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Abstract:

Rivaroxaban, a factor Xa inhibitor, treats deep vein thrombosis and pulmonary embolism.
Aspirin, an antithrombotic agent, is used to prevent and manage strokes and other
cardiovascular issues. Accurate analytical methods are needed to analyze both drugs.
Chemometric methods of analysis (Inverse Least Square&Classical Least Square) were
applied to the simultaneous assay of Rivaroxaban & Aspirin in their synthetic mixture. 12
mixed solutions were prepared for the chemometric calibration as training set & 10 mixed
solutions were prepared as validation set. The absorbance data matrix was obtained by
measuring the absorbance at 21 wavelength points, from 240-340nm with an interval of Snm.
Linearity was observed in the concentration range of 5-30mcg/ml for Rivaroxaban and 50-
300mcg/ml for Aspirin using methanol as a solvent. The accuracy of the methods was
assessed by recovery studies and was found to be within the range of 98-102%for both drugs.
The % RSD value were found to be less than 2, proving the method were precise. RMSEP is
used for examining the errors in the predicted concentrations. The methods were compared
using ANOVA, f-test, and t-test. The results were validated statistically as per ICH (Q2) R1
guideline and were found to be satisfactory.

Keywords: Chemometric method of analysis, Classical least square, Inverse least square,
Statistical analysis, Anticoagulant, Antiplatelets.

Introduction

To determine the component concentration in the unknown sample. For both classical
statistics and chemometric approaches, there is currently a considerable amount of computer

software readily available. Chemometric methods are particularly useful approaches for
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analysing many compounds’ spectra generating an interference that makes determining the
amounts of each component impossible. In addition, chemometrics calibration methods are
simple since they can evaluate a large number of samples in a short amount of time more
accurately and precisely compared with other methods it can be described as the use of
mathematical and statistical approaches to create and/ or optimize measurement procedure as
well as the analysis of pertinent data to offer chemical information. multivariate calibration
such as classical least square&inverseleast square have been widely used in quantitative
spectrum analysis in recent years to extract selective information from unselective data. CLS
& ILS are two of the most basic approaches, both based on Beer’s principle and using a

multivariate least square procedure.[1]

Aspirin, known chemically as 2-(acetyloxy) benzoic acid, is a cyclooxygenase inhibitor that
is widely recognized for its antiplatelet properties. It appears as a white Aspirin, chemically
identified as 2-(acetyloxy) benzoic acid, acts as a cyclooxygenase inhibitor, and is well-
known for its antiplatelet effects. It is a white crystalline powder with weak acidity, having a
molecular mass of 180.157 g/mol and the molecular formula COH804 (see Fig 1). Aspirin is
a prominent anti-thrombogenic agent extensively used for treating and preventing
cerebrovascular and cardiovascular conditions, such as stroke. Antiplatelet therapy with
aspirin has been shown to reduce the risk of cardiovascular diseases following acute
myocardial infarction, coronary artery bypass grafting, and in patients with chronic atrial
fibrillation, among other risk factors [2].

Traditional treatment of these disorders involves the use of heparin, oral anticoagulants, and
the preferred antiplatelet agent, aspirin. Interestingly, aspirin was not originally intended to
be an antiplatelet drug; however, after being repurposed, it has become one of the most
commonly prescribed antithrombotic medications [2].

Rivaroxaban, chemically known as 5-chloro-N-[[(5S)-2-0x0-3-[4-(3-0xomorpholin-4-yl)
phenyl]-1,3-oxazolidin-5-yl] methyl] thiophene 2-carboxamide, is a small molecule with a
molecular weight of 436 g/mol. It is only slightly soluble in organic solvents and is
practically insoluble in water. Its molecular formula is CI9H18CIN30OS5S (see Figure 1).
Rivaroxaban is a novel oral direct Factor Xa inhibitor currently in advanced clinical
development for the prevention and treatment of thromboembolic diseases [3]. Approved in
over 100 countries, including the European Union and Canada, it is used to prevent venous
thromboembolism in adult patients undergoing elective hip or knee replacement surgery.

