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ment and development of
analytical methods for concurrent quantification of
valsartan and sacubitril: whiteness comparative
study based on relative scoring †

Ahmed K. Kammoun,a Mostafa A. Afify, b Rasha M. Youssef, b Sara A. El-Nahassc

and Sameh E. Younis*d

Sustainable analytical chemistry is gaining great interest in global environmental pollution control. In

addition, valsartan (VAS) and sacubitril (SAB) have been recently approved by the FDA as a fixed-dose

combination “LCZ696”. It showed efficacy and safety enough to extend its application from heart failure

to hypertension control. VAS/SAB dual therapy is considered expensive; however, its prescription has

increased significantly worldwide. This prescription increased the demand for developing sustainable

analytical methods that simultaneously analyze VAS and SAB. Highly sensitive and selective

spectrofluorimetric methods have been developed for this purpose. A synchronous spectrofluorimetric

technique was applied. In one method, it was followed by spectral derivatization at the first-order level.

The signals were recorded at 230 and 211 nm for VAS and SAB, respectively. Synchronous

spectrofluorimetry was coupled to a dual-wavelength mathematical approach in the second method.

Signals were derived by subtracting synchronous responses at 241 nm, 226 nm, and 239 nm from the

response at 208 nm for VAS and SAB, respectively. Method validation was carried out following ICH

guidelines. VAS showed linear calibration curves spanning the range of 60–200 and 80–600 ng mL−1 for

the derivative and dual wavelength-assisted approaches, respectively. SAB achieved linear responses in

the range of 17–190 and 30–350 ng mL−1 for the first and second methods, respectively. The green

profile of the proposed methods was confirmed using the analytical eco-scale (AES), green analytical

procedure index (GAPI), and analytical greenness metric (AGREE) tools. The proposed hybrid methods

proved highly sustainable through the whiteness RGB 12 algorithm evaluation approach. Whiteness was

comparatively assessed for the proposed and reported methods based on relative scoring depending on

the parameters of each method. Despite this scoring approach being accurate as a relative score for

comparative purposes, it gave rise to underestimated absolute scores. Therefore, to obtain a proper

conclusion from the comparative whiteness study, all the methods were ranked according to their

whiteness score, illustrating the excellent whiteness ranks of the proposed methods. Upon complete

comparison with the reported methods, the suggested ones showed several advantages concerning

analytical performance and the greenness level. The proven affordability and simplicity encourage their

wide industrial application in developing countries.
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1. Introduction

Heart failure (HF) is a disease in which the mortality rate
increases by six to nine times more than the normal pop-
ulation.1 This mortality rate makes ongoing efforts to develop
new HF therapies a necessity; one of these therapies is LCZ696.
However, it was used as a late-line treatment owing to its high
commercial price. However, its role was highly considerable to
improve the HF therapy and avoid the toxic “digoxin” use or
even heart replacement.2 LCZ696 is a valsartan (VAS)/sacubitril
(SAB) complex; Fig. 1.3 Thus, it has a dual pharmacological
action. VAS blocks the angiotensin II receptor, and SAB prevents
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Chemical structures of VAS (a), SAB (b) and LCZ696 (c).
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the degradation of vasoactive peptides via neprilysin inhibition.
SAB did not succeed as a single HF therapy. On the contrary, the
use of the VAS/SAB complex presented a signicant improve-
ment for HF patients, even more than that attained by VAS
alone.4

LCZ696 was rapidly introduced into all HF guidelines and
became essential in the treatment protocols for developed and
developing countries.5,6 This required establishing reliable
analytical methods to analyze this combined therapy. Two
spectrophotometric7,8 and three HPTLC9–11 methods have been
reported for this purpose. In addition, LCZ696 was assayed by
HPLC using many approaches.9,10,12–24 In addition, VAS and SAB
were simultaneously analyzed via spectrouorometric
technique.25–27 Very recently, a MEKCmethod was developed for
the same purpose.28

Although synchronous spectrouorimetry (SF) provides
better selectivity and sensitivity than the traditional approach,
SF needs further coupling with another analytical method for
complete spectral resolution in some cases. Derivative-
mathematical and dual-wavelength treatments are the most
widely coupled techniques with SF.29 On the other hand, green
chemistry has become crucial in developing analytical proce-
dures. There are various qualitative and quantitative metric
systems. However, using them together is preferred for the
complete picture of the method of greenness.

