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Abstract 
A reversed-phase high-performance liquid 

chromatographic (RP-HPLC) method was 

developed and validated for the quantitative 

estimation of dolutegravir sodium in bulk drug and 

tablet dosage form in accordance with ICH 

guidelines. Chromatographic separation was 

achieved on a Phenomenex ODS 3 column (250 mm 

× 4.6 mm i.d., 5 µm) using methanol:0.1% 

trifluoroacetic acid in water (60:40, v/v) as the 

mobile phase under isocratic conditions at a flow 

rate of 1.0 mL/min. Detection was carried out at 258 

nm using a UV detector, and the run time was 8 min. 

Dolutegravir sodium was found to be soluble in 

DMSO and showed maximum absorbance at 258 

nm. System suitability results were satisfactory, with 

mean asymmetry of 1.21, mean theoretical plates of 

7671, and %RSD of 0.23 for peak area. The method 

exhibited excellent linearity over the concentration 

range of 2.0–30.0 µg/mL with a correlation 

coefficient (R²) of 0.99998 and regression equation 

Y = 381196.205x − 30473.366. The limits of 

detection and quantitation were 0.260 µg/mL and 

0.789 µg/mL, respectively. Accuracy studies at 50%, 

100%, and 150% levels yielded mean recoveries of 

99.64%, 99.45%, and 99.19%, respectively, with an 

overall recovery of 99.43% and %RSD of 0.827. 

Precision studies showed %RSD values of 0.843% 

for repeatability and 1.015% for intermediate 

precision. The method was specific, with no 

interference from blank or placebo and acceptable 

peak purity values for both standard and test 

solutions. Robustness testing confirmed that small 

deliberate variations in wavelength, flow rate, and 

column oven temperature did not significantly affect 

the chromatographic performance. The method also 

demonstrated solution stability for 24 h and 

suitability of both PVDF and nylon syringe filters, 

with nylon selected due to lower absolute difference. 

The proposed RP-HPLC method is simple, rapid, 

sensitive, accurate, precise, robust, and appropriate 

for routine quality control analysis of dolutegravir 

sodium in bulk and tablet formulations. 
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I. Introduction 
Analytical method validation is an essential 

requirement in pharmaceutical analysis to ensure 

that the method is suitable for its intended purpose 

[1,2]. Validation establishes the reliability, 

reproducibility, accuracy, and precision of analytical 

results, which are vital for quality control and 

regulatory compliance [1,2]. The ICH guidelines 

Q2(R2) and Q14 provide important guidance for 

analytical procedure development and validation 

[2]. 

HPLC is one of the most widely used 

analytical techniques in pharmaceutical analysis 

because of its sensitivity, selectivity, and 

reproducibility [3]. RP-HPLC is especially useful 

for drug estimation in bulk materials and dosage 

forms [3]. 

Dolutegravir sodium is an HIV-1 integrase 

strand transfer inhibitor used in antiretroviral 

therapy. It has become an important component of 

HIV treatment due to its high efficacy, favorable 

safety profile, and high genetic barrier to resistance 

[15,16]. Since dolutegravir is widely used in therapy 

and available in tablet formulations, a reliable 
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analytical method for its estimation is required for 

quality assurance. 

Several analytical methods have been 

reported for dolutegravir alone and in combination 

with other drugs, including RP-HPLC, HPTLC, and 

stability-indicating methods [4-14]. However, a 

simple, economical, and validated RP-HPLC 

method for dolutegravir sodium in tablet dosage 

form remains useful for routine laboratory analysis. 

The present study was undertaken to 

develop and validate an RP-HPLC method for the 

estimation of dolutegravir sodium in bulk drug and 

marketed tablet dosage form in accordance with 

ICH guidelines [1,2]. 

 

II. Materials and Methods 
2.1 Chemicals and reagents 

Dolutegravir sodium API and marketed tablets of 

dolutegravir were used in this study. HPLC-grade 

methanol, acetonitrile, ethanol, DMSO, and water 

were obtained from standard suppliers. 

 

2.2 Instruments 

• UV-Visible spectrophotometer: Jasco UV 

550 

• HPLC system: Agilent 1260 Infinity II 

Quaternary Gradient System 

• Column: Phenomenex ODS 3, 250 mm × 

4.6 mm i.d., 5 µm 

• Software: OpenLab EZ Chrome 

 

2.3 Preliminary characterization 

Dolutegravir sodium was evaluated for colour, 

odour, and appearance. Solubility was checked in 

water, methanol, ethanol, acetonitrile, and DMSO. 