Additionally, rivaroxaban is being developed further for the treatment of thromboembolic
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disorders, stroke prevention in patients with atrial fibrillation, and the secondary prevention
of acute coronary syndromes. Uniquely, rivaroxaban specifically targets Factor Xa within the
coagulation cascade and operates independently of antithrombin [4]. The US Food and Drug
Administration (FDA) has approved the use of Rivaroxaban in combination with Aspirin to
lower the risk of major cardiovascular (CV) events in adults with chronic coronary artery

disease (CAD) or peripheral artery disease (PAD) [5].
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Rivaroxaban Aspirin
Fig.1. Chemical structures of Rivaroxaban and Aspirin

Experimental work:

Selection of common solvent:

Reported solubility of Rivaroxaban & Aspirinwas found to be in methanol. Hence method

was chosen as a common solvent for the simultaneous estimation of both the drugs.

Chemicals and reagents:

e Rivaroxaban & Aspirin(Bulk drugs) were kindly provided by ‘Megafine, Mumbai and
Wockhart Research center MIDC Aurangabad” resp. were used as received.

e Methanol used in the spectrophotometric analysis was of analytical reagent grade.

Instrument:

A Lab India double beam spectrophotometer with a fixed slit width (1nm) was used, coupled

with UV Win spectrophotometer software. The numerical calculations were performed using

MATLAB 6.1 SOFTWARE & EXCEL.

Light absorption study:

In order to develop UV spectrophotometric method for simultaneous estimation of RIVA

and ASP, light absorption study was done. Individual spectrum of both the drugs and their

binary mixture was overlaid to obtain suitable wavelengths that could be used for the

simultaneous estimation methods.
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Preparation of standard stock solution, calibration and validation set:
Stock solution of 100mg/100ml from pure drug samples of Rivaroxaban & Aspirinwere
prepared separately in methanol. Standard solution of Rivaroxaban & Aspirincontaining
concentration ranges of 5-30ug/ml and 50-350 pg/ml were prepared in methanol,
respectively. All the solutions were scanned in the wavelength range of 200-400nm. And
graphs were stored in the computer.
Construction of the calibration (training) set [6]
A training set consisting of 12 binary mixture solutions in the possible combinations
containing 0-25 pg/ml of Rivaroxaban. & 0-300 pg/ml of Aspirin was used for Chemometric
Calibrations as illustrated inTable 1. The zero order absorbance spectra were measured &
stored in the computer. To estimate the ILS & CLS models for the training set, the computer
was fed with absorbance & concentration matrices, then calculations were carried out with
the use of proposed software.

Table 1: Composition of Calibration (Training) set for both the drugs used in ILS

techniques:

Mixture no. | Rivaroxaban Aspirin
1 5 150
2 10 150
3 15 150
4 20 150
5 25 150
6 15 0
7 15 50
8 15 100
9 15 200
10 15 250
11 15 300
12 0 150

Construction of the validation set [7-9]:
Different mixtures of the two drugs were prepared by diluting different volumes of
Rivaroxaban & Aspirin. standard solutions in 10 ml measuring flask & diluting to volume
with methanol. (Table 2).

Table 2: Composition of Validation set for both the drugs used in ILS techniques:

Mixture no. | Rivaroxaban Aspirin

1 10 100
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2 15 100
3 20 100
4 25 100
5 30 100
6 10 150
7 10 200
8 10 250
9 10 300
10 10 350

Inverse least square
It is also called as P-matrix calibration as it originally requires the use of multiple linear
regression to calculate the inverse expression of the Beers-Lambert equation of spectroscopy.
C=PA
Where, C=concentration matrix
P=calibration coefficient, and
A=absorbance matrix.
To determine P, a training set containing a concentration matrix, C, and an absorbance
matrix, A, is used to create a calibration using ILS. ILS differs from the Classical technique,
which involves fitting a liner mixture of pure spectra to an unknown spectrum. This
distinction provides ILS with several advantages. When all of the system components aren’t
explicitly evaluated, CLS fails to provide accurate predictions.The MATLAB 6.1
SOFTWARE & EXCEL was used to construct the approach[10]
Classical least square
CLS is also known as the K matrix. It involves the usage of multiple linear regression to
represent the Beer-Lambert law of spectroscopy classically.
A=KC
The calibration set comprised of concentration matrix, C, and an absorbance matrix, A for
known sets of samples constructed to generate calibration using CLS. In MATLAB 6.1
SOFTWARE & EXCEL, the CLS model was developed by adding absorbance (A) and
concentration matrix (C) data.
The calculated K can be used to forecast the concentration of an unknown sample, Cunk,