Current work aims to develop green, reliable, and affordable
analytical approaches for the simultaneous analysis of VAS and
SAB in their raw materials and LCZ696 tablets. They couple SF
with rst-derivative and dual-wavelength manipulations. No
tedious pretreatment steps were needed. All ICH validation
parameters were fullled. The green prole was conrmed via
the eco-scale penalty points, GAPI, and AGREE tools to avoid
any hazardous and risky exposure to the analyst or environment
while applying the proposed methods.

Moreover, the AGREE assessment was employed to compare
the greenness level between the suggested and reported
methods. In addition, the methods' whiteness was compara-
tively investigated via the RGB 12 model proposed by Nowak
et al. that was applied in recent publications for comparative
purposes.30,31 A complete comparative study of sustainability
was performed for the proposed and reported methods based
on relative scoring depending on the parameters of each
method.
© 2024 The Author(s). Published by the Royal Society of Chemistry
2. Experimental
2.1. Materials, reagents and pharmaceutical formulations

VAS raw material was obtained free of charge from the Egyptian
International Pharmaceutical Industries Company (Egypt). SAB
authentic powder was purchased from Beijing Mesochem
Technology Co. Ltd, China. Lobachemie Pvt. Ltd (India) and El-
Nasr Chemical Company (Egypt) were the suppliers of
analytical-grade methanol and sulfuric acid. The distilled water
was ltered through 0.45 mm disposable lters before use. A
commercial product (Entresto 50®, batch number TDW73) was
studied.
2.2. Instrumentation

The spectrouorometer used was the G9800A Cary Eclipse
uorescence spectrophotometer (Agilent Technologies, USA).
Its light source was a long-life Xenon ash lamp. Samples were
placed in a 1 cm quartz cell. The grating monochromators were
adjusted at 5 nm slit width for both excitation and emission.
The operation voltage was 600 volts.
2.3. Standard solutions

Individual VAS and SAB stock solutions were prepared in
methanol at a concentration of 100 mg mL−1. They were
appropriately diluted with methanol to 5 mg mL−1 working
solutions.
2.4. Construction of calibration graphs

Various volumes from VAS and SAB working standard solutions
were poured into separate 10 mL volumetric asks. Each ask
was completed to themark with 0.1M sulfuric acid to obtain the
concentration ranges of 60–200 and 17–190 ng mL−1 for VAS
and SAB, respectively, in the SF-D1 coupled approach. The
concentration ranges of 80–200 and 30–350 ng mL−1 for VAS
and SAB were also prepared for the SF-Dl coupled approach.
Spectrouorimetric measurements were carried out in tripli-
cates, using synchronous mode at constant wavelength Dl of
130 nm between excitation and emission wavelengths. The zero-
order synchronous spectrouorimetric spectra were recorded
and corrected by subtracting the blank spectrum.
RSC Adv., 2024, 14, 16318–16326 | 16319
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2.4.1. SF-D1 method. The rst-order derivative spectra were
derived at Dl of 5 nm. SF-D1 amplitudes were measured for VAS
at 230 nm (zero-crossing of SAB) and for SAB at 211 nm (zero-
crossing of VAS).

2.4.2. SF-Dl method. Difference signals in the corrected
synchronous values at (226–241) nm were determined for VAS
where SAB contribution is zero. For SAB, signals were derived at
(208–239) nm where VAS contribution is zero.

