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ABSTRACT  
 
A reliable, validated, and robust RP-HPLC method was established to evaluate Abacavir 

(ABV), Dolutegravir (DTV), and Lamivudine (LVD) in bulk and fixed-dose 
combination tablets. Chromatographic separation was achieved on a Sunfire C18 
column (250 × 4.6 mm, 5 µm) using a mobile phase of 0.01 N ammonium 
acetate:acetonitrile (60:40 v/v) at a flow rate of 1.0 mL/min, with detection at 257 nm. 
The column temperature was maintained at 30°C and the run time was 6 min. The 
method was linear over 0-180 µg/mL for ABV, 0-15 µg/mL for DTV, and 0-90 µg/mL 
for LVD with correlation coefficients (R²) of 0.9993, 0.9998, and 0.9998, respectively. 
Accuracy was within 98.15-101.35% and precision showed %RSD < 1%. The 
LOD/LOQ values were 0.746/2.261 µg/mL for ABV, 0.057/0.172 µg/mL for DTV, and 

0.293/0.888 µg/mL for LVD. Forced degradation showed maximum degradation of 
6.83% (ABV), 8.01% (DTV), and 5.28% (LVD), confirming specificity and suitability 
for stability and routine QC. 

 

 

INTRODUCTION 

HIV can be effectively managed through the application of combination therapy1. The 

activity of HIV-1 reverse transcriptase2-3 is proficiently inhibited by abacavir, which 

possesses the chemical formula C₁₄H₁₈N₆O. Dolutegravir4, an FDA-approved integrase strand 

transfer inhibitor, is employed in the treatment of HIV infection. The viral integrase enzyme 

executes a two-step process that specifically obstructs the strand transfer phase of the viral 

genome's integration into the host cell's DNA. Its chemical formula is C₂₀H₁₉F₂N₃O₅, and it 

demonstrates solubility in both water and methanol. Lamivudine exhibits enhanced potency 

and targets both the Human Immunodeficiency Virus (HIV) and Hepatitis B Virus (HBV) by 

inhibiting the reverse transcriptase enzyme. The molecular formula for lamivudine is 
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C₈H₁₁N₃O₃S, and it showcases excellent solubility in water, low solubility in methanol, and 

negligible solubility in acetone. According to the literature, abacavir (ABV), dolutegravir 

(DTV), and lamivudine (LVD) can be measured both individually and concurrently in bulk 

and mixed-dose forms utilizing chromatographic techniques and HPLC-MS/MS5-8. The work 

reveals that the specificity, sensitivity, accuracy, and precision of the RP-HPLC technique are 

commendably stable. The developed solution adhered to ICH Q2 R1 criteria, which were 

successfully validated. There have been limited reports of simultaneous analytical techniques 

employing HPLC on these combination dosage forms; following the application of specific 

stress conditions, the current technique demonstrated remarkable linearity, precision, 

accuracy, and stability. 

 

Materials and Methods   

Instruments Required   

A 3098 Photo Diode Array (PDA) detector, Empower 3 software were utilized to execute an 

RP-HPLC technique on a Waters Alliance 2695 HPLC system. A Sunfire C18 stationary 

phase measuring 4.6 × 250 mm and 5 µm was utilized. A Denver electronic balance, 

Whatman filter paper No. 41, and an ultrasonic bath sonicator called a Frontline FS 4, were 

utilized in this work. 

Reagents Used 

Hetero Drugs Limited in Hyderabad, India, supplied lamivudine, dolutegravir, and abacavir. 

HPLC-grade acetonitrile and ammonium acetate were procured from standard laboratory 

suppliers, and Milli-Q water was used. 

Reagents and Chemicals  

Analytical and HPLC-grade chemicals were used. Water underwent double distillation and 

membrane filtration. The mobile phase was prepared using 0.01 N ammonium acetate 

(aqueous buffer) and HPLC-grade acetonitrile in the ratio 60:40 v/v. The tablets (ABV 600 

mg, LVD 300 mg, and DTV 50 mg) were procured locally. 

