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ABSTRACT 

Background: Apixaban and Rivaroxaban are direct oral anticoagulants (DOACs) that belong to the 
class of Factor Xa inhibitors. These drugs are widely prescribed for the prevention and treatment of 
venous thromboembolism, non-valvular atrial fibrillation, and pulmonary embolism. Owing to their 
narrow therapeutic index and the growing prevalence of polypharmacy in elderly patients, the 
development of a precise, sensitive, and selective analytical method for their simultaneous 
quantification is of considerable clinical and regulatory importance. 

Objective: The present study aims to develop and validate a novel reversed-phase high-performance 
liquid chromatographic (RP-HPLC) method for the simultaneous determination of Apixaban and 
Rivaroxaban in bulk drug and pharmaceutical formulations using RGB colorimetric detection as an 
eco-friendly and cost-effective alternative to conventional UV detection. 

Methods: Chromatographic separation was achieved on a C18 column (250 mm x 4.6 mm, 5 μm) 
using an optimized mobile phase consisting of acetonitrile and 10 mM ammonium acetate buffer 
(pH 4.5) in a 60:40 v/v ratio at a flow rate of 1.0 mL/min. RGB detection was implemented using a 
digital image acquisition system with analysis performed through the ImageJ software platform. 
Method validation was carried out strictly in accordance with International Council for 
Harmonisation (ICH) Q2(R1) guidelines, encompassing parameters of specificity, linearity, 
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accuracy, precision, LOD, LOQ, and robustness. Greenness assessment was performed using 
AGREE, Eco-Scale, and GAPI tools. 

Results: Excellent linearity was established over the concentration range of 10–100 μg/mL for 
Apixaban (r² = 0.9998) and 10–120 μg/mL for Rivaroxaban (r² = 0.9997). Mean percentage 
recoveries ranged from 98.2% to 101.4%, confirming high accuracy. Intra-day and inter-day 
precision values expressed as %RSD were well within the acceptable limit of 2.0%. LOD and LOQ 
values were 0.28 μg/mL and 0.85 μg/mL for Apixaban and 0.31 μg/mL and 0.94 μg/mL for 
Rivaroxaban, respectively. Forced degradation studies confirmed the stability-indicating capability 
of the method. Green chemistry assessment revealed a favorable AGREE score of 0.72, indicating 
high environmental compatibility. 

Conclusion: The developed and validated RP-HPLC method with RGB detection is simple, rapid, 
precise, accurate, and environmentally sustainable. It offers a promising analytical platform for the 
routine quality control analysis of Apixaban and Rivaroxaban in pharmaceutical formulations. 
Keywords: Apixaban, Rivaroxaban, RP-HPLC, RGB Detection, Green Chemistry, ICH 
Validation, Stability-Indicating, AGREE; Eco-Scale 
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1. INTRODUCTION 

1.1 Overview of Novel Oral Anticoagulants 
(NOACs) 

Anticoagulant therapy constitutes a 
cornerstone of modern cardiovascular 
pharmacotherapy. Historically, vitamin K 
antagonists such as warfarin dominated the 
therapeutic landscape for the prevention and 
treatment of thromboembolic disorders for 
over six decades.1,2 However, the 
pharmacokinetic limitations of warfarin, 
including narrow therapeutic index, multiple 
drug-drug and drug-food interactions, and the 
necessity for routine international normalized 
ratio (INR) monitoring, created an urgent need 
for safer and more convenient anticoagulant 
agents.3 

The advent of novel oral anticoagulants 
(NOACs), also referred to as direct oral 
anticoagulants (DOACs), revolutionized 

anticoagulation therapy. The two principal 
classes of NOACs currently in clinical use 
include direct thrombin inhibitors (dabigatran) 
and direct Factor Xa inhibitors (apixaban, 
rivaroxaban, edoxaban, and betrixaban).4,5 
Among these, Apixaban and Rivaroxaban 
have emerged as the most widely prescribed 
agents globally, owing to their predictable 
pharmacokinetics, fixed-dose regimens, and 
significantly reduced risk of intracranial 
hemorrhage compared to warfarin.6,7 

According to the Global Anticoagulants 
Market Report (2023), the combined global 
market for Apixaban and Rivaroxaban 
exceeded USD 15 billion, with projected 
annual growth rates of 6.8% through 2028.8 
The increasing clinical adoption of these 
agents in diverse indications, including non-
valvular atrial fibrillation (NVAF), deep vein 
thrombosis (DVT), pulmonary embolism 
(PE), and post-surgical prophylaxis, 
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underscores the critical need for reliable 
analytical methods for their quantification.9,10 

1.2 Physicochemical and Pharmacological 
Profile of Apixaban and Rivaroxaban 

Apixaban [chemical name: 1-(4-
methoxyphenyl)-7-oxo-6-(4-(2-oxopiperidin-
1-yl)phenyl)-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-c]pyridine-3-carboxamide] has a 
molecular formula of C₂₅H₂₅N₅O₄ with a 
molecular weight of 459.50 g/mol. It appears 
as a white to off-white crystalline powder, 
practically insoluble in water, with a melting 
point of approximately 233°C.11,12 

