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Development and Validation of a Stability-Indicating Assay Method for the Anticoagulant Dosage Form Using RP-HPLC


ABSTRACT
Anticoagulants represent a category of dosage forms utilized in the treatment of thrombotic disorders, which extend the clotting time. This study focuses on quantifying Edoxaban in solid oral dosage forms. A precise RP-HPLC method was established to ascertain the Edoxaban content using a specific stability-indicating approach. Edoxaban is effectively resolved using a C18 column with isocratic elution employing acetonitrile and Triethylamine buffer (pH 5.5) at a flow rate of 1 mL/min, with the peak appearing at a retention time of approximately 4 minutes and quantified at its λmax (290 nm). The method demonstrated accuracy and linearity across the concentration range of 14.91 µg/ml to 89.46 µg/ml of the test concentration. A forced degradation study was conducted to validate the specificity of the method, confirming degradation and establishing it as a stability-indicating method. The developed method has been validated in accordance with ICH guidelines and has been found to be satisfactory, precise, linear, and accurate. Consequently, the proposed RP-HPLC method is employed in routine quality control analysis for content determination.
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1. INTRODUCTION 
Edoxaban: (class: Novel Oral Anti-Coagulants (NOACs) (1); IUPAC name: N- (5-Chloropyridin-2-yl)-N′-[(1S,2R,4S)-4-(N,N-dimethylcarbamoyl)-2-(5-methyl-4,5,6,7 tetrahydro[1,3]thiazolo[5,4-c]pyridine-2-carboxamido)cyclohexyl] oxamide; used to treat the people with atrial fibrillation (a heart rhythm disorder) (1) to lower the risk of stroke caused by a blood clot.) In addition, edoxaban is indicated following hip or knee replacement surgery to prevent deep vein thrombosis (DVT) (2), a specific type of blood clot, which can result in blood clots in The lungs (pulmonary embolism) During the process of development of the drug product in generic pharmaceutical industries, development of an accurate and efficient analytical method for determining the quality of the product is a key activity(3,4). Edoxaban is immediate release tablets dosage form with half life of 10-14 hrs and it reaches to its peak plasma concentration within 1-2 hrs.
[image: undefined]
Fig. 1: The structure of Edoxaban.

Oral Anticoagulants are extensively utilized in clinical settings due to their user-friendliness, advantageous pharmacological characteristics, and the absence of monitoring requirements. Nevertheless, although they possess a superior safety profile compared to vitamin K antagonists, the risk of bleeding remains significant. Innovative anticoagulants that focus on the contact phase of coagulation are presently under development, which may enable the prevention of thrombosis risk without compromising hemostasis(5-8).
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Fig. 2: Graphical representation of Coagulation mechanism

The development of analytical methods entails the design and optimization of a procedure aimed at measuring the chemical composition, concentration, or structure of substances within a sample. This process encompasses the selection of the suitable analytical technique (such as HPLC, GC, or Spectrophotometry), the determination of the optimal experimental conditions, and the preparation of the sample for analysis(9-12). 
The development of analytical methods plays a crucial role in the discovery, development, and manufacturing of pharmaceuticals. These methods are employed to guarantee the purity, potency, and performance of drug products. Numerous factors must be taken into account during the method development process. Analytical method development refers to the procedure of creating a specific analytical method for drug products, spanning from the in-process stage to the finished product, with invalidation required prior to commencing the analysis of routine samples, investigation samples, and stability samples(13-14).
Regulatory bodies, including the International Council for Harmonisation (ICH), require that analytical methods be subjected to comprehensive validation to guarantee their reliability and reproducibility(15).

Essential validation parameters, such as linearity, accuracy, precision, specificity and robustness, need to be systematically assessed to verify that the method is appropriate for routine analysis.


2. METHOD DEVELOPMENT
Chromatographic method for Edoxaban Tablets was successfully developed to determine the content of Edoxaban using RP-HPLC. Objective was to develop on suitable method with shorter runtime, reproducible, rugged and simple  which can be intended for routine analysis and can be successfully validated as per ICH guideline. Below trials were taken to optimise the method:
· Various columns from different makes,  different dimension  were tried
· Buffers  with variable pH
· Buffer and organc composition  varied
· Flow rate varied 
· Variable Column oven temperature tried
The screening phase done by utilizing Design Expert software.  A total of 15 experimental runs incorporating 12 factorial points and 3 center points per block were employed. This design was deliberately chosen due to its reduced number of runs compared to 3 level factorial designs. Following the risk assessment, the critical method parameters or method variables were determined to be the pH of the mobile phase, the flow rate, and the temperature of the column oven. The method responses, also referred to as critical quality attributes, that were selected included the retention time of the drug, the number of theoretical plates and the asymmetry factor. The responses obtained from the execution of the 15 experimental runs were subsequently input into the DoE software.

Based on the above outcomes optimal chromatography was concluded with standard and test concentration of 60 µg/mL. Method found capable of quantify the content at the stated  concentration.

