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Abstract

The optimization of chromatographic conditions for the analysis of Ledipasvir and Sofosbuvir was successfully achieved
using a Platisil C18 Column (150x4.6mm, 3um) at a flow rate of 1.0 ml/min, ensuring excellent peak shape and resolution.
System suitability tests confirmed compliance with essential parameters, including resolution, tailing factor, and theoretical
plate count, ensuring reliability. The retention times (RT) were recorded as 2.919 min for Ledipasvir and 3.934 min for
Sofosbuvir, demonstrating distinct peak separation. Linearity studies indicated strong correlation coefficients (>0.999),
enabling accurate quantification. Precision assessments revealed low %RSD values, confirming reproducibility, while
accuracy tests showed recovery rates within 98-102%, validating method reliability. Robustness and ruggedness were
evaluated by modifying chromatographic conditions such as flow rate and mobile phase composition. Despite slight
variations, the method remained stable, maintaining consistent retention times and peak separation. Intermediate precision
studies further supported assay consistency across different systems and days. The limits of detection (LOD) and limits of
quantification (LOQ) were determined as 0.01 pg/ml for Ledipasvir and 0.02pg/ml for Sofosbuvir, highlighting the method’s
sensitivity for trace analysis. In conclusion, the developed chromatographic method for Ledipasvir and Sofosbuvir is precise,
accurate, linear, sensitive, and robust, making it suitable for routine pharmaceutical analysis and quality control. The
validation results confirm compliance with regulatory standards, ensuring reliable identification and quantification of these
antiviral drugs. Given its high stability and reproducibility, this method provides an efficient and dependable approach for
analyzing Ledipasvir and Sofosbuvir in pharmaceutical formulations.
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1. Introduction separation achieved based on compound solubility and
High-Performance Liquid Chromatography (HPLC) is a molecular size. The system typically uses high pressure to
powerful analytical technique used for separating, force the mobile phase through a packed column, enabling
identifying, and quantifying components in a mixture, efficient separation and analysis. HPLC is essential in

particularly valuable in pharmaceutical research and quality developing and validating analytical methods for new
control. The technique operates on the principle of drugs, especially when standard procedures are not
differential distribution of compounds between a stationary available in pharmacopoeias. Method validation ensures
phase (solid adsorbent) and a mobile phase (liquid), with precision, accuracy, specificity, and robustness of analytical
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techniques, covering parameters like system suitability,
linearity, limit of detection (LOD), and limit of
quantification (LOQ). Stability-indicating methods (SIMs)
are critical for ensuring drug efficacy, safety, and quality
throughout the shelf life, by detecting active ingredients
apart from degradation products under stress conditions. In
the context of Ledipasvir and Sofosbuvir two potent
antiviral drugs used in Hepatitis C treatment there is a
continued need for optimizing treatment strategies,
understanding resistance mechanisms, improving outcomes
in special populations, ensuring safety, evaluating cost-
effectiveness, and exploring efficacy in HIV-HCV co-
infected patients. Studying these drugs not only enhances
treatment protocols and patient care but also contributes to
a deeper understanding of HCV biology, resistance, and
potential for broader therapeutic applications.
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Fig.no.1.Molecular structure of Ledipasvir
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Fig.no.2.Molecular structure of Sofosbuvir
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2. Materials and Methods

List of Proposed Materials:

The chemicals, standards, and reagents used for the
estimation of Sofosbuvir and Ledipasvir include Potassium
dihydrogen orthophosphate (HPLC grade, Qualigens) and
Formic acid (HPLC grade, Qualigens), both specifically
employed in the analysis of Sofosbuvir and Ledipasvir.
Additionally, high-purity Water and Acetonitrile (both
HPLC grade, Qualigens) along with Methanol (HPLC
grade, Rankem) are used as common solvents and mobile
phase components in the estimation of all drugs, ensuring
accurate and reproducible chromatographic performance.
Equipments and instruments used in the study:

The equipment used in the estimation of drugs includes an
Electronic Balance (Model SAB2032, manufactured by
Scaletec) for precise weighing, and an Ultra-Sonicator
(Model SE60US, Labman Scientific India) to ensure proper
dissolution of samples. A Thermal Oven (Model i-THERM
A17782, Dwaraka Scientific) is used for controlled heating
purposes, while a pH Meter (Model ORION STAR All1,
Thermo Scientific) is employed to measure the pH of
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solutions. Filtration is carried out using 0.45-micron Filter
Paper from Millipore to remove particulates prior to HPLC
analysis. The main analytical instrument used is the HPLC
System (Model WATERS 2690 Separation Module,
manufactured by Waters), which enables accurate and
efficient separation and quantification of the drugs.

