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Abstract: A binary blend of rosuvastatin (ROS) and teneli-
gliptin (TEN) used for the management of cardiovascular
complications require a simple, analytical process for the
quality assurance of this formulation. UV absorption spectra
of ROS and TEN showed overlapping spectra. Hence, the
overlapped spectra of ROS and TEN were separated by ratio
difference, ratio first derivative; constant extraction coupled
with exponentiation with division spectrum, and induced
dual-wavelength methods. The proposed methods were
authenticated by following the international council for
harmonization criteria. A good linear relationship was
demonstrated by all four methods, in 2-15 and 2-30 pg/
mL for ROS and TEN, respectively. The high percentage
retrieval of 98.96-100.22 and 98.72-99.73% for ROS and
TEN, respectively, with small relative error, assured the
correctness of the techniques. The validated techniques
were employed for concurrent evaluation of ROS and TEN
from binary formulation and laboratory-prepared mix-
ture. The standard addition process verified the reliability
of the projected procedures. The developed methods showed
same accuracy and precision when compared to the HPLC
methods along with safer solvent. Finally, the environmental
sustainability of the presented UV spectroscopic procedures
was found to be better than the reported HPLC method.
Hence, eco-friendly, simple, and accurate mathematically
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1 Introduction

Atherosclerosis and diabetes are major global health
problems leading to many cardiovascular complications
and are more common in obese patients. The risk of car-
diovascular disease (CVD) is high in diabetics compared to
non-diabetics due to additional health problems such as
hypertension, dyslipidemia, etc. [1]. More than 500 million
adults are suffering from diabetes and it is expected to rise
to more than 750 million by 2045 [2,3]. The more common
type is type 2 diabetes mellitus seen in adults and senior
citizens. However, due to stress, lack of exercise, and envir-
onmental conditions, many teen agers are developing type
2 diabetes mellitus [4]. Many reports showed that patients
with long time hyperglycemia are susceptible to athero-
sclerosis [1]. Atherosclerosis is a type of coronary artery
disease caused by the accumulation of low-density lipopro-
tein on the artery’s interior wall, making it narrow with
loss of elasticity, along with the development of fatty veins
and inflammation. The major difficulties of CVD are angina,
myocardial infraction, and impulsive cardiac arrest [5-7].
Several statins are developed for lowering the total and
low-density cholesterol in the blood and are the best choice
for preventing atherosclerosis. However, the use of statins
for long period leads to the development of diabetes [8].
Hence, maintaining a safer lipid profile and glycemic control
is necessary to avoid health complications. An oral solid
dosage formulation consisting of statin and gliptin is better
for patients suffering from diabetes mellitus type -2 and
dyslipidemia [9]. Teneligliptin (TEN, Figure 1a) is a third-
generation oral antidiabetic drug acts by elevating the

8 Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/phys-2024-0014
mailto:mattimarad@kfu.edu.sa

2 =—— Mahesh Attimarad et al.

0\\8//0
<N

(b)

Figure 1: Chemical structure of TEN (a) and ROS (b).

level of incretin hormones by inhibiting the incretin
hormone metabolizing enzyme dipeptidyl peptidase-4
enzyme. Thereby, increasing the insulin concentration
and decreasing the glucagon amount in the blood, which
also prolongs the retention of food in the stomach along
with reducing the blood glucose level without hypogly-
cemic effect and weight gain [10-12].

Rosuvastatin (ROS, Figure 1b) is a new generation
laboratory synthesized selective and irreversible blocker
of enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase. It obstructs the production of endogenous
hepatic cholesterol, and the oxidation of LDL, which increases
the reuptake of hepatic LDL from the blood. It also reduces
the secretion of triglycerides by decreasing the formation
of ApoB, and hence, is the first choice for the management
of atherosclerosis [13,14].

