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or drug product, three types of stability tests must be completed:

e accelerated stability (ACC), intermediate stability (INS), and regulated
room temperature (CRT) stability. The intrinsic stability of the molecule is determined by a
stability analysis, and it is expected that the drug ingredient will decompose and form
additional molecules known as contaminants. Various stress conditions are used in forced
degradation research to degrade/decompose the main component and generate impurities,
which should separate from the main compound and each other. As a result, forced
degradation studies are used to estimate the degradant/decomposed impurities that occur
during stability tests and to suggest the shelf life of new drug ingredients and/or drug

products.
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INTRODUCTION

Rivaroxaban is an anti-clotting medicine that works at a critical moment in the clotting

[1-2]

process to prevent blood clots from forming. It's also used to help people with atrial

fibrillation who don't have heart valve damage prevent strokes or major blood clots. It works

by inhibiting the function of a natural chemical that aids in the formation of blood clots.?*
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Figure no. 01: Chemical structure of rivaroxaban.

Rivaroxaban is a (S) Enantiomer in its purest form. It's an odourless, non-hygroscopic
powder that ranges from white to yellowish in colour. Water and aqueous media are nearly
insoluble in it. Rivaroxaban's molecular structure For the determination of rivaroxaban in
tablets, an RP-HPLC method was devised in this work. ACN: Water (55:45 v/v) mixture was
used to achieve isocratic elution.’® UV detection was at 249 nm with a flow rate of 1.2 mL
min-1. Within 2.21 and 3.37 minutes, the internal standard (Caffeine) and rivaroxaban eluted.
According to ICH criteria, the devised approach was found to be linear in the range of 0.005
to 40.0.

MATERIALS AND METHODS

The analysis was performed on a Macherey-Nagel Nucleodur C18 column (250 4.6 mm, 5 m
particle size) with a mobile phase of acetonitrile and water in a gradient programme at a flow
rate of 1.5 mL/min, a column oven temperature of 55°C, and a UV detector wavelength of
254 nm.l"! Proton nuclear magnetic resonance and mass spectrometry with HPLC were used
to characterise the rivaroxaban standard and impurities. J T Baker provided HPLC quality
acetonitrile and methanol. Merck chemicals provided analytical quality potassium dihydrogen
phosphate and orthophosphoric acid. Throughout the analysis, HPLC grade water from the
Millipore system was used. Ranchem'’s ion pair reagent Octane sulfonic acid was acquired.™

Chromatographic condition
Buffer was made with 0.02M anhydrous potassium dihydrogen phosphate and 1 gramme
Octane sulphonic acid solution, which had pH 3.0 adjusted with orthophosphoricacid.

Acetonitrile: Methanol (820:180v/v) was used to make the solvent combination.®*?

System suitability
It's an essential component of the chromatographic system. Resolution, capacity factor,
tailing factor, theoretical plate count, relative retentions, and other parameters are calculated

and compared to the system's standard specifications.™***"!
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Specificity

The capacity to assess the analyte definitively in the presence of components that might be
present. The effect of excipients and other additives that are often included in the formulation
is determined by the specificity of an analytical approach. In the Assay parameter, the test
findings were compared to the results of a standard medication.[*82?

Linearity

The capacity to produce test findings (within a certain range) is directly related to the
concentration of analyte in the sample. Visual evaluation of the plot of signal as a function of
analyte concentration is used to determine linearity. If there is a linear relationship, the
regression line is used to generate the test results using the least squares approach. For
Rivaroxaban, the method's linearity was tested at six concentration ranges ranging from 10 to
40 g/ml -2

Accuracy

The measure of how close the experimental value is to the true value' is the definition of
analytical technique accuracy. Standard addition was used to determine the method's
correctness. To the pre-analyzed injectable solution, a known amount of standard medication
is added.!

Precision

The degree of scatter between a set of measurements obtained from serial sampling of the
same homogeneous sample under the specified conditions. There are three levels of accuracy:
repeatability, intermediate precision, and reproducibility. Rivaroxaban intra-day precision
study was conducted by estimating correspondence replies on the same day with three
different concentrations, while Rivaroxaban inter-day precision study was conducted by
calculating correspondence responses on three distinct days with three different

concentrations.*”!

