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Abstract 

 

There is rare discussion available on quantitative and separation of process impurities of 

Sofosbuvir. Sofosbuvirr is most recent FDA approved drug for Hipetitis C deseases. The author 

has described simple, sensitive, precise, and specific RP-HPLC method for the separation of 

process impurities of Sofosbuvir using Zorbax C18, HPLC column. The method is validated as 

per ICH Q2(R1) guideline and can be used in routine analysis. 
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1. Introduction: 

Dolutegravir Sodium: 

Chemically it is sodium; propan-2-yl (2S)-2-{[(S)-{[(2R,3R,4R,5R)-5-(2,4-dioxo-1,2,3,4-

tetrahydropyrimidin-1-yl)-4-fluoro-3-hydroxy-4-methyloxolan-2-

yl]methoxy}(phenoxy)phosphoryl]amino}propanoate  

 

 

Molecular mass 529.453g/mol  

Molecular formula : C22H29FN3O9P 
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Sofosbuvir is a pyrimidine nucleotide analogue. Sofosbuvir inhibits Hepatatis C virus (HCV) 

NS5B (non structural protein 5B inhibitor) by blocking its active nucleoside and inhibits RNA 

replication. NS5B plays main role in RNA replication. Sofosbuvir creates very high barrier to 

resistance development. While other HCV drugs target other viral enzymes and for that rapid 

resistance get develop by HCV and leads to treatment failure [1-2]. There are different ways of 

Hepatatis C virus transmission. Routes of transmission of HIV and HCV virus are common, either 

by sexual transmission or by injecting non creation drug. Out of 185 million HIV infected patient 

in the world 4-5 million are also co infected by HCV [3-4].  Sofosbuvir is used in combination 

with other drugs to treat HCV infected patients 

A review of literature survey reveals that lot of analytical method development work is done for 

Sofosbuvir in 2017 and 2018. Major work is being done in quantification of Sofosbuvir and other 

combination drugs in dosage form, some work is done in the field of estimation of sofosbuvir in 

blood plasma by liquid chromatography mass detector. Very rare discussion is available for study 

regarding impurity profile of Sofosbuvir and its quantification on HPLC. Also there is no official 

monograph published in any of pharmacopoeia for Sofosbuvir drug substance or drug product.  

This study shows detail discussion on impurity profiling and monitoring control of commercial 

route of synthesis. Hence the aim of the present work was to develop accurate and robust routine 

HPLC method. 

 

2.Experimental 

Material and reagents 

Sofosbuvir and impurities were synthesized by Department of Research and Development, 

Macleods Pharmaceutical Ltd. Sofosbuvir and impurities were characterized using proton nuclear 

magnetic resonance and high resolution mass spectrometry. HPLC grade acetonitrile, methanol 

was procured from J T Baker, tertiary butyl methyle ether, Diammonium hydrogen phosphate 

anhydrous triethyl amine obtained from Rankem. Analytical grade potassium dihydrogen ortho 

phosphate, Diammonium hydrogen phosphate anhydrous and orthophosphoric acid obtained from 

Merck chemicals. HPLC grade water obtained from Millipore system (Millipore Inc., USA) was  
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Table-1  Impurity list 

Sr.no. Impurity Limit(%w/w) 

1 ((2r,3r,4r,5r)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2h)-yl)-4-fluoro-3-

hydroxy-4-methyltetrahydrofuran-2-yl)methyl benzoate 

Not more 

than 0.15% 

2 (S)-isopropyl 2-(((S)-(((2R,3R,4R,5R)-5-(4-amino-2-oxopyrimidin-

1(2H)-yl)-4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-

yl)methoxy)(phenoxy) phosphoryl)amino)propanoate 

Not more 

than 0.15% 

3 S)-isopropyl 2-(((S)-(((2R,3R,3aR,9aR)-3-hydroxy-3a-methyl-6-oxo-

3,3a,6,9a-tetrahydro-2H-furo[2',3':4,5] oxazolo[3,2-a] pyrimidin-2-

yl)methoxy) (phenoxy) phosphoryl)amino) propanoate. 