Preparation of Standard Solution 

10 mg each of Abacavir (ABV), Dolutegravir (DTV), and Lamivudine (LVD) were dissolved 

in the diluent (water:acetonitrile, 50:50 v/v) and diluted to a final volume of 10 mL to achieve 

stock solutions of 1000 µg/mL. A working solution was made by combining 1.5 mL of ABV, 

0.125 mL of DTV, and 0.75 mL of LVD stock solutions in a 10 mL flask, followed by 

dilution to volume with the mobile phase, resulting in concentrations of ABV: 150 µg/mL, 
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DTV: 12.5 µg/mL, and LVD: 75 µg/mL. The solution was maintained at a temperature 

between 2 and 8 °C in amber vials9-11. 

Selection of Mobile Phase   

The optimal mobile phase for separating Abacavir, Dolutegravir, and Lamivudine was found 

to be 0.01 N ammonium acetate:acetonitrile (60:40 v/v), providing sharp, well-resolved peaks 

with high theoretical plates, minimal tailing, and good peak areas. 

Sample Preparation 

An aliquot equivalent to twenty tablets was gently crushed and added to a 10 mL volumetric 

flask. Using the diluent (water:acetonitrile, 50:50 v/v), the resultant mixture was sonicated for 

5 minutes before being filtered through a 0.45 µm membrane. By diluting the filtrate 

accordingly, the final concentrations for LVD, DTV, and ABV were 300, 25, and 150 µg/mL, 

respectively. For analysis, a 10 µL sample was injected into the HPLC system12-14. The 

sample peak areas were compared with those of standard solutions at identical concentrations. 

 

RESULTS AND DISCUSSION  

Chromatographic Conditions   

Using a mobile phase consisting of 0.01 N ammonium acetate and acetonitrile at a ratio of 

60:40 (v/v), chromatographic separation was carried out on a Sunfire C18 column (4.6 × 250 

mm, 5 µm) maintained at 30°C. The flow rate of the mobile phase was set at 1.0 mL/min, the 

detection wavelength was 257 nm, the injection volume was 10 µL, and the run time was 6 

min. Prior to utilization, the mobile phase was degassed and filtered through a 0.45 µm 

membrane 15-18. Standard solutions were accurately aliquoted into Amber vials for subsequent 

analysis. 

Method Validation  

The International Council for Harmonization's (ICH) recommended HPLC method was 

verified against Q2 (R1) criteria for analytical method validation 19-20. 

System Suitability Study 

The system suitability investigation, Table 1 displays the good peak areas and theoretical 

plates of >5000 and a good tailing factor of <2. In Figure 1, the chromatograms are shown. 

 

Table-1: System Suitability Parameter for Abacavir, Dolutegravir, and Lamivudine 

Parameter Abacavir Dolutegravir Lamivudine 

Retention Time (Min.) 2.199 2.648 3.195 
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Peak Area (%RSD) 0.6 0.7 1.3 

Tailing Factor 1.08 1.11 1.10 

Theoretical Plates 5450 6125 5890 

Resolution -- 4.32(vs Abacavir) 3.25(vs Dolutegravir) 

%RSD: Percentage Relative standard deviation 

 

 

Fig.-1: Standard Chromatogram 

 

Linearity 

Standard solutions were prepared to obtain linear concentrations of ABV, DTV, and LVD in 

the ranges of 0-180 µg/mL, 0-15 µg/mL, and 0-90 µg/mL, respectively (Figure 2). The 

calibration plots of concentration versus peak area showed good linearity across the studied 

ranges with correlation coefficients (R²) of 0.9993 (ABV), 0.9998 (DTV), and 0.9998 (LVD) 

(Table 2). 

 

Table-2: Results of Linearity Studies 

S. 