A multicomponent formulation of ROS and TEN was
used for the treatment of cardiovascular complications
developed owing to elevated blood glucose concentration
and high cholesterol levels. This combination showed better
glycemic control and lipid profile with improved tolerability
by the patients. A straightforward, environmentally safe
analytical technique is desperately needed for this formula-
tion’s quality control. The quantification of ROS [15] and TEN
along with other analytes were reported in the literature.
ROS has been determined by spectrophotometric [16-19],
spectrofluorometric [20], high performance thin layer
chromatography [21], ultra-performance liquid chromato-
graphy (UPLC) [22,23], RP-HPLC [24-26], and liquid chro-
matography-mass spectrometry (LCMS) [27] in formulations
and plasma samples single and with additional cardiovas-
cular agents. Analysis of TEN alone and with metformin was

DE GRUYTER

achieved by spectrophotometry [28,29], reverse phase high
performance liquid chromatography [30,31], UPLC [32], and
LCMS [33] in formulations and biological samples. Few eva-
luation procedures are reported for the concurrent estima-
tion of ROS and TEN from the binary preparation [34-36].
However, the documented procedures used hazardous sub-
stances such as buffers, acetonitrile, and methanol. Further-
more, HPLC method generates a high quantity of toxic waste
owing to the prolonged elution time. Hence, to protect the
environment, safer, simpler spectrophotometric approaches
were established for the concurrent evaluation of ROS and
TEN in pure, binary preparation and laboratory-prepared
solution. The established methods involve the use of safe
solvent ethanol and the separation of overlapped UV
spectra by mathematical manipulation of saved spectra
with minimum waste formation. Finally, the greenness of
the established approaches were compared with the docu-
mented HPLC procedure using Raynie et al. green analytical
procedure index (GAPI), and Analytical GREEnness Metric
(AGREE) tools.

2 Experimental methods

2.1 Materials and reagents

Pure standards of ROS and TEN with certified purity of 99.8
and 99.7%, respectively, were picked up from Biokemix Ltd
(Hyderabad, India). Pure Ethanol (99.5%) and methanol
(99.85%) were procured from Scharlau (Sentmenat, Spain).
A formulation consisting of ROS (10.0 mg) and TEN (20.0 mg)
was acquired from the Indian local pharmacy.

2.2 Apparatus and software

A UV-Vis spectrophotometer (1600 Shimadzu, Japan) con-
nected to a desktop mounted with UV-probe (Shimadzu, Ver
2.2) was used to record the UV absorption spectra. Matching
quartz cuvettes (1 cm) were used for blank and analyte solu-
tions. An ultrasonic bath sonicator (LeelaSonic 50, Thane,
India) was used for the preparation of sample solutions.

2.3 Preparation of reliable standards

To arrange authentic solutions for 1.0 mg/mL of ROS and TEN,
100.0 mg of each analyte were separately added to a 100.0 mL
graduated flask filled with methanol. The necessary amount
of stock solution was adulterated with ethanol to create the
working standard solutions of TEN and ROS (100.0 yg/mL).
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2.4 Preparation of laboratory mixed
solutions.

By carefully moving the working standard solutions of ROS
and TEN into a sequence of 5.0 mL graduated flasks, diverse
fractions of ROS and TEN solutions were arranged. The total
quantity of the solution was adjusted with the ethanol to
attain an ultimate amount of 5:10, 10:20, 15:30, 10:30, and
15:10 ug/mL of ROS and TEN respectively.

2.5 Preparation of tablet solution

Fixed-dose combination tablets with ROS (10.0 mg) and
TEN (20.0 mg) label claims were weighed and crushed
into fine powder. A sufficient amount of powder was
placed in a 10.0 mL graduated flask containing 5.0 mL of
methanol. The volumetric flask was sonicated for 15 min
before being separated into a second volumetric flask. The
remainder was rinsed and the ultimate capacity was attuned
to the mark to get the sample solution comprising 10.0 mg/mL
of ROS and 20.0 mg/mL of TEN. The concentration was
reduced to the calibration range with ethanol before ana-
lysis. The conventional standard adding procedure was
adopted to confirm the correctness of the approaches. A
predetermined quantity of TEN and ROS were added to
the formulation that had previously been examined, and
the standard deviation and percentage recovery of the
added amount were examined.

