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Abstract
A novel isocratic reversed phase high performance liquid 
chromatographic method was developed and validated for 
the determination of human immune deficiency virus drugs 
Lamivudine (LMV), Abacavir sulphate  (ACV)and Dolutegravir 
(DGV)  present in combined formulation known as Triumeq 
which consists 600 mg of ACV, 50 mg of DGV and 300 mg of 
LMV. HPLC (Waters) system equipped with auto sampler and 
photo diode array and ultra violet detector was used in the present 
investigation. The chromatographic data was acquired by using 
Empower-2 software. Inertsil ODS column (4.6×150mm) 5µm, 
phosphate buffer pH 3.5: acetonitrile: water in the ratio 60:30:10 
as mobile phase at a flow rate of 1.0 ml/min for 8 minutes, and 
components were detected at a wavelength of 245 nm by injecting 
20 µl of working standard. The retention time of three components 
LMV, ACV and DGV was found to be 1.692, 2.210 and 4.155 
minutes respectively, and resolution was found to be 3.42 and 6.12 
min. The linearity between peak area and concentration of LMV, 
ACV and DGV was found to be 15-90 µg/mL, 30-180 µg/mL and 
2.5-15 µg/mL respectively. LOD and LOQ concentrations were 
determined and found to be 0.315, 0.405 and 0.075 µg/ml and 
1.035, 1.350 and 0.263 µg/ml respectively. The forced degradation 
studies were carried out under different degradation conditions 
and the sample was found to be stable. The proposed method 
was successfully applied for the simultaneous determination of 
Lamuvidine, Abacavir and Dolutrigavir in bulk and formulations, 
hence the developed method suggested for the determination of 
quality in any quality control laboratories.

Keywords
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I. Introduction

A. Profile of the Drugs
Lamivudine, abacavir sulphate are nucleoside reverse transcriptase 
inhibitors (NRTI) with activity against human immunodeficiency 
virus type I (HIV-I) and Hepatitis B. Dolutegravir is a newly 
developed human immune deficiency virus (HIV-1) integrase 
inhibitor by binding to the active site and blocking the strand 
transfer step to retroviral DNA integration. Lamivudine (LMV) is 
chemically known as 4-amino-1-[(2R,5S)-2-(hydroxymethyl)-1,3-
oxathiolan-5-yl]-1,2-dihydropyrimidin-2-one and its molecular 
formula and molecular weight were given by C8H11N3O3S 
and  229.26 grams per mole. Abacavir is chemically known 
as {(1S,4R)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]
cyclopent-2-en-1-yl}methanol with molecular formula C14H18N6O 

and molecular weight 286.332 g/mol. Dolutegravir is chemically 
known as (4R,12aS)-N-(2,4-difluorobenzyl)-7-hydroxy-4-
methyl-6,8-dioxo-3,4,6,8,12,12a-hexahydro-2H-pyrido 1’, 2’: 4, 
5] pyrazino [2,1-b][1,3]oxazine-9-carboxamide. The molecular 
formula and molecular weight of dolutegravir were C20H19F2N3O5     
and 419.38 g/mol.  Triumeq, combination antiretroviral drugs such 
as abacavir, lamivudine and dolutegravir is manufactured by ViiV 
Healthcare. It is approved by the FDA as a complete regimen 
for the treatment of HIV-1 infection in adults. As this a fixed-
dose combination product containing 600mg of abacavir, 50mg 
of dolutegravir and 300mg of lamivudine. The recommended 
dosage regimen of Triumeq in adults is one tablet once daily orally 
with or without food. The molecular structure of lamivudine, 
abacavir and dolutegravir were presented in fig. 1, fig. 2 and Fig. 
3 respectively.