Not more 

than 0.15% 

4 (S)-isopropyl 2-(((R)-(((2R,3R,4R,5R)-5-(2,4-dioxo-3,4-

dihydropyrimidin-1(2H)-yl)-4-fluoro-3-hydroxy-4-

methyltetrahydrofuran-2-yl)methoxy)(phenoxy) 

phosphoryl)amino)propanoate 

Not more 

than 0.15% 

5 2,3,4,5,6-Pentafluorophenol Not more 

than 0.15% 

6 (R)-isopropyl 2-(((S)-(((2R,3R,4R,5R)-5-(2,4-dioxo-3,4-

7dihydropyrimidin-1(2H)-yl)-4-fluoro-3-hydroxy-4-

methyltetrahydrofuran-2-yl)methoxy)(phenoxy) 

phosphoryl)amino)propanoate 

Not more 

than 0.15% 

7 1-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-3-methyl-5-(((tetrahydrofuran-

2-yl)pyrimidine-2,4(1H,3H)-dione 

Not more 

than 0.15% 

8 
Benzamide 

Not more 

than 0.15% 

9 
Methyl benzoate 

Not more 

than 0.15% 
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3.0 Analytical  methodology. 

3.1 Method optimisation: 

Since the Sofosbuvir has higher pKa, similarly related impurities are also having basic 

functional group present in the structure, plain solvent couldn’t be a good choice. Hence initially 

orthophosphoric acid pH-3 buffer was selected as mobile phase-A and acetonitrile as organic 

modifier used and system suitability solution was injected in Zorbax SB C18 HPLC column. All 

peaks observed having sharp peak shape but few known and unknown impurities found early and 

co-eluting. As all impurities and sofosbuvir also having higher pKa the pH of buffer solution was 

raised gradually step by step as pH-3 to pH-7 with the combination of orthophosphoric acid and 

triethylamine. 0.1M Triethylamine buffer solution, pH-7 adjusted with orthophosphoric acid 

found suitable to retain all impurities and sofosbuvir properly, also presence  of triethylamine in 

mobile phase helped to improve peak shape at higher pH. Combination of various organic 

modifier were tried with various gradient programs. The finalized organic modifier composition 

was Acetonitrile: Methanol and Isopropyl alcohol in the ratio of (850:100:50) v/v/v  

 

3.2. Instrumentation  Chromatographic Conditions 

Agilent HPLC 1200 (Agilent Technologies, Germany) equipped with photodiode array 

detector was used for method development, forced degradation studies and method validation. 

The effective chromatographic separation was achieved on Zorbax SB C18 (250mm x 4.6mm, 

5µm) stationary phase with mobile phase combination delivered in a simple gradient program, 

and quantitation was by ultraviolet detection at dual wavelength i.e.260 nm (for other known and 

unknown impurity) and 210nm(for Methyl benzoate impurity,Pentafluorophenol 

impurity,Benzamide impurity). The mobile phase consisted of 0.1% triethyl amine solution, pH 

was adjusted to 7.0 with orthophosphoric acid as a buffer, solvent mixture prepared by mixing 

Acetonitrile: Methanol: Isopropyl alcohol in the ration of (850:100:50) v/v/v. Mobile phase is a 

mixture of Buffer: Solvent Mixture in the ratio of (90:10) v/v.  Mobile phase-B is a mixture of 

Buffer: Solvent mixture in the ratio of (10:90) v/v. Mobile phase-A and mobile phase B delivered 

at a flow rate 1.0 mL/min. The HPLC gradient program was as follows, time (min) / % mobile 



 
 

57 | P a g e  

 

phase B: (0.00/82), (45/70), (60/25), (65/25), (66/82), (80/82). The column temperature was 

maintained at 25 °C and the injection volume was 10 µL. The mixture of buffer and acetonitrile in 

the ratio of 50:50 v/v was used as diluent. 

 

3.3. Preparation of Solutions  

Buffer and acetonitrile in the ratio of (50 ; 50) was  used as diluent in the preparation of analytical 

solutions. The test sample solution having concentration of 2000 µg·ml
−1

 was prepared for the 

quantification of impurities.  

All impurities were quantified by % area normalisation method applying the derived relative 

response factor (RRF). The relative retention time with respect to Sofosbuvir peak and RRF of all 

impurities are as shown in Table-2. 

Table -2: Impurities Relative retention time and relative response factor of all impurities with 

respect to Sofosbuvir peak  

Elution order table-2. 

Sr. 

No. 

Name RRT w.r.t. 

sofosbuvir 

RRF w.r.t. 

Sofosbuvir 

at 260nm 

RRF w.r.t.    