 

2.4 Selection of analytical wavelength 

A UV scan of dolutegravir sodium standard solution 

was performed between 200 and 400 nm. The drug 

showed maximum absorbance at 258 nm, which was 

selected as the analytical wavelength. 

 

 
Figure 1. UV spectrum of blank solution 

 

 
Figure 2. UV spectrum of dolutegravir standard solution (20 ppm) 
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2.5 Preparation of standard stock solution 

Dolutegravir sodium equivalent to 25 mg of 

dolutegravir was dissolved in DMSO and diluted 

with methanol to obtain a stock solution of 500 

µg/mL. Further dilutions were prepared with mobile 

phase as required. 

 

2.6 Chromatographic conditions 

The optimized chromatographic conditions were: 

• Column: Phenomenex ODS 3, 250 mm × 

4.6 mm, 5 µm 

• Mobile phase: Methanol : 0.1% 

trifluoroacetic acid in water (60:40, v/v) 

• Flow rate: 1.0 mL/min 

• Injection volume: 20 µL 

• Detection wavelength: 258 nm 

• Column oven temperature: 35°C 

• Run time: 8 min 

 

2.7 Sample preparation 

Marketed tablet samples were weighed, powdered, 

and an amount equivalent to 50 mg of dolutegravir 

was transferred into a volumetric flask. DMSO was 

added and the mixture was sonicated. The volume 

was made up with methanol, filtered, and further 

diluted with mobile phase prior to injection. 

2.8 Method validation 

The method was validated according to ICH Q2(R1) 

for system suitability, specificity, linearity and 

range, accuracy, precision, LOD and LOQ, 

robustness, solution stability, and filtration study [2]. 

 

3. Results and Discussion 

3.1 Preliminary characterization 

Dolutegravir sodium was observed as a white, 

odorless, amorphous powder. 

 

Table 1. Colour, odour and appearance of dolutegravir sodium 

Sr. No. Drug Name Colour, odour and appearance 

1 Dolutegravir sodium White, odorless, amorphous powder 

 

3.2 Solubility study 

Dolutegravir sodium was insoluble in water, methanol, ethanol, and acetonitrile, but soluble in DMSO. 

Therefore, DMSO was selected as the solvent for preparing stock solutions. 

Table 2. Solubility study of dolutegravir sodium 

Sr. No. Solvent Observation Conclusion 

1 Water Drug particles seen after sonication Not soluble 

2 Methanol Drug particles seen after sonication Not soluble 

3 Ethanol Drug particles seen after sonication Not soluble 

4 Acetonitrile Drug particles seen after sonication Not soluble 

5 DMSO No drug particles seen after sonication Soluble 

 

3.3 Selection of analytical wavelength 

The UV spectrum of dolutegravir sodium showed maximum absorbance at 258 nm. Hence, 258 nm was chosen 

for HPLC detection. 

 

 
UV spectrum of blank solution &UV spectrum of dolutegravir standard solution (20 ppm) 
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3.4 Method development and optimization 

Several mobile phase combinations were tried. Early trials produced poor peak shape, tailing, or broad peaks. 

The optimized condition using methanol:0.1% TFAA in water (60:40, v/v) gave a good peak with acceptable 

symmetry and plate count. Therefore, it was selected for validation [3]. 

 

 
Figure 3. Typical chromatogram of trial 1 

 

 
Figure 4. Typical chromatogram of trial 2 

 

 
Figure 5. Typical chromatogram of trial 3 

 
Figure 6. Typical chromatogram of trial 4 
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Figure 7. Typical chromatogram of trial 5 

 

 
Figure 8. Typical chromatogram of trial 6 

Table 3. Optimized chromatographic conditions 

 

3.5 System suitability 

The system suitability results were within acceptable limits. Mean %RSD of peak area was 0.23, mean 

asymmetry was 1.21, and mean theoretical plate count was 7671. 