based on its measured spectrum, and it can be stored as an absorbance matrix, Aunk.
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There are mainly two subclasses of CLS namely, direct CLS and indirect CLS. The K matrix
is calculated in direct CLS by measuring the spectra of the pure component, either neat or in a
nonadsorbing solvent. In the indirect CLS technique, pure spectra are calculated from mixture
spectra rather than being measured directly.
Absorbance matrix A is comprised of Zero-order spectra at 5 nm intervals between 240nm to
340nm, that is , absorbance at 21 wavelength points. The developed model comprised
absorbance values of sample at 21 wavelength points, and quantities of Rivaroxaban and
Aspirin in the validation data set as well as in tablet formulations were predicted.[1]
Results & Discussion:
In the spectral work, the following steps can explain the fundamental concepts of ILS.
Selection of the spectral region
Although ILS are the full spectrum method, 21 wavelengths were selected from 240nm to

340nm with the interval of AL = 5nm in the zero order spectra.

Scan Spectrum Curve
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I
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Wavelen gth{nm)

Fig 1: - Overlay spectra of Rivaroxaban, Aspirin and their binary mixture showing
spectral region 240nm-340nm (21 wavelengths) [11]

Measurement of the absorbances:
The absorbance matrices were produced by measuring absorbances at 21 wavelengths. In this
calibration was obtained by measuring absorbances data matrix & concentration data matrix
to predict the concentration of Rivaroxaban & Aspirinin their synthetic mixtures. The
numerical calculations were performed using MATLAB 6.1 SOFTWARE & EXCEL [1]
Equation for ILS (Inverse Least Square) Method (1):

The mathematical expression C=PXA in the matrix is given as

Ci=P1A1 +PpAx+......... PiwAw
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Co=PyiA1 +PnAs+......... PrwAw
C3=P31A1 +PpAx+ ......... PswAw
CC =PC1A1 + P02A2 + ......... Pchw

Where,

Ay = Absorbance at the w wavelength.

P.w = Calibration coefficient for the ¢ component at the w wavelength.

C.= Concentration of the ¢ component
In this method, the calibration coefficient (P) was obtained from the linear equation system
using the absorbance data & the training set.
The absorbance values of the samples at 21 wavelengths were placed in the above equation &
the amounts of Rivaroxaban & Aspirin. in the synthetic mixtures were found as shown in
(Table 3).
Introducing (P) into linear equation system.
Introducing P into the linear equation system with an absorbance matrix of sample gave

concentration of RIVA and ASP in the sample mixture.

315



Journal of Cardiovascular Disease Research
ISSN: 0975-3583, 0976-2833 VOL 11, ISSUE 10, 2020

P et
0.0448 4.393& Al
-0.1349 3.6503 A2
0.0960 -0.2636 A3
0.1167 -1.2676 A4
-0.1364 -1.4340 A5
-0.0126 0.8620 A6
0.0060 1.1587 A7
_0.0377 0.3183 AS
C Riva 0.0318 2.0563 A9
0.0718 1.2516 A10
C asp 0.0752 _0.1657 All
_0.1604 _1.0584 A12
0.0130 2.3314 A13
0.0410 _0.4851 Al4
_0.0386 _0.4137 A1S
_0.0003 _0.0017 A16
0.0455 0.0354 A17
_0.0320 1.2797 A18
_0.0207 _0.3598 A19
0.0190 _0.2021 A20
_0.0662 _0.2669 A21
- —

The absorbance values of the samples, at the 21 wavelengths in the spectral region from 240
to 340 nm were placed in the above equation and the amounts of Rivaroxaban & Aspirinin
the synthetic mixture were found as shown in table 3.

