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Development and Validation of New Analytical Method for the Determination of Particle Size Distribution in Empagliflozin Drug Substance using Laser-Based Particle Size Analyzer

ABSTRACT 

	[bookmark: _GoBack]This paper describes a rugged and precise analytical method developed and validated for determining the particle size distribution of Empagliflozin drug substance using a wet dispersion technique on the Malvern Mastersizer 3000. The method was optimized to achieve uniform dispersion and reproducible measurements of particle size parameters (D10, D50, D90). Validation of the method was carried out in accordance with ICH Q2(R2) guideline and demonstrated satisfactory results for precision, intermediate precision, and robustness. All validation parameters were found within the predefined acceptance criteria, confirming the reliability of the procedure. The developed method is therefore suitable for routine particle size analysis and quality control of Empagliflozin active pharmaceutical ingredient, ensuring consistency in formulation performance and compliance with regulatory requirements.
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1. INTRODUCTION 

Empagliflozin is a potent and highly selective sodium–glucose co-transporter-2 (SGLT2) inhibitor used in the management of type 2 diabetes mellitus and associated cardiovascular conditions [1,2]. As a Biopharmaceutics Classification System (BCS) Class III drug, dissolution rate is a critical factor influencing its bioavailability [3]. Particle size distribution (PSD) plays a key role in determining the dissolution characteristics, uniformity, and stability of solid dosage forms [4]. Therefore, accurate and reproducible measurement of particle size is essential to ensure consistent therapeutic performance and process control during manufacturing.
Previous studies on similar highly soluble drugs have demonstrated that precise PSD analysis contributes significantly to formulation optimization and regulatory compliance [5,6]. However, limited literature exists on validated, rugged, and robust methods for Empagliflozin PSD determination.
The present study aims to develop and validate a reliable wet dispersion method using the Malvern Mastersizer 3000 for the determination of Empagliflozin particle size distribution. The method was evaluated for precision, intermediate precision, and robustness in accordance with ICH guidelines [7] to establish its suitability for routine quality control applications.

2. material and methods

2.1 Instrumentation:

Malvern     Mastersizer     3000     equipped     with accessories  Hydro MV wet sample dispersion Unit  system  was  used  for Particle  size  method  validation   with   Software (Version-3.71) was used for data processing and evaluation.

2.2   Instrument General Parameters and sample preparation 

Background and sample measurement durations were set to 10.00 seconds for both red and blue light measurements. Blue light measurement was enabled for the red cycle and disabled for the blue cycle. Light background stability was assessed for 10.00 seconds. The sequence included one aliquot and two measurements with a 10.00-second delay between them. Auto-start and automatic measurement were disabled. Obscuration limits were set between 10–30% without obscuration filtering. The Hydro MV accessory was used in wet mode with a stirrer speed of 2000 rpm and ultrasonic power at 0%. Manual tank fill and degassing after filling were enabled, while sonication to stability was not performed. Cleaning was set to manual mode with no sonication or degassing after cleaning.

Sunflower oil was selected as the dispersion medium for particle size analysis. Approximately 250 mg of Empagliflozin sample was accurately weighed and transferred into a clean, dry 50 mL glass beaker. The sample was initially wetted with 10–12 drops of sunflower oil and gently mixed using a glass rod to form a smooth paste. Subsequently, about 20 mL of sunflower oil was added, and the mixture was sonicated for 30 seconds with continuous stirring to obtain a uniform suspension. The dispersed sample was then added dropwise to the instrument until the obscuration value reached the target range. 