2.6 Calibration curves

The zero-order absorption spectra (°D) were documented
between 200 and 400 nm independently for ROS and TEN
using a series of a solution having a concentration of
2.0-15.0 and 2.0-30.0 ug/mL, respectively. Similarly, the
seven different solutions of a combination of analytes
falling within the previously mentioned concentration
range were organized, and UV absorption spectra were
captured and digitally preserved.

2.6.1 Ratio difference spectroscopic (RDS) method

The °D spectra of ROS (2.0-15.0 ug/mL) after division by the
spectrum of TEN (5.0 ug/mL) created ratio-spectra, which
were smoothened with 4nm. A linear relationship was
created by drawing the crest height dissimilarity among
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307.8nm and 259.9 nm against the respective amount of
ROS. Correspondingly, the spectrum of ROS (2.0 ug/mL)
was used to divide the TEN (2.0-30.0 ug/mL) spectra. The
peak intensity variance among 256.9 nm and 295.0 nm from
the ratio spectra was graphed in contrast to the respective
quantity of TEN to create the linear relationship and cor-
relation equation.

2.6.2 Ratio first-derivative spectroscopic (RFS) method

The ratio spectra of TEN and ROS have been turned toward
ratio first-order derivative spectra using an increment of
10 and a 2nm as AA. Peak amplitude measurements have
been obtained at 297.6 nm and 215.2 nm, respectively, for
ROS (2.0-15.0 ug/mL) and TEN (2.0-30.0 ug/mL). The direct
relationship was computed between peak heights and
respective concentrations.

2.6.3 Constant extraction coupled with multiplication
(CEM) with divisor spectra method

Calibration curves were established by measuring the
absorbance of °D spectra of ROS (2.0-15.0 ug/mL) and
TEN (2.0-30.0 ug/mL) at 242.9 nm and 245.7 nm, respectively,
against corresponding concentrations of ROS and TEN.

2.6.4 Induced dual wavelength (IDW) method

A calibration curve for ROS (2.0-15.0 pg/mL) was created
by assessing the absorbance at 306 nm compared to the
corresponding concertation. For TEN the absorbance was
determined by subtracting the product of absorbance at
301.0 nm and 3.638 from the absorbance at 245.7nm of
the mixture spectra having a series of TEN concentration
(2.0-30.0 pg/mL). Then, the calibration curve and correla-
tion equations were computed from the absorbance and
corresponding concentrations.

3 Results and discussion

Because it is easy to use, quick, accurate, and repeatable,
the UV spectrophotometric method of analysis has been
widely utilized for consistent quality assurance of tablets.
Nevertheless, most of the potent medicines are small het-
erocyclic/aromatic compounds with good UV absorption.
Hence, multicomponent formulation shows ample overlap
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Figure 2: UV spectra of (a) TEN, (b) ROS, and (c) combination.

of UV absorption spectra, making it challenging to quantify
simultaneously without separation. UV absorption spectra
of ROS and TEN showed overlapping spectra (Figure 2);
however, TEN has no absorption above 300.0 nm allowing
quantification of ROS but preventing analysis of TEN in the
presence of ROS. Hence, different mathematically pro-
cessed in silico UV spectroscopic methods were established
[37-41].

ROS calcium (pKa 4.76, LogP 1.92) is soluble in acetoni-
trile and methanol; however, it is sparingly soluble in
water and ethanol. TEN (pKa 8.78, LogP 1.5) completely
dissolve in water, methanol, faintly soluble in ethanol,
and insoluble in acetonitrile. Hence, for dissolving both
the analytes, methanol was used and further dilution
was made with ethanol.

Analysis of multicomponent formulations by spectro-
photometric methods is challenging for the analytes showing
overlapped spectra. Several spectral resolution techniques
are developed for the simultaneous determination of such
multicomponent formulations [37-41].

