium hydrogen phosphate were obtained from Adwic, also located in Cairo, Egypt. Ultra-pure water (18 Mohm·cm) was generated using an Elga Ultrapure Q system. Spectroscopic grade methanol was acquired from Sigma Aldrich in Cairo, Egypt.
Phosphate buffer solution at pH 6.8 and 0.01 M HCl were prepared using ultra-   pure water.
The reagents used in the reference HPLC method are as follows: Phosphate buffer with pH 2, containing decane sulphonate as an ion-pairing agent (Reagent A), and acetonitrile (Reagent B).


Standard solutions
Stock standard solutions of 1 mg/mL for AM, PE, and ID were prepared by accurately weighing 50.0 mg of each compound and dissolving them in separate 50-mL volumetric flasks with methanol to achieve the desired volume.
Working standard solutions were then prepared as follows: 200 µg/mL AM, 200 µg/mL PE, and 100 µg/mL ID. These solutions were made in both 0.01 M HCl and phosphate buffer at pH 6.8.

Procedures
Spectral characteristics
The zero-order (0D) absorption spectra of AM, PE, and ID (at concentrations of 15, 20, and 10 µg/mL, respectively) were recorded using 0.01 M HCl as the blank.

Calibration curves development
Direct method (0D) for AM determination
Accurate aliquots of the AM working standard solution were transferred into a series of 10-mL volumetric vials and diluted with 0.01 M HCl to achieve concentrations ranging from 2.00 to 40.00 µg/mL. The zero-order absorption spectrum of each solution was then recorded using 0.01 M HCl as the blank.
The recorded absorbance values at 365 nm - where there is no contribution from PE and ID - were plotted against AM concentration in µg/mL and the regression equation of the calibration curve was computed.

Removing AM contribution
AM contribution in the ternary mixture spectrum can be omitted by dividing the mixture spectrum with the spectrum of AM standard (12.00 µg/mL). Posteriorly, the resulting constant is then subtracted, and the spectrum is subsequently multiplied by the AM standard spectrum. This leads to a recovered spectrum representing a binary mixture of PE and ID. The concentrations of both components can be determined by derivative spectrophotometry, ratio difference technique and dual wavelength method.

Derivative spectrophotometry (DD)
For PE determination, the peak amplitude of the second derivative (2DD) of the recovered binary mixture spectrum was measured at 231.3 nm using Δ λ = 4 and a scaling factor = 1000.
For ID determination, the peak amplitude of the first derivative (1DD) of the recovered binary mixture spectrum was measured at 251 nm using Δ λ = 2 and a scaling factor = 10.
A linear correlation was established between the peak amplitudes of the second derivative for PE and the first derivative for ID against their respective concentrations. The regression equations for these relationships were then calculated.

Ratio difference technique (RD)
For the determination of PE, the difference in peak amplitudes (ΔP) of the ratio spectra (PE/ID 5 µg/mL) at 219 and 267 nm (ΔP219–267) was plotted against the corresponding PE concentrations in µg/mL, and the regression equation was derived. Similarly, to determine ID, the difference in peak amplitudes of the ratio spectra (ID/PE 70 µg/mL) at 219 and 248 nm (ΔP248–219) was plotted against the corresponding ID concentrations in µg/mL, followed by the calculation of the regression equation.

Dual wavelength method (DW)
For PE determination, the absorbance difference (ΔA) of the recovered binary mixture spectra at 218 and 244 nm (ΔA 218–244) was calculated and plotted versus PE corresponding concentrations where the difference in ID spectrum is zero.
For ID determination, the absorbance difference (ΔA 254–350) from the recovered binary mixture spectra was measured and plotted against the corresponding concentrations of ID where the difference in PE spectrum is zero.
From the constructed calibration curves, regression equations were computed for PE and ID.


Laboratory made-up mixtures analysis
Various laboratory-prepared mixtures with different ratios of AM, PE, and ID were created, scanned, and saved. The procedures outlined under " calibration curves development” were followed to accurately determine the concentrations of each of the three drugs.