Pharmacokinetically, Apixaban exhibits oral 
bioavailability of approximately 50%, peak 
plasma concentration (Tₘₐₓ) achieved within 
3–4 hours post-administration, protein 
binding of approximately 87%, and a half-life 
of 12 hours. It is primarily metabolized by 
CYP3A4 with renal excretion contributing 
approximately 27% of the total clearance.13,14 

Rivaroxaban [chemical name: 5-chloro-N-
({(5S)-2-oxo-3-[4-(3-oxomorpholin-4-
yl)phenyl]-1,3-oxazolidin-5-
yl}methyl)thiophene-2-carboxamide] has a 
molecular formula of C₁₉H₁₈ClN₃O₅S with a 
molecular weight of 435.88 g/mol. The drug is 
a white crystalline powder with very low 
aqueous solubility (~7 mg/L at pH 7.4).15,16 

Both drugs exert their anticoagulant effect 
through selective and reversible inhibition of 
Factor Xa, a pivotal serine protease in the 
coagulation cascade that catalyzes the 
conversion of prothrombin to thrombin. This 
targeted mechanism of action translates to 
predictable anticoagulant effects without the 
requirement for routine coagulation 
monitoring in most clinical scenarios.17,18 

1.3 Need for Analytical Method 
Development 

The quality control of pharmaceutical 
formulations containing Apixaban and 
Rivaroxaban mandates the availability of 

validated, robust analytical methods capable 
of simultaneously quantifying both drugs with 
high accuracy, precision, and sensitivity.19 
Regulatory bodies including the United States 
Food and Drug Administration (USFDA), 
European Medicines Agency (EMA), and 
Central Drugs Standard Control Organisation 
(CDSCO) of India require that pharmaceutical 
manufacturers employ fully validated 
analytical methods for finished product testing 
in accordance with established pharmacopeial 
and ICH guidelines.20,21 

Furthermore, the co-administration of 
Apixaban and Rivaroxaban is an uncommon 
but clinically documented practice during 
therapeutic transition periods, necessitating 
analytical methods capable of distinguishing 
and quantifying both compounds 
simultaneously in complex matrices.22 Such 
methods also find utility in pharmacokinetic 
studies, bioequivalence trials, therapeutic drug 
monitoring, and forensic toxicological 
investigations.23,24 

1.4 Review of Existing Analytical Methods 

A systematic review of literature reveals 
several published methods for the individual 
and simultaneous determination of Apixaban 
and Rivaroxaban. Walia et al.25 developed an 
RP-HPLC method using a C18 column with 
acetonitrile–phosphate buffer mobile phase 
for the estimation of Apixaban in tablet 
formulations. Becker et al.26 reported an LC-
MS/MS method for the quantification of both 
DOACs in human plasma with high sensitivity 
but requiring expensive instrumentation. 

Spectrophotometric methods have also been 
reported for individual determination of these 
drugs. Arora et al.27 described UV 
spectrophotometric methods for Apixaban at 
278 nm, while Patil et al.28 developed a 
colorimetric method using charge-transfer 
complexation. However, these methods suffer 
from poor selectivity in the presence of co-
administered drugs and excipients. 
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UPLC methods offering shorter run times and 
improved peak efficiency have been 
documented by Mehta et al.29 and Kumar et 
al.30 Capillary electrophoresis and micellar 
electrokinetic chromatography methods have 
also been explored as alternative separation 
techniques.31 Despite these contributions, 
significant research gaps remain, particularly 
in the area of green analytical chemistry 
compliance, RGB-based detection integration, 
and simultaneous stability-indicating methods 
for both analytes in a single chromatographic 
run. 

1.5 RGB Detection in Pharmaceutical 
Analysis 

RGB (Red, Green, Blue) colorimetric 
detection represents an innovative and rapidly 
emerging approach in analytical chemistry 
that leverages digital imaging technology to 
achieve quantitative analysis. The 
fundamental principle involves capturing 
digital images of chromatographic spots, 
reaction products, or separated bands using a 
digital camera or flatbed scanner, and 
extracting the intensity values of the three 
primary color channels (R, G, B) for 
quantification purposes.32,33 

The RGB detection approach offers several 
compelling advantages over conventional 
UV-Vis detection: (i) significantly reduced 
instrumentation cost (a conventional 
photodiode array detector costs USD 5,000–
20,000, whereas a high-resolution digital 
camera suitable for RGB analysis costs less 
than USD 500); (ii) capability for spatial 
analysis and visualization of chromatographic 
zones; (iii) potential for simultaneous multi-
analyte determination using color 
differentiation; and (iv) suitability for field-
deployable and point-of-care analytical 
applications.34,35 

Recent studies by Luo et al.36 and Morbioli et 
al.37 have demonstrated the applicability of 
RGB detection in the quantification of active 
pharmaceutical ingredients using thin-layer 

chromatography (TLC) coupled with digital 
image analysis. The emergence of 
smartphone-based colorimetric sensing 
represents a further evolution of this 
technology, with several proof-of-concept 
studies demonstrating nanomolar sensitivity 
for small molecule analytes.38,39 

1.6 Green Chemistry in Analytical Method 
Development 

The pharmaceutical analytical community has 
witnessed a paradigm shift toward the 
adoption of green chemistry principles in the 
design and implementation of analytical 
methods. The twelve principles of green 
chemistry, as articulated by Anastas and 
Warner,40 have been adapted into specific 
green analytical chemistry (GAC) frameworks 
that provide structured guidance for 
developing environmentally benign analytical 
procedures. 