3. results and discussion

3 
3.1 Development 

A comprehensive review of the physical and chemical properties of Empagliflozin was undertaken to support the development of a robust and reliable method for particle size determination. A systematic analytical approach was implemented using the Malvern Mastersizer 3000 equipped with a wet dispersion unit. The main objective of the study was to optimize critical optical and instrumental parameters to ensure precise, accurate, and reproducible measurement of the particle size distribution (PSD) of the Empagliflozin drug substance. This optimization aimed to establish consistent analytical performance suitable for both method validation and routine quality control applications.
During method development, key optical parameters such as particle refractive index (RI), dispersant RI, particle absorption, and sample preparation conditions were carefully evaluated. Multiple trials were performed by varying these parameters to minimize the residual error below 1%, which confirmed the accuracy of optical modeling and ensured the reproducibility of results.
The optimized measurement conditions for particle size determination of Empagliflozin using the Malvern Mastersizer 3000 were established. The analysis was performed in wet dispersion mode employing sunflower oil as the dispersant medium. The particle refractive index (RI) was set at 1.63, and the dispersant refractive index at 1.469, with a sample absorption value of 0.1. The obscuration range was maintained between 10% and 30% to ensure accurate light scattering and optimal signal intensity. while the circulation speed was maintained at 2000 rpm for consistent suspension flow. Each measurement was carried out for 10 seconds, preceded by a 10-second background measurement to ensure baseline stability. These optimized parameters provided reproducible and precise particle size distribution data for Empagliflozin under wet dispersion conditions.
Under these optimized wet dispersion conditions, the PSD of Empagliflozin exhibited consistent and reproducible results across multiple measurements. The obtained D10, D50, and D90 values showed minimal variation, confirming the precision of the method. The residual error below 1% further verified the accuracy of the optical model and suitability of the selected dispersion medium.
Compared with dry dispersion, the wet method provided better control of agglomeration and improved homogeneity in suspension. Sonication prior to measurement ensured uniform de-agglomeration of fine particles, contributing to accurate particle size estimation without causing degradation or structural alteration.
Overall, the developed and validated wet dispersion method demonstrated excellent precision, robustness, and reproducibility. The method is suitable for routine quality control and characterization of Empagliflozin active pharmaceutical ingredient (API), ensuring consistent particle size distribution critical to its dissolution and bioavailability performance.

3.2 Validation 

The validation of the developed method was performed in accordance with the International Council for Harmonisation (ICH) guidelines Q2(R2) for analytical method validation. The method was evaluated for precision, intermediate precision, and robustness to ensure its reliability and reproducibility for routine use in particle size analysis of Empagliflozin.

3.3  Method Precision and Intermediate precision

Method precision and intermediate precision ware evaluated using six replicate measurements of the Empagliflozin sample under optimized wet dispersion conditions. The particle size parameters showed consistent results, with all %RSD values within 15.0%, confirming the method’s repeatability. The summarized %RSD and cumulative %RSD data in Tables 1, 2 and 3 demonstrate excellent precision and intermediate precision of the developed procedure.


Table 1.Method precision

	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Precision -1
	1.83
	6.14
	15.6

	Precision -2
	1.72
	5.97
	15.4

	Precision -3
	1.86
	6.51
	16.9

	Precision -4
	1.77
	6.31
	16.5

	Precision -5
	1.77
	5.88
	14.8

	Precision -6
	1.69
	5.76
	14.6

	Mean
	1.77
	6.09
	15.7

	SD
	0.0616
	0.280
	0.927

	% RSD
	3.47
	4.59
	5.92





Table 2. Intermediate precision

	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Precision -1
	1.89
	6.46
	16.1

	Precision -2
	1.91
	6.45
	16.1

	Precision -3
	1.76
	5.91
	14.8

	Precision -4
	1.64
	5.75
	14.6

	Precision -5
	1.79
	5.99
	14.8

	Precision -6
	1.72
	5.90
	14.6

	Mean
	1.79
	6.08
	15.2

	SD
	0.102
	0.303
	0.742

	% RSD
	5.74
	4.99
	4.89



Table 3.Cumulative %RSD of method precision and intermediate precision 

	
	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Analyst-1
	Precision -1
	1.83
	6.14
	15.6

	
	Precision -2
	1.72
	5.97
	15.4

	
	Precision -3
	1.86
	6.51
	16.9

	
	Precision -4
	1.77
	6.31
	16.5

	
	Precision -5
	1.77
	5.88
	14.8

	
	Precision -6
	1.69
	5.76
	14.6

	Analyst-2
	Precision -1
	1.89
	6.46
	16.1

	
	Precision -2
	1.91
	6.45
	16.1

	
	Precision -3
	1.76
	5.91
	14.8

	
	Precision -4
	1.64
	5.75
	14.6

	
	Precision -5
	1.79
	5.99
	14.8

	
	Precision -6
	1.72
	5.90
	14.6

	Mean
	1.78
	6.09
	15.4

	SD
	0.0817
	0.2788
	0.8246

	% RSD
	4.59
	4.58
	5.35



Figure-1 Comparative Overlay of Particle Size Distribution Curves

[image: ]


3.4 Robustness
Robustness was evaluated by introducing small deliberate variations in analytical parameters, including stirrer speed (±200 rpm), sonication time (±3 seconds), and obscuration range (±5% of 10–30%). These changes did not significantly affect the PSD results, with residual error remaining below 1%, confirming the method’s reliability and ruggedness.