 

 
Figure 9. Typical chromatogram of standard solution for system suitability 

Parameter Description 

Mode Isocratic 

Column Phenomenex ODS 3, 250 mm × 4.6 mm, 5 µm 

Detector UV detector 

Injection volume 20 µL 

Wavelength 258 nm 

Column oven temperature 35°C 

Mobile phase Methanol : 0.1% TFAA in water (60:40, v/v) 

Flow rate 1.0 mL/min 

Run time 8 min 
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Table 4. System suitability results 

Sr. No. Standard solution Area Asymmetry Theoretical plates 

1 Standard_1 7541023 1.21 7678 

2 Standard_2 7572361 1.21 7683 

3 Standard_3 7556207 1.22 7662 

4 Standard_4 7564109 1.21 7659 

5 Standard_5 7529685 1.22 7674 

Mean  7552677 1.21 7671 

%RSD  0.23   

 

3.6 Assay of marketed formulation 

The average tablet weight was 268.7 mg. The assay values obtained for the marketed tablet Mtegra 50 mg were 

within acceptable limits. 

Table 5. Assay results of marketed tablet (Mtegra 50 mg) 

Sample Area % Assay Mean Assay 

Sample 1 7481025 99.10 98.49 

Sample 2 7402513 97.88  

 

 
Figure 10. Typical chromatogram of marketed tablet sample 

 

3.7 Filtration study 

Both PVDF and nylon syringe filters showed % absolute difference less than 2.0% compared with unfiltered 

sample. Nylon filter showed slightly lower difference and was therefore selected [2]. 
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Figure 11. Typical chromatogram of unfiltered sample 

 

Table 6. Filtration study results 

Sample description Area % Absolute difference 

Unfiltered 7496923 NA 

0.45 µ PVDF filter 7432056 0.87 

0.45 µ Nylon filter 7456912 0.53 

 

 
Figure 12. Typical chromatogram of sample filtered through 0.45 µ PVDF filter 
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Figure 13. Typical chromatogram of sample filtered through 0.45 µ nylon filter 

 

3.8 Solution stability 

Standard and test solutions remained stable for 24 hours under laboratory conditions [2]. 

 

Table 7. Solution stability results 

Sample solution Time point Area % Absolute difference 

Standard Initial 7539589 NA 

Standard 12 h 7501958 0.50 

Standard 24 h 7481203 0.77 

Test Initial 7489658 NA 

Test 12 h 7432561 0.76 

Test 24 h 7419258 0.94 

 

 
Figure 14. Typical chromatogram of standard solution initial 
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Figure 15. Typical chromatogram of standard solution after 24 h 

 

 
Figure 16. Typical chromatogram of test solution initial 

 

 
Figure 17. Typical chromatogram of test solution after 12 h 
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3.9 Specificity 

No interference from blank or placebo was observed at the retention time of dolutegravir. Peak purity values 

were 0.994 for the standard and 0.987 for the test solution, confirming specificity. 

 

Table 8. Specificity results 

Description Observation 

Blank No interference at RT of dolutegravir 

Placebo No interference at RT of dolutegravir 

Standard solution Peak purity = 0.994 

Test solution Peak purity = 0.987 

 

 
Figure 18. Typical chromatogram of blank solution 

 

 
Figure 19. Typical chromatogram of placebo solution 
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Figure 20. Typical chromatogram of peak purity of standard solution 

 

 
Figure 21. Typical chromatogram of peak purity of test sample solution 

 

3.10 Linearity and range 

The method was linear over the concentration range of 2.0–30.0 µg/mL [2]. 

Figure 22. Calibration curve of dolutegravir 
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Figure 23. Typical chromatogram of linearity 10% 

 

Figure 24. Typical chromatogram of linearity 50% 

 

 
Figure 25. Typical chromatogram of linearity 100% 
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Figure 26. Typical chromatogram of linearity 125% 

 

 
 

Figure 27. Typical chromatogram of linearity 150% 

 

Table 9. Linearity data for dolutegravir 

Level Conc. (µg/mL) Mean Area %RSD 

10% 2.00 754336 0.166 

50% 10.00 3770356 0.186 

100% 20.00 7564162 0.148 

125% 25.00 9477005 0.140 

150% 30.00 11445844 0.162 

 

Table 10. Linearity summary of dolutegravir 

Parameter Result Acceptance criteria 

Linearity range 2.0–30.0 µg/mL NA 

Correlation coefficient (R²) 0.99998 NLT 0.98 

Intercept -30473.366 To be reported 

Slope 381196.205 To be reported 

 

Regression equation 

Y = 381196.205x – 30473.366 

3.11 LOD and LOQ 
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Using the calibration curve method [2]: 

• LOD = 0.260 µg/mL 

• LOQ = 0.789 µg/mL 

3.12 Accuracy 

Accuracy was evaluated at 50%, 100%, and 150% levels. Mean recoveries ranged from 99.19% to 99.64%, with 

overall recovery of 99.43%. 