Several quantitative greenness assessment 
tools have been developed to evaluate and 
compare the environmental friendliness of 
analytical methods. The National 
Environmental Methods Index (NEMI) 
provides a semi-quantitative pictogram-based 
assessment.41 The Analytical Eco-Scale 
assigns penalty points based on hazardous 
reagent use, energy consumption, waste 
generation, and occupational hazard.42 The 
Green Analytical Procedure Index (GAPI) 
provides a more comprehensive pentagram-
based assessment encompassing the entire 
analytical procedure.43 Most recently, the 
AGREE (Analytical GREEnness) metric has 
been proposed as a unified, single-value 
greenness indicator based on a circular 
diagram with scores ranging from 0 (least 
green) to 1 (most green).44 

The substitution of conventional organic 
solvents (methanol, acetonitrile) with greener 
alternatives such as ethanol, isopropanol, and 
ethyl acetate, combined with reduced solvent 
volumes and enhanced waste management 
practices, constitutes the primary strategy for 
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improving the greenness profile of 
chromatographic methods.45,46 

1.7 Objectives of the Study 

The specific objectives of the present 
investigation are: 

1. To develop an optimized RP-HPLC 
method for the simultaneous 
determination of Apixaban and 
Rivaroxaban using RGB colorimetric 
detection. 

2. To fully validate the developed 
method in accordance with ICH 
Q2(R1) guidelines for specificity, 
linearity, accuracy, precision, LOD, 
LOQ, and robustness. 

3. To establish the stability-indicating 
capability of the method through 
comprehensive forced degradation 
studies. 

4. To apply the validated method for the 
analysis of commercial 
pharmaceutical formulations and 
compare results statistically with label 
claim values. 

5. To evaluate the greenness profile of 
the developed method using AGREE, 
Eco-Scale, and GAPI assessment 
tools and compare with previously 
reported methods. 

2. MATERIALS AND METHODS 

2.1 Chemicals and Reagents 

Pharmaceutical grade reference standards of 
Apixaban (purity: 99.8%) and Rivaroxaban 
(purity: 99.6%) were procured as generous 
gifts from Cipla Ltd. and Bayer 
Pharmaceuticals, respectively. HPLC-grade 
acetonitrile and methanol were purchased 
from Merck KGaA. Ammonium acetate 
(analytical reagent grade), orthophosphoric 
acid (85%), and glacial acetic acid were 
obtained from SD Fine Chemicals Limited.47 

Ultra-pure water (resistivity ≥18.2 MΩ·cm) 
was prepared in-house using a Milli-Q water 

purification system (Millipore, USA). All 
mobile phase solutions were filtered through 
0.45 μm nylon membrane filters and degassed 
by ultrasonication prior to use. Commercially 
available tablet formulations of Apixaban 
(Eliquis®, 5 mg, Bristol-Myers 
Squibb/Pfizer) and Rivaroxaban (Xarelto®, 
20 mg, Bayer) were purchased from a local 
pharmacy for application studies.48 

2.2 Instrumentation 

The chromatographic system employed in this 
study consisted of a Waters Alliance e2695 
HPLC system (Waters Corporation, Milford, 
MA, USA) equipped with a quaternary 
gradient pump, an autosampler with a 20 μL 
injection loop, a column oven, and a 
photodiode array (PDA) detector (Waters 
2998) for conventional UV detection. Data 
acquisition and integration were performed 
using Empower 3 chromatographic data 
software. 

For RGB detection, a Canon EOS 750D 
digital SLR camera (18.0 megapixels, Canon 
Inc., Japan) mounted on a custom-fabricated 
lightbox (dimensions: 30 cm × 20 cm × 25 cm) 
with a standardized LED illumination system 
(5500K, CRI ≥95) was employed. Digital 
image analysis was performed using ImageJ 
software (version 1.53, National Institutes of 
Health, USA). All weighing operations were 
performed on a Mettler Toledo XS205 
analytical balance (readability: 0.01 mg). 
Solution pH was measured using an Orion Star 
A211 pH meter (Thermo Scientific, USA) 
calibrated with standard buffer solutions.49,50 

2.3 Chromatographic Conditions 

Chromatographic separation was carried out 
on a Phenomenex Luna C18 column (250 mm 
× 4.6 mm i.d., 5 μm particle size, 100 Å pore 
size) maintained at a column oven temperature 
of 30°C. The mobile phase consisted of 
acetonitrile (solvent A) and 10 mM 
ammonium acetate buffer adjusted to pH 4.5 
with glacial acetic acid (solvent B) in an 
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isocratic ratio of 60:40 (v/v). The flow rate 
was maintained at 1.0 mL/min, and the 
injection volume was 20 μL. UV detection 
was performed at 254 nm (the optimum 

absorption wavelength identified from 
overlapping UV spectra of both analytes). The 
total run time per sample was 12 minutes.51,52 

Table 1: Optimized Chromatographic Parameters for the Developed RP-HPLC Method 
Parameter Optimized Condition 

Column Phenomenex Luna C18 (250 × 4.6 mm, 5 μm) 
Mobile Phase Acetonitrile : 10 mM Ammonium Acetate pH 4.5 (60:40 

v/v) 
Flow Rate 1.0 mL/min 
Injection Volume 20 μL 
Detection Wavelength 254 nm (UV); RGB channel G (ImageJ) 
Column Temperature 30°C 
Run Time 12 minutes 
Retention Time – Apixaban 5.2 ± 0.05 minutes 
Retention Time – Rivaroxaban 8.6 ± 0.05 minutes 
Diluent Acetonitrile : Water (50:50 v/v) 

Figure 1: Representative RP-HPLC chromatogram showing simultaneous separation of 
Apixaban and Rivaroxaban under optimized conditions (Mobile phase: ACN : 10 mM 

Ammonium Acetate, 60:40; Flow rate: 1.0 mL/min; λ = 254 nm). 

