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ABSTRACT

Abacavir, Dolutegravir and Lamivudine are anti-viral drugs. A new stability
indicating LC-ESI-MS method has been proposed and validated for the
quantification of Abacavir, Dolutegravir and Lamivudine in pharmaceutical
formulations as per ICH guidelines. WATERS, Quattro Premier XE Mass
Spectrophotometer (MS/MS) with Software: Mass Lynx, Ver 4.1 and
WATERS, Acquity UPLC with PDA detector was employed for the present
study. A mixture of 0.2% Formic acid: Acetonitrile was used as mobile
phase on gradient mode using Phenomenex Gemini C18, 50*4.6mm™*Sum
with 0.5mL/min and run time of 3.5 min. A mixture of Acetonitrile: Water
(80:20) was used as diluent. Linearity was observed over the concentration
range 10.0-150ng/ml for Abacavir, Dolutegravir and Lamivudine by the
proposed method and the methods are found to be simple, precise and
accurate. Forced degradation studies were performed and the method is
found to be selective and specific.

INTRODUCTION
Abacavirl (CAS no. 136470-78-5) is chemically
((1S,4R)-4-(2-amino-6-(cyclopropyl amino)-9H-
purin-9-yl)  cyclopent-2-en-1-yl)  methanol,
which is an FDA approved antiretroviral drug
with molecular formula, C14HI18N60O and
molecular weight 286.332 grams/mole (Figure
1A). Dolutegravir sodium2 is

(4R,  12aS)-9-[(2,4-difluorobenzyl)

chemically,

sodium

788

carbamoyl]-4methyl6, 8- dioxo-3, 4, 6, 8, 12,
12a- hexahydro- 2H pyrido [1', 2“4, 5]
pyrazino[2,1-b] [1,3] oxazin 7-olate (Figure 1B).
Lamivudine3 is chemically 4-amino-1- [(2R,
5S)-2-  (hydroxymethyl)-1,3-oxathiolan-5-yl]-
1,2-dihydropyrimidin-2-one (Figure 1C). The
combination of Abacavir, Dolutegravir and
Lamivudine is used for the treatment of HIV

viral infection4.
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Figure 1B: Chemical structure of Dolutegravir (DL)
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Figure 1C: Chemical structure Lamivudine (LM)

The combination of Abacavir, Dolutegravir and has been developed and validated for the
Lamivudine was studied by different authors estimation of Abacavir, Dolutegravir and
using different columns and different mobile Lamivudine and the method was validated as per
phase compositions and in the present study a ICH guidelines.

new stability indicating UPLC-MS/MS method Narottam Pal et al., have developed a HPLC
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method for the simultaneous estimation of
Lamivudine, Abacavir and Dolutegravir in
combined dosage form with their stability
studies

using polar column, Kromasil and a mobile
phase mixture consisting of buffer and
acetonitrile (65:35) with a flow rate of 1 mL/min
(Isocratic mode) and UV detection at 257 nm
and Lamivudine, Abacavir and Dolutegravir
were eluted at 2.250 min, 2.734 min and 9.633
min respectively with linearity 15-90 pg/mL, 30-
180 pg/mL and 2.5-15 pg/mL.

China Babu et al, have developed a stability

indicating RP-HPLC  method for the
simultaneous estimation of Abacavir,
Dolutegride and Lamivudine in bulk and

pharmaceutical formulation using Agilent TC-
C18 column and a mobile phase mixture
consisting of Methanol: Water (70:30) with a
flow rate of 1 mL/min (Isocratic mode) and UV
detection at 257 nm where Abacavir,
Dolutegravir and Lamivudine were eluted at be
2.6, 2.9 and 6.6 min respectively with linearity
150-450 pg/mL, 12.5-37.5 pg/mL and 75-225
ug/mL respectively.

Nagaraju et al., have developed a RP-HPLC
method for the simultaneous estimation of
in

Abacavir, Dolutegravir and Lamivudine

20(4): 788-806,2025
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active pharmaceutical ingredients and marketed

tablet formulation wusing Lichrosphere RP
C8 column and a mobile phase mixture
consisting of Ethanol: Ethyl acetate (80:20) with
a flow rate of 1 mL/min and UV detection at 260
nm where Abacavir, Dolutegravir and
Lamivudine were eluted at be 2.31, 3.120 and
4.59 min respectively with linearity 40-130
ug/mL.