Sofosbuvir 

at 210nm 

1. benzamide impurity # ≈0.12 - 2.14 

2. Sofosbuvir ether impurity ≈0.14 1.16 - 

3. pentafluorophenol impurity # ≈0.22 - 0.86 

4. ketomonobenzoyl impurity ≈0.48 1.30 - 

5. cyclised impurity ≈0.51 0.44 - 

6. amino sofosbuvir impurity ≈0.72 0.74 - 

7. diastereomer impurity ≈0.88 0.99 - 

8. d-isomer impurity ≈0.91 0.99 - 

9. methyl benzoate impurity # ≈0.94 - 1.05 

10. sofosbuvir =1.0 - - 
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Figure  Impurity spike solution in sofosbuvir at limit level at 260nm 

 

 

Figure 2 Impurity spike solution in sofosbuvir at limit level at 210nm 

 

4. Validation 

4.1. Specificity (Selectivity) 

The blank, system suitability solution, sensitivity solution and sample solution were prepared as 

described in the methodology. The impurity solutions and spiked sample solution were prepared 

as per specification limit and injected into the HPLC system. The retention time of all peaks 

observed in the resulting chromatograms were recorded. Based on the obtained result it is 

concluded that no interference observed due to blank at the same retention time of any of the 

impurities and main peak. All the known impurities peaks are well resolved from each other and 

spectrally pure. 

4.2 Analytical solution stability: 

The system suitability solution and sample solution were prepared as described in the 

methodology and stored at room temperature (25
°
C). The stored solutions were injected at initial 
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and intermediate intervals specified in the following table. The % impurities in the sample 

solution were calculated at each time interval. The obtained results for system suitability solution 

and sample solution are presented as follows. 

Standard solution and sample solution can be used up to 24hours and 8 hours respectively after 

preparation when stored at 25 °C. 

The absolute difference of impurity results in the sample solution after 28 hours with respect to 

initial not more than 10 % of specification limit. When stored at (25
°
C).   

Based on the above data it is concluded that the system suitability solution and sample solution 

can be used up to 24 hours when stored at (25
°
C). 

 

4.3. Limits of Detection and Quantification (LOD and LOQ) 

According to ICH Q2 (R1) recommendations the limits of detection (LOD) and the limit of 

quantification (LOQ) for Dolutegravir and optical isomers were estimated by calibration curve 

method [standard deviation of the response (σ) and the slope (S)], by injecting the series of dilute 

solutions of known concentration. The values of LOQ and LOD for optical isomers were found as 

depicted in Table-3. 

Table -3: LOQ and LOD values for Dolutegravir optical isomers  

 

 

 

 

 

 

 

 

 

 

 

Sr. 

No. 
Name LOD (%) LOQ (%) 

1 Sofosbuvir 0.007 0.005 

2 Benzamide imp 0.002 0.05 

3 Methyl benzoate impurity 0.007 0.02 

4 Pentafluoro phenol impurity 0.003 0.01 

5 Diastereomer imp 0.007 0.02 

6 D-Isomer imp 0.007 0.02 

7 Cyclised imp 0.013 0.04 

8 Amino sofosbuvir imp 0.010 0.03 

9 Ketomono benzoyl Imp 0.003 0.01 

10 Sofosbuvir ether imp 0.006 0.02 
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Precision was studied at the LOQ level in by injecting six in-dividual preparations of Dolutegravir 

and its impurities, followed by the calculation of %RSD of the peaks areas. The %RSD of LOQ 

precision was below 10% . 

 

4.4. Linearity and Range 

A series of solutions were prepared by quantitative dilutions of the stock solution of impurity 

standard and main drug to obtain solutions at LOQ to 250% of the specification limit. A series of 

solutions were prepared by quantitative dilutions of the stock solution of main drug to obtain 

solutions at 80% to 120% of the sample concentration. 

 

Table-4 for Linearity and range 

Compound 
Sofosbuvir 

(210 nm) 

Benzamide 

Imp 

Methyl 

benzoate imp 

Pentafluoro 

phenol Imp 

Slope 15362.68783 32856.77257 16124.16987 13276.81681 

Intercept 1904189.369 572.56877 2178.09473 628.79579 

r
2
 NLT 0.990 1.0 1.0 1.0 1.0 

Conc. range (ppm) 3200-4800 0.20-15.0 0.80-15.0 0.40-15.0 

Lower level % 

RSD  

NMT 

10.0 

3.36 1.50 2.06 2.59 

Higher level 0.40 0.15 0.50 0.28 
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Compound 
Sofosbuvir 

(260 nm) 

Diastereomer 

impurity 

D-isomer 

impurity 

Cyclised 

impurity 

Slope 10980.62111 10858.17739 10844.42612 4786.18589 

Intercept -215536.2370 -523.38895 -398.98059 92.93374 

r
2
 NLT 0.990 1.00 1.00 1.00 1.00 

Conc. range (ppm) 3200-4800 0.80-15.0 0.80-15.0 1.60-15.0 

Lower level % RSD  

NMT 

10.0 

1.88 1.53 2.18 2.11 

Higher level 0.25 0.23 0.31 0.84 

Compound 

Ketomono 

benzoyl 

impurity 

Sofosbuvir 

(for ether 

imp.) 