The measured amplitudes in each method were correlated to
the corresponding concentrations, and regression equations for
VAS and SAB were acquired.
Fig. 2 Dual wavelength points on the synchronous fluorescence
spectra (Dl = 130 nm) of 200 ng mL−1 VAS (green line) and 190 ng
mL−1 SAB (red line) in 0.1 M H2SO4.
2.5. Procedure for tablet analysis

VAS and SAB were determined in their combined commercial
tablets (Entresto 50®, batch number TDW73). A part of the
powdered ground tablets containing 8.5 and 8.0 mg VAS and
SAB, respectively, were used. It was placed in a 100 mL volu-
metric ask. The ask was lled with methanol up to half its
volume and placed in the sonicator for 30minutes. The solution
was completed with methanol till it reached the volume mark.
One hundred mL of this ltrate was appropriately diluted with
0.1 M sulfuric acid to 100 mL volume. Finally, a clear tablet
extract containing 85 and 80 ng mL−1 VAS and SAB was ob-
tained. Then, the steps in the “Generation of regression equa-
tions” were followed for both hybrid approaches.
Fig. 3 Zero-crossing points on the first derivative synchronous
spectra (Dl = 5 nm) of 200 ng mL−1 VAS (green line) and 190 ng mL−1

SAB (red line) in 0.1 M H2SO4.
3. Results and discussions
3.1. Method optimization

In SF, the excitation and emission wavelengths are scanned at
the same time. A wavelength difference (Dl) is determined and
set between lem and lex throughout all measurements, resulting
in a signicantly narrower band. Consequently, a simpler
spectrum is obtained, and the resolution and selectivity are
enhanced. Thus, SF represents a sensitive approach for
concurrently analyzing multicomponent samples. However, SF
may not achieve the required resolution for all components in
a mixture. In such cases, coupling it with various mathematical
treatments will be benecial to obtain enhanced performance.
As a coupled technique, the derivative approach presents
a synergistic role in enhancing SF signals concerning resolution
and sensitivity. In addition, dual-wavelength presents another
coupled technique that is coadjuvant to SF. Its signal arises
from the difference in SF amplitude at two wavelengths, and the
correct choice for the measured analyte is the most important
step in this technique to reach a difference signal for the co-
existing analyte at a non-signicant level.

Regarding the proposed methods, VAS has a proven native
uorescence.32,33 For SF spectra generation, Dl (lem–lex) of
130 nm was chosen as the best compromise between peak
separation, peak integrity, and signal intensities. As a diluting
solvent, 0.1 M sulfuric was chosen for the highest synchronous
response for both drugs (Fig. 2). Also, the synchronous spectra
of VAS and SAB were not well separated. Based on these results,
we employed two hybrid approaches to resolve VAS and SAB
completely, resulting in high assay reliability.
16320 | RSC Adv., 2024, 14, 16318–16326
In the rst approach, spectrouorimetric synchronous
spectra were derivatized. Derivatization at the rst order was
enough to achieve optimum resolution between VAS and SAB.
Higher-order derivatives did not provide better performance.
Derivative wavelength increment (Dl) is critical to control
spectral resolution, sensitivity, and background noise.34–36 Dl of
5 nm was selected as it achieved the most acceptable compro-
mise between these items. To eliminate cross-interference, SF-
D1 amplitudes of each drug were measured at the zero-crossing
of the other component. Thus, VAS and SAB were measured at
230 and 211 nm, respectively (Fig. 3).

Regarding the second approach, the simple dual wavelength
method was coupled.37 For VAS determination, the interference
of SAB was eliminated by recording the difference in VAS
synchronous values at wavelengths where SAB has the same
contribution (226 and 241 nm). For SAB quantication, the
interference of VAS was eliminated by subtracting synchronous
values at 239 nm from the response at 208 nm where VAS has
the same signal intensity (Fig. 2).
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Assay of VAS and SAB in their combined tablets using the
proposed hybrid methods (n = 5)