Determination of AM, PE and ID in Triplixam® tablets using the proposed methods
Ten Triplixam® tablets were accurately weighed and crushed into a fine powder. A portion of the powder, equivalent to the content of one tablet, was transferred to a 100-mL volumetric flask. To dissolve the sample, 50 mL of methanol was added, and the mixture was sonicated for 20 min. The volume was then brought to the 100-mL mark with methanol, followed by filtration. A 1 mL aliquot of the filtrate was transferred into a 10-mL volumetric flask and diluted with 0.01 M HCl to obtain final concentrations of 13.87 µg/mL for AM, 10 µg/mL for PE, and 2.5 µg/mL for ID. The concentrations of AM, PE, and ID were determined using the methods described in the “calibration curves development” section.

Dissolution monitoring of AM, PE and ID in Triplixam® tablets
VanKel VK 7000 USP II apparatus was used in dissolution monitoring of the pills. The apparatus consists of six vessels each with 500 mL of the dissolution medium thermostatically set at 37 ± 0.5 °C. The medium was whiskered using a Teflon coated paddle at 75 rpm rotation rate. Two different dissolution mediums were separately used: 0.01 M HCl and phosphate buffer solution at pH 6.8. Samples were taken from each dissolution medium at 5, 10, 15, 20, 30, 45, and 60-minute intervals, filtered, and scanned. The concentration of AM was determined directly by measuring its zero-order absorbance at 365 nm. Then, AM contribution was removed as mentioned before under “calibration curves development”. On the recovered binary mixture spectrum, DW method was applied to get PE and ID concentrations. Percentage dissolution was then calculated for the three drugs either in 0.01 M HCl or phosphate buffer pH 6.8 mediums. Two dissolution curves for Triplixam® were plotted.



Results and discussion
Univariate spectrophotometric resolution techniques are one of the simplest analytical methods to develop and validate. These techniques are known for their high sensitivity, precision and versatility where, they can be used in analysis of different multi-components formulations [15–20]. Spectrophotometric methods and High-performance liquid chromatographic methods (HPLC) are the official methods used for dissolution testing of different dosage forms [21]. For all solid oral dosage forms, dissolution testing is essential and is applied during the manufacturing of drug products and also during stability testing to assess the quality of the manufactured drug products [1, 22]. A critical challenge in pharmaceutical formulation development is ensuring that drug levels in the body are properly adjusted to achieve the desired therapeutic effect. Failure to maintain the drug concentration within the therapeutic window can result in insufficient bioavailability, leading to reduced efficacy, or excessive bioavailability, which may cause harmful toxic effects. The dissolution test helps to know the rate of the release of the active pharmaceutical ingredient from the dosage form [22]. Here, we addressed Triplixam® tablets as a multi-component formulation of AM, PE and ID. There is no previous official nor reported methods were found for simultaneous dissolution monitoring of this combination. Various simple univariate methods are employed to analyze the three drugs in both their powdered form and in pharmaceutical dosage forms. Additionally, dissolution monitoring of these drugs is simultaneously conducted using two different dissolution media. The FDA outlined specific dissolution testing protocols for tablets containing AM alone, AM with PE, and ID alone [2]. Tablets containing AM alone and AM with PE were tested in 0.01 M HCl, while those containing ID utilized phosphate buffer pH 6.8. Therefore, we used these two media to observe the dissolution behavior of Triplixam® tablets.
AM had different spectra in phosphate buffer (pH 6.8) compared to 0.01 M HCl, but PE and ID have a superimposed spectra in both solvents (Fig. 2). The zero order (0D) spectra of AM, PE and ID are presented in Fig. 3. The overlap in the absorption spectra hinders the direct resolution of the ternary mixture, except for AM, which has a sufficiently extended spectrum to allow its direct determination in the presence of PE and ID.
[image: ]
Fig. 2Zero order shows that PE (50 µg/mL) and ID (10 µg/mL) are superimposed in 0.01 M HCl and phosphate buffer pH 6.8 but AM (12 µg/mL) is not


[image: ]
Fig. 3Zero order (0D) absorption spectra of AM (15 µg/mL), PE (20 µg/mL) and ID (10 µg/mL)


Direct method (0D) for AM determination
AM had different spectra in 0.01 M HCl and in phosphate buffer pH 6.8, but in both situations, it is extended over PE and ID. SO, it can be directly determined at 365 nm without any contribution from PE and ID.
Various laboratory-prepared mixtures were analyzed, and the concentration of AM was determined by measuring its absorbance at 365 nm. The corresponding concentration was then calculated using the regression equation (Figure S1).
The contribution of AM was eliminated by dividing the mixture’s spectrum by the divisor spectrum of AM (12 µg/mL) prepared in the same solvent. The resulting constant was then subtracted mathematically, and the spectrum was multiplied by the divisor again. This process effectively removed AM’s spectrum, leaving behind the spectrum of the binary mixture of PE and ID, allowing for the application of various methods to quantify both components.
After AM removal and owing to that PE and ID spectra are superimposed in both phosphate buffer pH 6.8 and 0.01 M HCl, all the next procedures will be done in 0.01 M HCl only.

