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Abstract

Background: A Simple, sensitive, and specific stability indicating reverse phase HPLC method was developed for
simultaneous estimation of Lamivudine and Dolutegravir in bulk and tablet dosage form. Effective separation was
achieved by injecting10 μL of the standard solution into Xbridge Phenyl (250 × 4.6 mm, 5 μ,100 A0) column, using a
mobile phase composition of methanol: buffer (0.1% v/v trifluoroacetic acid in water) (85:15 v/v) and isocratic
elution programming have been done at a flow rate of 0.8 mL/min. The eluted analytes detected at 258 nm
wavelength. The stress conditions such as acid, base, oxidative, thermal, and photo stability were applied as per ICH
guidelines to determine the stability of the drugs in different environmental conditions.

Results: The retention times of Lamivudine and Dolutegravir were found to be 3.4 and 5.0 min respectively. The
developed method was linear in the concentration range of 5–15 μg/mL and 30–90 μg/mL for Dolutegravir and
Lamivudine respectively. Detection and quantification limits were observed at 3.6 and 11 μg/mL for Lamivudine and
0.50 and 1.5 μg/mL for Dolutegravir. Method validation parameters were within the acceptance criteria of ICH
guidelines, and the degradation products were well resolved from Dolutegravir and Lamivudine peaks, which
indicate the stability of the method.

Conclusion: The developed RP-HPLC method was highly precise, specific, sensitive, and stability indicating. Hence,
the method has the ability to use in quality control department for regular analysis for the estimation of
Lamivudine and Dolutegravir.
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Background
The advancement in therapy for human immune virus
(HIV) led the patients to survive longer periods and offering
progressively gainful lives. The use of multiple drug therapy,
i.e., at least three or more drugs alone or in combination
daily is in practice to treat the HIV effectively. However,

extensive research on multiple drug therapy revealed that a
two-drug regimen consisting of Lamivudine and Dolutegra-
vir controls the HIV disease effectively [1, 2]. Hence, Com-
mittee for Medicinal Products for Human Use (CHMP)
recommended a fixed dose combination containing 300mg
of Lamivudine and 50mg of Dolutegravir for the effective
treatment of HIV-1 in adolescent and adult patients with no
known or suspected protection from the integrase inhibitors
[3]. Chemically, Dolutegravir is a (4R,12aS)-N-[(2,4-difluoro-
phenyl)methyl]-3,4,6,8,12,12a-hexahydro-7-hydroxy-4-me-
thyl-6,8-dioxo-2H-pyrido[1′,2′:4,5]pyrazino[2,1-b][1,3]oxa-
zine-9-carboxamide, integrase strand transfer inhibitor
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(INSTI) that blocks HIV replication by preventing the in-
tegration of viral DNA into the genetic material of host
(human immune cells (T cells)) [4]. Lamivudine is chem-
ically 4-amino-1-[(2R, 5S)-2-(hydroxyl methyl)-1, 3-
oxathiolan-5-yl]-1, and 2-dihydropyrimidin-2-one. Lami-
vudine triphosphate (3TCTP), active form of Lamivudine,
acts as competitive inhibitor of reverse transcriptase
enzyme and causes termination of DNA replication
[5, 6]. Chemical structures of Dolutegravir and Lami-
vudine were shown in Fig. 1.
An effective analytical method is requisite for a drug

to analyze individually or simultaneously in combination
with other drugs in pharmaceutical industry. Extensive
literature search revealed that few analytical methods
such as UV methods and RP-HPLC methods were re-
ported for estimation of Lamivudine and Dolutegravir
individually [7–11]. Further, there are some RP-HPLC
methods available for simultaneous estimation of Lami-
vudine, Dolutegravir, and tinofivir disproxil fumarate or
butcaver sulfate or abacavir in triple combination [6,
12–15]. As per FDA official news, Lamivudine and
Dolutegravir fixed dose film-coated tablet got an ap-
proval in April 2019 for the treatment of HIV-1. Till
date, no single stability indicating RP-HPLC method has
not been reported in literature for the estimation of
Lamivudine and Dolutegravir in bulk and tablet dosage
form simultaneously. Hence, we have undertaken
current research work to develop an effective, sensitive,
economical RP-HPLC method to estimate the percent-
age purity and to assess the stability of Dolutegravir and
Lamivudine in bulk and tablet dosage form simultan-
eously. Validation of the developed method was per-
formed as per Q2 specification of ICH guidelines.