Entresto®a Mean% recovery � SD tc Fc

VAS
SF-D1 100.56 � 0.98 1.06 1.43
SF-Dl 101.10 � 1.05 1.62 1.23
Reported methodb 99.62 � 1.17
SAB
SF-D1 99.89 � 0.72 2.18 1.78
SF-Dl 100.63 � 0.59 1.01 2.60
Reported method 101.21 � 0.96

a Labelled to contain 25.70 mg VAS and 24.30 mg SAB per tablet (batch
number TDW73). b First derivative spectrouorimetry in 0.1 M H2SO4 at
448 and 300 nm for VAS and SAB, respectively. c Theoretical values of t
and F at p = 0.05 are 2.31 and 6.39, respectively.
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3.2. Validation of the proposed methods

ICH guidelines were followed to validate the suggested SF-D1

and SF-Dl methods.38

3.2.1. Selectivity. Solutions of different VAS/SAB concen-
trations (200/100, 200/190, and 100/190 ngmL−1) were prepared
in the laboratory. The triplicate approach was used to analyze
them by the suggested two hybrid methods for VAS and SAB
contents. The resulting mean % recoveries did not exceed ±2%
for VAS and SAB (Table 1). These acceptable values proved the
absence of cross-interference between the two analytes.

3.2.2. Accuracy and precision. Ground powdered tablets of
the VAS/SAB supramolecular complex were employed. Accord-
ing to the labeled claim, an amount of it was weighed to contain
8.5 and 8.0 mg VAS and SAB, respectively. Then, as described in
section (2.5), the steps were followed to prepare the tablet
extract solution at 85 and 80 ng mL−1 of VAS and SAB, respec-
tively. Spiking with authentic VAS and SAB powders was carried
out at 80, 100, and 120% of the label claim. The above-
mentioned prepared concentrations allowed the acquisition of
VAS and SAB nal concentration levels to be analyzed aer
standard addition within the linearity scales of Table 1. Then,
the assay was performed in triplicates for each method. Er%
values were low enough (<±1%) to ensure the accuracy of each
method, Table 1.

The previous laboratory-prepared VAS/SAB mixtures were
analyzed in triplicates. Analysis was performed on the same day
or three days to evaluate the intra- or inter-day precision
approaches, respectively. RSD% values (<2%) were within the
limits that fulll the precision parameter, Table 1.

3.2.3. Linearity and range. Five VAS and SAB solutions of
suitable concentrations were analyzed for each hybrid method.
All linearity parameters (including r, r2, Sa, Sb, Sy/x, Sb%, F and
Table 1 Validation parameters of the proposed hybrid methods

Parameters

SF-D1

VAS

Selectivitya 100.88
Accuracyb 101.58
Intra-day precisionc 1.10
Inter-day precisionc 1.34
Linearity ranged 60–200
LODd 7.03
LOQd 23.44
Intercept (a) 2.31
Slope (b) 3.47 × 10−2

Correlation coefficient (r) 0.9995
r2 0.9991
Sa

e 8.13 × 10−2

Sb
e 6.14 × 10−4

Sy/x
(b,e) 6.36 × 10−2

Sb% 1.77
F 3189.04
Signicance F 1.22 × 10−5

a Calculated as mean% recovery from synthetic mixtures of three different
addition method synthetic mixtures at three concentration levels (n = 9).
ratios (n = 9). d Concentration in ng mL−1. e Sa is the standard deviation
standard deviation of residuals.

© 2024 The Author(s). Published by the Royal Society of Chemistry
signicance F) were calculated. The correlation coefficient (r)
should be $ 0.999 as a measure of correlation between
concentration and signal. R-squared (r2) should be $ 0.99 as
a better linearity indicator. Linearity was further evaluated by
the relative standard deviation of slope (Sb%); it should be less
than 2%. The experimental points become closer to the straight
line as the standard deviation of the regression (Sy/x) decreases.
The standard deviation of intercept (Sa) and slope (Sb) are
important parameters, and their low values indicate low
uncertainties of intercept and slope. As such, they have impli-
cations for method sensitivity, LOD, and LOQ. In addition,
increased F-values (decreased signicance F–F-values) indicate
a high and lowmean of squares due to regression and residuals,
respectively. As shown in Table 1, values of linearity statistical
parameters were good enough to conclude that the responses
SF-Dl