Fig. 1: Molecular Structure of Lamivudine

Fig. 2: Molecular structure of Abacavir

Fig. 3: Molecular structure of Dolutegravir

B. Literature Review
Several analytical methods employed for the quantitative 
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determination of individual or multi-component combinations 
assay of nucleoside reverse transcriptase inhibitor in pharmaceutical 
dosage forms. Three spectrophotometric methods [1, 3] were 
reported for the assay of individual drug abacavir sulfate in bulk and 
pharmaceutical dosage formulations. Validated HPTLC method 
[4] was reported for simultaneous determination of lamivudine 
and abacavir sulfate in tablet dosage form. RP-HPLC method [5] 
was reported for the simultaneous determination of lamivudine 
and abacavir sulfate in tablet dosage form. RP-HPLC and tandem 
mass spectrometry method [6] was reported for the simultaneous 
determination of Lamivudine and Zidovudine concentrations in 
human seminal plasma. A liquid chromatography [7] method 
was reported in the literature for simultaneous determination of 
abacavir and mycophenolic acid in human plasma. Simultaneous 
determination of lamivudine, zidovudine and abacavir in tablet 
dosage form by RP-HPLC method [8, 9] were also reported. 
One validated stability indicating RP-HPLC method [10] 
for simultaneous determination of abacavir, lamivudine and 
dolutegravir in bulk and pharmaceutical dosage form was 
reported. 

C. Scope of the work
At the time of beginning of the work, it was found that N. Khaleel 
and Sk. Abdul Rahaman reported a validated stability indicating 
RP-HPLC method [10] for simultaneous determination of abacavir, 
lamivudine and dolutegravir in bulk and pharmaceutical dosage 
form. In the reported method retention time of Lamivudine, 
Abacavir and Dolutegravir were found to be 2.169, 2.676 and 
6.367 respectively.  The calibration curve was constructed between 
peak area against concentration and linearity limits were found 
in the range of 15 -90 μg/ml for Lamivudine, 30-180 μg/ml for 
Abacavir and 2.5-15 μg/ml for Dolutegravir. Limit of detection 
and limit of quantification were found to be 0.40 μg/ml and 0.88 
μg/ml for Lamivudine, 0.12 μg/ml and 0.52μg/ml for Abacavir 
and 0.04 μg/ml and 0.11 μg/ml for Dolutegravir respectively. In 
the reported method retention time of the components was found 
to be high with less resolution.  Though one HPLC method was 
reported, there was a scope to develop a sensitive and rapid liquid 
chromatographic method, hence the author attempted to develop a 
novel simple and rapid RP-HPLC method for the analysis abacavir, 
lamivudine and dolutegravir in bulk and pharmaceutical dosage 
form and succeeded.

D. Goal of the Investigation
The main objectives of the present investigation are to develop a 
simple, rapid and economic HPLC method for the determination 
of abacavir (600 mg), dolutegravir(50 mg) and lamivudine (300 
mg) in Triumeq and validation of the developed method to 
demonstrate its ability to produce the expected results under the 
stated experimental conditions, to determine the assay of these 
drugs in bulk and pharmaceutical formulations and to determine 
the stability of ascertain the percent of degradation when the 
drugs are exposed to some degradants such as hydrochloric acid, 
sodium hydroxide, hydrogen peroxide, thermal and photolytic 
exposure. 

II. Materials and Methods

A. Instrumentation
HPLC (Waters) system equipped with auto sampler and photo 
diode array and ultra violet detector was used in the present 
investigation. The Empower-2 software was used to acquire the 

chromatographic data.

