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Abstract: Simeprevir sodium (SMV) is one of the antiviral drugs used for the treatment of virus C. The
current strategy develops and validates a new eco-concerned tool for its quantification in the pure and
pharmaceutical formulations. Sulfonephthalein acid dyes were used for this purpose, applying visible
analyses based on ion-pair formation. A linear relation between the absorbed signal and the drug
concentration is obtained up to 67.0 ng mL™ with r? of 0.9989-0.9999. The measurement is carried out
at 410, 415, 410, and 403 nm for bromocresol green, bromoxelenol blue, bromothymol blue, and
bromocresol purple, respectively, in dichloromethane as a solvent. The drug structure was confirmed
utilizing different tools; mass spectrometry, FT-IR, 1H NMR, and thermal analysis. Association,
formation constants, molar absorptivity, and free energy change for SMV-ion-pairs were calculated.
The limit of detection reaches 50.0 ng mL™ with a quantification limit of 180.0 ng mL™. The recovery
values are 96.44-104.39%, with a relative standard deviation 0.15-1.37%. For confirmation of the
obtained results, they were statistically compared with a previously published HPLC method utilizing
t- and F- tests.

Keywaords: simeprevir sodium; hepatitis C virus; sulfonephthalein acid dyes; visible
spectrophotometry.
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1. Introduction

Hepatitis C is one of the most widely recognized viral liver diseases (after hepatitis B)
and is brought about by the hepatitis C virus (HCV) [1]. Chronic HCV infection is common
worldwide that affects a large proportion of the world’s population, causing significant
morbidity and mortality. Its infection affects approximately 185 million people globally, and it
is the reason for 250,000 deaths annually [2].

This virus is an enveloped virus sized from 30 to 60 nm, and it was discovered in 1989.
Itis a positive, single-stranded RNA virus in the Flaviviridae family with a genome coding for
10 proteins, among which protease NS3-4A and polymerases NS5A/NS5B which have been
identified as druggable targets [3-5]. The target virus replications mainly in the liver and leads
to serious liver disease, starting with fibrosis and subsequently gradually developing to
cirrhosis, hepatocellular carcinoma, and liver failure [5-9]. There are about six HCV genotypes
and more than 50 subtypes. The virion has a positive single-stranded RNA genome of 9.5
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kilobases, Fig. 1 [6,10-12]. The genomic arrangement has been resolved, including structural
and non-structural regions, Fig. 1 [3].
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Figure 1. Model structure of Hepatitis C virus (a) and schematic diagram of the hepatitis C virus genome (b).

HCV is an asymptomatic and slowly progressive disease developing over10-20 years.
It is found that in some cases, hepatitis C can stay asymptomatic even after significant liver
damage has occurred [1]. Up to 2011; the standard of care for the treatment of its infection is
consisted of the combination of peginterferon (Peg-IFNa) and ribavirin (RBV), with or without
a first-generation protease inhibitor achieving a sustained virological response (SVR) rate of
80-90% in patients infected with genotype 2 or 3 HCV and of 40-50% in genotype 1 HCV-
infected patients [1,2,4]. Moreover, this therapy might be ineffectively endured and can cause
serious unfavorable side effects during the treatment period. In late 2013 and early 2014,
simeprevir was obtained regulatory approval to treat chronic HCV genotype 1 infection as a
component of combination antiviral therapy 8 in multiple countries, offering the first possibility
for all-oral treatment regimens [13-16].

Simeprevir Regimens achieve SVR rates of over 90% in patients with HCV genotype
1 infection during phase Il and Il trials [7] and in all patient populations, including difficult to
treat patients with cirrhosis, human immunodeficiency virus HIV co-infection, and previous
non-responders [14].

Simeprevir (SMV, also referred to as TMC 435) is a novel, oral, selective, highly
potent, second-generation and non-structural protein 3A/4 (NS3/4A) protease inhibitor
[1,2,17,18]. It is known that protease inhibitors inhibit viral replication through selectively
binding to viral proteases such as NS3/4A and blocking proteolytic cleavage of protein
precursors, which are vital for the production of infectious viral particles [19].