Derivative spectrophotometry (DD)
Derivative resolution technique uses simple spectra manipulation to determine certain drug concentration without any interference from other components in the same mixture. The concentration of PE can be determined by applying the second derivative (2DD) to the recovered binary mixture spectrum, using Δλ of 4 and a scaling factor of 1000 at 231.3 nm, where ID shows zero interference (Fig. 4). Similarly, the concentration of ID can be measured by applying the first derivative (1DD) to the same spectrum with a Δλ of 2 and a scaling factor of 10 at 251 nm, where PE exhibits no contribution (Fig. 5).
Laboratory made-up mixtures were analyzed for PE and ID concentrations, where both drugs can be accurately obtained from their corresponding regression equations.
[image: ]
Fig. 4Second derivative calibration of PE at 231.3 nm at the zero crossing of ID, showing spectra for individual concentrations of 5, 10, 20, 30, 50, 90, and 100 µg/mL


[image: ]
Fig. 5First derivative calibration of ID (1–20 µg/mL) at 251 nm at zero contribution of PE



Ratio difference technique (RD)
Both PE and ID were quantified using the two-step ratio difference method. Different PE and ID divisor concentrations spectra were tried to determine ID and PE, respectively. The chosen divisors should be selected to give the maximum sensitivity and minimal noise. Optimal results were obtained using divisor concentrations of 70 µg/mL for PE and 5 µg/mL for ID.
The recovered binary mixture spectrum was first divided by the spectrum of 5 µg/mL ID, and the difference in peak amplitudes (ΔP) at 219 and 267 nm (ΔP219–267) was calculated to determine the concentration of PE using its corresponding regression equation (Fig. 6). Similarly, the recovered binary mixture spectrum was divided by the spectrum of 70 µg/mL PE, and the difference in peak amplitudes (ΔP) at 219 and 248 nm (ΔP248–219) was calculated to determine the concentration of ID based on its respective regression equation (Fig. 7).
[image: ]
Fig. 6Ratio spectra of (5–100 µg/mL) PE using the spectrum of 5 µg/mL ID as divisor


[image: ]
Fig. 7Ratio spectra of (1–20 µg/mL) ID using the spectrum of 70 µg/mL PE as divisor


Laboratory made-up mixtures were analyzed for PE and ID concentrations, where both drugs can be accurately obtained from their corresponding regression equations.

Dual wavelength method (DW)
The DW method calculates concentrations of both PE and ID by applying a single mathematical operation on the recovered binary mixture spectrum, without requiring a divisor like the RD method or any additional manipulation steps as in derivative spectrometry.
To determine PE, two wavelengths (218 and 244 nm) were chosen where ID absorbs equally, but PE shows a difference in absorbance (Fig. 8). Therefore, the absorbance difference (ΔA = 218–244) in the recovered binary mixture spectrum correlates solely with PE concentration.
[image: ]
Fig. 8The zero-order absorption spectra of PE and ID indicate equal absorbance for ID and differing absorbance for PE at 218 and 244 nm for PE determination using the dual wavelength method


To determine ID, wavelengths (254 nm and 350 nm) were chosen where PE absorbs equally, but ID exhibits a difference in absorbance (Fig. 9). Thus, the absorbance difference (ΔA 254–350) in the recovered binary mixture spectrum is solely indicative of ID concentration.
[image: ]
Fig. 9The zero-order absorption spectra of PE and ID indicate equal absorbance for PE and differing absorbance for ID at 254 and 350 nm for ID determination using the dual wavelength method


The absorbance difference ΔA values obtained from Laboratory-prepared mixtures are used to substitute in PE and ID obtained regression equations to determine their concentrations.

