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Abstract
Elvitegravir (ETV), drug substance, and its eleven process-related impurities have been identified and their structural iden-
tification study has been carried out with the aid of 1H, 13C NMR, and ESI–LC–MS spectroscopic techniques. Plausible 
fragments were also proposed for each impurity to ascertain its structure. Simple, facile, and selective, stability indicating, 
mass spectrometry compatible HPLC method has been developed and subsequently validated with the validation parameters 
of specificity, LOD, LOQ, precision at LOQ, linearity, accuracy at LOQ to 120% levels, method precision, intermediate 
precision studies, and solution stability has also been established. This method encompasses a simple gradient mode of sepa-
ration with mobile phases—(A) 0.1% trifluoroacetic acid in water and (B) 0.1% trifluoroacetic acid in acetonitrile, the mass 
sectrometric compatible mobile phase has been chosen for the identification of known, unknown and degradation impurities. 
To assess the nature of each impurity, whether they are either process-related or degradation-induced, an intensive stress 
study has also been conducted. From this degradation assessment, all the impurities have been classified as process-related. 
Further, the assessment of three different manufacturers samples was also executed to show the method applicability and 
comparison of quality of the different manufacturers drug, and thus this method shall be engaged as a quality inferring tool 
for the marketed sample.

Keywords  Elvitegravir · Process impurities · Characterization · HPLC method validation · Antiretroviral drug

Introduction

ETV belongs to a new class of antiretroviral drugs. This 
viral integrase inhibitor (INSTs) is used as an anti-HIV agent 
[1]. The pharmacokinetic activity of ETV has been studied 
by preventing the strand transfer step (viral genetic informa-
tion integration) to the host cell DNA for viral replication 

[2–4]. ETV is prone to biotransformation by hepatic CY3A4 
cytochrome enzyme, thus preferred as a combination drug 
with Emtricitabine, Tenofovir disoproxil, or Cobicistat to 
enhance its antiretroviral activity [5, 6]. Presently, the drug 
is administered once daily as an oral dose intended only for 
adults [7]. ETV being an important investigational modern 
drug, diversified research has been conducted for its safety, 
efficacy, drug delivery, drug-drug interactions, [8–10] In-
silico and QSAR evaluation of analogues, dosage details, 
[11–14], and even LC–MS/MS and UHPLC–MS/MS studies 
in the presence of other drugs [15–20]. However, informa-
tion on ETV impurities, structural elucidation, their degra-
dation information, and analytical methods for impurities 
separation in ETV are almost unavailable. Further, ETV is 
not official in any of the pharmacopeia monographs which 
includes USP, EP, BP, JP, and International pharmacopeias 
[21–23]. Thorough literature search has been carried out for 
the structural identification and characterization studies of 
few of the other drug compounds, all of them indicates that 
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the impurities structural characterization studies have been 
carried out with the aid of LC–MS, NMR, UV, and IR tech-
niques. The impurities separation and their purity estimation 
studies were conducted with the help of HPLC technique 
[24–27]. Therefore, in this research work, we have identi-
fied eleven process-related impurities of ETV drug. Their 
structural identification studies were carried out with the aid 
of ESI–LC–MS and NMR techniques. We also developed a 
stability indicating, simple and mass spectrometry compat-
ible HPLC method to separate all these impurities. Three 
manufacturers samples were also tested to check purity of 
the ETV drug substance to forecast its quality.

Experimental methods

Materials

ETV sample was obtained from MSN laboratory, 
Hyderabad, India and ETV standard and its related impu-
rities (HMB impurity, BQN impurity, Deschloro impurity, 
QAM impurity, DFB impurity, methyl ester impurity, 3-Cl-
2,4-DFB impurity, Leucine impurity, 7-Ethoxy impurity, 
THP impurity and Dimer impurity) were synthesized in-
house. Acetonitrile and water used were of HPLC gradient 
grade. All other chemicals and solvents used for chromato-
graphic analysis were of analytical grade.

NMR Spectroscopy Instrumental Condition

The 1H, and 13C, NMR experiments were recorded using 
Bruker AV300/1 FT-NMR spectrometer (Bruker Corpora-
tion, Massachusetts, United States) equipped with a quad-
probe capable of recording 1H,13C,19F, and31P spectra 
and consisting Probe heads dual probe 5 mm DUX1H/3H 
Z-GRD, broad-band probe (5 mm BBO-1H-D Z-GRD). 
The experiments were performed with DMSO-d6 solvent 
for sample preparation. The 1H NMR spectra were recorded 
with pulse program zg, 1H, and 13C chemical shift values 
are reported on δ scale in ppm relative to TMS as internal 
standards and DMSO-d6 as solvent.