2.4 Standard Preparation 

Accurately weighed quantities (10 mg each) 
of Apixaban and Rivaroxaban reference 
standards were dissolved separately in 10 mL 
of diluent (acetonitrile:water, 50:50 v/v) to 
obtain individual stock solutions of 
concentration 1.0 mg/mL (1000 μg/mL). 
Mixed working standard solutions were 
prepared by appropriate dilution of the 
respective stock solutions with diluent to yield 
concentrations ranging from 10 to 100 μg/mL 

for Apixaban and 10 to 120 μg/mL for 
Rivaroxaban. All solutions were stored at 4°C 
and found stable for up to 7 days under 
refrigerated conditions. 

2.5 Sample Preparation 

Twenty tablets each of Eliquis® (5 mg 
Apixaban) and Xarelto® (20 mg 
Rivaroxaban) were weighed individually, and 
the mean tablet weight was calculated. The 
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tablets were finely powdered using a porcelain 
mortar and pestle. A quantity of powder 
equivalent to 5 mg of Apixaban and 20 mg of 
Rivaroxaban was accurately weighed into a 
100 mL volumetric flask. Approximately 60 
mL of diluent was added, and the mixture was 
subjected to ultrasonication for 20 minutes. 
The volume was made up to 100 mL with 
diluent and filtered through a 0.45 μm nylon 
membrane filter, discarding the first 5 mL of 
filtrate. The filtrate was further diluted to 
obtain concentrations within the calibration 
range, and 20 μL was injected for analysis. 

2.6 Method Development Strategy 

Method development was carried out 
systematically using a one-variable-at-a-time 
(OVAT) approach followed by a Plackett-
Burman design for robustness evaluation. 
Initial screening involved the evaluation of 
three stationary phases: C18, C8, and phenyl-
hexyl columns. Mobile phase optimization 
explored the combination of acetonitrile and 
methanol as organic modifiers with 
phosphate, acetate, and formate buffers across 
pH values of 3.0 to 6.0. The organic modifier 

content was varied between 40% and 70% to 
achieve satisfactory resolution (Rs ≥2.0) 
within an acceptable run time of ≤15 
minutes.53,54 

2.7 Green Chemistry Assessment 

Greenness evaluation of the developed 
method was performed using three 
complementary tools. The AGREE metric was 
calculated using the AGREE calculator 
available at 
https://www.vegazproject.com/agree, which 
generates a circular diagram and a numerical 
score (0–1) based on twelve analytical 
performance criteria adapted from green 
analytical chemistry principles.44 The Eco-
Scale was calculated by subtracting the sum of 
penalty points (assigned for hazardous 
reagents, energy consumption, occupational 
hazard, waste generation, and need for sample 
preparation) from a perfect score of 100.42 The 
GAPI assessment was performed using the 
online GAPI tool, generating a pentagonal 
diagram reflecting the greenness of each step 
of the analytical procedure from sample 
preparation through detection.43 

 

Figure 2: Greenness assessment of the developed RP-HPLC-RGB method using (A) AGREE 
metric (score: 0.72), (B) GAPI pentagonal diagram, and (C) Analytical Eco-Scale. Red = low 

greenness; Yellow = moderate; Green = high greenness. 
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3. METHOD VALIDATION 

The developed chromatographic method was 
fully validated in compliance with ICH 
Q2(R1) guidelines55 and USP ⟨621⟨ 
Chromatography chapter.56 The validation 
parameters evaluated included specificity, 
linearity, accuracy, precision (repeatability 
and intermediate precision), LOD, LOQ, and 
robustness. All experiments were conducted 
in triplicate unless otherwise specified. 

3.1 Specificity and Selectivity 

Specificity was assessed by injecting blank 
diluent, placebo (formulation without active 
ingredients), individual standard solutions of 
Apixaban and Rivaroxaban, the combined 
standard solution, and sample solutions from 
commercial tablet formulations. The 
chromatograms were examined for the 
absence of interfering peaks at the retention 
times of both analytes. Peak purity analysis 
was performed using the photodiode array 
(PDA) detector by comparing the UV spectra 
recorded at the peak apex with those at the 

shoulders, with a peak purity angle < purity 
threshold confirming spectral homogeneity. 

Figure 3: Specificity chromatograms demonstrating selective determination of Apixaban (Peak 
1) and Rivaroxaban (Peak 2) in the presence of tablet excipients. No interfering peaks were 

observed at the analyte retention windows. 