B. Standards and Reagents
Lamivudine, Abacavir and Dolutegravir of purity 99.8 % working 
standards were obtained as a gift samples from Mylan Laboratories 
Limited, Hyderabad, Telangana state, India. The tablets of Triumeq 
containing 600 mg of abacavir, 50 mg of dolutegravir, and 300 
mg of lamivudine respectively (manufactured by Viiv healthcare) 
were procured from local pharmacy. HPLC grade water, methanol, 
ortho phosphoric acid, hydrochloric acid, sodium hydroxide, and 
hydrogen peroxide were procured from Merck India, Mumbai. 
Preparation of Phosphate buffer pH=3.5: To prepare 0.01M 
Phosphate buffer solution, 1.368g of potassium dihydrogen 
orthophosphate was accurately weighed, transferred into a 1000 ml 
flask and dissolved in HPLC grade water, and the pH of resulting 
solution was adjusted to 3.5 by adding a few drops of phosphoric 
acid solution.
Preparation of mobile phase: Mobile phase was prepared by 
mixing above buffer, acetonitrile and water in the ratio 60:30:10 
(v/v) and degassed in ultrasonic water bath for 5 minutes, and then 
filtered through 0.45 µ filter under vacuum filtration.
Diluent Preparation: Mobile phase was used as diluent
Preparation of the Lamivudine, Abacavir and Doltugravir standard 
solution: Accurately weighed and transferred 30 mg, 60 mg 
and 5 mg of Lamivudine, Abacavir and Doltugravir working 
standards into a 10 ml clean dry volumetric flask, added diluent 
and sonicated to dissolve it completely and made up to the mark 
with the diluents (stock solution). Further pipette 1.0 ml of the 
above stock solution was pipette out and transferred into a 10 ml 
volumetric flask and diluted up to the mark with diluents, and 
again exactly 1.5ml of above diluted solution was pipetted and 
taken in a 10 ml volumetric flask and diluted up to the mark with 
diluent. The final concentrations of Lamivudine, Abacavir and 
Doltugravir in the resulting solution were 45 µg/mL, 90 µg/mL 
and 7.5 µg/mL respectively.
Preparation of the Lamivudine, Abacavir and Doltugravir sample 
solution: The average weight of ten tablets of Triumeq containing 
600 mg of abacavir, 50 mg of dolutegravir, and 300 mg of 
lamivudine was accurately determined, made them into a fine 
powder, and an amount of the sample powder equivalent to 30 mg, 
60 mg and 5 mg of Lamivudine, Abacavir and Doltugravir was 
exactly weighed and transferred into a 10 ml clean dry volumetric 
flask and dissolved in diluent and sonicated for five minutes and 
made up to the mark with the same solvent (stock solution). Further 
the stock sample solution was diluted in similar manner.

III. Method Development and Validation
During the method development, the author made different trials 
by changing one of the parameters keeping all other constant, and 
finally obtained optimised chromatographic procedure.  Different 
trails performed by author to get optimised chromatographic 
conditions.Trail-1 was carried under the chromatographic 
conditions such as waters C18 4.6 x250mm, 5µm column, Water: 
Methanol (50:50) as mobile phase at a rate of 1.0 ml/min flow 
for a run time of 10 min by injecting 10 µl of working standard, 
and detection at a wavelength of 245 nm, and finally found only 
one component. In trail-2, mobile phase was changed (phosphate 
buffer of pH 6.0: methanol 50:50) keeping other constant and 
found peak splitting. In tail-3, Agilent (4.6 x250mm, 5µm) column, 
phosphate buffer of pH 3.0: methanol 50:50 as mobile phase at 
flow rate of 1.0 ml/min for 8 min and the components were detected 
at 232 nm, again peak splitting was observed. In trail-4, pH of 
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buffer was increased to 5.5, injection volume was decreased to 10 
µl and again peak splitting was observed. In trail 5, Xterra (4.6 
x150mm, 5µm) column, and detection wavelength 245 nm were 
chosen keeping other constant, peaks were separated but found 
high retention time. Finally Inertsil ODS column (4.6×150mm) 
5µm, phosphate buffer pH 3.5: Acetonitrile: water in the ratio 
60:30:10 as mobile phase at a flow rate of 1.0 ml/min for 8 
minutes, and components were detected at a wavelength of 245 
nm by injecting 20 µl of working standard, the components were 
separated  with good resolution.

A. Chromatographic Parameters
Equipment : Waters HPLC system equipped with auto 
sampler 
Detector  : Diode array detector (DAD) and UV   
  detector
Column                : Inertsil ODS column (4.6×150mm and 4.5   
  µm)
Flow rate : 1.0 mL/min
Wavelength : 245 nm
Injection volume : 20 µL
Column oven  : Ambient
Run time  : 8 min

B. System Suitability
Injected 20 µL of the standard solution into the chromatographic 
system, chromatogram was recorded under the optimised 
chromatographic conditions. Retention time and system suitable 
parameters such as peak area, peak height, tailing factor, resolution 
for the Lamivudine, Abacavir and Doltugravir peaks were 
determined. The acceptability criteria was, tailing factor for the 
peaks due to Lamivudine, Abacavir and Doltugravir in standard 
solution should not be more than 2.0, and theoretical plates for the 
Lamivudine, Abacavir and Doltugravir peaks in Standard solution 
should not be less than 2000. The representative system suitable 
chromatogram was presented in Figure-4