MATERIALS AND METHODS
Instrumentation

WATERS, Quattro Premier XE Mass
Spectrophotometer (MS/MS) with Software:
Mass Lynx, Ver 4.1 and WATERS, Acquity
UPLC with PDA detector was employed for the
present study. A mixture of 0.2% Formic acid:
Acetonitrile was used as mobile phase on
gradient mode with 0.5 mL/min with run time
3.5 min and a mixture of Acetonitrile: Water
(80:20) was used as diluent. The column temp
was maintained at 40°C and that of the sample
temp was maintained at 10°C.

Preparation of stock solution

2.0 mg of each of Abacavir, Dolutegravir and
Lamivudine were weighed individually and
dissolved in 2mL of DMSO to get Img/mL of
A mixture of 80 mL of

stock solutions.

Acetonitrile and 20 mL water was used as
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diluent throughout the work. 20 uLL of each of
Abacavir, Dolutegravir and Lamivudine stock
solutions were taken and 1980 uL of diluent was
added to get 10 ug/mL (Intermediate stock).

A mixed stock solution was prepared by mixing
200 ul of Abacavir (10 ug/mL), 200 ul of
Dolutegravir (10 ug/mL) and 200 ul of
Lamivudine (10 ug/mL) with 1400 uL of diluent
to get 1.0 ug/mL of mixed stock and from this
100 ul was taken and 900 uL of diluent was
added to get 100 ng/mL and the resulting
solution was sonicated for 30 mins.

Method validation

Linearity, Precision, Accuracy and
Robustness

10.0-150 ng/ml Abacavir, Dolutegravir and
Lamivudine solutions were prepared from the
stock solution and diluted with the mobile phase
and each solution was injected (n=3) into the
UPLC/MS/MS system and the area response was
noted. A calibration graph was drawn by plotting
the concentration of the each of Abacavir,
Dolutegravir and Lamivudine drug solutions on
the x-axis and the corresponding peak response
of the chromatograms on the y-axis. The
precision and accuracy studies were conducted
by spiking and the percentage recovery as well

as % RSD were calculated from the regression

20(4): 788-806,2025

www.thebioscan.com

equation.

Forced degradation studies’

A standard solution was prepared by mixing 200
uL (10 ug/mL (Intermediate stock)) of each drug
and 1800 uL diluent was added to get 1 ug/mL
conc.

For acidic degradation study, a solution was
prepared by mixing 10% (200ul (10 ug/mL
(Intermediate stock)), 10% (i. € 200 ul 1N HCI)
and 1600 diluent to get 1 ug/mL conc. For basic
degradation study, a solution was prepared by
mixing 10% (200 uL (10 ug/mL (Intermediate
stock)), 10% (i. e 200 ul 10% NaOH) and 1600
diluent to get 1 ug/mL conc. For water
degradation study, a solution was prepared by
mixing 10% (200 uL (10 ug/mL (Intermediate
stock)), 10% (i. e 200 ul water) and 1600 diluent
to get 1 ug/mL conc. For peroxide degradation
study, a solution was prepared by mixing 10%
(200 uL (10 ug/mL (Intermediate stock)), 10% (i.
e 200 ul 3% H»02) and 1600 diluent to get 1
ug/mL conc. For thermal degradation study, a
solution was prepared by mixing 200 uL (10
ug/mL (Intermediate stock)) respectively for
each drug and 1800 diluent to get 1 ug/mL conc.
For photolytic degradation study, a solution was
prepared by mixing 200 ulL (10 ug/mL

(Intermediate stock)) respectively for each drug
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and 1800 diluent to get 1 ug/mL conc. The same
procedure was continued for all the three
compounds:  Abacavir, Dolutegravir and
Lamivudine and the gradient program with
(Column Temp 40°C; Sample temp 10°C) run
time 3.50 mins was given below.