SAB VAS SAB

101.13 101.52 99.04
99.60 99.81 100.74
0.81 1.37 0.53
1.07 0.94 0.79
17–190 80–600 30–350
5.06 14.39 8.91
16.87 47.96 29.72
−0.81 −0.99 7.28
0.41 5.95 × 10−2 1.17
0.9984 0.9996 0.9993
0.9968 0.9992 0.9990
0.69 0.29 3.46
8.23 × 10−3 9.71 × 10−4 2.21 × 10−2

1.56 0.42 6.17
2.01 1.63 1.89
946.39 3745.824 2145.17
7.55 × 10−5 9.61 10−6 2.22 × 10−5

ratios (n= 9). b Calculated as (mean% recovery± RSD%) from standard
c Calculated as mean RSD% from synthetic mixtures of three different
of intercept, Sb is the standard deviation of the slope, and Sy/x is the

RSC Adv., 2024, 14, 16318–16326 | 16321

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra01997k


Table 3 Analytical eco-scale (a) and GAPI (b) for the greenness evaluation of the proposed hybrid methods

(a) Analytical eco-scale

Eco-scale parameter Subtotal penalty points Total Penalty points

0.1 M H2SO4 amount (<10 mL) 1 2b

0.1 M H2SO4 hazard 2a

Methanol amount (<1 mL) 1 6b

Methanol hazard 6a

Spectrouorimeter (#0.1 kW h/sample) 0
Sonicator (#0.1 kW h/sample) 0
Waste volume (10 mL) 3 6c

Waste treatment (none) 3
Overall penalty points 14
Total eco-scale score 86

(b) GAPI

GAPI parameter Status

Sample preparation
(1) Collection At-line
(2) Preservation None
(3) Transport None
(4) Storage Under none conditions
(5) Type of method (direct or indirect) Filtration
(6) Scale of extraction None
(7) Solvents/reagents used None
(8) Additional treatment None

Reagents and solvents used (9–11)
(9) Amount < 10 mL
(10) Health hazard NFPA health hazard score = 3
(11) Safety hazard NFPA re hazard score = 0

Instrumentation
(12) Energy # 0.1 kW h/sample
(13) Occupational hazard —
(14) Waste 1–10 mL
(15) Waste treatment No treatment
Quantication Yes

a Calculated as (GSH hazard pictograms × degree of hazard). b Calculated as (amount PP × hazard PP). c Calculated as (waste volume PP + waste
treatment PP).
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were linearly correlated to the corresponding concentrations for
both VAS and SAB.39

3.2.4. Limit of detection and limit of quantitation. [The
standard error of the y-intercept (Sa)/slope of the calibration
graph (b)] was multiplied by 3 and 10 to calculate LOD and LOQ,
respectively. Their values could conrm the excellent sensitivity
of the proposed methods (Table 1).39

3.2.5. Robustness. The previously, laboratory-prepared
VAS/SAB mixtures were analyzed. In the triplicate set, sulfuric
acid concentration was liable to show ± 0.02 M intended vari-
ation. Similarly, the detection wavelength and Synchronous Dl
were varied by ± 1 nm. The resulting RSD% did not exceed 2%,
fullling the robustness requirement.
Fig. 4 GAPI pictogram of the proposed hybrid methods.
3.3. Assay of pharmaceutical tablets

The VAS/SAB solution was prepared by extraction from their
commercial combined tablets. Mean% recovery and RSD%were
16322 | RSC Adv., 2024, 14, 16318–16326
obtained from 5-replicate analysis by the suggested SF-D1 and
SF-Dl methods. Their values were acceptable, so interference
from tablet excipients was predicted to be insignicant. The
© 2024 The Author(s). Published by the Royal Society of Chemistry
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suggested method was statistically compared with the reported
one.25 Tht- and F-test outputs were within the acceptable theo-
retical limits (Table 2). Thus, themethods proved highly reliable
with respect to the VAS/SAB xed-dose combination assay.
3.4. Evaluation of the greenness of the method