C. Precision
System precision: Exactly 1.0 ml of standard stock solution was 
diluted to 10 ml in a volumetric flask and then 1.5ml of above 
diluted solution was taken into a 10 ml volumetric flask and diluted 
up to the mark with diluent. Then this working standard solution 
was injected into the HPLC system for six times and measured the 
area for all six injections. The %RSD for the area of six replicate 
injections was calculated and found to be within the specified 
limits. The results were summarized in Table-2. The acceptance 
criteria of precision studies were, mean, standard deviation and 
the % RSD for the area of finite number of replicate measurements 
should not be more than 2%.
Method precision: To evaluate the method precision, working 
standard solution was prepared six times and injected into the 
HPLC system and measured the area for all six replicate solutions. 
The %RSD for the area of six measurements was determined 
found to be within the specified limits. The acceptance criteria 
were the % RSD for the area of six measurements should not be 
more than 2%

D. Accuracy
Working standard / sample solutions were prepared in similar 
manner as explained in preparation of solutions section. Exactly 
0.5 ml / 1ml / 1.5 ml of standard solution was precisely added to 
1.0 ml of pre-analysed sample solution of Lamivudine, Abacavir 

and Doltugravir in three 10 ml volumetric flasks and diluted up 
to the mark with diluent. Further pipette 1.5 ml of each of the 
solution was transferred into three different 10 ml standard flasks, 
and diluted up to the mark with diluents. Each of three solutions 
was injected into the HPLC column in triplicate, chromatograms 
were obtained. The amount of standard added was estimated, 
and expressed as percent of recovery at each spiked level. The 
acceptance criteria of accuracy were, the % recovery for each level 
should be between 98.0 to 102.0%. Representative chromatograms 
for standard, 50,100 and 150% spiked level solutions were shown 
in Figure-5 -Figure-8

E. Linearity
Preparation of stock solution: Accurately weighed and transferred 
30 mg, 60 mg and 5 mg of Lamivudine, Abacavir and Doltugravir 
working standard into a 10 ml clean dry volumetric flask, added 
diluent and sonicated to dissolve it completely and made volume 
up to the mark with the same solvent (stock solution), further 
pipetted 1.0 ml of the above stock solution into a 10 ml volumetric 
flask and dilute up to the mark with diluents. For the study of 
linearity, different aliquots (0.5-3.0) of the above diluted solution 
were taken into six different 10 ml volumetric flasks and diluted up 
to the mark. The range of concentrations of Lamivudine, Abacavir 
and Doltugravir was found to be 15-90, 30-180 and 2.5- 15.0 
µg/ml respectively. Injected each level into the chromatographic 
system and measured the peak area twice. Plotted linearity graphs 
by taking mean peak area versus concentration of Lamivudine, 
Abacavir and Doltugravir and calculated the correlation coefficient. 
The acceptance criteria was correlation coefficient should be not 
less than 0.999. The linearity plots of Lamivudine, Abacavir and 
Doltugravir were presented in Figure-9 -Figure-11 respectively.

F. Limit of Detection and Limit of Quantification 
Preparation of LOD (0.315 µg/ml) / LOQ (1.035 µg/ml) solutions 
of Lamivudine: Working standard solution of concentration 45, 
90 and 7.5 µg/ml solution was prepared, and pipetted 1.0 ml of 
the above solution into a 10 ml volumetric flask and diluted up 
to the mark with diluents, further pipetted 0.7 ml / 2.3 ml of the 
above stock solution into two separate 10 ml volumetric flasks 
and dilute up to the mark with diluents, and chromatograms were 
obtained under optimised conditions.
Preparation LOD (0.405 µg/ml)/LOQ (1.350 µg/ml) solution 
of Abacavir : Pipetted 1.0ml of the above stock solution into a 
10ml volumetric flask and dilute up to the mark with diluents. 
Further pipetted 0.45ml / 1.5 ml of the above stock solution into 
two 10ml volumetric flask and diluted up to the mark with diluents 
and analysed as per the optimised procedure.
Preparation LOD (0.075 µg/ml)/ LOQ (0.263 µg/ml) 
Doltugravir solution: About 1.0ml of the above stock solution 
into a 10ml volumetric flask and dilute up to the mark with diluents. 
Further pipette 1ml/3.5 ml of the above stock solution into two 
10ml volumetric flask and diluted up to the mark with diluents, 
and chromatograms were obtained. Typical chromatograms of 
blank, LOD and LOQ were presented in Figure-12—Figure-14 
respectively.