Simeprevir sodium (SMV); Sodium (cyclopropanesulfonyl) [(1R,4R,6R,7Z,15R,17R)
-17-({7-methoxy-8-methyl-2-[4-(propan-2-yl)-1,3-thiazol-2-yl]quinolin-4-yl }oxy)-13-
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methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0"{4,6}]octadec-7-ene-4-carbonyl]azanide, has
a chemical formula CasHsNsNaO7S2 with a molecular weight of 771.924 g mol™. It is a white
powder very slightly soluble in ethanol, practically insoluble in propylene glycol and water,
slightly soluble in acetone and soluble in dichloromethane [17,20].

SMV; chemically synthesized, is a single enantiomer with five chiral centers with fixed
configurations and containing one stereogenic center. It is amphiprotic with an acidic sulfonyl
carboxamide group and a basic thiazole moiety, Scheme 1 [19].

Scheme 1. Plain structural formula of simeprevir sodium.

Because of the high number of infected people worldwide by hepatitis C, it is essential
to create a suitable analytical method to assure such drugs in different pharmaceutical dosage
forms.

Different analytical techniques are the heart of drug development have been employed
in quality control laboratories for simultaneous determination of active ingredients in such
dosage forms. UV-visible spectrophotometric methods are the most frequently used for
analytical purposes in simultaneous determinations because of the simplicity of the procedure,
availability of instruments, low cost, sensitivity, accuracy, and selectivity [20].

According to the literature review and the authors’ knowledge, there are few reported
articles in the published literature concerning the analysis of SMV due to its recent introduction
into the pharmaceutical markets. They include liquid chromatographic methods for its analysis
utilizing Photodiode Array (PDA) Detector [21], tandem mass detection [1,4], UV detection
[13,22], diode array detection [23] and fluorescence detection [24], spectrofluorimetric
methods [25-27] and UV-spectrophotometric methods [20] and our own published UV-
spectrophotometric method [17].

Simple spectrophotometric strategies did not take a huge part of the cake in the
measurement of SMV. Literature survey revealed that there is no previously published work
devoted to the determination of SMV based on sulfonephthalein acid dyes as a coloring agent.
Accordingly, the present study's main aim is to propose the first ion-pair based colorimetric
method for its quantification. Thus, a simple, cost-effective, and extraction-free
spectrophotometric method has been developed and validated to determine SMV in bulk and
pharmaceutics. The developed method was validated for linearity, range, accuracy, precision,
the limit of detection (LOD), and limit of quantitation (LOQ)

Two parts of determinations, one is for the physical analysis and the other for the
quantitative determination. The physical analysis includes FT-IR, NMR, mass spectral, and
thermal analyses. The quantitative analysis is based on the ion-pair formation between SMV
and some sulfonephthalein acid dyes bromothymol blue (BTB), bromocresol purple (BCP),
bromocresol green (BCG), and bromoxelenol blue (BXB) in dichloromethane as a solvent.
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2. Materials and Methods
2.1. Apparatus.

Jenway 6105 UV/Visible single-beam spectrophotometer with a 200-800 nm range
furnished with quartz cells of 1.0 cm optical path length. All weighing was performed on a
Scientech SA 210 digital balance.

Infrared absorption spectroscopy, mass spectrometry, Thermal analysis, and nuclear
magnetic resonance were performed in the Micro Analytical Center, Faculty of Science, Cairo
University, Giza, Egypt. Infrared (IR) absorption spectra were carried out by applying the KBr
disc technique utilizing a test scan Shimadzu FTIR spectrometer. Nuclear magnetic resonance
(*H-NMR) spectra were recorded by Varian 300 MHz NMR spectrometer using deuterated
dimethyl sulfoxide (D®-DMSO) deuterium oxide as solvents and tetramethylsilane as an
internal standard. Mass spectra were recorded by Q 1000 EX GCMS Shimadzu (Japan)
spectrometer at 70 eV and 100 pA energy using a direct insertion probe. Thermal analysis was
carried out by Shimadzu-50 Thermal Analyzer at a heating rate of 10 deg. min! in the range of
ambient to 600°C using Elementer Vario EL II.