Green analytical chemistry (GAC) aims to encourage chemists to
consider the effect of their analytical procedures on the envi-
ronment, personal safety, and health. GAC necessitates imple-
menting dedicated approaches to outline the green proles of
the analytical methods. The analytical eco-scale tool was
employed as a preliminary judgment on the greenness of the
proposed methods.40–43 It quanties a method's green
Fig. 5 Comparative AGREE charts of the proposed and reported metho

© 2024 The Author(s). Published by the Royal Society of Chemistry
parameters. It is based on penalty points (PPs) to reach a total
numerical score as an accurate description of greenness. This
score is calculated by subtracting penalty points of reagent
toxicity, instrument energy consumption, and waste generation
from a base of 100. The result is determined by the number of
residual points: >75 represents excellent green analysis, >50
indicates acceptable green analysis, and <50 means inadequate
green analysis. Table 3 presents the detailed penalty points for
each reagent and instrument employed in the suggested hybrid
methods. For both methods, the overall penalty points were 14
only. Thus, the total eco-scale score was 86; much higher than
75. This proved the excellent green prole of the proposed
hybrid methods.
ds.

RSC Adv., 2024, 14, 16318–16326 | 16323
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A green analytical procedure index (GAPI) metric was applied
to attain an inclusive greenness evaluation and rational ranking
of the applied methods.44–46 This metric offers an ecological
assessment of the entire method, from sample preparation to
the nal determination step. It is represented as a colored
pictogram composed of 15 evaluated parameters. These
parameters include sample collection, preservation, trans-
portation, solvents and reagents, energy consumed, waste
generated, and other instrumental parameters. Each section is
colored green, yellow, or red, indicating a low, medium, or high
negative environmental impact. Aer inspection of the devel-
oped methods' GAPI pictograms visually, it was found that both
proposed hybrid methods are ranked as green since they both
obtained six green zones, ve yellow zones, and only one red
zone (Fig. 4, Table 3).

The recent AGREE tool was implemented to provide a more
comprehensive and informative appraisal of the methods'
greenness.47,48 This downloadable soware was used to evaluate
the method's greenness based on the 12 GAC principles
(SIGNIFICANCE). Aer inputting the 12 variables of each
method, automatically, an output of a clock-like graph was
generated. This graph comprises 12 sections, colored from deep
green to red, with a total numerical score in the center. The
score is a fraction of unity; it ranges from 0 to 1. From the
illustrated AGREE chart of the proposed SF-D1 and SF-Dl
methods (Fig. 5), the AGREE score was found to be 0.87, indi-
cating that the developed hybrid methods are green.

In addition, the AGREE tool was applied to the proposed
versus all reported methods, in a comparative approach (Fig. 5).
The proposed hybrid method revealed an AGREE score much
Table 4 Summary of the whiteness comparative evaluation featuring th

16324 | RSC Adv., 2024, 14, 16318–16326
higher than those of almost all the reported methods. Two re-
ported spectrouorimetrics had the same AGREE score as the
suggested ones. Only the recently reported MEKC method
showed a slightly higher AGREE score in a non-signicant way.
3.5. Comparative evaluation of the method whiteness

Method whiteness was comparatively evaluated for the
proposed method and previously reported methods via the RGB
12 approach, as illustrated in ESI 1† and Table 4. The proposed
SF-Dl and SF-D1 methods showed the second and the h rank,
respectively.