G. Robustness
As part of the Robustness, deliberate change in the flow rate, 
mobile phase composition, temperature variation was made to 
evaluate the impact on the method. The flow rate was varied at 
0.9ml/min to 1.1ml/min: Standard solution 45, 90 and 7.5 µg/
ml of Lamivudine, Abacavir and Doltugravir was prepared and 
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analysed using the varied flow rates along with method flow rate.  
Chromatograms of flow rate 0.9 ml/min and 1.1 ml/min were given 
in Figure-15-Figure-16 respectively. On evaluation of the above 
results, it can be concluded that the variation in flow rate, the 
method was not affected significantly; hence the method was found 
to be robust even by change in the flow rate ±10%. The variation 
of mobile phase composition: Standard solution of Lamivudine, 
Abacavir and Doltugravir was prepared and analysed by using 
mobile phase variation and the representative chromatograms 
were presented in Figure-17 -Figure-18 respectively.

IV. Degradation Studies
The International Conference on Harmonization (ICH) guideline 
entitled stability testing of new drug substances and products 
requires that stress testing be carried out to elucidate the inherent 
stability characteristics of the active substance. The aim of this work 
was to perform the stress degradation studies on the Lamivudine, 
Abacavir and Doltugravir using the proposed method.
Preparation of degradation standard solution: Exactly 30 mg, 60 
mg and 5 mg of Lamivudine, Abacavir and Doltugravir reference 
standards were accurately weighed and transferred into a 10ml 
clean dry volumetric flask, added diluent and sonicated to dissolve 
it completely and made volume up to the mark with the same 
solvent. Further pipetted 1.0 ml of the above stock solution into a 
10 ml volumetric flask and diluted up to the mark with diluent.

A. Hydrolytic degradation under acidic condition
Pipetted 1.5 ml of above solution into a 10ml volumetric flask and 
3.0 ml of 0.1N HCl was added. Then, the volumetric flask was 
kept at 60ºC for 6 hours and then neutralized with 0.1 N NaOH 
and made up to 10 ml with diluent. Filter the solution with 0.22 
microns syringe filters and place in vials. 

B. Hydrolytic degradation under alkaline condition
About 1.5 ml of above solution was transferred into a 10ml 
volumetric flask, and then 3.0 ml of 0.1N NaOH was added in 
10 ml of volumetric flask. Then, the volumetric flask was kept at 
60ºC for 6 hours and then neutralized with 0.1N HCl and made 
up to 10 ml with diluent. Filter the solution with 0.22 microns 
syringe filters and place in vials.

C. Oxidative degradation
Exactly 1.5 ml above  stock solution was taken into a  10 ml 
volumetric flask , 1 ml of 3% w/v of hydrogen peroxide was 
added and the volume was made up to the mark with diluent 
. The volumetric flask was then kept at room temperature for 
15 min. Filter the solution with 0.45 microns syringe filters and 
place in vials. 

D. Thermal induced degradation
Lamivudine, Abacavir and Doltugravir samples was taken in 
petridish and kept in hot air oven at 1100 C for 24 hours. Then the 
sample was taken and diluted with diluents and injected into HPLC 
and analysed. The representative chromatograms of degradation 
standard, acid, base, peroxide and thermal degradation of sample 
were presented in Figure-19-Figure-23 respectively.

V. ASSAY
Preparation of standard / sample solution: To prepare standard 
stock solution, exactly 30 mg of Lamivudine, 60 mg of Abacavir 
and 5 mg of Dolutegravir working standards were accurately 
weighed and transferred into a 10ml clean dry volumetric flask, 

added about 7 ml of diluent and sonicated for 5 min to dissolve 
it completely and made volume up to the mark with the same 
solvent. Standard sample solution was prepared by taking an 
amount of tablet powder equivalent to 30 mg, 60 mg and 5 mg of 
Lamivudine, Abacavir and Dolutegravir was accurately weighed, 
transferred into a 10ml clean dry volumetric flask, dissolved in 
7ml of diluent and sonicated for 5 min to dissolve and make 
volume up to the mark with the same solvent. Further 1.0 ml of 
the above stock solutions were transferred into two separate 10 ml 
volumetric flasks and diluted up to the mark with diluents, and then 
exactly 1.5 ml of the diluted solution was again diluted to 10 ml, 
chromatograms for standard and sample were recorded in triplicate 
and measured the area for the peaks, and model chromatograms 
were presented in Figure-24 and Figure-25respectively.