No 

Abacavir 

µg/mL 

Peak 

Area 

Dolutegravir 

µg/mL 

Peak 

Area 

Lamivudine 

µg/mL 

Peak 

Area 

1 0 0 0 0 0 0 

2 30 155570 2.5 23160 15 83171 

3 60 325531 5 47080 30 166448 

4 90 453209 7.5 69618 45 242030 

5 120 606245 10 93418 60 328714 

6 150 755329 12.5 116599 75 403560 

7 180 906405 15 137966 90 484231 
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Fig.-2: Calibration Graph of Abacavir, Dolutegravir, and Lamivudine 

 

Precision 

Evaluations were conducted utilizing system precision, repeatability, and intermediate 

precision to assess the proposed HPLC method's precision in accordance with ICH Q2(R1). 

System precision showed %RSD values of 0.447% (ABV), 0.748% (DTV), and 0.611% 

(LVD) (Table 3). Repeatability gave %RSD values of 0.313% (ABV), 0.276% (DTV), and 

0.649% (LVD) (Table 4). Intermediate precision (different day) showed %RSD values of 

0.352% (ABV), 0.204% (DTV), and 0.953% (LVD) (Table 5). 

System Accuracy 

Table-3: System precision of Abacavir, Dolutegravir, and Lamivudine 

Concentration 

(µg/mL) 

Abacavir Dolutegravir Lamivudine 

60 5 30 

Area 

(Mean±SD) 

591775.33±2647.55 92093.50±689.17 316491.33±1932.74 

%RSD 0.447 0.748 0.611 
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All values are expressed as Mean±SD, n=6 %RSD: Percentage Relative standard deviation 

 

Table-4: Repeatability table of Abacavir, Dolutegravir, and Lamivudine   

Concentration 

(µg/mL) 

Abacavir Dolutegravir Lamivudine 

60 5 30 

Area 

(Mean±SD) 

591369.00±1850.19 92164.33±254.08 314959.00±2045.50 

%RSD 0.313 0.276 0.649 

All values are expressed as Mean±SD, n=6 %RSD: Percentage Relative standard deviation 

Table-5: Abacavir, Dolutegravir, and Lamivudine Intermediate precision 

Concentration 

(µg/mL) 

Abacavir Dolutegravir Lamivudine 

60 5 30 

Area 

(Mean±SD) 

592106.33±2085.00 89165.00±182.17 309474.17±2949.94 

%RSD 0.352 0.204 0.953 

All values are expressed as Mean±SD, n=6 %RSD: Percentage Relative Standard Deviation   

 

Accuracy  

The method's accuracy was evaluated by recovery studies at 50%, 100%, and 150% levels. 

Recoveries ranged from 99.26 to 99.96% for ABV, 98.15 to 100.67% for DTV, and 99.20 to 

101.35% for LVD, confirming acceptable accuracy (Table 6). 

Table-6: Accuracy Results 

Drug Level % Spiked Recovered % Recovered 

Abacavir 

50% 60 59.82 99.70 

100% 120 119.51 99.59 

150% 180 179.26 99.59 

Dolutegravir 

50% 5 4.94 98.89 

100% 10 9.95 99.45 

150% 15 15.03 100.22 

Lamivudine 

50% 30 30.01 100.03 

100% 60 60.09 100.15 

150% 90 89.68 99.64 
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Robustness  

The robustness of the methodology was assessed by manipulating the wavelength (±2 nm) 

and flow rate (±0.2 mL/min). The %RSD values consistently remained below 2% (0.12–0.28% 

for wavelength, 0.06–0.3% for flow rate), thereby affirming the method’s dependability 

amidst minor intentional variations, as illustrated in Table 7.  

Table-7: Robustness Data 

Condition Drug Mean Area S.D %RSD Acceptance Criteria 

Wavelength 

255 nm 

Abacavir 871140.0 1236.85 0.14%  

 

 

 

 

< 2% 

Dolutegravir 312478.33 635.27 0.2% 

Lamivudine 202635.33 471.74 0.23% 

Wavelength 

259 nm 

Abacavir 871304.67 1027.97 0.12% 

Dolutegravir 312862.67 841.63 0.27% 

Lamivudine 202751.0 575.11 0.28% 

Flow rate 

0.8 mL/min 

Abacavir 870514.0 690.27 0.08% 

Dolutegravir 312285.33 949.77 0.3% 

Lamivudine 202664.0 414.09 0.2% 

Flow rate 

1.2 mL/min 

Abacavir 871377.67 664.57 0.08% 

Dolutegravir 312111.0 326.22 0.1% 

Lamivudine 202764.0 123.12 0.06% 

SD: Standard deviation, %RSD: Percentage Relative standard deviation 

 