Methods
API of Lamivudine and Dolutegravir was provided by
Fortune Pharma, Hyderabad, as a gift sample. HPLC

grade acetonitrile, methanol, Milli-Q, and remaining
analytical grade chemicals were obtained from Merck
India Limited, Mumbai, India.

Chromatographic conditions
RP-HPLC experiment is carried on WATERS 2695 with
2487 PDA detector with auto sampler, data-processing,
and acquisition has done by using the Empower 2 soft-
ware. Effective separation achieved by injecting 10 μL of
the standard solution into Xbridge Phenyl (250 × 4.6mm,
5 μ, 100 A0) column, using a mobile phase composed of
methanol: buffer (0.1% v/v trifluoroacetic acid (TFA) in
water) (85:15 v/v) at a flow rate of 0.8 mL/min, and the
eluted analytes were detected at 258 nm wavelength. Am-
bient temperature was maintained in the injection port
and in the analytical column. Mobile phase and standard
and sample solution were filtered through a 0.45-μm
nylon filter prior to injecting into the HPLC system.

Preparation of standard solution
Sixty milligrams of Lamivudine and 10 mg of Dolute-
gravir API powders were weighed and transferred into
100 mL volumetric flask, volume made with diluent
(acetonitrile and water (50:50)) to 100 mL. One milli-
liter of above solution was transferred into 10 mL
volumetric flask, again volume made with diluents to
obtain concentration of 60 μg/mL, and 10 μg/mL for
Lamivudine and Dolutegravir, respectively, said as
100% level concentrations.

Preparation of sample solution
An amount of tablet (DOVATO) powder (80 mg)
equivalent to 60mg of Lamivudine and 10mg of Dolute-
gravir was weighed and transferred into 100 mL volu-
metric flask, volume made with diluents to 100 mL. One
milliliter of above solution was transferred into 10mL
volumetric flask, volume made with diluents to obtain

Fig. 1 Chemical structures of Dolutegravir and Lamivudine
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concentration of 60 μg/mL, and 10 μg/mL for Lamivu-
dine and Dolutegravir respectively. Prior to injecting,
sample solution was filtered through 0.4 μm Nylon filter.

Method validation
System suitability test
The system suitability test of the current method was
carried out by injecting 100% level of working standard
concentration in 6 replicates, and parameters like per-
centage relative standard deviation (% RSD), USP tailing
factors (T), USP plate count (N), and resolution (R) were
evaluated for the obtained chromatograms.

Linearity
The linearity of the method represents that the obtained
test results are directly proportional to concentration.
The linearity of the current method has performed by
injecting the series of working standard concentrations
ranges from 30 μg/ml to 90 μg/ml of Lamivudine and
5 μg/mL to 15 μg/mL of Dolutegravir into the HPLC
system under optimized chromatographic conditions.
Finally, linearity graph was plotted for concentration
vs peak area and regression coefficient (r2) value
determined.

Precision
The closeness relationship among observed responses
of homogenous sample on multiple replications re-
ferred as precision. Usually, it can be done in the
same day (intraday) and in different days (inter-day).
Intraday and inter-day precision of the method were
performed by injecting 100% level of working stand-
ard concentration for 6 times in a day and 3 times
per day for three continuous days. Percentage RSD
calculated for peak areas obtained.

Accuracy
The accuracy of the method was accomplished by recov-
ery studies in which known amount sample solution

spiked at three different standard concentration levels
about 50, 100, and 150%, each level of solution injected
in triplicate. The percentage mean recovery at three dif-
ferent levels of the drug solution was calculated.

Specificity
Specificity represents the ability of the method to deter-
mine or assess the intended drug in the presence of
other substances without interferences. Ten microliter
volume of prepared blank solution, 100% level pure
working standard solution, and standard solution with
placebo have been injected individually. The retention
time (RT) of individual injection of standard sample
solution alone and along with placebo was observed to
assess any interference that has been happened with
peaks of Dolutegravir and Lamivudine in obtained
chromatograms.