Equation for CLS (Classical Least Square) Method:
The mathematical expression A=K x C in the matrix is given as

A=K 1A +KipCo+......... KicCe
Ar=K21A1 + KnCo+......... Ko Ce
Az =K31A1 + K3Co+ ... Ks.Ce
AW :leAl + KW2C2 + o chCc

Where,
Ay = Absorbance at the w wavelength.
Kcw = Calibration coefficient for the ¢ component at the w' wavelength.

C.= Concentration of the ¢ component.
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In this method, the calibration coefficient (K) was obtained from the linear equation system
using the absorbance data & the training set.

K=pinv(c)*A
The absorbance values of the samples at 21 wavelengths were placed in the above equation &
the amounts of Rivaroxaban & Aspirin. in the synthetic mixtures were found, as shown in
(Table 7).
Introducing (K) into the linear equation system with an absorbance matrix of sample gives
the concentration of Rivaroxaban & Aspirinin the sample mixture.

A1) 7.5008 13.3??4\
A2 3.6244 6.6989
A3 1.6501 3.0406
A4 1.1026 2.0263
AS 0.9203 1.6890 r;(;th'.;\
A6 = 0.8885 1.6316 vz(m
A7 1.0156 1.8692 Casp
A8 -0.5202 10.1349 g )
A9 1.7515 3.2390
A10 2.3041 4.2679
Al1 2.9316 5.4343
A12 3.5207 6.5289
A13 3.9203 7.2694
Al4 4.2852 7.9066
Al5 3.8737 7.1787
Al6 3.1434 5.8229
A17 1.1896 2.2840
A18 1.1916 2.2120
A19 0.6312 1.1744
A20 0.3826 0.7151

L A21 0.2886 0.5403

The absorbance values of the samples, at the 21 wavelengths in the spectral region from 240
to 340 nm were placed in the above equation and the amounts of Rivaroxaban & Aspirinin
the synthetic mixture were found as shown in table 3.

Method validation for Inverse least square method. (As per ICH(Q2) R1 Guideline)
[12].
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Table 3: Recovery results obtained for the determination of Rivaroxaban & Aspirin.

Indifferent synthetic mixtures by using the ILS technique.

Rivaroxaban Aspirin
Added Found % Recovery | Added Found % Recovery

10 9 90 100 106 106
15 14.066 93.77 100 99.98 99.98
20 19.98 99.9 100 99.92 99.92
25 25.31 101.24 100 99.59 99.59
30 29.8211 99.40 100 99.99 99.99
10 10.20 102 150 148.99 99.33
10 10.54 105.4 200 199.89 99.945

10 10.12 101.2 250 248 99.2
10 10.1 101 300 299.65 99.88
10 9.78 97.8 350 350.16 100.39
Mean Recovery 99.171 Mean Recovery 100.47
%RSD 0.27 %RSD 0.6867

2. Precision

Table 4: Data for precision study using one way ANOVA.

Parameters ILS
Rivaroxaban Aspirin
Between days
0.0479 1.044515
variance
Within days
59.0926 9393.971
variance
F ratio 0.000811 0.000111
TSS 1418.318 225457.4

Note that Between day and within day degrees of freedom are 2 and 27, respectively. The

critical F ratio value for 2 and 27 d.f and the confidence level of 95% is 3.354
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3. Limit of detection (LOD) and Limit of quantification (LOQ)
Table 5: LOD and LOQ values of Rivaroxaban & Aspirinfor ILS method: -

Rivaroxaban | Aspirin

+SD 0.0081 0.0054
LOD (pg/ml) 0.024 0.016
LOQ (pg/ml) 0.0801 0.054

4. Predicted versus known concentration plot.

Predicted conc. Vs Known conc, of Predicted conc Vs Known Conc of Aspirin
Rivaroxaban in Validation set in Validation set
T 40 400
"; y =1.057x - 1.4987 2
T 30 R?=0.9983 2 300 y = 1.0086x - 2.62
£ 2 R? =0.9999
<20 5,200
§n 10 E 100
en
2 =]
Eo E o
£ 0 10 20 30 40 % 0 100 200 300 400
(5]
conc(meg/ml), known Q conc.(mcg/ml), known

Fig 2: Linearity plots of Rivaroxaban & Aspirinfor validation set of ILS method

It was noticed that both Rivaroxaban & Aspirinin all samples lay on a straight line and the
equations of these lines are shown on the graphs (fig. 2).