2.2. Materials and reagents.

In this work, all chemicals and reagents used were of the highest purity available.
Dichloromethane was obtained from Sigma-Aldrich (Germany). Bromocresol green (BCG),
Bromocresol purple (BCP), bromothymol blue (BTB), and Bromoxylenol blue (BXB) were
purchased from BDH Limited, Poole (England). Simeprevir sodium (SMV) powder and
Olysio® Capsules (150 mg SMV/capsule) were produced by Janssen pharmaceutical
organization.

2.3. Solutions.

39.59 mg of SMV reference material was accurately weighed and transferred into 50
mL volumetric flask, washed previously with dichloromethane. The volume was completed to
50 mL dichloromethane to obtain a stock solution of 1.0x10 mol L.

17.45, 18.50, 15.60, and 14.21 mg, of BCP, BCG, BTB, and BXB powders,
respectively, were weighed accurately and dissolved in dichloromethane, and the final volume
was made up to 250 mL with dichloromethane to obtain standard stock solutions of 1.0x103
mol L™ of each sulfonephthalein acid dye.

2.4. Pharmaceutical formulations.

Ten Olysio® capsules were accurately weighed. An amount equivalent to one capsule,
equivalent to 150 mg SMV, was dissolved in dichloromethane as a solvent. The solution was
filtered. The same solvent washed the residue to guarantee that the main active ingredient was
dissolved totally. The volume was completed to 50 mL using the same solvent. Then necessary
dilutions of the filtrate were made with dichloromethane to obtain different SMV
concentrations. The SMV content of tested capsules was calculated using the newly developed
spectrophotometric methods.
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2.5. Simplified mini-scale spectrophotometric method.
2.5.1. lon-pair reactions with sulfonephthalein acid dyes.

Aliquots of 0.2-1.4 mL of 1.0x10° mol L* SMV standard solution in case of BCG or
5.0 x10™* mol Lin case of BCP, BTB, and BXB were transferred to 10 mL measuring flask.
Then, to each flask 3.0 mL 1.0x10° mol L™* BCG or 2.0 mL 5.0x10* mol L of BCG, BTB,
or BXB, respectively, were added. The total amount of each solution was brought up to 10 mL
with dichloromethane. The absorbance of the formed yellow-colored ion-pairs was measured
at Amax 410, 403, 410, and 415 using BTB, BCP, BCG and BXB, respectively, against the
reagent as blank that was similarly prepared. All measurements were done at room temperature
(25%2 °C). The procedures were repeated for other analyte aliquots. A calibration curve was
estimated by linear regression to calculate the concentration of SMV in the unknown analyte
samples.

2.5.2. Optimum reaction conditions and method validation.

The effect of different parameters such as the selection of maximum wavelength, the
effect of time, concentration of reagent, type of solvent, and stoichiometry of the formed ion-
pairs were investigated and optimized to obtain the best conditions such as fastness of the
formation of the yellow-colored ion-pairs with highest stability and sensitivity.

2.5.3. The stoichiometry of the formed ion-pairs.

The stoichiometric ratios of the formed ion-pairs between the studied drug and
sulfonephthalein acid dyes were controlled by Job’s method of continuous variation [17,20]. A
series of solutions were set up by mixing equimolar solutions of the SMV and reagent in
varying proportions while keeping the total molar concentration constant. A plot of the
absorbance at the maximum wavelength versus the SMV mole-fraction gave a maximum at the
molar ratio to be resolved.

2.5.4. Stability constant of the ion-pairs.

Stability constants of the ion-pairs (Kf) were determined by substituting the data of
continuous variation in equation (1), which was derived for calculating the stability constant
spectrophotometrically [28].

A 1-A n+1
Kf= (i) () €™ @
Where, Am and A are the observed maximum absorbance and the absorbance value when all

the drug present is related, individually. n is the stoichiometry with which reagent ion-pairs
with drug, and C is the drug's molar concentration at the maximum absorbance.

2.5.5. Evaluation of association constant and free energy change.

The association constants of the formed ion-pairs were determined by applying the
Benesi-Hildebrand equation [29]. This method depends on the condition that the non-absorbing
species of the two reactants must be added in a large excess, 10 folds of the other component
concentration.