Robustness-1 (change in stirrer speed to 1800 rpm) 

Robustness-1 was assessed by varying the stirrer speed from 2000 rpm to 1800 rpm while keeping all other parameters constant. Particle size values D(0.1), D(0.5), and D(0.9) for six replicates are presented in Table 4, with cumulative averages and %RSD confirming the method’s robustness..

Table 4.Cumulative %RSD of method precision and Robustness-1 

	Parameter
	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Method precision

	Precision -1
	1.83
	6.14
	15.6

	
	Precision -2
	1.72
	5.97
	15.4

	
	Precision -3
	1.86
	6.51
	16.9

	
	Precision -4
	1.77
	6.31
	16.5

	
	Precision -5
	1.77
	5.88
	14.8

	
	Precision -6
	1.69
	5.76
	14.6

	Change in RPM
(1800 RPM)
	Robustness-1
	1.82
	5.89
	14.8

	
	Robustness-1
	1.75
	5.80
	14.7

	
	Robustness-1
	1.87
	6.20
	15.8

	
	Robustness-1
	1.77
	6.04
	15.4

	
	Robustness-1
	1.82
	5.99
	15.2

	
	Robustness-1
	1.83
	5.96
	15.0

	Mean
	1.79
	6.04
	15.4

	SD
	0.0556
	0.2189
	0.7204

	% RSD
	3.10
	3.63
	4.68



Robustness-2 (change in stirrer speed to 2200 rpm) 

Robustness-2 was assessed by varying the stirrer speed from 2000 rpm to 2200 rpm while keeping all other parameters constant. Particle size values D(0.1), D(0.5), and D(0.9) for six replicates are presented in Table 5, with cumulative averages and %RSD confirming the method’s robustness.
 
Table 5.Cumulative %RSD of method precision and Robustness-2

	Parameter
	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Method precision

	Precision -1
	1.83
	6.14
	15.6

	
	Precision -2
	1.72
	5.97
	15.4

	
	Precision -3
	1.86
	6.51
	16.9

	
	Precision -4
	1.77
	6.31
	16.5

	
	Precision -5
	1.77
	5.88
	14.8

	
	Precision -6
	1.69
	5.76
	14.6

	Change in RPM
(2200 RPM)
	Robustness-2
	1.76
	5.86
	14.9

	
	Robustness-2
	1.68
	5.74
	14.6

	
	Robustness-2
	1.68
	5.70
	14.4

	
	Robustness-2
	1.80
	5.88
	14.5

	
	Robustness-2
	1.82
	5.90
	14.5

	
	Robustness-2
	1.72
	5.76
	14.2

	Mean
	1.76
	5.95
	15.1

	SD
	0.0612
	0.2484
	0.8625

	% RSD
	3.48
	4.17
	5.72



Robustness-3 (Change in Sonication time 27 Second)

Robustness-3 was assessed by varying the sonication time from 30 seconds to 27 seconds while keeping all other parameters constant. Particle size values D(0.1), D(0.5), and D(0.9) for six replicates are presented in Table 6, with cumulative averages and %RSD confirming the method’s robustness.

Table 6.Cumulative %RSD of method precision and Robustness-3

	Parameter
	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Method precision

	Precision -1
	1.83
	6.14
	15.6

	
	Precision -2
	1.72
	5.97
	15.4

	
	Precision -3
	1.86
	6.51
	16.9

	
	Precision -4
	1.77
	6.31
	16.5

	
	Precision -5
	1.77
	5.88
	14.8

	
	Precision -6
	1.69
	5.76
	14.6

	Change in 
Sonication time
(27 Second)
	Robustness-3
	1.75
	5.87
	15.1

	
	Robustness-3
	1.67
	5.73
	14.8

	
	Robustness-3
	1.71
	5.62
	14.0

	
	Robustness-3
	1.83
	5.60
	14.1

	
	Robustness-3
	1.88
	6.20
	15.8

	
	Robustness-3
	1.87
	6.19
	15.7

	Mean
	1.78
	5.98
	15.3

	SD
	0.0734
	0.2884
	0.8874

	% RSD
	4.13
	4.82
	5.81



Robustness-4 (Change in Sonication time 33 Second)

Robustness-3 was assessed by varying the sonication time from 30 seconds to 33 seconds while keeping all other parameters constant. Particle size values D(0.1), D(0.5), and D(0.9) for six replicates are presented in Table 7, with cumulative averages and %RSD confirming the method’s robustness.