This indicates that the prediction ability of the validation set is very much better in terms of
recovery(Table:3)

5. Concentration residuals versus actual concentration plot.

Residual Vs Predicted Conc plot for
Rivaroxaban in validation set Residual Vs Predicted Conc Plot for
Aspirin in validation set.

1.5 4
" —
— ]
< s 2 [ J
g ! ® o % °
g? 2o . [} ® ®
= 0 S0 100 200 300 400
%,3 0 ° ° ¢ gﬂ B
15} <9
E 9 8 20 e 30 40 EA
< -0.5 2
£ ° g6 °
159 )

1 -8
conc.(meg/ml), predicted conc.(mcg/ml), predicted

Fig 3: Residual vs. predicted concentration plot for Rivaroxaban & Aspirin.
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This tool is used to determine whether the model accounts for the concentration variation in

the validation set and it also provides information about how well the method will predict the

future samples.

For the validation set it can be found that the residual values are more close to zero and are

more randomly distributed. (Fig 3)

6. Root Mean Square Error of Prediction

RMSERP is used for examining the errors in the predicted concentrations.

N
Z (ngded _ C:/'ound)Z
RMSEP ==

n
It is calculated from the following formula.

Where,
C;*4ded = added concentration of the drug.
Ciund = predicted concentration of the drug.

n = total number of synthetic mixtures.

The full range of concentration residual should correspond to approximately 2-3 RMSEP

units if there is no bias

Table 6: RMSEP values for Rivaroxaban & Aspirinin ILS method.

COMPONENT RMSEP
RIVA 0.1825
ASP 0.118

Method validation for classical least square method. (As per ICH(Q2)

Guideline)[12].

R1
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Table 7: Recovery results obtained for the determination of Rivaroxaban & Aspirin.

In different synthetic mixtures by using the CLS technique.

Rivaroxaban Aspirin
Added Found | % Recovery Added Found % Recovery
10 10.10 101 100 99.98 99.98
15 14.98 99.86 100 98.56 98.56
20 20.5874 102.93 100 100 100
25 25.77 103.08 100 100.2 100.2
30 30.23 100.76 100 103.5 103.5
10 11.52 115.2 150 150.55 100.36
10 9.8 98 200 198.65 99.325
10 10.2 102 250 256 102.4
10 8.9 89 300 298.63 99.54
10 11.2 112 350 349.56 99.874
Mean Recovery 102.44 Mean Recovery 100.3739
%RSD 0.21 %RSD 0.2154

2. Precision

Table 8: Data for precision studies for Rivaroxaban & Aspirinby one way ANOVA

CLS
Parameters
Rivaroxaban Aspirin
Between days
0.407176 2.7726
variance
Within days
59.03818 9378.924
variance
F ratio 0.006897 0.000296
TSS 1417.916 225099.7

Note:- Between day and within day degrees of freedom are 2 and 27 respectively. The

critical F ratio value for 2 and 27 df and the confidence level of 95% is 3.354
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3. Limit of detection (LOD) and Limit of quantification (LOQ)
Table 9: LOD and LOQ for Rivaroxaban & Aspirinfor CLS method

Rivaroxaban | Aspirin

*SD 0.0081 0.0054
LOD (ug/ml) | 0.024 0.016
LOQ (ug/ml) | 0.0801 0.054

4. Predicted versus known concentration plot.

Predicted conc.Vs Known conc. for Predicted conc. Vs Known cone of
Rivaroxaban Aspirin
y =5.105x + 5.0185
35 R?=0.9987 400
= e}
230 S 350 | y=0.996x +1.678
.9 9 2 _
g 2 5 300 R?=0.9985
S0 £ 20
= E 200
g = EEP 150
£ 10 = 100
=}
g 5 g 50
0 0
0 2 4 6 0 100 200 300 400
conc(mcg/ml), known conc(mcg/ml)Known

Fig. 4: Linearity plots for Rivaroxaban & Aspirinin CLS method
It was noticed that both Rivaroxaban & Aspirinin all samples lay on a straight line and the
equations of these lines are shown on the graphs (Fig. 4).
This indicates that the prediction ability of the validation set is very much better in terms of

recovery. (Table 7)

5. Concentration residuals versus actual concentration plot

This tool is used to determine whether the model accounts for the concentration variation in
the validation set and it also provides information about how well the method will predict the

future samples.