The constructed calibration curves were used for calculations. The relation was plotted
by the Benesi- Hildebrand showed in equation (2) [29]:

https://biointerfaceresearch.com/ 13478


https://doi.org/10.33263/BRIAC115.1347413489
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC115.1347413489

[Ao] 1 1 1

]~ e g @

As [Ao] and [Do] are the total amount of the interacting species.
On plotting the values of [A,]/[A;"] versus 1/[D,], a straight line was obtained. The

slope equal (K2P.fP)% and the intercept of this line with the ordinate is (¢*°).
The standard free energy, [17] AG®, of complexation is related with the association
constant K or the stability constant by equation (3):
AG° =-2.303 RT logK (3)
Where: R is the universal gas constant; 1.987 cal mol-degree and T is the temperature in
kelvin.

3. Results and Discussion

3.1. Characterization of the structural formula of simeprevir sodium.
3.1.1. Mass spectrometric analysis.

A blend of gaseous ions is isolated and distinguished according to their mass to charge
ratios (m/z). They can take the values M or (M+1), whereas M is the molecular weight of the
product ion [30]. Mass spectrometry gives the ability to explain the molecular formula and
allows assurance of accurate molecular weight. Mass spectrum has elucidated to a great degree
important for getting ionization potentials and bond strengths; that for SMV is shown in Fig.
2. As clear in the spectra, the molecular ion peak of SMV was detected and appeared at m/z
771.2 (m/z esteems corresponding to the molecular weight).
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Figure 2. Mass spectrum of simeprevir sodium.
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Figure 3. FT-IR absorption spectrum of simeprevir sodium.
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3.1.2. Fourier transforms infrared absorption spectra (FT-IR).

It is a fruitful technique used to represent the different functional groups and helping in
the elucidation of the molecular structure of organic compounds [31].

IR spectrum of SMV was recorded in the range 4000-400 cm™ as KBr disc, and it is
represented in Fig. 3. IR diagnostic bands are shown at 3438, 3094, 2933, 1667, 1609, and
1509, 1448 cm™* which correspond to N-H, C-H aliphatic, C-H aromatic, C=0, C=C benzene
ring, C=C, and S=0, respectively.

3.1.3. *H-NMR spectrum.

Upon using *H-NMR, we can finish up the number of different types of situations in
the molecule and, moreover, which atoms are present in the neighboring groups. Furthermore,
determine the distinctions in the number of atoms present in these conditions after chemical
reactions 32]. *H-NMR spectrum was recorded in DEMSO for SMV; the results are listed in
Table 1.

Table 1. 'H-NMR spectral data of simeprevir sodium.

Assignment Chemical shift 6 (ppm)*
N-H 7.60 (s)
Aromatic proton of a benzene ring 6.98-7.91

CHs- 1.33 (d)
Aromatic proton of a pyrimidine ring 7.46 (s)

Hs-N 3.14 (s)
CH2-CHz- 1.22-3.17 (m)
HsC-O 3.94 (s)

*(s): singlet; (m): multiplet, (d) doublet.
3.1.4. Thermal analysis.

This technique is extensively used as a part of the pharmaceutical sciences to describe
and control drugs, stability, drug-excipient interactions, and purity investigations of raw
materials and pharmaceutics [32,33]. Thermogravimetric analysis (TGA) and Differential
thermal analysis (DTA) of SMV, Fig. 4, were performed to predict its molecular structure.
Weight loss was measured from room temperature up to 600 °C and the applied heating rate
herein was 10 °C min™,
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Figure 4. The TGA and DTA plots for simeprevir sodium.

In DTA, the sample heated progressively from room temperature up to 600 °C. TGA
curve of SMV shows three thermal degradation steps. The total weight was 2.76 mg. The first
step of its degradation at 46 °C corresponds to the loss of water of hydration from the sample
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(around 4.2% of the sample weight). The second degradation step is observed at 322 °C, which
is due to the loss of about 46% of the sample weight, while the third and final degradation step
is shown at 431 °C, which is due to the loss of about 13.6%.

According to the previously mentioned thermal degradation data, the SMV is thermally
stable up to 322 °C.

3.2. Visible spectrophotometry.

Diverse investigations were carried out to establish the most suitable conditions for the ion-
pair formation. The spectrophotometric properties of the colored ion-pairs and the following
variables' influence on the reactions have been tested.