Table 7.Cumulative %RSD of method precision and Robustness-4

	Parameter
	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Method precision

	Precision -1
	1.83
	6.14
	15.6

	
	Precision -2
	1.72
	5.97
	15.4

	
	Precision -3
	1.86
	6.51
	16.9

	
	Precision -4
	1.77
	6.31
	16.5

	
	Precision -5
	1.77
	5.88
	14.8

	
	Precision -6
	1.69
	5.76
	14.6

	Change in 
Sonication time
(33 Second)
	Robustness-4
	1.87
	6.11
	15.3

	
	Robustness-4
	1.79
	6.00
	15.1

	
	Robustness-4
	1.85
	5.99
	15.0

	
	Robustness-4
	1.74
	5.83
	14.7

	
	Robustness-4
	1.80
	5.82
	14.6

	
	Robustness-4
	1.71
	5.70
	14.4

	Mean
	1.78
	6.00
	15.2

	SD
	0.0608
	0.2359
	0.7740

	% RSD
	3.41
	3.93
	5.08



Robustness-5 (change in obscuration range to 10- 15%)

Robustness-5 was assessed by determining the particle size for six replicates while varying the obscuration range from 10% to 15%, keeping other parameters constant. Particle size values D(0.1), D(0.5), and D(0.9) for six replicates are presented in Table 8, with cumulative averages and %RSD confirming the method’s robustness.
Table 8.Cumulative %RSD of method precision and Robustness-5

	Parameter
	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Method precision

	Precision -1
	1.83
	6.14
	15.6

	
	Precision -2
	1.72
	5.97
	15.4

	
	Precision -3
	1.86
	6.51
	16.9

	
	Precision -4
	1.77
	6.31
	16.5

	
	Precision -5
	1.77
	5.88
	14.8

	
	Precision -6
	1.69
	5.76
	14.6

	Change in 
obscuration range to 10–15%
	Robustness-5
	1.89
	6.16
	15.5

	
	Robustness-5
	1.88
	6.15
	15.4

	
	Robustness-5
	1.85
	5.93
	14.8

	
	Robustness-5
	1.88
	5.96
	14.8

	
	Robustness-5
	1.88
	6.06
	15.0

	
	Robustness-5
	1.88
	6.05
	15.0

	
	
	Mean
	1.83
	6.07
	15.4

	
	
	SD
	0.0697
	0.2011
	0.7090

	
	
	% RSD
	3.82
	3.31
	4.62




Robustness-6 (change in obscuration range to 25-30%)
Robustness-5 was assessed by determining the particle size for six replicates while varying the obscuration range from 30% to 25%, keeping other parameters constant. Particle size values D(0.1), D(0.5), and D(0.9) for six replicates are presented in Table 9, with cumulative averages and %RSD confirming the method’s robustness.

Table 9.Cumulative %RSD of method precision and Robustness-6
	Parameter
	Sample ID
	D(0.1) (µm)
	D(0.5) (µm)
	D(0.9) (µm)

	Method precision

	Precision -1
	1.83
	6.14
	15.6

	
	Precision -2
	1.72
	5.97
	15.4

	
	Precision -3
	1.86
	6.51
	16.9

	
	Precision -4
	1.77
	6.31
	16.5

	
	Precision -5
	1.77
	5.88
	14.8

	
	Precision -6
	1.69
	5.76
	14.6

	Change in 
obscuration range to 25–30%
	Robustness-6
	1.70
	6.02
	15.4

	
	Robustness-6
	1.68
	5.96
	15.2

	
	Robustness-6
	1.68
	5.81
	14.7

	
	Robustness-6
	1.70
	5.83
	14.7

	
	Robustness-6
	1.79
	6.85
	18.7

	
	Robustness-6
	1.76
	6.70
	18.2

	Mean
	1.75
	6.15
	15.9

	SD
	0.0604
	0.3663
	1.3931

	% RSD
	3.46
	5.96
	8.77




4. Conclusion

The method for determining the particle size distribution of Empagliflozin was successfully developed and validated using the laser diffraction technique. Wet dispersion was optimized during method development to ensure uniform particle dispersion and consistent measurement of fine fractions.
During validation, the method demonstrated excellent precision, with %RSD values of 3.47%, 4.59%, and 5.92% for particles below 50 µm. In intermediate precision, the %RSD values were 5.74%, 4.99%, and 4.89%, and cumulative %RSD values for precision and robustness further confirmed the method’s repeatability. Accuracy, linearity, and intermediate precision were all within the limits specified by ICH Q2(R2) guidelines.
The validated method is therefore reliable, reproducible, and suitable for routine determination of particle size distribution of Empagliflozin in API development and quality control laboratories.
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