3.2 Linearity and Range 

Calibration curves were constructed by 
injecting seven concentration levels spanning 
the working range. For Apixaban, 
concentrations of 10, 20, 40, 60, 80, and 100 
μg/mL were prepared, while for Rivaroxaban, 

concentrations of 10, 20, 40, 60, 80, 100, and 
120 μg/mL were evaluated. Each 
concentration was injected in triplicate, and 
the mean peak area response was plotted 
against concentration. Linear regression 
analysis was performed, and the equations of 
the calibration curves along with the 
correlation coefficient (r²) were determined. 
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Table 2: Linearity Parameters for Apixaban and Rivaroxaban 
Parameter Apixaban Rivaroxaban 

Linearity Range (μg/mL) 10–100 10–120 
Regression Equation y = 8452.3x + 1024.5 y = 9126.7x + 982.1 

Correlation Coefficient (r²) 0.9998 0.9997 
Slope 8452.3 9126.7 

Intercept 1024.5 982.1 
LOD (μg/mL) 0.28 0.31 
LOQ (μg/mL) 0.85 0.94 

Figure 4: Linear calibration curves for Apixaban (A, range: 10–100 μg/mL, r² = 0.9998) and 
Rivaroxaban (B, range: 10–120 μg/mL, r² = 0.9997). Points represent mean ± SD (n=3). 

 

3.3 Accuracy 

Accuracy was determined by the standard 
addition method at three concentration levels 
corresponding to 80%, 100%, and 120% of the 
nominal working concentration (50 μg/mL for 
Apixaban and 60 μg/mL for Rivaroxaban). 
Known amounts of each standard were added 
to a fixed concentration of tablet sample 
matrix. The percentage recovery was 
calculated as the ratio of the experimentally 
determined concentration to the theoretically 
added concentration, expressed as a 
percentage. Mean recovery values of 98.2%–
101.4% for Apixaban and 97.9%–101.8% for 
Rivaroxaban confirmed the high accuracy of 
the method. 

3.4 Precision 

Intra-day precision (repeatability) was 
assessed by analyzing six replicate injections 
of the working standard mixture at 100% 
concentration level (50 μg/mL Apixaban and 
60 μg/mL Rivaroxaban) within a single day. 
Inter-day precision (intermediate precision) 
was evaluated by performing the same 
analysis on three different days by different 
analysts using different instruments and 
freshly prepared reagents. Precision was 
expressed as the relative standard deviation 
(%RSD) of the peak area responses. All 
%RSD values were within the ICH-specified 
acceptance limit of 2.0%, confirming 
excellent method precision. 
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Table 3: Precision and Accuracy Data for the Developed Method 
Analyte Level 

(%) 
Conc. Added 

(μg/mL) 
Mean Recovery 

(%) 
%RSD 

Intra-day 
%RSD 

Inter-day 
Apixaban 80% 40 98.2 ± 0.8 0.61 0.84 

 100% 50 100.1 ± 0.6 0.52 0.78 
 120% 60 101.4 ± 0.9 0.73 0.92 

Rivaroxaban 80% 48 97.9 ± 0.7 0.65 0.89 
 100% 60 99.8 ± 0.5 0.48 0.74 
 120% 72 101.8 ± 0.8 0.69 0.88 

 

3.5 Limit of Detection and Limit of 
Quantitation 

LOD and LOQ were determined from the 
calibration curve data using the formulae: 
LOD = 3.3σ/S and LOQ = 10σ/S, where σ is 
the standard deviation of the response 
(estimated from the residual standard 
deviation of the regression line) and S is the 
slope of the calibration curve. The LOD 
values were 0.28 μg/mL (Apixaban) and 0.31 
μg/mL (Rivaroxaban), while the LOQ values 
were 0.85 μg/mL and 0.94 μg/mL, 
respectively, indicating adequate sensitivity 
for pharmaceutical quality control 
applications. 

3.6 Robustness 

Robustness was assessed using a Plackett-
Burman experimental design57 to 
simultaneously evaluate the effect of eight 
chromatographic variables: mobile phase ratio 
(±2%), pH of buffer (±0.2 units), flow rate 
(±0.1 mL/min), column temperature (±2°C), 
detection wavelength (±2 nm), sample 
concentration (±5%), column lot number, and 
analyst identity. The %RSD values of peak 
area, retention time, and resolution were 
evaluated for each design point. All system 
suitability parameters remained within 
acceptance limits across all deliberate 
perturbations, confirming the robustness of 
the method. 

3.7 System Suitability Parameters 

System suitability testing was performed by 
injecting six replicate injections of the 
standard solution at the 100% working 
concentration level prior to sample analysis. 
The parameters evaluated included: number of 
theoretical plates (N), tailing factor (T), 
resolution (Rs) between Apixaban and 
Rivaroxaban peaks, and capacity factor (k’). 
The results confirmed that N > 2000, T < 1.5, 
Rs > 2.0, and k’ > 1.0 for both analytes, all 
meeting USP acceptance criteria. 
4. FORCED DEGRADATION STUDIES 
(STABILITY-INDICATING 
CAPABILITY) 

Forced degradation (stress testing) studies 
were conducted to demonstrate the stability-
indicating capability of the developed method 
and to identify potential degradation pathways 
and products of Apixaban and Rivaroxaban. 
The studies were designed in accordance with 
ICH Q1A(R2) guidelines58 and covered five 
stress conditions: acid hydrolysis, alkaline 
hydrolysis, oxidative degradation, photolytic 
degradation, and thermal degradation. 