RESULTS AND DISCUSSION

A new stability-indicating UPLC/MS/MS
method has been proposed for the quantification
of the combined formulation of Abacavir,
Dolutegravir and Lamivudine. The previously
reported methods were reviewed with the
present proposed method in Table 1. WATERS,
Quattro Premier XE Mass Spectrophotometer
(MS/MS) with Software: Mass Lynx, Ver 4.1
and WATERS, Acquity UPLC with PDA
detector was used for the present study on

gradient mode (Table 2)

‘%g- jﬁe %wﬂm 20(4): 788-806,2025
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Mobile A Rt (min) Linearity
Method Column phase (v/v) | (nm) (ug/mL) Ref
o Buffer. | | 213 %13 30-180 (AB)
(Isocratic Kromasil Acetonitrile ) '2 50 (LM) 2.5-15(DL) 5
mode) (65:35) ' 15-90 (LM)
RP- ) 257 2.6 (AB)
HPLC | AgilentTC- | Methanok 29(DL) | 0450 (AB)
(Isocratic Ci8 Water 6.6(@LM) | 237> (L) 6
mode) (70:30) ' 75-225 (LM)
260 2.31 (AB)
) Ethanol:
Lichrosphere 3.120 (DL)
Ethyl acetate 40-130 7
RP C8 (80:20) 4.59 (LM)
Phenomenex 0.1% Formic 2.31 (AB)
.. acid: 3.120 (DL)
UPLC- Gemini Sum o Present
MS/MS C18 Aceton}trlle 4.59 (LM) 10.0-150 ng/mL method
50%4.6mm (Gradient
) mode)

The mass spectra of Abacavir, Dolutegravir and Lamivudine obtained in the optimized

chromatographic conditions were shown in Figure 2.
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Mass spectra of Dolutegravir
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Mass spectra of Lamivudine

Figure 2: Mass spectra of Abacavir, Dolutegravir and Lamivudine

Linearity, Precision and accuracy

Abacavir, Dolutegravir and Lamivudine solutions obeys Beer-Lambert’s law over the concentration
range 10.0-150 ng/ml (Table 3) and the linear regression equation was found to be y = 0.9053x +
5.3384 (R* = 0.993), y = 0.9145x + 4.5544 (R* = 0.9923) and y = 0.9434x + 3.5387 (R* = 0.9923)
(Figure 3).

Table 3: Linearity

Conc. (ng/mL) *Mean peak area

(ppb) AB DL LM
10 9.578 9.47 10.097
25 26.844 27.608 22.9
50 55.988 56.648 56.367
75 75.164 74.991 77.954
100 97.268 94.719 98.204
125 120.985 113.101 124.394
150 135.887 144.576 139.558

*Mean of three replicates
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Figure 3A: Calibration curve of Abacavir
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Figure 3B: Calibration curve of Dolutegravir
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Figure 3C: Calibration curve of Lamivudine
Table 4: Precision study
Conc. *Area response
(ng/ml) Abacavir Dolutegravir Lamivudine
10 11673 21566 4800
10 10880 20967 4340
10 10321 19599 4608
10 11131 19648 4569
10 10776 19067 4490
10 11380 19610 4482
*Mean peak area 11026.8 + 20076.167 = 965.39 4548.1667 +
= SD (% RSD) 476.61 (4.32) | (4.81)4548.1667 = 153.97 (3.39) 153.97 (3.39)

*Mean of three replicates

Table 5: Accuracy study
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*Area response

% Accuracy

Abacavir | Dolutegravir | Lamivudine | Abacavir | Dolutegravir | Lamivudine
50 % 5582.667 | 9933.66667 2240.67 50.62801 49.4798
100% | 11016.67 | 19799.6667 99.9078 98.6227
150 % | 16347.33 | 29806.6667 6775.33 148.2505 148.4679
*Mean of three replicates

Forced degradation studies

Abacavir, Dolutegravir and Lamivudine were exposed to different stress conditions under the

optimized chromatographic conditions and then injected in to the system. The corresponding

chromatograms (MRM) were shown in Figure 4, Figure 5 and Figure 6.