3.1 RDS method

In the present work, the RDS method was utilized to sepa-
rate the overlapped spectra of ROS and TEN by converting
the parent UV absorption spectra of ROS (2.0-15.0 pg/mL)
and TEN (2.0-30.0 pg/mL) to ratio spectra by apportioning
with TEN (5.0 pg/mL) and ROS (2.0 ug/mL) correspondingly
(Figure 3a and b). Different concentrations of TEN and ROS
were envisaged to select the appropriate concentration to
get reproducible ratio spectra. With a high concentration
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spectrum as a divisor, a low peak amplitude with less noise
was observed. However, with low concentration, the noise
was high but a good amplitude was obtained. Nevertheless,
to generate noiseless ratio spectra, spectra were equalized
using 4 nm. The ratio spectra of the bi-component appear
above the zero line and the ratio spectra of the pure ana-
lyte. The amplitude of the difference between the apex and
the valley, however, was the same. The two wavelengths
selected were the crest and valley of the ratio spectra and
the difference is directly proportionate to the amount of
the analytes. The wavelengths 307.8 and 259.9 nm for ROS
and 256.9 and 295.0 nm for TEN were selected and the
linearity graph was created in contrast to the equivalent
amount of analytes. Further, a similar peak amplitude dif-
ference was observed for pure and mixture ratio spectra
having the equal amount of ROS and TEN (Figure 3c and d).

3.2 RFS method

Derivative UV spectrophotometry has been extensively
used for the simultaneous quantification of multicompo-
nent formulations due to its resolution capacity of the over-
lapped spectra along with the improvement of spectral
specificity. Derivatization of UV spectra has high-resolution
power and is easy due to available simple computer soft-
ware [37-41].

In this project, to remove the influence on the second
analyte (constant K = zero), the ratio spectra have been
altered into first-order derivative spectra. Further, deriva-
tive spectra offer several maxima and minima, which pro-
gressively increase with the increase in the concentration
of the analytes and hence could be used for quantification
of analytes without interference from the other analytes.
Series of 2, 4, and 8 nm were envisaged as AA for differen-
tiation and 4 nm exhibited smooth first derivative spectra.
Using a scaling increment of 10, the apex height was raised.
The first-order derivatization of spectra of ROS depicted
several maxima and minima (Figure 4a). The peak height
at 297.6 nm was superior along with tremendous reproduci-
bility. Henceforward, 297.6 nm was selected for the building
of the linearity curve. Likewise, 1D spectra of TEN showed
several maxima and minima with better peak amplitude at
215.2 and 281.7 nm (Figure 4b). However, the sensitivity and
reproducibility were better at 215.2nm and hence selected
for the building of the linearity curve. Further, similar apex
height was observed for pure and mixture 'D spectra having
the same quantity of ROS and TEN at 297.6 and 215.2 nm,
respectively (Figure 4c and d).
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Figure 3: Ratio spectra of ROS (2.0-15.0 pg/mL) by TEN spectrum (5.0 pg/mL) as denominator (a). Ratio spectra of TEN (2.0-30.0 ug/mL) with ROS
spectrum (2.0 pg/mL) as denominator (b). Comparison between ratio spectra generated from pure ROS (c) and TEN (d) and from mixture (Red).

3.3 CEM with divisor spectra method

Constant extraction starts with the determination of con-
stant for bi-component ratio spectra using the linear regres-
sion equation generated using ratio spectra of the pure ana-
lyte, coupled with the multiplication of this constant by
divisor spectrum for isolation of zero order spectra. This
method involves the isolation of °D spectra of individual
components from the bi-component spectrum. It was accom-
plished by taking the constant out of the ratio spectra and
multiplying the resultant ratio spectrum by the divisor spec-
trum. In the present work, for quantification of ROS and
TEN from the bi-component mixture, ratio spectra of pure
ROS and TEN were created by apportioning the sequence of
ROS and TEN spectra by TEN (5.0 ug/mL) and ROS (2.0 pg/mL)
spectra, respectively. The linear correlation was established

among peak height variance (AQ) at 307.8 and 259.9 nm in
contrast to postulated crest amplitude (Qps) at 307.8 nm for
ROS. The linear curve for ROS and TEN was AQg (307.8-259.9) =
0.9729 ROS/TEN’ + 0.0709 (R* = 1.000) and AQ; (256.9-295.0) =
0.9972 TEN/ROS’ + 0.1877. (R* = 0.9994), respectively.