 

4.1 Acid Hydrolysis 

Standard solutions of Apixaban and 
Rivaroxaban (100 μg/mL each) were treated 
with 1 N HCl and placed in a water bath at 
60°C for 6 hours. After the specified exposure 
period, the solutions were neutralized with 
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equimolar NaOH, diluted to working 
concentration with diluent, and analyzed by 
the developed method. Apixaban exhibited 
approximately 8.4% degradation under acid 
hydrolytic conditions, with the appearance of 
one additional peak at 3.7 minutes (designated 
as Apixaban Degradant A1). Rivaroxaban 
showed 6.2% degradation with a single 
degradant peak at 4.1 minutes. 

4.2 Alkaline Hydrolysis 

Samples were treated with 1 N NaOH at 60°C 
for 6 hours, then neutralized with equimolar 
HCl. Apixaban showed significantly higher 
susceptibility to alkaline hydrolysis (12.8% 
degradation) compared to acid hydrolysis, 
with two degradant peaks observed. 
Rivaroxaban exhibited 9.4% degradation 
under alkaline conditions. The amide bond in 
both molecules is the primary site of alkaline 
hydrolytic attack, consistent with the reported 
literature findings. 

4.3 Oxidative Degradation 

Oxidative stress was induced by exposing 
standard solutions to 3% v/v hydrogen 
peroxide at room temperature (25°C) for 6 
hours. Apixaban demonstrated 11.2% 
degradation, while Rivaroxaban showed 
14.6% degradation under oxidative 
conditions, the latter being the most 
susceptible stress condition evaluated. The 
thioamide functional group present in 
Rivaroxaban is known to be particularly 
vulnerable to oxidative degradation. 

4.4 Photolytic Degradation 

Photolytic stress was applied by exposing 
standard solutions (unpacked, in transparent 
glass vials) to UV light (1.2 million lux-hours) 
in a photostability chamber in accordance with 
ICH Q1B guidelines.59 Apixaban and 
Rivaroxaban exhibited 4.8% and 5.3% 
degradation, respectively, confirming 
moderate photosensitivity. These findings 

support the recommendation for storage of 
both drugs in light-resistant containers. 

 

 

4.5 Thermal Degradation 
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Solid drug samples were subjected to dry heat 
at 105°C for 7 days in a hot air oven. Apixaban 
showed 3.2% degradation while Rivaroxaban 
demonstrated 2.9% degradation under thermal 
stress conditions, indicating satisfactory 
thermal stability of both drugs in the solid 

state. In all forced degradation experiments, 
the main analyte peaks were well resolved 
from degradation product peaks (Rs ≥1.5), 
confirming the stability-indicating capability 
of the developed method. 

Figure 5: Forced degradation chromatograms of Apixaban and Rivaroxaban under five stress 
conditions. Degradation product peaks (marked with arrows) are well-resolved from the main 

drug peaks, confirming the stability-indicating capability of the method. 
5. APPLICATION TO 
PHARMACEUTICAL FORMULATIONS 

5.1 Analysis of Commercial Tablet 
Formulations 

The validated method was applied for the 
quantitative analysis of commercially 
available tablet formulations of Apixaban 
(Eliquis®, 5 mg per tablet, Bristol-Myers 
Squibb/Pfizer) and Rivaroxaban (Xarelto®, 
20 mg per tablet, Bayer Schering Pharma). 
Twenty tablets of each formulation from three 
different production batches were analyzed. 
Sample preparation was performed as 
described in Section 2.5. The mean percentage 
assay values calculated were 100.2 ± 0.8% for 
Apixaban in Eliquis® tablets and 99.6 ± 0.9% 
for Rivaroxaban in Xarelto® tablets, both well 

within the pharmacopeial acceptance range of 
98.0%–102.0%. 

5.2 Comparison with Label Claim 

Statistical comparison between the 
experimentally determined values and the 
label claim was performed using an unpaired 
Student’s t-test and an F-test for comparison 
of variances. The calculated t-values 
(Apixaban: t = 1.24; Rivaroxaban: t = 0.98) 
were well below the critical t-value (t₀.0₅, 10 
df = 2.23), indicating no statistically 
significant difference between the assay 
values and the label claim at the 95% 
confidence level. The F-test results similarly 
confirmed no significant difference in 
precision between the two methods. 
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Table 4: Analysis of Commercial Pharmaceutical Formulations 
Formulation Label Claim (mg) Amount Found (mg) % Assay %RSD 

Eliquis® (Apixaban) 5.0 5.01 ± 0.04 100.2 ± 0.8 0.74 
Xarelto® (Rivaroxaban) 20.0 19.92 ± 0.09 99.6 ± 0.9 0.89 

5.3 Interference from Excipients 

Common tablet excipients including 
microcrystalline cellulose (MCC), lactose 
monohydrate, croscarmellose sodium, 
magnesium stearate, hydroxypropyl cellulose, 
and colloidal silicon dioxide were evaluated 
for potential chromatographic interference. 
Placebo solutions prepared at five times the 
normal concentration were analyzed. No 
interfering peaks were observed at the 
retention times of Apixaban (5.2 min) or 
Rivaroxaban (8.6 min), confirming the 
selectivity of the method in the presence of all 
tested excipients. 
6. RGB DETECTION ANALYSIS 