Method validation
The proposed methods were validated following ICH guidelines [23]. Key parameters such as linearity, selectivity, precision, and accuracy were assessed, yielding satisfactory results as summarized in Table 1.
Table 1Analytical parameters and Validation results for the determination of AM, PE and ID by the proposed spectrophotometric methods


	Parameter
	AM
	PE
	ID

	 	Direct method
	2nd derivative
	RD
	DW
	1st derivative
	RD
	DW

	Wavelength (nm)
	365
	231.3
	219–267
	218–244
	251
	248 − 219
	254–350

	Regression parameters

	Linearity range
(µg/mL)
	2–40
	5–100
	5–100
	5–100
	1–20
	1–20
	1–20

	Intercept
	0.0007
	− 0.0231
	0.0172
	0.0032
	− 0.0024
	0.1242
	− 0.0005

	Slope
	0.0128
	0.0394
	0.0302
	0.0096
	0.035
	3.5967
	0.0295

	Correlation
Coefficient
	0.9998
	0.9998
	0.9998
	0.9997
	0.9998
	0.9999
	0.9998

	Accuracy (Mean ± RSD) h

	Low concentrationa
	98.89 ± 1.14
	102.30 ± 0.25
	100.82 ± 0.19
	101.53 ± 0.59
	101.52 ± 0.81
	100.45 ± 0.01
	101.41 ± 0.98

	Medium concentrationb
	100.38 ± 0.22
	100.51 ± 0.05
	99.90 ± 0.04
	100.10 ± 0.12
	100.47 ± 0.22
	101.63 ± 0.01
	101.92 ± 0.45

	High concentrationc
	101.11 ± 0.13
	99.03 ± 0.016
	99.12 ± 0.02
	98.74 ± 0.07
	100.69 ± 0.09
	100.36 ± 0.01
	99.85 ± 0.19

	Precision (±%RSD)h

	Repeatabilityd
	± 0.35
	± 0.08
	± 0.35
	± 0.22
	± 0.26
	± 0.02
	± 0.73

	Intermediate precisione
	± 0.58
	± 0.15
	± 0.58
	± 0.49
	± 0.51
	± 0.05
	± 0.9

	Selectivityf, h
	100.90 ± 1.84
	99.85 ± 1.87
	101.90 ± 0.42
	100.73 ± 1.30
	99.34 ± 1.09
	98.13 ± 0.95
	99.39 ± 0.94

	LODg
	0.62
	1.55
	1.63
	1.39
	0.33
	0.25
	0.30

	LOQg
	1.89
	4.72
	4.94
	4.20
	1.00
	0.76
	0.90


a Accuracy low concentration (4, 10, and 2 µg/ mL) for AM, PE, and ID, respectively
b Accuracy medium concentration (20, 50, and 7.5 µg/ mL) for AM, PE, and ID, respectively
c Accuracy high concentration (35, 90, and 17.5 µg/ mL) for AM, PE, and ID, respectively
d Intraday precision (the %RSD of 3 different concentrations (8, 16, 40 µg/ mL for AM, 20, 70, 100 µg/ mL PE and 3, 10, 20 µg/ mL for ID)/3 replicates each, within the same day)
e Interday precision (the %RSD of 3 different concentrations (8, 16, 40 µg/ mL for AM, 20, 70, 100 µg/ mL PE and 3, 10, 20 µg/ mL for ID)/3 replicates each, repeated on 3 successive days)
f Mixture concentrations used for the selectivity study were 27.5/20/5, 12/40/10, 30/10/5, and 20/7/20 µg/mL for Amlodipine, Perindopril, and Indapamide, respectively
g Calculated from equation [LOD = 3.3 (S.D/S), LOQ = 10 (S. D/S); where S.D is the residual standard deviation of the slope and S is the slope for the proposed methods
h Acceptability criteria: Accuracy was deemed acceptable within ± 2%, precision with an RSD ≤ 2%, and selectivity confirmed by the absence of significant interference which proved by an RSD ≤ 2% for all tested mixtures




Assay of AM, PE and ID in triplixam ® tablets
Using the suggested techniques, we determined the concentrations of AM, PE, and ID in Triplixam® tablets, a multi-component formulation, achieving results that closely match the labeled values. The standard addition technique verified that there was no interference from the tablet’s inactive ingredients (Table 2). Moreover, statistical analysis comparing our methods with the reported HPLC method [8] revealed no significant differences, demonstrating the practical usefulness of our new methods for analyzing this pharmaceutical formulation.
Table 2Determination of AM, PE and ID in Triplixam® Tablets* by the proposed spectrophotometric methods and application of standard addition technique