2.1 MATERIALS AND METHODS  
Acetonitrile, hydrochloric acid, sodium hydroxide, and hydrogen peroxide, Triethylamine (all of AR grade) HPLC grade water (Millipore Inc., USA), Sonicator.

2.1.1 Analytical Condition and Instrument Methodology

Buffer preparation: Added 1 mL of triethylamine in 2000 mL of millli Q water and mixed well. pH of the buffer was adjusted to 5.50.

Mobile Phase Prepartion: Mixed well buffer and acetonitrile in the ratio of  65:35 v/v and degassed by sonication.

Diluent preparation: Mixed well water and acetonitrile in the ratio of  50:50 v/v and degassed by sonication.

Standard and test preparation: Test and Standard were prerpared using diluent to make the concentration 60 µg/mL.


Chromatographic condition:
The chromatographic separation was performed using Waters HPLC 2695 Alliance System, photodiode array detector, Chromeleon-software was used as CDS.

	Column
	Inertsil ODS C18 -100 Å (100 × 4.6 mm), 3 5µm

	Flow  rate
	1mL/min

	Column oven temperature
	35°C

	Injection Volume 
	10µL

	Detector
	UV-PDA 290 nm

	Mode of seperation
	Isocratic mode

	Run time
	10  min



3. RESULTS AND DISCUSSION:
Satisfactory chromatography achieved with good peak shape of Edoxaban in isocratic elution mode. The column efficiency/theoretical plates, tailing factor %RSD for six replicate injections of standard were finalized as system suitability criteria. Method was subjected to challange its suitability by validating as per ICH guidelines(16).

3.1 Method Validation: 
3.1.1 Specificity: 
Specificity refers to the capability of a method to quantify the analyte response amidst degradation impurities and the matrix. Conducting stress testing on drug products can assist in recognizing degradation products that arise during stability studies. These findings can be utilized to define the degradation pathway and the intrinsic stability of the molecule, as well as to validate the stability-indicating proficiency of the analytical method employed.
The specificity of the developed RP-HPLC method for Edoxaban Tablets in the presence of its degradation impurities and placebo matrix. Forced degradation studies were conducted on Edoxaban tablets to give an insight into the stability indicating property and specificity of the proposed method. The degradation analysis includes exposing the sample to different stress conditions like heat (105˚C for 2 days), acid hydrolysis (2M HCl at 60 °C for 120 minute), base hydrolysis (5 M NaOH for 120 minutes at room temperature) and oxidation (30% v/v H2O2 for 24 hrs at room temperature). Both alkali solution and acid solution exhibited substantial degrading property. Photodiode array (PDA) detector was used to confirm the Edoxaban peak homogeneity and purity in all stressed sample solutions. These results of forced degradation studies are given in Table 1.

Force degradation study
The force degaradation study were tabulated below which shows stability indicating method for Edoxaban Tablets.




Table 1: Forced degradation study results of Edoxaban Tablets

	Condition
	% Assay
	% Degradation
	Purity Match

	Control
	99.9
	NA
	1000

	Acid hydrolysis (2M HCl at 60 °C for 2 hrs.
	93.4
	6.5
	1000

	Base hydrolysis(5 M NaOH for 2 hrs at room temperature)
	94.8
	5.1
	1000

	Oxidation (30%v/v H2O2 for 24 hrs at room temperature)
	99.6
	0.3
	1000

	Thermal degradation (105˚C for 2 days)
	99.8
	0.1
	1000
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Fig. 3: The sample chromatogram
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Fig. 4: The placebo chromatogram
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Fig. 5: The Acid hydrolysis degradation chromatogram
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Fig.6: The Base hydrolysis degradation chromatogram
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Fig.7: The Oxidation degradaation chromatogram
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Fig.8: The Thermal degradaation chromatogram

Results obtained for the selectivity:
	Selectivity
	Interference

	Blank
	No interference observed at the retention time of the Edoxaban peak

	Placebo
	No placebo interference observed for placebo at the retention time of the Edoxaban peak

	Degradation impurities
	No interference observed from the degradation impurities peak at the retention time of the Edoxaban peak






Table. 2: Selectivity inference

3.1.2 Linearity: The Edoxaban is linear over the range from 14.910 µg/ml to 89.460 µg/ml Correlation coefficient found for Edoxaban is 1.0000. 
.
	Linearity Level
	Concentrations(µg/mL)

	1
	14.91

	2
	29.82

	3
	59.64

	4
	71.57

	5
	89.46

	Correlation Coefficient
	1.0000

	Slope
	15573.5760

	Intercept
	-69.9832

	Statistical Y-Intercept
	0.0000



Table. 3: Linearity results

Acceptance criteria: Correlation Coefficient should be Not less than 0.999





Fig. 9: The Linearity graph

3.1.3 Precision: 
The precision of the method is the degree of agreement between the results. The precision of the method was studied for system precision, method precision, and intermediate precision. A standard solution of Edoxaban was injected six times to determine the system precision of the method, and %RSD was calculated for Edoxaban in table 4. Method precision study shows relative standard deviation of result for Edoxaban are 0.3% and Intermediate precision study shows relative standard deviation of result for Edoxaban are 0.5 % respectively table