Robustness

The robustness of an analytical procedure is a measure of its ability to remain unaffected by
modest but deliberate changes in method parameters, and it indicates its reliability in routine
use. The assessment of robustness should be done throughout the development phase and is
dependent on the technique under investigation. It should demonstrate the accuracy of an

analysis in the face of deliberate changes in technique parameters. The robustness of the
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suggested approach is determined by varying the mobile phase flow rate and wavelength."

34]

RESULTS AND DISCUSSION
Method development

Optimized chromatographic conditions

Table no. 01: Optimized chromatographic conditions.

» Mobile Phase » Methanol : water (50 : 50)
» Column » C18,4.6 mm x 1.5 cm , 5 um (Make-
Shimadzu)
» Flow rate » 0.80 ml/min
» Injection volume > 10ul
» Wavelength » 250 nm
» Runtime » 8min
Datafile Name:Rivaroxaban ACN Water pH 3.0 80 20 led
Sample Name:Rivaroxaban
Sample 1D:20 ppm
1500
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Fig. no. 02: HPLC chromatogram of rivaroxaban.

Solution preparation

Weighed 100 mg of Rivaroxaban and dissolved it in 200 ml of mobile phase -Stock solution

(1000 ppm) 1 ml of Stock solution diluted to 100 ml with mobile phase. (10 ppm)

Table no. 02: Optimized chromatographic results.

Peak name | REENUON | avea | Area% | Asymmetry | | eoretical
time plates
Rivaroxaban 3.246 768392 | 100.00 1.169 5553
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Precision
Inter-day- Day 1 (Conc. - 37 ppm)
Table no. 03: Inter-day precision Day-1 37 ppm.

Peak name Retgntlon Area Area % | Asymmetry Theoretical
time plates
rivaroxaban 3.421 963579 100.00 1.166 5521
Day 2 (conc. 17ppm)
Table no. 04: Inter-day precision Day-2 17 ppm.
Peak name Retgntlon area Area % | asymmetry Theoretical
time plates
rivaroxaban 3.423 462992 100.00 1.71 5516
Day 2(Conc. - 27 ppm)
Table no. 05: Inter-day precision Day-2 27 ppm.
Peak name Retgntlon area Area % | asymmetry Theoretical
time plates
rivaroxaban 3.243 767464 | 100.00 1.167 5517
Day 2(Conc. - 37 ppm)
Table no. 06: Inter-day precision Day-2 37 ppm.
Peak name Retgntlon area Area % | asymmetry Theoretical
time plates
rivaroxaban 3.243 962732 100.00 1.167 5527
Day 3(Conc. - 17 ppm)
Table no. 07: Inter-day precision Day-3 17 ppm.
Peak name Retgntlon area | Area% | asymmetry Theoretical
time plates
RIVAROXABAN 3.246 462643 | 100.00 1.174 5539
Day 3(Conc. - 37 ppm)
Table no. 08: Inter-day precision Day-3 37 ppm.
Peak name Retfentlon area Area % | asymmetry Theretical
time plates
Rivaroxaban 3.240 962502 | 100.00 1.166 5520

www.wipr.net |

Vol 11, Issue 7, 2022. |

Intra-day time 11:30 AM, 2.30 PM AND 5.30 PM

ISO 9001:2015 Certified Journal |

1017



Sayeda et al. World Journal of Pharmaceutical Research

Table no. 09: Intra-day precision.