For the validation set it can be found that the residual values are more close to zero and are

more randomly distributed>*¢!. (Fig. 5)
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Residual Vs Predicted conc plot for Residual Vs Predicted Conc Plot for

Rivaroxaban Aspirin
1.5 2
1 Y [ J e ©o °

2 05 O e e
= ° T .0 5 10 15
Z 0 o¢© °® g -2
2050 o 3 10 15 i, °
= [ J
g -1 ) §
°as ° ° ®

-2 . -8

conc(meg/ml), Predicted conc(mceg/ml), Predicted

Fig 5: Residual vs. predicted concentration plot for Rivaroxaban& Aspirin

6. Root Mean Square Error Of Prediction

RMSERP is used for examining the errors in the predicted concentrations.

N
Z (ngded _ Cfbund)Z
RMSEP ==
n
It is calculated from the following formula.

Where,

C;*4ded = added concentration of the drug.
Ciund = predicted concentration of the drug.
n = total number of synthetic mixtures.

The full range of concentration residual should correspond to approximately 2-3 RMSEP

units if there is no bias.

Table 10: RMSEP values for Rivaroxaban and Aspirin for CLS method

COMPONENT RMSEP
Rivaroxaban 0.3687
Aspirin 0.5
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Scan Spectrum Curve

Scan Spectrum Curve
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Fig 6: Overlay spectrum of (a)Rivaroxaban and (b)Aspirin showing various spectra at

different concentration of drug

Scan Spectrum Curve
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Fig 7: Overlay spectra of Rivaroxaban and Aspirin [11]

linearity plot of Rivaroxaban at linearity plot of Aspirin at 304 nm

25 250nm 5
2 1.5
1.5
2 -§ 1
=
y =0.0679x + 0.1179 0.5
0.5 R?=0.9991 y = 0.0043x + 0.0375
0 0 RZ=0.9991
0 100 200 300 400
0 20 40
conc(meg/ml)

conc(meg/ml)

Fig 8: Calibration Plots of Rivaroxaban Fig 9: Calibration Plots of Aspirin

Statistical analysis
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Table 11: - Statistical comparison of the results obtained from Simultaneous

equation method & Q Analysis

Drug

(1:10) Simultaneous equation method Q analysis

Rivaroxaban Aspirin Rivaroxaban Aspirin

Labelled claim 15mg 150mg 15mg 150mg
Mean + SD 14.78mg + 1.7 | 152.84mg+ 1.48 | 14.98mg+£1.70 | 150.41mg + 1.48
No of samples 5 5 5 5

t theoretical 5.768 F therotical 6.388

t calculated F calculated

For Rivaroxaban  0.3141 For Rivaroxaban  0.6171

For Aspirin 0.187 For Aspirin 0.769697

Table 12: Results of ANOVA test for Rivaroxaban & Aspirin obtained in Synthetic

mixture by using simultaneous equation method, Q-analysis &chemometric method of

analysis (ILS & CLS)
Source of Sum of square Degree of freedom Mean sum of square F test*
Variation
Rivaroxaban | Aspirin | Rivaroxaban | Aspirin | Rivaroxaban | Aspirin | Rivaroxaban | Aspirin
Between 3.795 1195.63 3 1.26 398.54 0.021 0.117
Groups
Within 952.08 4.786.8 12 59.506 3398.9
Groups
* F theoretical =3.238 at P=0.9
Conclusion:

Comparing to other conventional methods, chemometric techniques do not imply any

pretreatment such as the separation procedure in HPLC, This methods were developed for

Rivaroxaban and Aspirin incombinations. In addition, ILS & CLS has been found to be the
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method of choice for more complex mixtures (ternary or quaternary). Chemometric
techniques are very easy to apply, they require only data processing with powerful software
and its application to the regression analysis.
Thus, the developed methods enable the quantitation of mixture with good accuracy &
precision, either in laboratory-prepared samples or in commercial pharmaceutical dosage
forms.
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