Figure-4: A typical system suitable HPLC chromatogram

Figure-5: A typical HPLC chromatogram of accuracy standard

Figure-6: A typical HPLC chromatogram of 50% spiked level 
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Figure-7: A typical HPLC chromatogram of 100% spiked level 

Figure-8: A typical HPLC chromatogram of 150% spiked level 

Figure-9: Linearity plot of Lamivudine

Figure-10: Linearity plot of Abacavir

Figure-11: Linearity plot of Dolutegravir

Figure-12: HPLC chromatogram of blank solution (base line)

Figure-13: HPLC chromatogram of LOD studies

Figure-14: HPLC chromatogram of LOQ studies
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Figure-15: A typical HPLC chromatogram in less flow rate 
studies

Figure-16: A typical HPLC chromatogram in more flow rate 
studies

Figure-17: A typical HPLC chromatogram in less mobile phase 
composition studies

Figure-18: A typical HPLC chromatogram in more mobile phase 
composition studies

Figure-19: A typical HPLC chromatogram of degradation 
standard

Figure-20: A typical HPLC chromatogram of acid degradation 
solution

Figure-21: A typical HPLC chromatogram of base degradation 
solution

Figure-22: A typical HPLC chromatogram of peroxide degradation 
solution
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Figure-23: A typical HPLC chromatogram of thermal degradation 
solution
 

Figure-24: A typical HPLC chromatogram of working standard  

Figure-25: A typical HPLC chromatogram of sample 

VI. Reults and Discussion

A. System Suitability and Specificity 
The two chromatograms of standard and sample solutions were 
compared, and found no additional peaks except three peaks 
corresponding to Lamivudine, Abacavir and Dolutegravir, and 
these three peaks were separated and resolution was found to be 
3.42 and 6.12 min even in the presence of inactive excipients of the 
sample. System suitable parameters were presented in Table-1.

B. Precision 
The precision, expressed as percent of standard deviation 
(%RSD) of six replicates was calculated from mean and standard 
deviation of six replicate measurements i.e peak area, and found 
to be 0.301, 0.502, and 0.412 in case of system precision, and in 
method precision %RSD values were found to be 0.512, 0.304 
and 0.219. The experimental data and statistical parameters of 
system precision and method precision were presented in Table-2 
and Table-3 respectively.

C. Accuracy
Accuracy, percent of recovery was evaluated by obtaining 
triplicate chromatograms of the three different spiked levels 50%, 
100% and 150% with respect to target concentration by standard 
addition method and the amount of drug recovered and percent of 
recovery was obtained from the peak area at each level. The mean 
percent of recovery of Lamivudine, abacavir and dolutegravir 
were found to be 100.57, 99.92 and 99.95 respectively. The results 
of percent of recovery and mean recovery were formulated in 
Table-4-Table-6

D. Linearity
Linearity, the proportionality of peak area with respect to 
concentration of the drug components was determined by taking 
chromatograms at six different concentrations, linearity plots 
were drawn, and  slope, intercept and correlation coefficient of 
the two array data (concentration of the analyte and peak area) 
were determined by linear regression analysis. From the analysis 
it was found that the range of linearity lamivudine, abacavir 
and dolutegravir were found to be 15-90 µg/mL,  30-180 µg/
mL and 2.5-15 µg/mL respectively. The correlation value more 
than 0.999 indicate that the peak area was linearly increases with 
concentration. The experimental data and results of linearity study 
were shown in Table-7

E. LOD and LOQ
In the study of LOD and LOQ, baseline noise for blank and peak 
area for LOD and LOQ concentrations were determined and 
calculated signal to noise ratio. LOD of  lamivudine, abacavir 
and dolutegravir were found to be 0.315, 0.405 and 0.075 µg/ml 
and LOQ of  lamivudine, abacavir and dolutegravir were found 
to be 1.035, 1.350 and 0.263 µg/ml respectively. The results of 
LOD and LOQ were presented in Table-8

F. Robustness
Measure of capacity to remain unchanged by small but deliberate 
variations in method parameters like flow rate, polarity of the 
solvent, pH of the buffer solution, temperature and wave length 
is said to be robustness. In the present investigation, system 
suitable parameters of the developed method were evaluated for 
variation in flow rate and composition of mobile phase, and from 
the results it could be concluded that the method was not affected 
significantly. Hence developed the method was found to be robust 
even by change in the flow rate and mobile phase composition. 
The results of ruggedness were shown in Table-9 and Table-10.