 
Figure 28. Typical chromatogram of accuracy 50% 

 

 
Figure 29. Typical chromatogram of accuracy 100% 
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Figure 30. Typical chromatogram of accuracy 150% 

 

Table 11. Accuracy results of dolutegravir 

Overall recovery: 99.43% 

Overall %RSD: 0.827 

 

3.13 Precision 

Repeatability and intermediate precision results were within limits, with %RSD values less than 2% [2]. 

 
Figure 31. Typical chromatogram of repeatability precision sample 1 

 

Level (%) Area 
Recovered conc. 

(µg/mL) 

Added conc. 

(µg/mL) 
% Recovery 

Mean 

Recovery 
%RSD 

50 3761245 9.96 10.11 98.52 99.64 1.328 

50 3831057 10.14 10.03 101.10   

50 3759425 9.96 10.03 99.30   

100 7460345 19.76 20.03 98.65 99.45 0.781 

100 7551679 20.00 20.10 99.50   

100 7590467 20.10 20.06 100.20   

150 11256273 29.81 30.10 99.04 99.19 0.454 

150 11360300 30.08 30.17 99.70   

150 11245139 29.78 30.13 98.84   
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Figure 32. Typical chromatogram of inter-day precision sample 1 

 

Table 12. Precision results 

Parameter Mean % Assay STD DEV %RSD 

Repeatability 99.06 0.834883 0.843 

Intermediate precision 98.33 0.997631 1.015 

Repeatability + inter-day 98.694 0.95460 0.967 

 

3.14 Robustness 

Small deliberate variations in wavelength, flow rate, and column oven temperature did not significantly affect 

the method, demonstrating robustness [2]. 

 

 
Figure 33. Typical chromatogram of standard +3 nm 
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Figure 34. Typical chromatogram of standard -3 nm 

 

 
Figure 35. Typical chromatogram of standard +10% flow rate 

 

 
Figure 36. Typical chromatogram of standard -10% flow rate 
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Figure 37. Typical chromatogram of standard +2°C column oven temperature 

 

 
Figure 38. Typical chromatogram of standard -2°C column oven temperature 

 

Table 13. Robustness study of dolutegravir 

 

III. Discussion 
The developed RP-HPLC method was 

found to be simple and reliable for quantitative 

estimation of dolutegravir sodium. The use of 

DMSO was necessary due to the poor solubility of 

the drug in most common solvents. The selected 

wavelength of 258 nm provided sufficient 

sensitivity. Several preliminary trials showed poor 

chromatographic performance, but the final 

optimized mobile phase produced a stable and 

symmetrical peak with suitable retention time and 

plate count [3]. 

Validation results demonstrated that the 

method is linear, accurate, precise, and robust [2]. 

The correlation coefficient of 0.99998 indicated 

excellent linearity, while the low LOD and LOQ 

Change in parameter R.T. 
Standard 

area 
Asymmetry Theoretical plates 

Wavelength +3 nm (261 nm) 4.32 7169575 1.14 7186 

Wavelength -3 nm (255 nm) 4.32 7410568 1.13 7347 

Flow rate +10% (1.1 mL/min) 3.91 6825631 1.12 6912 

Flow rate -10% (0.9 mL/min) 4.82 8520904 1.13 7236 

Column temp +2°C (37°C) 4.35 7516923 1.18 7491 

Column temp -2°C (33°C) 4.36 7509184 1.22 7620 
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showed adequate sensitivity. Recovery and precision 

data confirmed the reliability of the method for 

routine pharmaceutical analysis. The method also 

passed specificity, filtration, and solution stability 

tests, supporting its practical use in quality control 

laboratories [2]. 

 

IV. Conclusion 
A simple, rapid, accurate, precise, and 

robust RP-HPLC method was successfully 

developed and validated for the estimation of 

dolutegravir sodium in bulk drug and tablet dosage 

form. The method used a Phenomenex ODS 3 

column with methanol:0.1% TFAA in water (60:40, 

v/v) as the mobile phase and detection at 258 nm. 

The method complied with ICH validation 

requirements and is suitable for routine analysis in 

pharmaceutical quality control laboratories [1,2]. 
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