For quantification of ROS, divisor spectra of ROS
(2.0 pg/mL) were utilized. Using the ratio spectra of pure
TEN/ROS’, a direct relationship was constructed amongst
the peak amplitude difference (Q 256.9-295.0 nm) and
postulated peak amplitude (Qpos) at 256.9 nm. Then, the
recorded apex height from the mixture’s ratio spectra
represented by means of TEN/ROS’ + ROS/ROS’. By deducting
the hypothesized apex elevation at 256.9 nm from the
observed apex height, the constant value (ROS/ROS’) was
calculated. Next multiplying this constant by the divisor
spectra of ROS’ yielded the zero-order spectra of ROS
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with ROS spectrum (2.0 ug/mL) as denominator. Comparison between 'D ratio spectra generated from (c) pure ROS and (d) TEN and (Red) from

mixture.

(Figure 5a). By measuring the absorbance at the mixture’s
Amax (256.9 nm) and using a regression equation produced
from the calibration curve developed using zero-order
spectra of pure ROS in the series of 2.0-15.0 ug/mL at
256.9 nm, the concentration of ROS in the mixture was
ascertained.

Similarly, for quantification of TEN from the binary
mixture, a ratio spectrum ROS/TEN’ + TEN/TEN’ was obtained
by dividing the mixture spectrum with the TEN spectrum,
and the recorded peak height (Qgeo) Was calculated at 307.8
nm. The constant TEN/TEN’ was obtained by removing the
hypothesized apex height (Qpes) from the recorded apex
height (Qreo) at 307.8nm. The product of factor and the
denominator spectrum (INE) yielded the °D spectra on
TEN present in the mixture (Figure 5b). The amount of TEN
was computed by quantifying the absorbance at its Apax

(245.7 nm) and regression equation generated from the cali-
bration curve developed using °D spectra of pure TEN in the
series of 2.0-30.0 pg/mL at 245.7 nm.

3.4 IDW method

In the present work, this technique was utilized for the
assessment of TEN as TEN was completely overlapped by
the spectrum of ROS. Whereas, ROS showed an extended
peak above 300.0 nm where TEN had no absorption. Hence,
a wavelength of 306.0 nm was selected to determine ROS,
ROS showed good reproducibility and sensitivity without
any interference from the TEN as shown in (Figure 2)
at 306.0 nm, hence direct relationship was computed by
measuring absorption at 306.0 nm against respective
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Figure 5: Zero-order absorption spectra of (a) ROS (2.0-15.0 pg/mL), and (b) TEN (2.0-30.0 pg/mL).

concentration. ROS showed overlapping at Aph.x wave-
length of TEN (245.7 nm), hence absorption factor for ROS
was determined at selected two wavelengths to eliminate
the interference by ROS at A,.x wavelength of TEN. The
pair of wavelengths chosen were 245.7 and 301.0 nm and
the absorption of TEN was determined from the mixture
spectra using Eq. (1)

AreN-2457 nm = Arr-2457 nm —(Ax1/Ax2) X Arr-3010 nm, (1)

where Agrr represents the absorption of mixture ratio
spectra, and A,j/A), is the absorption factor of ROS at
245.7 and 301.0 nm, respectively. A linearity curve was cre-
ated for ROS and TEN by calculating the absorption at 306.0
and 245.7 nm, respectively against corresponding concen-
trations. Quantification of ROS from the mixture was com-
puted by determining the absorption at 306.0 nm and the
corresponding linearity equation. For quantification of TEN
from the mixture, absorption was calculated at 245.7 nm by
using the above equation and concentration was computed
from the respective regression equation. The absorption
factor was calculated using three different concentrations
of ROS in the calibration range and was found to be 3.638.

3.5 Validation of analytical method and
statistical analysis

Using the international council for harmonization guide-
lines, validation constraints including linearity, limits of
detection (LOD), limits of quantification (LOQ), accuracy,
precision, and specificity were verified to determine

whether the suggested analytical procedures were applic-
able for the quality control of ROS and TEN formulations.