The scoring of R2, R3, R4, G1, G2, G4, B1, B2, and B3 metrics
followed relative ranking. Despite this scoring approach being
accurate as a relative score for comparative purposes, it gave rise
to underestimated absolute scores. Therefore, to obtain the
right conclusion from the comparative whiteness study,
a whiteness rank was calculated as shown in Table 4, illus-
trating excellent whiteness ranks of the proposed methods.
3.6. Comparative evaluation of the method performance

While spectrouorimetric spectra depend on lex and lem,
spectrophotometric ones depend on lmax only.49 Hence, the
reported spectrophotometric methods7,8 have lower spectral
resolution than the proposed methods. In addition, applying
the synchronous mode improves their selectivity over the re-
ported traditional spectrouorimetric ones.25,26 Moreover, one
of them26 employs less green and more expensive solvent
(acetonitrile). Compared with the reported synchronous-
derivative ratio method,27 coupling with derivative and dual-
e whiteness ranks of the studied methods

© 2024 The Author(s). Published by the Royal Society of Chemistry
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wavelength approaches present much simpler techniques.
Thus, the suggested methods do not necessitate the presence of
a highly trained operator or highly advanced spectrouorimeter
soware.

As spectroscopic methods, both proposed methods are
much easier, faster and cheaper than the reported chromato-
graphic ones. Moreover, unlike the reported chromatographic
methods that consume organic solvents, the proposed hybrid
methods are applied in the aqueous phase. As a consequence,
they are more eco-friendly than the reported chromatographic
ones.9–24,28 Finally, the proposed methods showed more sensi-
tive calibration ranges than most reported methods. Only one
reported HPLC-Flu method10 has a linearity scale at slightly
lower concentrations. However, it is limited by its chromato-
graphic nature. In addition, the recently reported chromato-
graphic method28 may be subjected to poor reproducibility
due to its MEKC nature. This is referred to as the high
sensitivity to minor changes in BGE pH and composition. In
conclusion, the highly sensitive linearity ranges, using small
amounts of green solvents and ease of operation, and the pre-
sented highly sustainable proles provide experimental
evidence for the superiority of the proposed methods over the
previously reported ones. In addition, the suggested methods
experimentally succeeded in assaying VAS/SAB combined
tablets with high reliability concerning accuracy and precision
(Section 3.3).
4. Conclusions

The present research provides two reliable hybrid assays for
simultaneously analyzing VAS and SAB in their combined
tablets. It depends on the synchronous spectrouorimetric
measurement, followed by rst-derivative or dual-wavelength
mathematical treatments. The proposed methods showed
several privileges over the reported ones concerning simplicity,
analysis time, and sensitivity. Analytical eco-scale, GAPI, and
AGREE metrics were used to assess the greenness of the
developed methods. The proposed methods are proven to be
white, green, economical, with no need for organic solvents,
and consume less time. Their high accuracy and precision
recommend the methods used in the routine industrial assay of
LCZ696 (VAS/SAB) tablets. The affordable cost potentiates their
application in all countries, regardless of their economic state.
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Molecules, 2015, 20, 10928–10946.

43 A. Gałuszka, P. Konieczka, Z. M. Migaszewski and
J. Namiesnik, Trends Anal. Chem., 2012, 37, 61–72.

44 A. F. El-Yazbi, F. M. Aboukhalil, E. F. Khamis, R. M. Youssef
and M. A. El-Sayed, JPC (J. Planar Chromatogr.) - Mod. TLC,
2021, 34, 455–466.

45 A. F. El-Yazbi, F. M. Aboukhalil, E. F. Khamis, R. M. Youssef
and M. A. El-Sayed, Beni-Suef University Journal of Basic and
Applied Sciences, 2022, vol. 11, p. 15.

46 J. Płotka-Wasylka, new tool for the evaluation of the
analytical procedure: Green Analytical Procedure Index,
Talanta, 2018.

47 A. H. Abo-Gharam and D. S. El-Kafrawy, Sustainable Chem.
Pharm., 2022, 29, 14.

48 W. W. Francisco Pena-Pereira and M. Tobiszewski, Anal.
Chem., 2020, 92, 10076–10082.

49 A. Nahata, Pharm. Anal. Acta, 2011, 02, 1000107e.
© 2024 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra01997k

	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...

	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...

	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...
	Ecological assessment and development of analytical methods for concurrent quantification of valsartan and sacubitril: whiteness comparative study...