Level | Conc. | 11.30 AM | 2.30PM | 5.30 PM | Mean | %RSD
Setl | 17ppm | 463306 | 463162 | 462265 | 462911 | 0.12%
Set2 | 27ppm | 768392 | 766799 | 766277 | 767156 | 0.14%
Set3 | 37 ppm | 963579 | 961978 | 961951 | 962503 | 0.10%

Robustness

The robustness of an analytical technique is a measure of its capacity to remain unaffected by
tiny but deliberate changes in method parameters, as well as an indication of its consistency
over time. The method's robustness was determined by examining the sample at various flow
rates and wavelengths.[”? Experiments with a 20g/ml concentration of Rivaroxaban were
carried out under various settings, including flow rate ratio (0.1ml/min) and wavelength (+
2nm). For deliberate adjustments in technique parameters, such as flow rate set at 0.90 and
1.10 ml/min and wavelength variation (+ 2nm) at 248 nm and 252 nm, the area of 20g/ml

concentration of Rivaroxaban solution was observed.®!

1) Change in wavelength i.e. + 2 nm.

Wavelength
Wi 248 nm | 252 nm
Area | 548394 | 555657

2) Change in Flow i.e. + 0.1 ml/min.

Flow Rate
Flow | 0.9 ml/min | 1.10 ml/min
Area 561825 547461

Sample preparation: 100 mg of Rivaroxaban was weighed, dissolved and diluted to 100 ml
with mobile phase. (Stock solution)2 ml of above solution was transferred into 100 ml flask
and diluted to volume with mobile phase. (20 ppm solution)

Change in flow rate (- 0.1 ml/min) Flow rate adjusted to 0.9 ml/min

Table no. 10: Change in flow rate (- 0.1 ml/min).

Peak name | TCENUON | e | Area% | asymmetry | |neoretical
time plates
rivaroxaban 3.592 561825 | 100.00 1.161 5950

Change in flow rate (+ 0.1 ml/min) Flow rate adjusted to 1.10 ml/min
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Table no. 11: Change in flow rate (+0.1 ml/min).

Peak name Retention area | Area% | asymmetry Theoretical
time plates
rivaroxaban 2,950 547461 | 100.00 1.175 5120

Table no. 12: Change in wavelength (- 2 nm) Wavelength adjusted to 248 nm.

Peak name Retention area | Area% | asymmetry Theoretical
time plates
rivaroxaban 3.242 548394 | 100.00 1.168 5523

Table no. 13: Change in wavelength (+ 2 nm) Wavelength adjusted to 252 nm.

Peak name Retention area | Area% | asymmetry Theoretical
time plates
rivaroxaban 3.241 555657 | 100.00 1.169 5524

Accuracy

The closeness of agreement between the value acknowledged as a conventional true value or

an approved reference value and the value found is expressed by the accuracy of an analytical

method. This is known as truthfulness. Accuracy was calculated using the precision

experiment data, and the results for percent accuracy at three levels over the range were

tallied. According to ICH guideline Q2R1, accuracy is measured across the spectrum at three

concentration levels (QC standards). For each concentration level, the region of injections

was determined. Percent accuracy was calculated using the measured concentrations and

nominal concentrations. The same's outcomes are tabulated. Rivaroxaban results were found

to be within acceptable limits of pharmacopoeial norms.

Formula for assay

Inj. No. Area
1 597634
2 595205
AVG 596419

% Assay = Avg. area of sample solution x conc. of std x purity x 100

Area of standard solution x conc. of sample x 100
% Assay = 596419 x 20 x 100 x 100 = 101.15%

589602 x 20 x 10

WWW.wjpr.net
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Peak name Retgntlon area Area % | asymmetry Theoretical
time plates
Rivaroxaban 3.244 597634 100.00 1.170 5542
Assay of tablets- Inj 2
Peak name Retgntlon area Area % | asymmetry Theoretical
time plates
Rivaroxaban 3.245 595205 100.00 1.171 5539
Peak name Retgntlon area Area % | asymmetry Theoretical
time plates
Rivaroxaban 3.241 589602 100.00 1.169 5517

Recovery
Preparation of Standard Stock Solution:To make a 1000 ppm solution, 100 mg of
Rivaroxaban was carefully weighed and put to a 100ml volumetric flask, where it was

dissolved and diluted to volume with mobile phase.!®!