3.5.1 Linearity

A series of seven concentrations in the series of 2.0-15.0
and 2.0-30.0 pg/mL of ROS and TEN, respectively, were
evaluated for the construction of a calibration curve.
Both the analytes exhibited good linearity in the above-
mentioned concentrations in all four methods with excel-
lent coefficient of determination (R* > 0.998).

3.5.2 Sensitivity

To demonstrate the sensitivity of the procedure, the LOQ
and LOD were employed. The formulas for calculating LOD
and LOQ were 3.3 SD/slope and 10*SD/slope, where SD is
the standard deviation of the response. The determined
LOD and LOQ are tabulated in Table 1.

3.5.3 Accuracy

Accuracy was confirmed by performing the analysis of
three diverse amounts of both components in the linearity
range. Accuracy was articulated as percentage recovery
and percentage relative error. Percentage recovery (Table 1)
was found to be 98.96-100.22 and 98.72-99.73% for ROS
and TEN, respectively. The low relative percentage error
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Table 1: Validation outcomes of ROS and TEN by anticipated UV-spectrophotometric procedures
RDS RFS CEM IDW
Parameters ROS TEN ROS TEN ROS TEN ROS TEN
Linearity
Wavelength (nm) 307.8-259.5 256.9-295.0 297.6 215.2 242.9 245.7 306.0 245.7
Linearity range (pg/mL) 2-15 2-30 2-15 2-30 2-15 2-30 2-15 2-30
Slope 9.8496 0.3276 7.1725 0.2523 0.0471 0.0294 0.0126 0.0302
Intercept -3.602 -0.1871 -2.207 -0.044 +0.0021 +0.0029 +0.0029 -0.0133
Coefficient of 0.9997 0.9996 0.9999 0.9998 0.9997 0.9998 0.9998 0.9999
determination (R?)
Sensitivity
LOD (pg/mL) 0.039 0.128 0.173 0.129 0.294 0.503 0.231 0.300
LOQ (pg/mL) 0.118 0.388 0.525 0.392 0.891 1.526 0.701 0.911
Accuracy (mean % recovery + % relative error)
Within day 99.09 + 0.91 99.73 £ 0.27 100.22 98.72+1.28 99.56 +0.44 99.07+0.93 99.80 £+ 0.20 99.26 + 0.74
+0.22
Between day 98.96 + 1.04 99.63 + 0.37 99.07 £ 0.93 99.20 99.62+0.38 98.78 +1.22 100.09 99.52 + 0.48
+0.80 +0.09
Precision (mean % relative standard deviation [RSD])
Within day 1.30 0.97 1.42 1.1 1.40 1.68 1.40 1.37
Between Day 1.44 1.45 1.43 0.93 1.87 1.88 1.29 1.38
Robustness study by wavelength (+2 nm) (%RSD)
Wavelength (+2 nm) 0.89 1.08 1.94 1.23 0.92 0.87 0.85 1.15
Wavelength (-2 nm) 1.24 1.38 0.86 1.62 173 0.95 1.19 175

Acceptable % RE: + 2%; %RSD: + 2%; % recovery: 98.00-102.00%.

(Table 1) further confirmed the accurateness of the pro-
jected procedures.

3.5.4 Precision

The overhead-arranged solutions were investigated on the
first day to appreciate the intraday/repeatability of the
methods. To find the interday/intermediate precision,
the same solutions were examined 3 days in a row.
Table 1 demonstrates that the precision was confirmed
for both analytes, with the percentage relative standard
deviation for each technique being less than 2.

3.5.5 Specificity

The diverse ratio of ROS and TEN close to the ratio of the
formulation was prepared based on the formulation con-
centration in addition to some ratios with little higher and
lower amount and evaluated by the anticipated procedures
to ascertain the specificity of the method. The percentage
recovery was close to the actual concentrations of both
analytes, along with a low standard deviation (Table 2).