3.2.1. Optimization of the mini-scale method.

As SMV, the nitrogenous drugs are present in a positively charged protonated form,
and anionic dyes of the sulfonephthalein group are present mainly in the anionic form [34].
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Scheme 2. The proposed mechanism for the reaction between SMV and sulfonephthaleins (BCG: R1 = Br, R2 =
CHgs; BTB: R1 = CH(CHj3)2, R2 = CHs; BCP: R1 = CH3, R2 = H; BXB: R1 = CH3, R2 = CHj).
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Figure 5. UV-Vis spectra of the SMV-sulfonephthaleins ion-pairs.
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Therefore, when SMV s treated with an acid dye, a yellow ion-pair is formed. The
expected proposed pathway for SMV reaction with dyes was postulated in scheme 2, where
the basic SMV forms an electrostatic interaction with dyes. The formed binary complex
showed a bathochromic shift for SMV spectrum, as appeared in Fig. 5. The formed ion-pairs
showed absorption maxima in the visible region at 410, 403, 410, and 415 nm for SMV-BTB,
SMV-BCP, SMV-BCG, and SMV-BXB, respectively. The reagent blanks showed almost
negligible absorbance, Fig. 5. In all instances, the absorbance was measured at those Amax
against a reagent blank prepared under identical conditions.

The solvent effect was tested in both aqueous and organic solvents. The reaction of
SMV and reagents in an aqueous medium do not show good results, where, as increasing
reagent concentration, the formed ion-par was destroyed, and therefore, the value of € was very
small and not accurate. Hence, water could not be utilized as a medium for the direct estimation
of the ion-pairs absorbance. Hence, to select the most appropriate organic solvent, several
water-miscible and immiscible solvents were examined. Water miscible solvents such as
ethanol, methanol, and isopropanol showed no change in color and/or low intensity relative to
the immiscible solvents such as benzene, toluene, carbon tetrachloride, dichloromethane, 1.2-
dichloroethane, chloroform, and ether. In the studied work, the highest reading and negligible
blank absorbance were achieved upon using dichloromethane as a solvent.

An optimal quantity of the reagent solution must be included to ensure that it will
respond with most of the analyte (SMV) introduced in the test solution. To carry out this test,
a series of solutions containing a constant SMV concentration, 38.95 ug mL, was added to 0-
5.0 mL 5x10* mol L acid dye solution. The ion-pairs' optimum color intensity was achieved
with 2.0 mL of BTB, BCP, and BXB while it was 3.0 mL in case of using BCG solution, Fig.
6.

10

2 3 4
Eeagent volume {mL)

1

Figure 6. Test for the optimal quantity of the reagent solution (5x10* mol L) for forming the ion-pair with
38.95 ug mLISMV.

The standing time effect on the ion-pairs formation was investigated to get the ideal
conditions for the response. It was researched by enabling the reaction to continue for different
time intervals; 1.0-60 min, at room temperature (252 °C). What’s more, the ion-pairs' stability
was also considered by following the absorption intensity of the formed ion-pairs at different
time intervals. Upon mixing the volume of SMV standard solution with the suitable volume of
BTB, BCP, BCG, or BXB solution, a colored ion-pair was formed in dichloromethane. The
absorbance was measured at 410, 403, 410, and 415 nm upon using BTB, BCP, BCG, and
BXB, respectively, as ion-pairing agents against the reagent as a blank. The results ensured
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that the absorbance could be measured after 1 min from the addition of the reagent solution to
the drug solution or at any time until 120 min at room temperature (25+2 °C).

The stoichiometry of the reactions was determined using Job’s continuous variation
method to determine SMV's molar ratio to each of the analytical reagents employed in the ion-
pair reactions. The ratio (drug : dye) was 1:1 and 1:2 ion-pairs in the case of BCG and was 1:1
in cases of BTB, BCP, and BXB because of the electrostatic attraction between the positively
charged protonated SMV* and negatively charged BTB~, BCP~, BCG™ or BXB™ (Fig. 7).
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Figure 7. Job’s method of continuous variation plots of SMV with BTB, BCP, BCG and BXB ion-pairs.

3.2.2. Stability study for SMV ion-pairs.

From the continuous variation method, the formation constant (Kf) of the formed ion-
pairs could be calculated [28] applying equation (1). The obtained results showed that the
formation constants of the formed ion-pairs are high; 8.2x10%—5.7x108 L mol, indicating the
formed ion-pairs' stability, Table 2.