Preparation of Tablet Stock Solution: To make fine powder, ten pills were weighed and
crushed. The average weight of the tablets is 0.0875 g. A 100 mL volumetric flask was filled
with an accurately weighed amount of finely powdered tablets equivalent to 100 mg of
Rivaroxaban; 60 mL of mobile phase was added and sonicated with intermittent shaking for

10 minutes.

Recovery of rivaroxaban

Table no. 14: Recovery study of rivaroxaban.

Spike Standard Conc Recoverv in
Level solution solution after y % recovery
. ppm
area (y) area (m) spike
50% 894888 30342 30 29.49 08.31
100% 1168449 30342 40 38.51 96.27
150% 1541427 30342 50 50.81 101.60

% Recovery Calculations- x = y/m

% Recovery=x * 100

T
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Stability indicating conditions

Forced degradation

The forced degradation research is an important analytical component of the small molecule
medication development programme. Stress testing, also known as forced deterioration, is
used to demonstrate the specificity of a stability-indicating analytical method created utilising
high-performance liquid chromatography (HPLC), i.e., a single analytical approach capable
of distinguishing degradant peaks from drug substance/drug product peaks . Stability studies
are required to propose the shelf life of new drug substances and/or drug products, according
to the International Conference on Harmonization (ICH) recommendations (Q1A). Various
regulatory submissions to the FDA include shelf life research. In order to estimate the shelf
life of a drug substance or drug product, three types of stability studies must be conducted:
accelerated stability (ACC), intermediate stability (INS), and regulated room temperature
(CRT) stability. A stability research is carried out to determine the molecule's intrinsic
stability, and it is expected that the drug substance/drug product would degrade/decompose
and generate other molecules known as contaminants during the study. Various stress
conditions are purposely used during forced degradation investigations to degrade/decompose
the main component and generate impurities, which should segregate from the main
compound and from each other. As a result, forced degradation studies are used to suggest
the shelf life of new drug ingredients and/or drug products by estimating the
degradant/decomposed impurities that would occur during stability testing. To separate and
estimate all of the degradant chemicals expected to be present at the time of the forced
degradation investigation, various analytical techniques/equipment can be used. HPLC-UV
and HPLC-PDA are well-known techniques that are commonly utilised in the pharmaceutical
industry during forced degradation experiments as part of the development and validation of
the stability-indicating method. The techniques of high-performance liquid chromatography
with mass spectrometry (LC-MS), gas chromatography with mass spectrometry (GC-MS),
and nuclear magnetic resonance (NMR) spectroscopy are all useful for determining the
structure of degradants.

Table no. 15: Degradation studies.
Conc of | Conditions

Degradation type reagent applied Time | Remarks
Observe physical
0.1 n hcl 70° 4 hrs | appearance of sample

after degradation

Alkali (base) 0.1 n naoh 70" 4hrs
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Thermal (dry heat) Na 1500 4 hrs
Expose
under day .
Uv light at te'r“;]mfrlaetrlljtre 24 hrs
254nm P
wavelength

Selection and Procedures of forced degradation condition

Forced degradation is commonly performed in several stress conditions, such as acid, alkali,
peroxide, heat, and UV, together with a control sample, according to ICH guidelines and
normal industry practise. There are no industry standards for how much degradation should
be achieved; nevertheless, current industrial practises recommend achieving 5 to 30%
degradation under any of the applied stress situations. The goal of the stress testing
degradation is to replicate the control room temperature stability circumstances. The
conditions or concentrations of the reagent should be optimised in circumstances where larger
or lower degradations are detected. The following goals are pursued through forced
deterioration studies: 1. To identify drug substance and drug product degradation pathways.
2.To distinguish degradation products associated with drug products from those produced by
non-drug compounds in a formulation. 3.To figure out how degradation products are made.
4.To determine a pharmacological substance's inherent stability in formulation. 5.To
determine the drug substance and drug product's degradation mechanisms, such as hydrolysis,
oxidation, thermolysis, or photolysis. 6.To determine the nature of a developed method's
stability.7.To comprehend medication molecule chemical characteristics. 8.To create
formulas that are more stable. 9.To establish a degradation profile similar to that seen in a
formal stability study conducted under ICH circumstances. The HPLC approach was used for
Forced degradation tests (stress studies) of Rivaroxaban in bulk medication utilising a
Schimadzu C18 (250 x 4.6 mm internal diameter; 5 m particle size) column with acetonitrile
and water pH 3.0 in an 80:20 v/v ratio as the mobile phase. The component was monitored

and detected with a UV detector at 250 nm at a flow rate of 1.0 ml/min.