	Dosage form
13.87 µg AM, 10 µg PE,
and
2.5 µg ID
	AM
	PE
	ID

	Direct method
	Found amounta
	% Ra
	Method
	Found amounta
	% Ra
	Method
	Found amounta
	% Ra

	14.06 ± 0.05
	101.37 ± 0.33
	2nd der.
	10.06 ± 0.03
	100.62 ± 0.29
	1st der.
	2.52 ± 0.02
	100.65 ± 0.66

	RD
	10.08 ± 0.02
	100.82 ± 0.19
	RD
	2.51 ± 0.01
	100.25 ± 0.02

	DW
	10.15 ± 0.06
	101.53 ± 0.60
	DW
	2.54 ± 0.02
	101.47 ± 0.78

	Standard addition
	Direct method
	DW method
	DW method

	Added amount
	Found amounta
	% Ra
	Added amount
	Found amounta
	% Ra
	Added amount
	Found amounta
	% Ra

	4
	3.96 ± 0.05
	98.96 ± 1.13
	10
	9.97 ± 0.06
	99.68 ± 0.60
	2
	1.99 ± 0.02
	99.84 ± 0.98

	10
	9.92 ± 0.05
	99.22 ± 0.45
	40
	39.90 ± 0.12
	99.75 ± 0.30
	5
	5.09 ± 0.04
	101.86 ± 0.78

	20
	20.31 ± 0.05
	101.56 ± 0.23
	80
	78.75 ± 0.12
	98.44 ± 0.15
	15
	14.98 ± 0.05
	99.87 ± 0.35


a Average of three determinations




Dissolution monitoring of the single pill triple therapy
Dissolution monitoring of AM, PE and ID were performed simultaneously. AM concentrations were determined by direct measurement of the absorbance at 365 nm. Among the three proposed spectrophotometric methods for PE and ID, DW was preferably selected over the other methods for dissolution studies due to its straightforward data processing with acceptable results. The dissolution profiles for the three drugs were assessed in both 0.01 M HCl and phosphate buffer (pH 6.8), resulting in two separate curves being generated for Triplixam®(Fig. 10).
[image: ]
Fig. 10Dissolution profiles for the single pill triple therapy of Amlodipine, Perindopril and Indapamide in phosphate buffer pH 6.8 and in 0.01 M HCl



Evaluation of the whiteness of the proposed spectrophotometric method in comparison to various reported methods
White analytical chemistry (WAC) serves as an extension of the earlier concept of Green Analytical Chemistry (GAC) by incorporating environmental (Green), analytical (Red), and practical (Blue) aspects. This integration replaces the original 12 principles of GAC with the newly formulated 12 principles of WAC. The evaluation of analytical methods is performed using a straightforward RGB 12 algorithm. To conduct the evaluation, users must complete three tables provided in an Excel template, which facilitates the assessment and comparison of different methods. Scores ranging from 0 (least fitting) to 100 (most fitting) should be entered into the designated grey columns. Once the data is entered, the results are automatically computed and displayed in tabular form. Figure 11 presents comparison tables for our proposed method alongside two previously published methods: the sole reported spectrophotometric method [11], one of the reported HPLC method [8]. The results indicate that our proposed method offers an excellent “white” alternative to these previously established methods.
[image: ]
Fig. 11A comparison of three different methods, including our proposed spectrophotometric approach for the determination of AM, PE, and ID, was conducted in accordance with the 12 principles WAC. The analysis was performed using the RGB 12 algorithm




Conclusion
In this study, we successfully developed and validated simple, diverse univariate spectrophotometric methods to determine AM, PE, and ID in bulk powder, Triplixam® tablets and in dissolution media. These methods offered efficient, eco-friendly, and accurate alternatives for the simultaneous analysis of the ternary mixture. Among the methods, the DW method emerged as the simplest particularly for dissolution studies of the triple pill therapy. The proposed approaches were applied successfully in various dissolution media, proving their practical utility in pharmaceutical analysis. The simplicity, precision, and applicability of the developed spectrophotometric methods together with incorporating WAC principles make them highly suitable for eco-friendly routine quality control of the tablet dosage form. This work also highlights the potential of spectrophotometric techniques as viable tools for dissolution testing, expanding their application beyond drug determination and offering a more accessible approach for in-vitro/in-vivo correlation studies in pharmaceutical research.
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