Association constant (K2P) is a numerical constant depicting the affinity of binding
between two molecules to form an ion-pair. Benesi-Hildebrand method [29] was used to
calculate the association constant of SMV ion-pairs with sulfonephthalein dyes. This strategy
depends on the prerequisite that one of the reactants' concentrations is substantially higher than
the other reactant in the solution. The absorbance of the formed ion-pairs was estimated as a
function of varied [A] when [D] >> [A] where D and A are the drug and reagent concentrations,
respectively applying equation (2).

On plotting the values of [A,]/ [AQD] versus 1/[D,], a straight line was obtained, Fig.
8, which is described by the following equation:

[A.]/[ArP] = 2.39 X 1075 + 1/[D,] (4.37 x 107%) (SMV-BTB)
[A.1/[ARP] = 1.09 x 107* + 1/[D,] (1.03 X 107°) (SMV-BCP)
[A.]/[ArP] =1.56 x 107* + 1/[D,] (8.81 x 107°) (SMV-BCG)
[A.]/[A2P] = 2.77 x 1075 + 1/[D,] (2.97 X 1078) (SMV-BXB)

The association constants (K2P) and the molar absorptivity, (¢2°) are listed in Table 2.
The values of the association constant of the formed ion-pairs reveal the stability of the formed
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ion-pairs. What’s more, the standard free energy of complexation AG® is related to the
association, or the formation constant was evaluated. The free energy change (AG®°) is a
thermodynamic parameter that evaluates the suddenness of the compound response. The data
showed negative values of the calculated free energy (AG®); -5097.27, -6851.86, -5793.06, and
-4049.71 kcal mol* for BTB, BCP, BCG, and BXB, respectively, indicating the stability of
these ion-pairs and their spontaneous formation, Table 2.

00055
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Figure 8. Benesi-Hildebrand plots for SMV-ion-pair with BTB, BCP, BCG and BXB.

Table 2. Association, formation constants, molar absorptivity, and free energy change for SMV-ion-pairs.
Reagent
BCG BXB BTB BCP
gmax (L molt cm™) 6.4x10° | 3.6x10* | 4.2x10* | 9.2x10°
KcAP (L mol ) 1.8x10* | 9.3x10? | 5.5x10° | 1.1x10°
Kr (L molh) (n=1) 1.4x10° | 8.2x10* | 2.9x10° | 2.8x10°
(n=2) 5.7x108 - - -
AG (kcal mol?) -5793.06 | -4049.71 | -5097.27 | -6851.86

Parameter

3.3. Analytical performance and method validation.

The current methods were validated for linearity and range, sensitivity, precision,
accuracy, robustness, ruggedness, specificity, and recovery following procedures that reflect
the ICH guidelines under the optimal SMV conditions [17,32].

Once the optimal method protocols of the maximum wavelength, solvent, time, and
reagent concentration were established, a set of assays to verify its overall performance was
carried out. Standard calibration curves for SMV using BTB, BCP, BCG, and BXB were
constructed by plotting absorbance as a concentration function, Fig. 9. The statistical
parameters for SMV are provided in the regression equation calculated from the calibration
graphs, Table 3. The molar absorptivity, Sandell’s sensitivities, and correlation coefficients
were estimated for each ion-pair. Match with Beer’s law was evident in the concentrations up
to 60, 35, 60, and 67 pug mL* for BTB, BCP, BCG, and BXB, respectively. The higher molar
absorptivity and lower Sandell sensitivity values were 1.27x10% 1.54x10% 1.47x10* and
1.14x10* L mol* cm™ and 6.06x1072, 5.0x1072, 5.26x102 and 6.21x102 pug cm™ for BTB, BCP,
BCG, and BXB, respectively, indicate the good and high sensitivity of the methods. As shown
in Table 3, an excellent linear response of absorbance concerning the concentration of SMV
was found with the correlation coefficients (r?) of 0.9996, 0.9989, 0.9999, and 0.9997 for BTB,
BCP, BCG, and BXB, respectively, indicating good linearity of the calibration curves over the
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concentration range and the small y-intercept values of the regression equations indicating the
accuracy of the method.