	Sl. No.
	Method precision
	Intermediate precision

	 
	Assay (%)

	1
	99.9
	99.2

	2
	100.1
	99.5

	3
	99.3
	100.2

	4
	99.9
	99.7

	5
	99.6
	99.0

	6
	100.2
	100.0

	Average
	99.8
	99.6

	STD Deviation
	0.3327
	0.4604

	% RSD
	0.3
	0.5



Table. 4: Method Precision and Intermediate Precision results

Acceptance criteria: % RSD should not be more than 2.0%  

3.1.4 Accuracy (Recovery): 
The accuracy of the method for Edoxaban was determined by analyzing Edoxaban sample solutions at three different concentration levels of 50% to 150%. The recovery of all these was found to be in between the predefined acceptance criterion of 95.0% - 105.0%.

	Accuracy %
	Qt. Taken (mg)
	Amount (mg) Spiked
	Amount (mg)
recovered
	% Recovery
	Avg % Recovery
	% RSD

	50
	59.58
	59.52
	59.31
	99.7
	99.3
	0.3

	50
	60.55
	60.49
	60.02
	99.2
	
	

	50
	59.89
	59.83
	59.32
	99.1
	
	

	100
	119.92
	119.80
	119.88
	100.1
	100.0
	0.5

	100
	121.24
	121.12
	120.51
	99.5
	
	

	100
	119.76
	119.64
	120.11
	100.4
	
	

	100
	119.48
	119.36
	118.59
	99.4
	99.6
	0.6

	100
	121.33
	121.21
	120.14
	99.1
	
	

	100
	119.98
	119.86
	120.14
	100.2
	
	

	150
	181.21
	181.03
	180.21
	99.5
	99.7
	0.4

	150
	180.22
	180.04
	178.92
	99.4
	
	

	150
	180.33
	180.15
	180.34
	100.1
	
	

	
	
	
	Overall  
	99.6
	0.5



Table. 5: Recovery results

Acceptance criteria:  
1 Recovery at each, mean recovery and overall recovery should be in range odf 95.0% - 105.0%.
2 % RSD for the accuracy of the all levels should not be more than 2.0%

3.1.5 Stability of Analytical Solution: 
The solution stability study of Edoxaban, after 48 h at 25 °C and 2-8 °C temperature and no continuous increasing or decreasing trend was observed in the % content of Edoxaban.
The study was performed on the both standard and test solution at specific interval of time and observation are  tabulated below.

	Ambient Temperature (25 °C)
	Refrigerated condition (2-8 °C)

	Interval
	Similarity factor
	Solution stability
	Interval
	Similarity factor
	Solution stability

	Initial
	NA
	NA
	Initial
	NA
	NA

	48 hrs
	0.98
	Stable
	48 hrs
	0.98
	Stable



Table. 6: Solution stability results of standard




	Ambient Temperature (25 °C)
	Refrigerated condition (2-8 °C)

	Interval
	Similarity factor
	Solution stability
	Interval
	Similarity factor
	Solution stability

	
	% Assay
	% difference
	
	% Assay
	% difference

	Initial
	99.6
	NA
	Initial
	99.6
	NA

	48 hrs
	100.2
	Stable
	48 hrs
	99.9
	Stable



Table. 7: Solution stability results of Test solution

Acceptance criteria:  
1 Similarity factor for the standard and freshly prepared standard should be in range of 0.98 – 1.02.
2 % difference assay of test preparation at given interval time with respect to initial should not be more than 2.0%

3.1.6 Robustness: 
Robustness of  the method was performed by making deliberate variation in the chromatographic condition. The method was found robust for ± 10% variation in flow rate of mobile phase, ± 0.2 °C variation in pH of the buffer, ± 5 °C variation in column oven temperature, ± 1% absolute organic phase variation in isocratic program variations. The effect of column temperature on the resolution was studied at 30 °C and 40 °C instead of 35 °C. Outome of the variation  indicates that method was not significantly impacted by intended variation which is indicating that the robustness of the method.

4. CONCLUSION: 
Analytical method for the quantification of Edoxaban in Edoxaban Immideate Release Tablets was successfully validated as per ICH guidelines. A rapid, suitable, specific, sensitive, Linear, accurate  and precise reverse-phase HPLC method for the quantitative determination of Edoxaban, an anticoagulant drug, is intended for the routine use. The developed RP-HPLC method can applied to the analysis of Edoxaban drug substances. A forced degradation study was carried out under acidic, alkaline, peroxide, and thermal conditions to demonstrate the stability-indicating nature of the developed RP HPLC method, where content determination of the dosage was carried out.
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