3.5.6 Robustness study

The robustness of the suggested UV-spectroscopic methods
was evaluated by varying the wavelength by +2nm and
evaluating a mixture of 10 and 20 yg/mL of ROS and TEN,
respectively. The assay results were used to compute the %
RSD. With just minor modifications to the experimental
circumstances, the proposed approach remains stable, as
seen by the %RSD values falling within the acceptable
range of +2% (Table 1).

3.6 Analysis of pharmaceutical formulation

The presented UV spectroscopic procedures were success-
fully applied to the fixed combination of ROS and TEN.
The analysis results of the simultaneous determination of
both analytes are in agreement with the quantity of the
components in the formulation (Table 3). The conventional
addition method verified the validity of the methods.
The percentage recovery of the extra quantities of both
analytes ranged from 98.00 to 102.00% with an almost
insignificant standard deviation. Furthermore, a statistical
comparison was made utilizing the student’s t-test and F
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Table 2: Evaluation outcomes of laboratory-prepared solutions by anticipated UV-spectrophotometric procedures

Ratios® RDS (% recovory + SD) RFS (% recovory + SD) CEM (% recovory + SD) IDW (% recovory + SD)
ROS: TEN  ROS TEN ROS TEN ROS TEN ROS TEN
5:10 99.34 £+ 0.87 100.16 £ 132 100.74 £ 0.35  99.82 +1.24 99.75 + 1.01 99.69 £ 1.36 99.76 + 0.99  99.76 + 1.07
10:20 99.78 + 1.51 99.48 +1.42 100.17 + 0.79 99.65+095 99.78 +1.02  99.67 + 0.77 99.65 + 1.05 100.16 + 0.72
15:30 100.02 £1.52  100.3 + 1.00 100.06 +1.46 9953 +0.88 9914+ 0.62 10051+ 0.74 99.66 +0.76  99.19 + 0.68
10:30 99.59 + 1.01 99.87 £ 0.71 100.12 £ 1.45 99.82 +1.48 98.91+0.3 99.76 £ 1.33 99.62+0.84  98.87 +0.59
15:10 99.64 +1.58 101.08 £ 0.75  99.23 + 1.62 99.49 £ 0.63 1004 +0.64  99.38 + 1.05 99.99 +£0.82  99.34 £1.15
?ratios in pg/mL; SD: Standard deviation; Acceptable % RSD: + 2%; % recovery: 98.00-102.00%.
Table 3: Analysis results of binary blend of ROS and TEN and statistical comparison with HPLC method

RDS RFS CEM IDW Reported HPLC

method [34]

Parameters ROS TEN ROS TEN ROS TEN ROS TEN ROS TEN
Label claim? 10 20 10 20 10 20 10 20 10 20
Amount taken® 5 10 5 10 5 10 5 10 5 10
Amount found® +SD 4.96+0.05 9.92+0.08 4.96+0.09 9.93+0.24 4.94+0.05 10.04+0.17 4.93+0.04 9.96 +0.11 5.02+0.06 9.86+0.04
% Labeled claim 100.21 99.92 100.28 99.58 99.57 99.51 99.03 99.01 99.72 99.53
Statistical analysis
n 6 6 6 6 6 6 6 6 — —
Students t-test® 0.803 0.37 0.92 0.27 0.07 0.06 1.08 1M — —
Fe 1.04 2.07 1.03 2.02 1.38 1.57 1.61 1.42 — —

mg/tablet, "pg/mL, “Average of six repetitions made at every level; SD: Standard deviation, critical value for students t-test: 2.228(%) and F test:

5.050(°).

HPLC: Zorbax Cyg column (150 x 4.6 mm) 5 pm, Mobile phase: Phosphate buffer (pH 3.5) and methanol: 70:30% (v/v), flow rate 1 mL/min, at 240 nm.

test between the outcomes and the reported HPLC method
[34]. For the suggested methods, the computed F and ¢
values were below the critical values, indicating no signif-
icant dissimilarity in the assessed outcomes between the
presented UV methods and described the HPLC process in
terms of accuracy and precision (Table 4).