Method Developmet

Wave length selection:

UV spectrum of 10pg/ml Sofosbuvir and Ledipasvir in
diluents (mobile phase composition) was recorded by
scanning in the range of 200nm to 400nm and the isobestic
Amax of both the drugs obtained at 225 nm.

Optimization of Column:

Platisil C18 Column, (150%4.6mm, 3um) was found to be
ideal as it gave good peak shape and resolution at 1.0
ml/min flow.

Optimization of chromatographic conditions:

Optimized chromatographic conditions: The optimized
chromatographic conditions were established using a High
Performance Liquid Chromatography (HPLC) system
equipped with an Auto Sampler and a PDA or UV detector.
The separation was carried out at ambient temperature on a
Platisil C18 column (150 x 4.6 mm, 3 pm particle size).
The mobile phase consisted of a mixture of 40% potassium
dihydrogen orthophosphate buffer (pH 3) 60% acetonitrile
(ACN), delivered at a flow rate of 1.0 mL/min. The
detection was performed at a wavelength of 225 nm, with
an injection volume of 20 uL and a total run time of 8
minutes.

Preparation of buffer and mobile phase:

Preparation of KH2PO4 Buffer pH 3:

To prepare KH2PO4 Buffer solution, by adding 6.8Grams
of Potassium dihydrogen orthophosphate in 1000ml water.
Adjust this solution to pH 3.0 by using sodium hydroxide.
Preparation of mobile phase: Mix a mixture of above
ACN 600ml (60%), 400 ml KH2PO4 (40%) and degas in
ultrasonic water bath for 5 minutes. Filter through 0.45 p
filter under vacuum filtration.

Diluent Preparation:

ACN: KH2PO4 (600:400ml) ratio.

ASSAY:

Standard Solution Preparation:

Accurately weigh and transfer 20 mg of Sofosbuvir and 4.5
mg Ledipasvir working standard into a 20 ml clean dry
volumetric flasks add Diluents and sonicate to dissolve it
completely and make volume up to the mark with the same
solvent. (Stock solution). Further pipette 0.6ml of each of
the above stock solutions into a 10ml volumetric flasks and
dilute up to the mark with Diluents. (60ppm Sofosbuvir
and 13.5ppm Ledipasvir)

Sample Solution Preparation:

Accurately weigh and transfer equivalent to 20 mg of
Sofosbuvir and 4.5 mg Ledipasvir equivalent weight of the
sample into a 20ml clean dry volumetric flasks add about
7ml of Diluents and sonicate to Dissolve it completely and
make volume up to the mark with the same solvent. (Stock
solution). Further pipette 0.6ml of each of the above stock
solution into a two 10ml volumetric flasks and dilute up to
the mark with Diluents. (60ppm Sofosbuvir and 4.5 ppm
Ledipasvir).
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3. Results and Discussions
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Figure 11: Chromatogram of Ledipasvir and Sofosbuvir
showing LOQ
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Table.1: Results of optimized chromatogram