G. Ruggedness
The study of ruggedness, reproducible results were obtained by 
the analysis of the same samples in different days and different 
instruments. The results of study of ruggedness were shown in 
Table-11

H. Assay
The mean peak area of standard and sample was obtained for 
triplicate measurements, and the percent of assay was calculated 
by using the formula. %Assay= (AT/AS)*(WS/DS)*(DT/
WT)*(P/100)*(Average weight/Label claimed)*100. Where AT 
= Average area counts of sample preparation, AS = Average area 
counts of standard preparation, WS = Weight of working standard 
taken in mg, P = Percentage purity of working standard, LC = 
Label claim mg/mL. The results of percent of assay were given 
in Table-12
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I. Degradation
A study of forced degradation was carried out to evaluate the 
stability of the drug sample. In the present investigation acidic, 
alkali, peroxide and thermal degradation was carried out, and 
the percent of degradation was calculated from the peak area of 
standard and degraded test solution. The results of degradation 
and stability of drugs were presented in Table-13 and Table-14

Table 1: System Suitable Parameters

S.No. Peak RT Area Resolution Tailing Plate 
count

Purity 
angle

Purity 
threshold

STD

LMV 1.692 225481 1.23 2682 0.819 1.65

ACV 2.218 348912 3.42 1.05 3511 10.67 21.69

DGV 4.155 236190 6.12 1.17 4898 0.231 0.61

Table 2: Results of system precision
Injection Peak area Peak area Peak area

Lamivudine Abacavir Doltugravir

Injection-1 226954 347162 236912

Injection-2 226012 347491 235460

Injection-3 225914 346975 236871

Injection-4 227656 347108 234796

Injection-5 226854 343021 235528

Injection-6 226859 343028 235531

Average 226678 346351.4 235913.4
Standard 
Deviation 723.1 1871.4 937.7

%RSD 0.301 0.502 0.412

Table 3: Results of method precision 
Injection Peak area Peak area Peak area

Lamivudine Abacavir Doltugravir
Injection-1 225914 345694 234973
Injection-2 224963 347684 235912
Injection-3 226012 346819 234681
Injection-4 227954 347693 236021
Injection-5 226954 346954 235807
Injection-6 227656 345712 235972

Average 226575.5 346759.3 235561

Standard 
Deviation 1146 894.4 580.3

%RSD 0.512 0.304 0.219

Table 4: Accuracy results for Lamivudine
%Concentration
(at specification 
Level)

Area
Amount 
Added
(mg)

Amount 
Found
(mg)

% 
Recovery

Mean 
Recovery

50% 114487 15 15.13 101.08

100.57100% 227332 30 30.05 100.18

150% 341970 45 45.21 100.46

Table-5: Accuracy results for Abacavir
%Concentration
(at specification 
Level)

Area
Amount 
Added
(mg)

Amount 
Found
(mg)

% 
Recovery

Mean 
Recovery

50% 174472 30 30.11 100.38

99.92100% 348159 60 60.09 100.15

150% 517343 90 89.29 99.21

Table-6: Accuracy results for Doltugravir
%Concentration
(at specification 
Level)

Area
Amount 
Added
(mg)

Amount 
Found
(mg)