Abacavir Degradant_1 Degradant_2
BLK BLK MRM of 3 channels, ES+  BLK BLK MRM of 3 channels ES+ BLK BLK MRM of 3 channels ES+
287 4>191.1 011 143 2>1432 A57 9>457 9
a9 069 1.731e+003 100~ 1.096e+004 100 7 .892e+002
% %] %
206
1.05
0.40
T T T T min A2 Bk PR T L
050 1.00 150 ° 200 250 050 1.00

Abacavir

Blank

Degradant_1
STD_Abacavir STD_Abacavir MRM of 3 channels,ES+

STD_Abacavir STD_Abacavir

MRM of 3 channels,ES+

143.2>143.2
247 1226e+003

100

267.4>191.1
o =
- Ab;gg«lr £ 998e+005 100- 076
914 108599 0.27
1.09¢5
%]
min O~
050 1.00

Degradant_2
STD_Abacavir STD_Abacavir

MRM of 3 channels ES+
0.11

7.92457 9
6.787e+002

2.21

Abacavir standard
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Name: 01032025_Forcedeg_01_11, Date: 01-Mar-2025, Time: 22:11:28, ID: Abacavir_Acid{1NHCL) Degradant_2 I
0l channels, +
: 457.924579
Abacavir Degradant_1
MRM of 3 channels, ES+ MRM of 3 channels, ES+ 100 062 £l a0
287.4>191.1 143.2>1432
_ Abacavir, 9.572e+005 - Degradant_1 2.841e+004
97 0.77 ag 0.65
4 215544 6632
6.63e3

2.16eb

min

1.00 150 200 250

050 1.00 150 200 250

T T e MmN

150 200 250

Abacavir (Acidic degradation)

Name: 01032025_Forcedeg_01_12, Date: 01-Mar-2025, Time: 22:15:34, ID: Abacavir_Base(1% NaOH)

Abacavir
MRM of 3 channels, ES+ MRM of 3 channels,ES+
287 4>191.1 143.2-1432
_ Abacavir, 3.963e+005 100— Degradant_1 3.411e+003
0.81 0.76
914 71514 568
5.68e2

| 7154

min

Degradant_1

O-rprr e T e min

Degradant_2

MRM of 3 channels, ES+
57.9>457.9

Degradant_2 4.835e+003
0.87

min

Abacavir (Basic degradation)

Name: 01032025_Forcedeg_01_14, Date: 01-Mar-2025, Time: 22:23:47, ID: Abacavir_Peroxide

Abacavir
MRM of 3 channels, ES+
287 4>1911
Abacavir 6.176e+005
0.69
914 111996
1.12e5

min

Degradant_1

MRM of 3 channels ES+
143.2>143.2
1.217e+003

0.61
0.1

100+

183 233

e min

100 150 200 250

Degradant_2

MRM of 3 channels, ES+

457.9>457 .9
a
100+ 057 8.785e+002
] 172
T 232
- e min
050 100 150 200 250

Abacavir (Oxidative degradation)
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Name: 01032025_Forcedeg_01_13, Date: 01-Mar-2025, Time: 22:19:41, ID: Abacavir_Water Degradant_2
Abacavir_\Water Abacavir_Water MRM of 3 channels, ES+
Abacavir Degradant_1 457 92457 9
Abacavir_Water Abacavir_Water MRM of 3 channels,ES+  Abacavir_Water Abacavir_Water MRM of 3 channels, ES+ 100~ 0.74 5.867e+002
287 4>1911 143.2>1432
Abacavir 5.968e+005 100+ 0.62 1.430e+003 d
0.69
914 107896 4
1.08e5
227 o {030 221
e 122 i 263
min T T min (=TT e min
1.00 1.50 2 0. 150 200

Abacavir (Water degradation)

%]

Name: 01032025_Forcedeg_01_15, Date: 01-Mar-2025, Time: 22:27:52, ID: Abacavir_Thermal
Abacavir Degradant_1
MRM of 3 channels ES+ MRM of 3 channels ES+
74>191.1 32>1432
Abacavir 5.899e+005 0.61 1522e+003
0.69 g
91 105801
1.07eb

Degradant_2

MRM of 3 channels, ES+
457.9-457.9
£.135e+002

0.64

min

0

T T T e in
0

1.00

150

200

min o min O~ e min
0.50 1.00 150 200 250 5 100 150 200
Abacavir (Thermal degradation)
Name: 01032025_Forcedeg_01_16, Date: 01-Mar-2025, Time: 22:32:00, ID: Abacavir_Photo Degradant_2
Abacavir_Photo Abacavir_Photo  MRM of 3 channels ES+
Abacavir Degradant_1 457.9>457.9
Abacavir_Photo Abacavir_Photo  MRM of 3 channels, ES+  Abacavir_Photo Abacavir_Photo  MRM of 3 channels,ES+ 100~ 0.69 5.720e+002
87.4>191.1 43 2-143.2
Abacavir 5.413e+005 b 0.55 1.395e+003 4
7 0.59 s
914 9799
9.50e4 VAP Y ]