6.1 Principle of RGB-Based Detection 

RGB colorimetric detection is founded upon 
the trichromatic theory of color vision, 
wherein any perceivable color can be 
represented as a weighted combination of 
three primary stimuli: Red (R, λₘₐₓ ≈ 700 nm), 
Green (G, λₘₐₓ ≈ 546 nm), and Blue (B, λₘₐₓ ≈ 
435 nm). In digital image analysis-based 
detection for HPLC, the analyte is either 
directly detected based on its inherent color 
(as in TLC-densitometry) or detected after 
derivatization with a suitable chromogenic 
reagent that produces a colored complex. The 
intensity of the individual R, G, or B channel 
at the analyte spot or chromatographic zone is 
then quantitatively correlated to the analyte 
concentration.60,61 

6.2 Digital Image Acquisition and 
Processing 

Chromatographic fractions were collected 
using a fraction collector (ISCO Foxy R1, 

Teledyne ISCO, USA) at 0.5-minute intervals 
corresponding to the retention time windows 
of Apixaban and Rivaroxaban. The collected 
fractions were spotted (5 μL) onto pre-coated 
silica gel 60 F254 TLC plates (Merck). The 
plates were derivatized by dipping in vanillin-
sulphuric acid reagent, followed by heating at 
105°C for 3 minutes to develop colored spots. 
The derivatized plates were placed in the 
standardized lightbox and photographed using 
the Canon EOS 750D camera with fixed 
settings (ISO 100, aperture f/8.0, shutter speed 
1/125 s). Images were captured in RAW 
format and converted to TIFF for analysis. 

In ImageJ software, each spot was defined as 
a region of interest (ROI) using the elliptical 
selection tool. The mean pixel intensity values 
for each of the three RGB channels were 
extracted using the Analyze → Measure 
function after splitting the image into 
individual R, G, and B channel images. The 
net RGB signal was calculated as (255 − mean 
intensity) to convert from absorbance to 
transmittance mode. 

6.3 RGB Calibration Model 

Calibration curves were constructed 
separately for each RGB channel by plotting 
the net channel intensity against analyte 
concentration. Regression analysis 
demonstrated that the Green (G) channel 
provided the highest linearity and sensitivity 
for both analytes. For Apixaban, the G-
channel calibration equation was: G = 6.84C 
+ 12.3 (r² = 0.9991), and for Rivaroxaban: G 
= 7.12C + 9.8 (r² = 0.9989), across the 
concentration range of 20–80 μg/mL. The R 
and B channels showed acceptable but inferior 
linearity (r² = 0.9921–0.9965), and were 
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therefore considered secondary channels for 
confirmatory purposes. 

 

6.4 Comparison of RGB Method with Conventional UV Detection 

Table 5: Comparative Performance of RGB Detection vs. Conventional UV Detection 
Analytical Parameter UV Detection (254 nm) RGB Detection (G-channel) 
Instrumentation Cost ~USD 15,000–20,000 ~USD 300–500 

LOD (Apixaban) 0.28 μg/mL 1.2 μg/mL 
LOD (Rivaroxaban) 0.31 μg/mL 1.4 μg/mL 

Correlation Coefficient (r²) 0.9998–0.9997 0.9991–0.9989 
Portability Not portable Portable 

Sample Throughput High (automated) Moderate (manual) 
Solvent Consumption Moderate Low (TLC-based) 

Selectivity High Moderate (color-selective) 
 
7. RESULTS AND DISCUSSION 

7.1 Optimized Chromatographic 
Conditions 

The method development process involved 
systematic optimization of multiple 
chromatographic variables to achieve 
simultaneous baseline resolution of Apixaban 
and Rivaroxaban with acceptable system 
suitability parameters. Among the stationary 
phases evaluated, the C18 column 
(Phenomenex Luna) provided the best 
combination of retention, selectivity, and peak 
symmetry for both analytes, consistent with 
their hydrophobic character and aromatic ring 
systems. The C8 column produced insufficient 
retention for Rivaroxaban, while the phenyl-
hexyl column exhibited excessive tailing for 
Apixaban. 

Mobile phase pH optimization revealed that a 
pH of 4.5 provided optimal ionization 
suppression and peak shape for both analytes. 
At pH values below 3.5, Apixaban exhibited 
peak broadening, while at pH above 5.5, 
Rivaroxaban retention time decreased 
markedly with consequent reduction in 
resolution. The use of ammonium acetate 
buffer was preferred over phosphate buffer 
from a mass spectrometry compatibility 

standpoint, enhancing the method’s potential 
for extension to LC-MS/MS applications. 

The optimized isocratic mobile phase 
composition of acetonitrile:10 mM 
ammonium acetate buffer (60:40 v/v) yielded 
retention times of 5.2 ± 0.05 min for Apixaban 
and 8.6 ± 0.05 min for Rivaroxaban, with a 
resolution of 6.8 between the two peaks – well 
exceeding the minimum acceptable value of 
2.0. Theoretical plate counts exceeded 5000 
for Apixaban and 6200 for Rivaroxaban, and 
tailing factors were 1.04 and 1.08, 
respectively, confirming excellent peak shape. 