% 
Recovery

Mean 
Recovery

50% 117074 2.5 2.48 99.02

99.95100% 237491 5 5.02 100.43

150% 356136 7.5 7.53 100.41

Table-7: Results linearity studies
S. No Lamivudine Abacavir Doltugravir

Linearity 
Level

Concent-
ration

Peak
area

Concent-
ration Peak area Concent-

ration Peak area

I 15 76164 30 115894 2.5 78602

II 30 143328 60 221789 5 156204

III 45 228793 90 346284 7.5 235967

IV 60 303457 120 463578 10 314409

V 75 379821 150 575473 12.5 397011

VI 90 453824 180 687154 15 465871

Cor.Coef. 0.9997 0.9998 1.0000

Slope 5068.845 3836.201 31323.37

Intercept -1614.18 -947.821 512.4286

Table-8: Results of LOD and LOQ

S.No. Peak 
name

Conc 
µg/ml RT Peak 

area
Peak 
height

S/N 
ratio

Blank -- -- -- 59
LOD LMV 0.315 1.693 1602 176 2.98

ACV 0.405 2.218 1606 175 2.96
DGV 0.075 4.156 2502 176 2.98

LOQ LMV 1.035 1.692 5360 589 9.98
ACV 1.350 2.217 5397 588 9.96
DGV 0.263 4.157 8360 588 9.96

Table-9: System suitability results for the study of flow rate 
variation

S.No. Flow 
rate

USP plate 
count

USP 
tailing

USP 
plate 
count

USP 
tailing

USP 
plate 
count

USP 
tailing

Lamivudine Abacavir Doltugravir

1 0.9 2643 1.22 3551 1.07 4871 1.22

2 1.0 2682 1.23 3511 1.05 4898 1.17
3 1.1 2673 1.21 3498 1.05 4915 1.15
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Table-10: Results for the study of variation of mobile phase 
composition 

S.No. Flow 
rate

USP plate 
count

USP 
tailing

USP 
plate 
count

USP 
tailing

USP 
plate 
count

USP 
tailing

Lamivudine Abacavir Doltugravir

1 less 2643 1.22 3487 1.06 4864 1.16

2 Actual 2682 1.23 3511 1.05 4898 1.17
3 more 2715 1.24 3582 1.07 4827 1.16

 
Table-11: Results of intraday and inter day variation

Injection Peak area Peak area Peak area

Lamivudine Abacavir Doltugravir

Injection-1 225914 345694 234973

Injection-2 224963 347684 235912

Injection-3 226012 346819 234681

Injection-4 227954 347693 236021

Injection-5 226954 346954 235807

Injection-6 227656 345712 235972

Average 226575.5 346759.3 235561

Standard 
Deviation 1146 894.4 580.3

%RSD 0.512 0.304 0.219

Table-12: Assay of Lamivudine, Abacavir and Doltugravir  in 
Tablet dosage form

Drug 
name

Area of 
sample

Area of 
standard Purity Labelled 

claimed Assay*

LMV 228120 226480 99.9 300 mg 101.49
ACV 347395 346933 99.8 600 mg 100.13
DGV 235716 235991 99.6 50 mg 99.88

*Average of three determinations 

Table-13: System suitable parameters and peak purity angle and 
threshold in the study of degradation

Condition Peak 
name RT Peak 

area
Peak 
height

Purity 
angle

Purity 
threshold

Standard

LMV 1.692 225481 25309 0.289 1.119

ACV 2.218 348912 38603 0.318 1.032

DGV 4.155 236190 16783 0.495 1.417

Acidic

LMV 1.691 214658 24094 0.589 1.619

ACV 2.217 321348 35553 0.428 0.574

DGV 4.155 224144 15927 0.167 0.354

Alkali

LMV 1.693 205188 23031 0.197 1.753

ACV 2.216 312974 34627 1.162 2.129

DGV 4.157 219893 15652 0.323 1.400

Peroxide

LMV 1.693 204060 22905 0.462 1.234

ACV 2.218 314719 34820 0.312 0.682

DGV 4.154 211626 15038 0.189 0.582

Thermal

LMV 1.693 192335 21589 0.515 1.215

ACV 2.218 306345 33893 0.397 0.639

DGV 4.156 215641 15323 0.765 0.994

Table-14: Results of % of degradation in study of forces 
degradation

Lamivudine Abacavir Doltugravir

Area % 
Degraded Area % 

Degraded Area % 
Degraded

Standard 225481 -- 348912 -- 236190 --

Acid 214658 5 321348 8 224144 5

Base 205188 9 312974 10 219893 7

Peroxide 204060 10 314719 10 211626 10

Thermal 192335 15 306345 12 215641 9

VII. Conclusion
A simple, rapid and sensitive RP-HPLC method was developed 
validated as per ICH guidelines. Precision, accuracy, linearity, 
and limit of detection, limit of quantitation were determined. The 
proposed method was successfully applied for the simultaneous 
determination of Lamuvidine, Abacavir  and Dolutrigavir in bulk 
and formulations. Stability testing of the sample under variety 
of conditions was carried out; hence the developed method 
suggested for the determination of quality in any quality control 
laboratories.
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