0= T e e e min

1.00 150 200

Abacavir (Photolytic degradation)

Figure 4: UPLC/MS/MS chromatograms of Abacavir (Forced degradation studies)
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Name: 26012025 Forcedeg 01_45, Date: 01-Feb-2025, Time: 13:21:55, ID: BLK Base_Degradant_1 Base_Degradant_2
. 7 BLK BLK MRM of & channels ES+  BLK BLK MRM of 8 channels ES+
Dolutegravir Acid_Degradant_1 482.6-482.6
BLK BLK MRM of & channels,ES+  BLK BLK MRM of 8 channels ES+ 039 8.541+002 130 17
420.28>277.05 338553385 1004 205 2p3 bl e
1004015 166 175424003 1.54 348724004 o =
%] %]

T min T min

Blank

Name: 26012025_Forcedeg_01_46, Date: 01-Feb-2025, Time: 13:26:00, ID: STD_Dolutegravir Base_Degradant_1
Dolutegravir Acid_Degradant_1

Base Degradant 2
MRM of & channels.ES+
420 2¢

MRM of 8 channels ES+
- 442 62442,
MR o1 8 charneis £5+ e 123 138504003 o0 171 7.115e+003
2822T7.05 338523385
Dolutegravir_ 7.304e+005 10 1.64 1.933e+004
1.71 044 pes
a3 279894 243
2.80e5
0re
i 223
%1 %]
%
116
103 "
O T T min T T T min
by T min e e min 050 100 150 200 250 050 100 150 200 250
0.50 1.00 1.50 2.00 2.50 0.50 1.00 1.50 200 250
Dolutegravir standard
Name: 26012025_Forcedeg_01_47, Date: 01-Feb-2025, Time: 13:30:06, ID: Dolutegravir_Acid(1NHGL) Base Degradant 1 Base_Degradant_2
MRM of & channels ES+ MRM of 8 channels,ES+
Dolutegravir Acid_Degradant_1 482 6=48286 442 E=4428
MRM of & channels ES+ MRM of 8 channels ES+ 100 103 2.080e+003 100 1.03 2.205e+003
420.28>277.05 336.5-338.5
Dolutegravir_ 9.642e+005 10i 4.682e+00 1.68
_‘ 168
% 369634
3.70e5
| %] %]
et .12 220 12
i 0.8
7 e min P min 8 e prere e S S =~
oo E00 ey I 250 o R 3L 200 (@ 050 100 150 200 250 050 100 150 200 250
o o 3o .
Dolutegravir (Acidic degradation)
Name: 26012025_Forcedeg_01_48, Date: 01-Feb-2025, Time: 13:34:11, ID: Dolutegravir_Base(1% NaGH) Base_Degradant_1 Base_Degradant_2
MRM of 8 channels ES+ MRM of 8 channels,ES+
Dolutegravir Acid_Degradant_1 __A82EERIh 442 8442
MRM of & channels, ES+ MRM of & channels,ES+ jogy  Dase_Degradant 101.48,558,5.58e2 2.321e+003
420.28>277.05 338.52338.5
_ Dolutegravir, 567Te+005 156
9 171

_ Base_Degradant_2 1.448¢+004
a7 1.68
270424004 4883
4.88e3
219575
220e5
o081
o % %
0.85
103
s (b a2 | TR e T min T T = |
050 1.00 2