Mass Spectroscopy Instrumental Condition

Structural confirmation, mass screening, and fragmenta-
tion details of each impurity and ETV have been recorded 
using Agilent (1100 series) LC system interfaced to an ion 
trap mass analyzer (model G2445D SL) capable of mass 
range of 50–2200 m/z with adjustable scan speeds for nor-
mal, enhanced or maximum resolution and extended range 
50–4000 m/z with normal resolution. Encompasses scan, 
Multiple Ion Monitoring (MRM), and MS (n) modes with 

positive, negative, and alternating polarity ion detection 
facilities.

HPLC Instrumental Condition

HPLC investigation studies were conducted using 
Waters Alliance HPLC make (Model:2695) with PDA 
(Model:2998)/UV (Model:2489) detectors with Empower-2 
chromatographic data system for chromatographic data 
acquisition. Impurities separation was achieved with Peer-
less Basic C18 HPLC column of length 250 mm, width of 
4.6 mm, and particle size of 3 µm. Binary mixtures of mobile 
phases (mobile phase A: 0.1% trifluoroacetic acid in water 
(v/v ratio) and mobile phase B: 0.1% trifluoroacetic acid in 
acetonitrile (v/v ratio)) were engaged. The flow rate selected 
for this study was 1.2 mL min−1. Gradient mode of elution 
has been used to achieve the required separation, with the 
following program of isocratic composition between 0 and 
15 min with mobile phases A/B of 50/50 v/v, linear gradi-
ent composition between 15 and 35 min with mobile phases 
A/B to 50/50 to 35/65 v/v, isocratic composition between 
35 and 55 min with mobile phases A/B to 35/65 v/v, finally 
equilibrating the run with the initial composition between 
56 and 65 min with mobile phases A/B to 50/50 v/v. Thus, 
the overall run time of this method has been finalized to 
65 min. HPLC column was thermostat to a temperature of 
32 ± 2 °C. The injection volume for the method was set to 
20 µL. The detection and quantification work has been car-
ried out at 258 nm wavelength. The ETV standard, sample 
and its impurities were found to be adequately soluble with 
the diluent composition of water/acetonitrile/tetrahydrofuran 
with a (40/55/5) v/v/v ratio.

Preparation of Stock Solution of ETV Standard 
And Its Impurities

ETV standard and its impurities were weighed each indi-
vidually about 7.5 mg and made up to the mark in a 50 mL 
volumetric flask, dissolved, and diluted to the volume with 
diluent. These individual solutions (of concentration of each 
0.15 mg mL−1) were used as stock solutions for the prepara-
tion of further solutions which are used for method valida-
tion studies (this is Stock-I).

Preparation of Intermediate Stock Solution of ETV 
Standard and Its Impurities

An intermediate stock solution of 0.0075 mg mL−1 of ETV 
standard and its impurities were individually prepared by 
diluting 2.5 mL of the individual Stock solutions-I to separate 
50 mL volumetric flasks, and dissolving and diluting to the 
volume with diluent (this is Stock-II). From this individual 
stock solution-II, each solution having a concentration of 
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0.00045 mg mL−1 was prepared by transferring 3.0 mL of 
stock solutions to 50 mL volumetric flask, making up the vol-
ume with the diluent (This solution is equal to the specification 
limit of 0.15% w/w).

Preparation of ETV Sample Solution

Weighed about 15 mg of ETV sample was introduced into a 
50 mL volumetric flask, dissolved, and diluted to the mark 
with the diluent. This solution corresponds to the concentra-
tion of 0.3 mg mL−1 in the diluent.

Forced Degradation Study Conditions

For thermal and photo-stability stress testing studies, the ETV 
sample was incubated in an oven at 60 °C for about 48 h for 
thermal degradation and exposed ETV sample under con-
trolled (opaque) and uncontrolled (photolucent) integrated 

light of exposure of visible light of 1.2 million lux hours and 
UV light of 200 W h m−2 in a photo-stability chamber for pho-
tolytic degradation [28, 29]. To assess the stability indicating 
the nature of the method, ETV samples were stressed sepa-
rately by acidic (1N HCl), basic (1N NaOH), and oxidative 
(5% H2O2) stress conditions by adding theses stressing agents 
along with diluent, maintained at elevated temperature condi-
tion in a water bath. These final stressed sample solutions were 
tested to assess whether any degradation occurred.

Preparation of ETV Sample for Acid and Base 
Degradation Study

Weighed about 15 mg of ETV sample was introduced into 
a 50 mL volumetric flask, added about 5 mL of diluent to 
dissolve the sample, then added about 30 mL of 1N hydro-
chloric acid/1N sodium hydroxide was added and stirred 
at a constant temperature at 60 °C for about 72 h, then the 

Table 2   1H, and 13C NMR chemical shift values (δ ppm) for DFB impurity, 3-Cl-2,4-DFB impurity and leucine impurity

DFB impurity Methyl ester impurity 3-Cl-2,4-DFB impurity Leucine impurity

Position 1H δ (ppm) 13C δ (ppm) 1H δ (ppm) 13C δ (ppm) 1H δ (ppm) 13C δ (ppm) 1H δ (ppm) 13C δ (ppm)