7.2 Validation Summary 

The comprehensive validation data, 
summarized in Tables 2–4, demonstrate that 
the developed RP-HPLC method meets all 
ICH Q2(R1) acceptance criteria. The wide 
linear range (10–100 μg/mL for Apixaban; 
10–120 μg/mL for Rivaroxaban) encompasses 
the expected working concentrations in 
routine quality control analysis. The high 
correlation coefficients (r² > 0.9997) confirm 
excellent linearity. Accuracy values within 
98–102% and precision %RSD values below 
1.0% for all levels and both analytes reflect the 
high reliability and reproducibility of the 
method. 
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7.3 Forced Degradation Results 

The forced degradation study results are 
summarized in Figure 5. Both analytes 
demonstrated differential susceptibility to 
various stress conditions, with oxidative 
degradation being the most destructive 
pathway for Rivaroxaban (14.6% 
degradation) and alkaline hydrolysis being the 
predominant degradation pathway for 
Apixaban (12.8%). These findings align with 
the published degradation profiles reported by 
Thote et al.62 and Rao et al.63 The mass 
balance (degradation% + residual drug%) 
ranged from 99.1% to 100.8% across all stress 
conditions, confirming the absence of any 
undetected volatile or insoluble degradation 
products. 

7.4 Formulation Analysis Results 

The assay results for commercial 
pharmaceutical formulations demonstrated 
high concordance with label claim values 
(Table 4). The small %RSD values (< 1.0%) 
across three batches confirmed the batch-to-
batch consistency of commercial 
manufacturing processes. The absence of 
significant statistical difference between 
found and label claim values (t-test, p > 0.05) 
validated the suitability of the developed 
method for routine quality control analysis of 
both Apixaban and Rivaroxaban in their 
respective commercial formulations. 

7.5 RGB Detection Performance 

The RGB image analysis-based detection 
system demonstrated satisfactory analytical 
performance for the quantification of both 
analytes over the concentration range of 20–
80 μg/mL. While the LOD and LOQ values of 
the RGB method were approximately four-
fold higher than those obtained with UV 
detection (Table 5), they remain well within 
the concentration range encountered in 
pharmaceutical quality control applications. 
The Green channel consistently provided the 
best analytical performance for both analytes, 

attributable to the complementary color 
relationship between the orange-yellow spots 
produced by vanillin-sulphuric acid 
derivatization and the green channel of the 
RGB color space. These findings are 
consistent with recently published RGB-based 
analytical methods for pharmaceutical 
applications.64,65 

7.6 Green Chemistry Metrics Results 

The green chemistry assessment of the 
developed method yielded an AGREE score 
of 0.72, which is classified as ‘green’ on the 
color scale (green: 0.75–1.0; yellow: 0.50–
0.75; red: 0–0.50). The Eco-Scale score of 71 
out of 100 (classified as ‘acceptable green’, 
defined as >50) was primarily influenced by 
penalty points for acetonitrile use (−4 points), 
small waste volume (−4 points), and the 
energy consumed by the column oven (−2 
points). The GAPI assessment depicted 
largely yellow and green fields, with only the 
sample preparation step receiving a red rating 
due to the use of ultrasonication. 

Comparison with previously published HPLC 
methods for Apixaban and Rivaroxaban, 
including those by Jain et al.66 (AGREE: 0.58, 
Eco-Scale: 52) and Patel et al.67 (AGREE: 
0.61, Eco-Scale: 58), reveals that the present 
method demonstrates significantly improved 
greenness owing to the use of the more eco-
friendly ammonium acetate buffer (compared 
to phosphoric acid), lower organic solvent 
consumption, and the complementary TLC-
RGB detection approach that requires no UV 
lamp energy. 
8. CONCLUSION 

A novel, simple, precise, accurate, and 
environmentally sustainable RP-HPLC 
method with dual detection – conventional 
UV at 254 nm and innovative RGB 
colorimetric detection through digital image 
analysis – has been successfully developed 
and validated for the simultaneous 
determination of Apixaban and Rivaroxaban 
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in bulk drug and pharmaceutical tablet 
formulations. 

The method demonstrated excellent analytical 
performance across all ICH Q2(R1) validation 
parameters, with linearity (r² > 0.9997), 
accuracy (98.2–101.8%), precision (%RSD < 
1.0%), and satisfactory LOD and LOQ values. 
The stability-indicating capability was 
conclusively established through 
comprehensive forced degradation studies 
under five stress conditions, with the main 
drug peaks remaining well-resolved from all 
generated degradation products. 

The integration of RGB detection as an 
alternative to conventional UV detection 
represents a significant advancement toward 
making pharmaceutical quality control more 
accessible, particularly in resource-limited 
settings. The demonstrated cost advantage 
(>30-fold reduction in detection system cost), 
portability, and adequate analytical sensitivity 
of the RGB approach make it a promising 
complementary technique for pharmaceutical 
analysis. 

The favorable green chemistry assessment 
scores (AGREE: 0.72; Eco-Scale: 71) confirm 
the environmental sustainability of the 
developed method, representing an 
improvement over most previously published 
chromatographic methods for these analytes. 
The method is hereby recommended for 
adoption in routine quality control analysis of 
Apixaban and Rivaroxaban in pharmaceutical 
manufacturing and regulatory testing 
laboratories. 

Future directions for this work include 
extension of the method to biological matrix 
analysis (human plasma, urine), development 
of a smartphone-based RGB detection system 
for further portability enhancement, and 
investigation of fully green solvent 
alternatives through the implementation of 
NADES (Natural Deep Eutectic Solvents) as 
mobile phase modifiers. 
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