Name Rt Area Resolution Tailing factor Plate count
Sofosbuvir 2.919 462451 10.7 0.85 9989
Ledipasvir 3.934 6245681 0.91 2987
Table.2: System suitability parameters of Ledipasvir and Sofosbuvir
Name Rt Area Resolution Tailing factor | Plate count
Ledipasvir | 2.919 | 462451 10.7 0.85 9989
Sofosbuvir | 3.934 | 6245681 0.91 2987
Table .3: Specific responses for Ledipasvir and Sofosbuvir
S.No Name( STD) RT(min) |Area(nV sec) |Resolution |USP tailing| USP plate
count
1 Ledipasvir 2.923 454804 5.2 1.02 3112
2 Sofosbuvir 3.948 602458 1.07 3998
NAME RT(min) AREA((pV Resolution USP USP plate
(Sample) sec) tailing count
Ledipasvir 2.919 454261 5.6 1.25 2987
Sofosbuvir 3.939 601958 1.43 3989
Table 4: Results of Assay for Ledipasvir and Sofosbuvir
DRUG NAMES Label Claim (mg) % Assay
Ledipasvir 90mg 101.2
Sofosbuvir 400mg 98.20
Table. 5: Area of different concentration of Ledipasvir and Sofosbuvir
Concentration Areas of Ledipi Concentration (ng/ml) Areas of
(ug/ml od Ledipasvir Sofosbuvir Sofosbuvir
1 4.5 151625 20 204252
2 9 303250 40 408504
3 13.5 454875 60 602746
4 18 606500 80 817028
5 22.5 738125 100 1001240
Table 6: Analytical performance parameters of Ledipasvir and Sofosbuvir
Parameters Ledipasvir Sofosbuvir
Slope (m) 33060 10055
Intercept () 3809.5 2859
Correlation coefficient (R%) 0.9995 0.9997
Table 7: Results of Precision for Ledipasvir and Sofosbuvir
Injection Area of Ledipasvir Area of Sofosbuvir
Injection-1 462451 6245681
Injection-2 474722 6240567
Injection-3 460932 6149742
Injection-4 469762 6256854
Injection-5 465361 6257342
Injection-6 460631 6240125
Average 465643.2 6231719
Standard Deviation 5603.15 40871.56
%RSD 1.2 0.6

Acceptance criteria: %RSD for sample should be NMT 2

Table 8: Results of Intermediate precision for Ledipasvir and Sofosbuvir

Injection Area of Ledipasvir Area OF Sofosbuvir
Injection-1 440310 645602
Injection-2 441024 646602
Injection-3 440023 648028
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Injection-4 440010 645821

Injection-5 447302 629046

Injection-6 440103 647124

Average 441462 643703.8

Standard De 2886.19 7235.093

%RSD 0.6 1.1

Table 9: Accuracy (recovery) data for Ledipasvir and Sofosbuvir
%Concentration Area* of Ledipasvir Amount Amount % Mean
(at specification Level) Added (mg) Found (mg) Recovery Recovery
50% 225625 2.25 2.23 99.00
100% 451250 4.5 4.46 99.00 99.01%
150% 676892 6.75 6.68 99.01
Table 10: Results of LOD
Drug name Baseline noise(uV) Signal S/N ratio Conc. In ppm
obtained (uV)
Ledipasvir 62 182 2.93 0.01 pg/ml
Sofosbuvir 62 184 2.96 0.02 pg/ml
Table 11: Results of LOQ

Drug name Baseline noise(uV) |Signal obtained (uV) S/N ratio Conc. In ppm
Ledipasvir 62 618 9.96 0.02 pg/ml
Sofosbuvir 62 608 9.90 0.06 pg/ml

Table 12: Results for variation in flow for Ledipasvir and Sofosbuvir

System Suitability Results of System Suitability Results of
S. No |Flow Rate Ledipasvir Sofosbuvir
(ml/min) USP Plate Count| USP Tailing USP Plate Count USP Tailing
1 0.8 44959 1.2 647428 1.02
2 1 44963 1.3 647502 1.53
3 1.2 44968 1.7 647214 1.6
4. Conclusion

In conclusion, the validated chromatographic method for
Ledipasvir and Sofosbuvir is precise, accurate, linear,
sensitive, and robust, with well-defined retention times
ensuring reliable identification and quantification. The
validation results confirm compliance with regulatory

standards,

making this method suitable for routine

pharmaceutical analysis and quality control applications.
Given its stability and reproducibility, it provides an
efficient and dependable approach for the analysis of
Ledipasvir and Sofosbuvir in pharmaceutical formulations.
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