Sensitivity
The LOD and LOQ were calculated by implementation
of standard deviation method, in which the following
formulae were used.

LOD ¼ 3� σ=S

LOQ ¼ 10� σ=S

where σ is the standard deviation of the intercept, and
S is the slope of the linear curve.

Robustness
The robustness of the method was checked by slightly
and deliberately changing the flow rate, mobile phase
composition, and maximum absorption wavelength. It
can be performed by evaluating the system suitability pa-
rameters after changing the HPLC flow rate (± 0.1 mL/
min), wavelength maximum (± 2 nm), and mobile phase
ratio (± 1 mL).

Table 1 Different trials

Trail Column Buffer Mobile phase Flow rate ml/min Observation

1 ODS (150 × 4.6 mm, 5 μm) 0.1% TFA in water Buffer: methanol (40:60) 1 Peaks were not good

2 Xterra RPC18 (150 × 4.6 mm, 5 μm) 0.1% formic acid in water Buffer: ACN (50:50) 1 Broad peak for Dolutegravir

3 Xterra RPC18 (150 × 4.6 mm, 5 μm) 0.1% formic acid in water Buffer: ACN (20:80) 1 Peak of Dolutegravir was not good

4 Phenyl XDB (250 × 4.6 mm, 5 μm) 0.1% TFA in water Buffer: ACN (40:60) 1 Resolution of peaks was not good,
and peak of Dolutegravir was not
good

5 Phenyl XDB (250 × 4.6 mm, 5 μm) 0.1% TFA in water Buffer: methanol (50:50) 0.8 No peak is observed for
Dolutegravir

6 Phenyl XDB (250 × 4.6 mm, 5 μm) 0.1% TFA in water Buffer: methanol (20:80) 0.8 Long RT of Dolutegravir

7 Phenyl XDB (250 × 4.6 mm, 5 μm) 0.1% TFA in water Buffer: methanol (15:85) 0.8 Good resolution and good shape
of peaks

ODS octadecylsilane, TFA trifluoroacetic acid, XBD extra dense bonding, ACN acetonitrile
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Forced degradation studies
In forced degradation studies, intentionally drug sub-
stance is exposed to conditions more intense than
accelerated conditions. Chemical stability of the drug
molecule can be depicted with forced degradation
studies, which helps in successful development of
stable formulation with appropriate storage condi-
tions. ICH guidelines emphasized certain degradation
conditions like acid hydrolysis, base hydrolysis, oxi-
dation, thermal degradation, and photo stability in
ICH Q1A, QIB, and Q2B guidelines.

Acidic degradation solution
Add 0.2 mL of 0.1 N HCl to 1 mL of the standard stock
solution and reflux for 2 h at 70 °C, kept a side for 24 h
at same temperature, and after that, cool the solution
and neutralize with 0.1 N NaOH. Further dilution was
done to get a solution having 60 μg/mL of Lamivudine
and 10 μg/mL of Dolutegravir.

Alkali degradation solution
To the 1mL of standard stock solution, add 0.2 mL of 0.1
N NaOH and reflux for 2 h at 70 °C, kept a side for 24 h at
same temperature, and after that, cool the solution and
neutralize with 0.1 N HCl and make up to 10 mL with di-
luent to obtain concentration of 60 μg/mL, and 10 μg/mL
for Lamivudine and Dolutegravir respectively.

Oxidative degradation solution
To the 1 mL of standard stock solution, add 0.2 mL of
3% hydrogen peroxide and reflex for 2 h at 70 °C, kept a
side for 24 h at same temperature, and after that, cool
the solution and make up to10 mL with diluent to ob-
tain concentration of 60 μg/mL and 10 μg/mL for Lami-
vudine and Dolutegravir respectively.