3.7 Assessment and comparison of
greenness with reported HPLC method

The greenness of the developed UV spectroscopic methods
were evaluated using three different tools and compared
with the reported HPLC method [34]. The first greenness
method was based on semi quantitative method reported
by Raynie and Driver [42] represented by pentagon with
five parameters: health, safety, environment, energy, and
waste generated (Figure 6a and b). The proposed UV spec-
troscopic methods are green analytical methods because

the solvent used is ethanol which is safer when compared
to other UV and HPLC methods, which utilized methanol
and acetonitrile as solvents. Further, comparing this to
HPLC procedures reveals even lower waste generation
and energy use, hence the developed UV-spectroscopic
methods are environment friendly.

In the second greenness tool, GAPI, evaluates 15 dif-
ferent parameters including the sample collection, trans-
port, storage, preparation, type of method, safety of solvents,
amount of reagents, energy utilized, waste generated, and
its treatment and occupational hazards with additional
mark for quantitative procedure [43]. The generated
pictograms (Figure 6c and d) upon examination visually
demonstrated the positive features of spectrophotometry
processes over HPLC method. The solvents used in the UV
spectroscopic method is ethanol, hence it is safer. GAPI eva-
luation also confirmed that the amount of solvent used,
health safety hazard, and energy required are in favor of
UV spectroscopic method compared to HPLC method.
Another advantage for the spectrophotometry approach
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Table 4: Standard adding technique results of binary blend of ROS and TEN

DE GRUYTER

Amount added (pg/mL)

ROS (Mean % recovery)

TEN (Mean % recovery)

ROS TEN RDS RFS CEM IDW RDS RFS CEM IDW
2.5 5 100.45 100.62 98.48 99.63 98.76 100.54 100.67 101.34
5 10 100.57 100.86 98.37 98.83 98.81 99.07 100.44 100.62
7.5 15 99.06 100.92 100.65 100.75 100.83 101.73 100.03 99.54
Across mean 100.03 100.80 99.17 99.74 99.47 100.45 100.38 100.50
%RSD 0.84 0.16 1.30 0.97 1.19 1.33 0.32 0.90

% RSD: Percent relative standard deviation; acceptable % RSD: + 2%; % recovery: 98.00-102.00%.

Energy

(d)

(e)

()

Figure 6: Greenness results of UV spectroscopic (a), (c), and (e); HPLC (b), (d), and (f); techniques by Raynie et al. (a) and (b); GAPI (c) and (d); and

AGREE (e) and (f).

comes from the fact that the amount of waste generated principles of green analytical chemistry [44]. Software
per sample by the HPLC-UV is more than 10 mL. AGREE is
a quantitative greenness evaluation tool based on the 12

generates the greenness findings, which are displayed
as a circle with an overall score at the center and the
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contributions of 12 principles around the circle’s circum-
ference. (Figure 6e and f). The suggested UV spectroscopic
approaches had more green segments and a higher total
score of 0.79 compared to 0.69 for the HPLC method, con-
firming the environment friendly nature of the proposed
UV spectroscopic methods.

4 Conclusion

The presented mathematically modified UV spectrophoto-
metric techniques are simple, accurate, and reproducible
for concurrent determination of ROS and TEN from binary
formulation devoid of any preliminary separation and
without interference from the formulation adjuvants.
Further, the manipulation was performed using the soft-
ware provided with the instrument and involves fewer
steps. The CEM method was used to extract the °D spectra
of analytes from the combination and quantification was
performed at A, wavelength, a fingerprint of the analytes.
The developed methods use an ecofriendly nature solvent
system with less generation of waste compared to the HPLC
methods, making the methods green. Further, the statistical
comparison of assay results confirmed that no discernible
discrepancies was detected in relation to correctness and
precision between the projected UV spectroscopic and the
documented HPLC procedure. As a result, the environmen-
tally friendly spectroscopic techniques that have been pre-
sented may be used in pharmaceutical companies, research,
and drug-testing labs to control the quality of ROS and TEN
formulations, as these methods have fewer sample prepara-
tion steps and fast analysis time compared to the HPLC
techniques.
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