Acidic degradation

Acidic decomposition Rivaroxaban was produced at a concentration of 1 mg/mL by
dissolving 50 mg in 50 mL of 0.1N hydrochloric acid. In a thermostatically controlled water
bath, the solution was heated to 70°C. A sample of 0.2 mL of the solution was taken and
diluted with mobile phase. The sample was then examined using HPLC to determine the

degree of deterioration.
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Alkaline degradation

Alkaline decomposition 50 milligrammes of Rivaroxaban was dissolved in 50 mL of 0.1N
NaOH to make 1 mg/mL Rivaroxaban. In a thermostatically controlled water bath, the
solution was heated to 70°C. A sample of 0.2 mL of the solution was taken and diluted with
mobile phase. The sample was then examined using HPLC to determine the degree of

deterioration.

UV degradation

UV radiation at 254 nm was used to expose 100 mg of Rivaroxaban. After 24 hours, the
sample was taken and diluted with mobile phase to obtain a 20ppm solution. The sample was
then examined using HPLC to determine the degree of deterioration. Under UV light, there

was no change in the appearance of the material.

Thermal degradation

The Petridish was held in the oven at 150°C with 100 mg of Rivaroxaban evenly scattered in
a thin layer. After 4 hours, the sample was taken and diluted with mobile phase to obtain a
20ppm solution. The sample was then examined using HPLC to determine the degree of
deterioration. Under thermal degradation conditions, there was no change in the appearance

of the sample.

DISCUSSION

Rivaroxaban remains stable in higher temperatures. When compared to acid and UV
degradation, it decomposed more in alkaline circumstances. The deterioration was
determined to be 18.4 percent in alkaline conditions, such as 0.1N NaOH at 70°C for 4 hours.
The degradation was determined to be 0.72 percent at acidic conditions (0.1 N HCI at 70°C
for 4 hours). Rivaroxaban drug degradation was about 4.2 percent and 0.67 percent under UV
light for 24 hours and in a heat environment at 150°C for 4 hours, respectively.

Chromatograms obtained are given below- Blank

Peak | Name Retention time Area Area %
1 Unknown 2.612 2935 0.354

2 Rivaroxaban 3.237 824717 99.333
3 Unknown 3.819 2599 0.313
Total | ---------- 830251 100.00
peak | name Retention time area Area %
1 rivaroxaban 3.240 299655 100.00
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Alkali degradation

Peak | Name Retention time Area Area %
1 Unknown 2.607 5957 12.556
2 Unknown 3.080 351 0.740
3 Rivaroxabn 3.238 38718 81.606
4 Unknown 3.623 1011 2.130
5 Unknown 3.820 1409 2.969
total | -------- 47446 100.00
Acid degradation
Peak | Name Retention time Area Area %
unknown 2.495 4389 0.680
Rivaroxaban 3.237 618754 95.820
Unknown 3.818 22600 3.500
Total | ----—-- | = - 645742 100.00
UV degradation
Peak | Name Retention time Area Area %
1 Unknown 2.634 1627 0.245
2 Rivaroxaban 3.240 657884 99.280
3 Unknown 3.821 3147 0.475
total | - | e 662657 100.00
CONCLUSION

The proposed study describes a new HPLC method for estimating Rivaroxaban in both bulk
and tablet form. The approach was tested and found to be straightforward, sensitive, precise,
and robust. The percentage of recovery indicates that the procedure is free of excipient
interference in the formulation. As a result, the proposed method can be employed in normal

quality control testing laboratories for routine examination of Rivaroxaban estimate.
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