Thermal degradation solution
Place the 100 mL of standard stock solution in heat-
ing chamber at 80 °C/75% RH for 24 h. One

Fig. 2 Optimized chromatogram of the method

Table 2 Results of system suitability parameters of 100% level standard solution

Injection Dolutegravir Lamivudine

RT Peak area USP plate count (N) USP tailing (T) RT Peak area USP plate count (N) USP tailing (T)

1 5.065 4,131,307 9923 1.05 3.347 10,699,769 7144 1.05

2 5.068 4,144,851 9943 1.06 3.349 10,691,540 7172 1.06

3 5.068 4,155,263 10,022 1.06 3.348 10,713,746 7120 1.06

4 5.07 4,185,447 10,093 1.06 3.349 10,794,469 7033 1.06

5 5.07 4,180,122 10,079 1.06 3.348 10,783,854 7037 1.05

6 5.07 4,199,707 10,120 1.06 3.349 10,844,344 7079 1.06

Mean 5.068 4,166,116 10,030 1.059 3.348 10,754,620 7097.5 1.06

SD 0.002 26,381.3 81.92 0.004 0.0008 61,889 57.2 0.0048

%RSD 0.039 0.63 0.81 0.39 0.0024 0.58 0.80 0.44

SD standard deviation, %RSD relative standard deviation, RT retention time
Acceptance limit % RSD (≤ 2), USP tailing factor (≤ 2), and USP plate count (> 2000)
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microliter of above solution is diluted to 10 mL to
obtain concentration of 60 μg/mL and 10 μg/mL for
Lamivudine and Dolutegravir respectively.
To assess the percentage degradation, the prepared

each solution was injected three times. In general, not
more than 20% degradation of the drug is considered

as effective and optimal acceptable value in analytical
method with stability indicating.

Assay
Assay of the method can be done by injecting subse-
quent injections of standard and sample solutions,
both having concentration about 60 μg/mL and 10 μg/
mL of Lamivudine Dolutegravir respectively. The
preparation of standard and sample solutions was
mentioned prior the in methods section. Computing
the percentage assay by using following formula.

%Assay ¼ AT
AS

�WS
DS

� DT
WT

� P
100

� AVG Wt
LableClaim

� 100

where AT is the peak area of sample (tablet) solution,
AS is the peak area of standard solution, WS is the
weight of standard substance in mg to prepare standard

Table 3 Peak areas of linearity standard solutions of
Dolutegravir and Lamivudine

Dolutegravir Lamivudine

Concentration (μg/mL) Peak area Concentration (μg/mL) Peak area

5 2,011,389 30 5,499,384

7.5 3,113,353 45 8,303,431

10 4,166,851 60 10,887,444

12.5 5,300,175 75 13,300,994

15 6,209,262 90 15,591,086

R2 0.9989 R2 0.9984

R2 regression coefficient

Fig. 3 Calibration curve of Dolutegravir and Lamivudine
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solution, WT is the weight of sample (tablet) powder in
mg to prepare standard solution, DS is the dilution fac-
tor of standard solution, DT is the dilution factor of
sample solution, P is the percentage purity of standard
substance, and AVG Wt is the average weight of the tab-
lets in mg.

Results
Initially, solubility studies of the both drugs were done
and found that Lamivudine was freely soluble in aceto-
nitrile, water, and slightly soluble in methanol. Dolute-
gravir was freely soluble in water and methanol. Based
on the solubility of drugs, acetonitrile and water in (50:
50) ratio selected as diluent to prepare standard and
sample solutions.

Method optimization
Method optimization has done by implementing trial
and error method in such a way to obtain a chro-
matogram with good resolution (R), efficiency, ac-
cepted number of USP plates, and tailing factor. In
this procedure, several trials have been done by alter-
ing mobile phase composition, columns, and flow
rate. Finally, the method with Xbridge Phenyl (250 ×
4.6, 5 μm) column, mobile phase composition of

Table 4 Results of percentage recovery
%Level Amount added (μg/mL) Amount recovered (μg/mL) % mean recovery

Dolutegravir

50 5 4.91 98.26

5 4.91

5 4.91

100 10 10.03 99.83

10 9.96

10 9.96

150 15 15.15 101

15 15.15

15 15.1

Lamivudine

50 30 29.72 98.80

30 29.56

30 29.64

100 60 59.44 98.81

60 59.13

60 59.29

150 90 89.16 98.81

90 88.7

90 88.94

At each percentage level mean percentage recovery in the acceptable limit of 98 to 102%