Keeping in mind the end goal to describe a suitable concentration ranges with minimum
error and assess the accuracy in photometric investigation, Ringbom plots [35] for the optimum
concentration ranges can be acquired by plotting the photometric data of percent transmittance
(%T) as ordinates against the logarithm of concentration as abscissas; such curves dependably
pass through an inflection as appeared in Fig. 10. Ringbom optimum concentration range
values are 15.44-46.32, 7.72-38.59, 15.44-61.66 and 9.17-47.79 ug mL* using BTB, BCP,
BCG and BXB, respectively.

The limit of detection (LOD) and quantifications (LOQ) was calculated for validation
of the analytical procedures [20] according to equations 4 and 5:

LOD =3 s/m 4

LOQ =10s/m (5)
Where, s is the standard deviation of recreating calculated values under the same conditions as
for the sample analysis without the analyte, and m is the slope of the calibration plot. Data are
tabulated in Table 3, where LOD was determined to be 0.05 - 0.36 pg mL™* and LOQ were
estimated to be 0.18 - 1.21 ug mL%. Therefore, the proposed methods' sensitivity is high due
to the lower values of the detection limits.
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Figure 10. Ringbom plots for SMV-ion-pairs in
dichloromethane.
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Figure 9. Validity of Beer’s law for SMV-ion-pairs
with BTB, BCP, BCG and BXB in dichloromethane.
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Table 3. Analytical characteristics and precision data for the determination of SMV using sulfonphthalein acid

dyes.

Parameter Reagents

BCG BXB BTB BCP
A max (NM) 410 415 410 403
Beer’s law (ug mL1) Up to 60 Up to 67 Up to 60 Upto 39
Molar absorptivity (L mol* cm™) 1.47x10* 1.24x10* 1.27x10* 1.54x10*
Sandell sensitivity (ug cm?) 5.26x102 6.21x102 6.06x102 5.0x107?
Ringbom range (ug mL™?) 12.59-39.81 | 14.13-39.81 | 15.14-37.15 | 10.23-32.36
Limit of detection (LOD) (ug mL™Y) 0.36 0.13 0.09 0.05
Limit of quantification (LOQ) (ug mL™?) 1.21 0.44 0.33 0.18
Slope (mL pg? cm™) 1.9x107? 1.6x10? 1.7x107? 2.0x10?
Intercept 4.0x10° 2.0x10°8 6.0x10°° 1.3x10?
Correlation coefficient (r?) 0.9999 0.9997 0.9996 0.9989
Relative standard deviation (RSD%) (n=3) | 0.15-0.35 0.37-0.97 0.19-0.47 0.71-0.96
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To gauge the proposed methods' precision and accuracy, solutions containing three
distinct concentrations of pure SMV under the described conditions within calibration curve
limits were prepared. Four replicates estimations were tested utilizing the calibration method.
The mean percent recovery was found to be 97.91-101.96%, accomplishing great accuracy and
selectivity, Table 4.

Percentage relative standard deviation (RSD%), as precision, demonstrating reasonable
repeatability (degree of scattering) of the technique and percentage relative error (Er%) as the
accuracy of the recommended method was processed and can be considered to be very
satisfactory. By observing the results, the proposed methods are proved to be precise from low
RSD% values, which are <1.43 as shown in Table 4.

Method robustness was assessed by rolling out small incremental changes in the volume
of reagents and wavelength at three different drug levels. The effect of these changes on the
absorbance of the correlated system was studied. These changes had an irrelevant impact on
the results as revealed by little moderate precision esteems expressed as RSD% (0.17-1.02) for
BTB, BCP, BCG, and BXB. To check ruggedness, the analysis was done by two analysts, and
furthermore by a single analyst performing investigation using three distinctive cuvettes.
Intermediate precision expressed as percent RSD was in the range of 0.58-0.97% showing
acceptable ruggedness.

Table 4. Evaluation of precision of the proposed methods in SMV pure samples and Olysio® capsules.

Taken BCG method Taken BXB method
pg mL*! Mg mL*!