T b3 min -3 frprrrrpreny
0.50 1.00 150 2.00 250

T min

Dolutegravir (Basic degradation)
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Name: 26012025 _Forcedeg_01_50, Date: 01-Feb-2025, Time: 13:42:22, ID: Dolutegravir_Peroxide Base_Degradant_1 Base_Degradant_2
MRM of 8 channals, E5+ NRM of & channsis £+
p 482.6-462.6 4426442
Dolutegravir Acid_Degradant_1 . 5 e
MRM of § channels ES+ MRM of 8 chamels £S5 100 i 16756+003. o ey “*rm
05 =338.5
Dolutegravir 205 164 3 184+004
i | 158 10
2 285784
2.86e5
096
% %]
1 071
101
1 L LA L R L L A RS LA min O e min
7 =y min TP min 050 100 150 200 250 050 100 150 200 250
050 1.00 3 0.50 1.00 150 2.00 250
. . . o
Dolutegravir (Oxidative degradation)
Name: 26012025 Forcedeg 01_49, Date: 01-Feb-2025, Time: 13:38:17, ID: Dolutegravir Water Base_Degradant_1 Base_Degradant_2
MRM of & channsls. ES+ MRM nfﬁchnnne\ ES+
Dolutegravir Acid_Degradant_1 482.6=4828 s 44. 5
MR of & chamels ES+ MRM of & channels S+ 1 1.950e+003
S 338.5-338 5 100 100
_ Coltegravi g 188 35034004
& 2688
2.6285
] 087 % o
o 202 245
101
-7|\\\| rrerper min P e e min Dlrprrrrprrprr e min T T min
050 1.00 250 050 100 150 200 250 050 100 150 200 250 050 100 150 200 250
. .
Dolutegravir (Water degradation)
Name: 26012025 _Forcedeg 01_51, Date: 01-Feb-2025, Time: 13:46:28, ID: Dolutegravir_Thermal Base_Degradant_1 Base_Degradant_2
MRM of 8 channels ES+ MR of 8 channels ES+
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Figure S: UPLC/MS/MS chromatograms of Dolutegravir (Forced degradation studies)
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Lamivudine (Basic degradation)

Name: 26012025_Forcedeg_01_58, Date: 01-Feb-2025, Time: 14:15:06, ID: Lamuvudine_Peroxide

Acid_Degradant_1
MRM of 8 channels ES+
23027-112.0
wudi 2 910+005
= Lamuvudine 2.219e+005 100,

Lamuvudine
MRM of & channels, ES+
338.5=3385
3.182e+004

o
5]

83927 ]
83024

1.64
10.12 0.91

O—rrprr e e e min
0.50 100 150 200 250

Base_Degradant_4

MRM of & channels ES+
100.9=100.9

100- 128 7.095e+004
%
1 0.73
T T T min
5 2 250
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Name: 26012025_Forcedeg_01_57, Date: 01-Feb-2025, Time: 14:11:00, ID: Lamuvudine_Water

Lamuvudine Acid_Degradant_1
MRM of 8 channels ES+ MRM of & channels ES+
230.27>112.0 33853385
ine 31e+005 2 5
_ Lam:{\;]zdm“ 1.331e+005 100—, 164 2.596e+004
924 50552 i
5.06e4
1 0.88
2
C—rrrr e e e min

100 150 200

Base_Degradant_4
MRM of & channels. ES+
100.9=100.9
Base_Degradant 4 5.137e+004
128

] 21079
2114

L LA LA R LA LAY A A L L A LA
050 100 150 0 200 250

Lamivudine (Water degradation)
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Figure 6: UPLC/MS/MS chromatograms of Lamivudine (Forced degradation studies)

The details of the forced degradation studies of Abacavir, Dolutegravir and Lamivudine were

shown in Table 6.

Table 6: Forced degradation studies

Stress
Sample Area of standard Total degraded
condition
Abacav | Dolutegr | Lamivu | Abacavi | Dolute | Lamiv
ir avir dine r gravir | udine
Standard Control 108599 | 279694 82218 - - -
INHC1/7
Acid days 101967 | 267060 60600 6.11 4.52 26.29
1% NaOH / 7
Base 107085 | 274253 320 1.39 1.75
days 99.61
Water / 7 - -
Water days 108599 | 279694 61139 25.64
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3% H202/7 - - -
Peroxide days 108599 | 279694 82218
Thermal | 70°C/3 Hrs | 108599 | 265000 82218 5.25
12000 /7 - -
Photo days 108599 | 279694 82218 -
*Mean of three replicates
CONCLUSION 2. Katlama C and Murphy R.

The authors have established a new stability
indicating UPLC-MS/MS method for the
estimation of Abacavir, Dolutegravir and
Lamivudine. The method is simple, precise
and accurate and used for the routine
of Abacavir,

analysis Dolutegravir and

Lamivudine pharmaceutical formulations
and no interference of excipients was
observed during the assay.
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