Limits of Quantification (LOQ) and Detection (LOD) 

Using the calibration curve slope (S) and standard deviation (σ), LOD and LOQ were 

calculated as per ICH Q2(R1). Dolutegravir showed the highest sensitivity with the lowest 

LOD/LOQ (0.057 µg/mL and 0.172 µg/mL), followed by lamivudine (0.293 µg/mL and 

0.888 µg/mL). Abacavir showed LOD/LOQ of 0.746 µg/mL and 2.261 µg/mL. These results 

confirm that the method is sufficiently sensitive for routine analysis (Table 8). 

Table-8. LOD and LOQ 

Drug Slope (S) Standard Deviation (σ) LOD (µg/mL) LOQ (µg/mL) 

Abacavir 4999.33 1130.41 0.746 2.261 

Dolutegravir 9244.50 158.69 0.057 0.172 

Lamivudine 5366.07 476.28 0.293 0.888 

 

http://www.thebioscan.com/


                                                                                           21(1): 819-828, 2026                  www.thebioscan.com 

 

 
826 

 

Assay  

Table 9 displays the assay findings for the active substances, which were determined to be 

within acceptable bounds. 

Table-9: Assay Results 

Drug Label Claim (mg) Assay (%) 

Abacavir 600 99.73 

Dolutegravir 50 99.88 

Lamivudine 300 99.42 

 

Force Degradation 

Forced degradation studies were performed under acidic (0.1 N HCl), basic (0.1 N NaOH), 

oxidative (3% H2O2), thermal, photolytic (UV), and neutral (water) conditions to assess 

specificity and stability-indicating capability. The observed assay values were 93.17-99.35% 

for ABV, 91.99-99.66% for DTV, and 94.72-99.09% for LVD, corresponding to maximum 

degradations of 6.83%, 8.01%, and 5.28%, respectively (Table 10). These results demonstrate 

that the method can separate analyte peaks from degradation products. 

Table-10: Forced Degradation Results 

Stress 

Condition 

ABV % 

Assay 

ABV % 

Degradation 

DTV % 

Assay 

DTV % 

Degradation 

LVD % 

Assay 

LVD % 

Degradation 

Acid (0.1N 

HCl) 

93.17 6.83 92.34 7.66 94.91 5.09 

Base (0.1N 

NaOH) 

96.48 3.52 94.47 5.53 96.00 4.00 

Oxidative 

(H2O2) 

95.23 4.77 91.99 8.01 94.72 5.28 

Thermal 98.32 1.68 97.22 2.78 97.34 2.66 

Photolytic 

(UV) 

98.06 1.94 98.41 1.59 98.08 1.92 

Neutral 

(Water) 

99.35 0.65 99.66 0.34 99.09 0.91 

 

The degradation results indicate that all three compounds experienced measurable 

degradation under stress conditions, with the most significant degradation observed under 
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basic and acidic hydrolysis. Dolutegravir showed relatively better stability in acidic and 

oxidative conditions. The observed degradation levels were within acceptable limits (below 

15%), verifying that the HPLC technique developed is appropriate for use as a stability-

indicating method. 

 

CONCLUSION 

In compliance with ICH Q2(R1) guidelines, an RP-HPLC method was developed and 

validated for simultaneous estimation of Lamivudine (LVD), Dolutegravir (DTV), and 

Abacavir (ABV) in tablets. The method showed excellent linearity (R² ≥ 0.9993) over 0-90 

µg/mL (LVD), 0-15 µg/mL (DTV), and 0-180 µg/mL (ABV), with good accuracy (98.15-

101.35%), precision (%RSD < 1%), and low LOD/LOQ values (Table 8). Forced degradation 

results confirmed the method as stability-indicating, and the proposed method is suitable for 

routine quality control and stability studies. 
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