Recovery%:+SD | RSD% | t-Test | F-test Recovery%:+SD | RSD% | t-test | F-test

Pure form
30.88 97.91+0.34 0.35 2.78 0.07 15.44 99.7940.37 0.37 0.11 | 0.079
46.32 99.02+0.15 0.15 4.12 0.01 23.16 101.96+1.46 1.43 230 | 0.59
61.75 99.26+0.32 0.32 2.63 0.06 30.88 100.77+0.39 0.39 1.73 | 0.09
Olysio® capsules (150 mg SMV/capsule)
24.56 99.24+0.24 0.24 1.04 0.03 28.81 99.25+1.14 1.15 3.36 | 0.75
48.01 101.05+0.59 0.58 1.29 0.20 29.99 101.85+0.88 0.86 2.08 | 0.45
59.98 99.21+0.43 0.43 1.37 0.11 59.98 96.44+0.62 0.64 341 | 0.22
BTB method BCP method
Pure form
15.44 100.12+0.34 0.34 0.37 0.07 15.44 99.89+0.71 0.71 0.06 | 0.29
30.88 99.42+0.47 0.47 0.62 0.13 23.16 101.00+0.97 0.96 2.67 | 054
61.75 101.05+0.19 0.19 1.73 0.02 30.88 99.97+0.74 0.74 0.11 | 0.32
Olysio® capsules (150 mg SMV/capsule)

15.90 98.01+0.39 0.39 291 0.09 11.99 98.57+0.62 0.63 1.76 | 0.36
39.59 100.33+0.49 0.49 0.84 0.14 17.99 99.87+0.70 0.70 0.01 | 0.40
55.66 99.71+0.58 0.58 0.28 0.19 29.99 99.99+1.03 1.03 0.23 | 0.59

3.4. Analysis of pharmaceutical formulations.

It is obvious from the above-mentioned results that the proposed methods gave
satisfactory results for SMV estimation in pure forms. To demonstrate the mini-scale
approach's applicability, the proposed method was tested for the assay of SMV in Olysio
capsules®, and a reported method obtained by the HPLC [13] was used as a reference method
for the comparison. The detailed techniques for the SMV assurance under investigation in
pharmaceutical capsules were plainly discussed in the experimental part. Various
concentrations of Olysio® appeared in Table 4. Recovery studies were achieved by the
calibration curve method. The latter is within the range of 96.44-101.85% with RSD 0.24-
1.43%, Table 4. The high percentage recoveries elucidate no interferences from excipients that
might be found in different formulations.
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3.5. Statistical analysis of the obtained data.

For additional confirmation for the validity of the proposed methods, the results of the
developed methods in pure solution and pharmaceutical formulation were statistically
compared with the previously reported method obtained by the HPLC [13] using statistical
analysis concerning the accuracy (by t-test) and precision (by F-test), Table 4. At 95%
confidence limit for four repeated estimations is listed in Table 4. Obviously, they did not
exceed the critical values (4.3 and 39.17 for t- and F-tests, respectively) [25]. This indicates
that no significant differences are found between the calculated and theoretical estimations of
t-and F-tests, proving the agreement in accuracy and precision.

4. Conclusions

A fast, facile ion-pair formation method based on the sulfonephthalein group's anionic
dyes was proposed to quantitate SMV in the pure form and the pharmaceutical capsule. The
measurements were carried out at their corresponding Amax. SMV-ion-pairs have acceptable
stability for a long period of time, up to 120 min. The association's high values constant,
5.5x10%, 1.1x10°, 1.8x10* and 9.3x10% L mol™ for BTB, BCP, BCG, and BXB, respectively,
indicate the stability of the ion-pairs. Negative values of AG®, indicate the spontaneity of the
reaction. Linearity is up to 60, 35, 60, and 67 ug mL* for BTB, BCP, BCG, and BXB,
respectively. Molar absorptivity and low Sandell sensitivity reflect the good and high
sensitivity of the methods. The correlation coefficients (r?) are 0.9989-0.9999 indicating good
linearity of the calibration curves. Low relative standard deviation (RSD%) values, 0.15-1.43,
indicate the proposed methods' precision. Therefore, the method depended on the utilization of
unsophisticated and inexpensive equipment in parallel with the operator care and eco-concern
to defeat the drawbacks of the methods needing further extraction and a few modern techniques
restrictions.
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