Amino 

sofosbuvir 

impurity 

Ether 

impurity 

Slope 14316.30610 10949.75209 8072.92567 
12671.8778

9 

Intercept -379.82968 
1324671.7609

2 
-403.88855 181.82219 

r
2
 NLT 0.990 1.00 1.00 1.00 1.00 

Conc. range (ppm) 0.40-15.0  3200-4800 1.20-15.0 0.80-15.0 

Lower level % 

RSD  

NMT 

10. 

1.49 1.88 5.14 1.69 

Higher level 0.17 0.25 2.13 0.33 

Lower level % RSD  

NMT 

10.0 

0.72 1.88 0.59 2.19 

Higher level 0.03 0.53 0.14 0.38 
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5. Precision 

Six separate test sample solutions of Sofosbuvir were prepared by spiking the impurities in 

method at specification level for measuring the method precision. The %RSD (n = 6) for each 

related impurity was evaluated and found in between 0% to 2.91%. The similar procedure of 

method precision was carried out by a different analyst, using different mobile phase and diluent 

preparations and instrument on a different day with different lot of same brand column for 

intermediate precision study. The %RSD of results for intermediate precision study was 

calculated and compared with the method precision results. and it is concluded that method for 

determination of % impurities is rugged. 

 

4.6. Accuracy (Recovery) 

Accuracy of the method was determined by analyzing Sofosbuvir sample solutions spiked with all 

the impurities at four different concentration levels of LOQ, 50, 100, 150 and 250% of each in 

triplicate at the specified limit. The recovery of all these impurities were found to be in-between 

the predefined acceptance criterion of 80.0% - 120.0%. Hence it is concluded that method for 

determination of % impurity is accurate. 
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Table -3: % Recovery observed at different level. 

 

4.7. Robustness 

The chromatographic conditions were deliberately altered to evaluate the robustness of developed 

method. The resolution between closely eluting peaks was evaluated on altered chromatographic 

condition. Following parameters were changed one at a time keeping other parameters constant. 

First the effect of column temperature on resolution was studied at 20˚C and 30˚C instead of 

25˚C. Then changing the pH 6.8 and 7.2 instead of pH7.0 and effect on resolution of all close 

eluting impurities were studied and found well separated. The system suitability parameter like 

Resolution and Signal to noise ratio are not significantly changed with altered conditions for 

column temperature and composition of mobile phase 

Parameter Acceptance criteria 

Accuracy Should be in between 80 % to 120 % 

Compound LOQ level 50 % level 100 % level 150 % level 250 % level 

Benzamide  95.1-95.4 95.0 95.2-95.9 94.9 95.3-95.4 

Methyl Benzoate  88.1-91.0 88.5-90.4 93.3-95.2 94.6-95.9 95.4-96.4 

Penta 

fluorophenol  

103.9-111.4 111.4-113.2 103.7-107.2 104.8-105.6 108.1-108.4 

D-Isomer  90.5-97.5 94.8-96.8 98.0-98.2 98.6-99.7 97.7-98.7 

Cyclised  95.0-103.2 94.4-96.0 94.2-95.5 93.8-95.8 93.4-93.6 

Amino 

sofosbuvir  

89.6-109.5 95.1-104.8 95.3-99.7 98.8-103.1 99.1-100.4 

Ketomonobenzo

yl  

95.7-105.2 98.6-100.7 101.4-102.9 102.2-102.4 100.9-101.0 

Sofsbuvir ether  103.7-109.6 102.4-103.4 101.3-101.8 100.9-101.3 100.8-100.9 

Dimer  94.0-99.6 91.8-95.0 96.7-98.2 99.24-99.7 96.0-97.0 
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5. Conclusion 

This is the first robust and accurate RP-HPLC method has been developed and successfully 

validated for the monitoring of impurity profile in Sofosbuvir drug substance. The results of the 

HPLC validation tests indicated that the method was accurate, precise, robust, and reproducible. 

Hence, the proposed HPLC method is suitable for routine analysis of Sofosbuvir. 
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