Table 5 Results of intraday and inter-day precision of 100% level solution

Precision Dolutegravir (10 μg/ml) Lamivudine (60 μg/ml)

Intra day Sample name RT Peak area RT Peak area

Injection 1 5.071 4,160,166 3.349 10,746,083

Injection 2 5.072 4,151,636 3.349 10,739,482

Injection 3 5.068 4,103,710 3.348 10,679,224

Injection 4 5.068 4,182,940 3.348 10,852,720

Injection 5 5.069 4,167,262 3.348 10,898,940

Injection 6 5.068 4,158,605 3.348 10,809,506

Mean 5.069 4,154,053 3.348 10,787,659

SD 0.00175 26,860 0.00051 81,119

%RSD 0.034 0.65 0.015 0.75

Inter-day Sample name RT Peak area RT Peak area

day 1 Injection1 5.065 4,131,300 3.347 10,699,569

Injection 2 5.068 4,144,841 3.349 10,691,542

Injection 3 5.068 4,155,252 3.348 10,713,736

day 2 Injection 1 5.07 4,185,469 3.349 10,794,460

Injection 2 5.07 4,180,133 3.348 10,783,853

Injection 3 5.07 4,199,607 3.349 10,844,347

day2 Injection1 5.068 4,160,136 3.349 10,746,003

Injection 2 5.072 4,150,636 3.349 10,739,432

Injection 3 5.068 4,103,700 3.348 10,679,222

MEAN 5.068 4,156,786 3.348 10,743,573

SD 0.0019 29,289.8 0.00072 54,846.7

%RSD 0.039 0.70 0.021 0.51

SD standard deviation, %RSD relative standard deviation, RT retention time
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methanol: buffer (15:85 v/v) and a flow rate of 0.8
mL/min was selected as optimized method. The re-
sults obtained in the trial and error method were
mentioned in Table 1; trial 7 selected as optimized
conditions and optimized chromatogram shown in
Fig. 2.

Method validation
System suitability
Up on injecting 100% level concentration, the data ob-
tained from chromatograms illustrated that system suit-
ability parameters include % RSD (≤ 2), USP tailing
factor (≤ 2), and USP plate count (> 2000) values shown
in Table 2 were satisfying the acceptance criteria as per
Q2 specifications of ICH guidelines.

Linearity
The linear response of the HPLC system for Dolute-
gravir and Lamivudine was in the concentration range
of 5 to 15 μg/mL and 30 to 90 μg/mL that was deter-
mined by constructing calibration curve between con-
centration and peak area (Table 3, Fig. 3). The
computed regression coefficient (R2) value found to
be 0.998 and 0.998 for Dolutegravir and Lamivudine,
respectively, and manifests the linearity of the method
within the ICH guidelines limit.

Accuracy
Percentage mean recovery of the Dolutegravir and Lami-
vudine at three different concentration levels that were
observed as 100% ± 2 illustrates the acceptance of the
method as per Q2 specifications of ICH guidelines. Re-
sults were shown in Table 4.

Precision
Percentage RSD value of peak area responses obtained
by injecting 100% level working standard solution of
Dolutegravir and Lamivudine were found to be 0.65 and
0.75, respectively (Table 5), and depicts the precision of
the method.

Sensitivity
The LOD and LOQ determined as 3.65 μg/mL and
11 μg/mL for Lamivudine and 0.5 μg/mL and 1.52 μg/mL
for Dolutegravir, respectively, which indicates that
method has good sensitivity.

Robustness
Slightly deliberate changes in mobile phase ratio, flow
rate, and absorption maximum of the method could not
produce the system suitability parameter values beyond
the acceptance limits that (Table 6) represent the
method’s robustness.

Forced degradation
In general, the acceptable percentage of degradation
in a stability indicating method is not more than 20%.
Percentage degradation was calculated by comparing
the peak areas of 100% level working standard

Table 6 Results of robustness of 100% level solution

Variation of parameter Lamivudine Dolutegravir

RT Peak area USP plate
count

USP tailing
factor

% assay RT Peak area USP plate
count

USP tailing
factor

% assay

Mobile phase ratio
(± 1ml)

14:86 3.349 10,691,540 7172 1.06 99.92 5.068 4,144,878 9943 1.06 100.3

15:85 3.34 10,699,768 7146 1.05 100 5.065 4,131,557 9923 1.05 100

16:84 3.348 10,713,746 7120 1.06 100.1 5.068 4,155,623 10,022 1.06 100.9

Flow rate (± 0.1ml) 0.7 ml 3.817 10,734,389 7252 1.7 100.3 5.786 4,912,661 10,671 1.06 107.5

0.8 ml 3.34 10,699,768 7146 1.05 100 5.065 4,131,307 9923 1.05 100

0.9 ml 2.983 9,614,165 6696 1.7 89.85 4.51 3,708,003 9617 1.05 96.91

Maximum wavelength
(± 2 nm)

256 3.347 10,699,769 7321 1.06 100 5.065 4,131,307 9984 1.06 100.6

258 3.34 10,699,768 7146 1.05 100 5.065 4,131,307 9923 1.05 100

260 3.349 10,691,540 7296 10.5 99.92 5.068 4,144,851 9636 1.061 97.1

RT retention time; slight change in method parameter could not affect the USP plate count and taliling factor

Table 7 Results of forced degradation studies

Stress degradation Degradation %

Dolutegravir Lamivudine

Acidic degradation 2.4 1

Alkali degradation 13.8 12.8

Oxidative degradation 17.5 9

Thermal degradation 2 1

Percentage degradation was less than 20% with different stress conditions
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concentration at normal and stress conditions. Results
were shown in Table 7. Alkali degradation is shown
in Fig. 4.

Percentage assay
Percentage assay of the Dolutegravir and Lamivudine
tablets that were found as 100% ± 15 indicates that
the analyzed tablets have percentage purity within the
acceptance limits as per ICH guidelines. Results were
shown in Table 8.

Discussion
The stability indicating RP-HPLC assay method plays
a significant role in determination of intrinsic stabil-
ity, both qualitative and quantitative estimation of
drug product and drug substance. Till date, many
analytical methods have been developed for Dolute-
gravir and Lamivudine individual and in combination
with other anti-retroviral drugs. But, no RP-HPLC
method has been existed for the simultaneous esti-
mation of Lamivudine and Dolutegravir. Hence, at-
tempts were made to develop an effective stability
indicating RP-HPLC method. The RT in the reported
method was 5.06 min for Dolutegravir and 3.34 min

for Lamivudine, represents the method with good
and effective retention time, and can be treated as
economical as it reduces solvent consumption and
analyte run time. Hence, rapid analysis of more
number samples can be done. The calculated and
statistical results of the validation parameters were
not out of the acceptance limits stated by ICH.

Conclusion
A simple, accurate, sensitive, and specific RP HPLC
with PDA detector and isocratic elution method was
successfully developed for the simultaneous estimation
of Dolutegravir and Lamivudine in bulk and its com-
bined film-coated tablet formulation. Forced degrad-
ation studies were done by applying several stress
conditions to assess the stability of the method. The
proposed method was successfully separate both of
the drugs and its degradation products with good
resolution and quantifies the active contents at mi-
nute concentration levels. The developed method has
specific, sensitive, and stability-indicating power.
Hence, the proposed method can be adapted to regu-
lar analysis in pharmaceutical industry.

Fig. 4 Chromatogram of alkali degradation

Table 8 Results of % assay of the tablet dosage form

Drug Peak name RT Peak area USP tailing USP plate count Label claim (mg) %assay

Dolutegravir Standard 5.068 4185447 1.05 9023 50 99.5

Test 5.065 4131307 1.05 9923

Lamivudine Standard 3.349 10699768 1.05 9923 300 99.64

Test 3.34 10713746 1.06 10022

Average wt of the tablet 401mg, % purity of Lamivudine standard (API) 99.3, and % purity of Dolutegravir standard (API) 99.4
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