1 7.06–7.20 126.40–126.45 7.15–7.28 130.14 7.25–7.37 129.81–130.00 7.16–7.28 130.21
2 7.28–7.37 115.61 7.44–7.50 128.69 7.25–7.37 111.99–112.32 7.46–7.52 128.9
3 7.06–7.20 124.59–124.73 7.15–7.28 125.21 – 154.44–157.77 7.16–7.28 125.33
4 – 146.47–149.89 – 119.58 – 108.11 – 119.62
5 – 148.04–151.47 – 155.64 – 154.98–158.30 – 155.64
6 – 128.66 – 128.52 – 123.62–123.88 – 128
7 4.13 28.02 4.05 28.36 4.1 28.12 4.12 28.46
8 – 127.74 – 125.5 – 126.44 – 127.74
9 8.05 126.45 7.9 127.25 8.06 127.46 8.04 126.51
10 – 118.89 – 121.76 – 118.86 – 118.97
11 – 176.25 – 171.7 – 176.21 – 176.29
12 – 107.37 – 109.54 – 107.35 – 107.36
13 8.88 145.45 8.64 145.71 8.88 145.42 8.83 145.28
14 142.44 – 141.62 – 142.43 – 141.88
15 7.47 98.11 7.15–7.28 97.56 7.46 98.15 7.46–7.52 97.74
16 – 161.93 – 160.57 – 161.86 – 161.98
17 – – – – – – 3.81 62.21
17Ha 3.82 60.17 3.73–3.80 60.26 3.76–3.80 60.12 – –
17Hb 3.98–4.04 3.91–3.98 3.98–4.03 – –
18 4.88 66.33 4.65 65.2 4.87 66.29 5.19–5.22 59.06
19 2.39 29.19 2.31 29.02 2.39 29.14 1.76–1.92 38.94
20, 21 0.73, 1.16 18.94, 19.12 0.74, 1.14 19.07, 19.20 0.73, 1.16 18.92, 19.10 – –
20 – – – – – – 1.44–1.48 24.25
21, 21′ – – – – – – 0.87, 0.92 22.32, 22.65
22 – 166.32 – 165.37 – 166.22 – 166.28
23 4.04 56.8 3.73 51.16 4.03 56.78 4.02 56.76
24 – – 3.98 56.45 – – – –
Alcoholic OH 5.2 – 5.12 – 5.19 – 5.2 –
Acid OH 15.45 – – – 15.44 – 15.43 –
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solution was cooled at room temperature, neutralized with 
dilute solution of sodium hydroxide for acid degradation and 
vice versa then, volume made up with diluent, this solution 
was tested for acid and base degradation study. Blank solu-
tion was prepared similarly manner without the addition of 
ETV sample. When attempted with the higher strengths of 
base (more than 2N of sodium hydroxide), layer separation 
was noticed while made up with the diluent; therefore, the 
degradation studies were restricted with reduced acid and 

base concentration (i.e., 1N) and the degradation has been 
facilitated with heat.

Preparation of ETV Sample for Oxidative 
Degradation Study

Weighed about 15 mg of ETV sample was introduced into 
a 50 mL volumetric flask, added about 5 mL of diluent to 

Table 3   1H, and 13C NMR chemical shift values (δ ppm) for 7-Eth-
oxy impurity and THP impurity

7-Ethoxy impurity THP impurity

Position 1H δ (ppm) 13C δ (ppm) 1H δ (ppm) 13C δ (ppm)

1 7.15–7.29 130.24 6.97–7.07 129.21
2 7.43–7.49 128.69 7.24–7.30 128.84
3 7.15–7.29 125.08 6.97–7.07 124.29
4 – 119.57 – 121.06
5 – 155.64 – 156.42
6 – 128.75 – 127.89
7 4.12 28.77 4.11 28.95
8 – 127.84 – 128.13
9 8.14 126.65 8.27–8.28 128.24
10 – 118.74 – 120.01
11 – 176.29 – 177.11
11Ha – – – –
11Hb – – – –
12 – 107.33 – 108.57
13 8.88 145.39 8.91–8.28 144.92
14 – 142.44 – 142.33
15 7.43–7.49 98.59 7.24–7.30 98.81
16 – 161.23 – 162.19
17 – – – –
17Ha 3.75–3.79 60.17 3.73–3.91 62.04
17Hb 3.96–4.04 4.15–4.28
18 4.85 66.25 4.45–4.55 66.09
19 2.38 29.17 2.44–2.60 29.82
20, 21 0.72, 1.15 18.93, 19.10 – –
20 – – 0.83–0.88 19.60, 19.66
21 – – 1.19–1.25
22 166.35 – 166.22
23 4.26–4.34 64.79 3.98 55.96
24 1.38 14 4.45–4.55 96.11
25 – – 1.42–1.78 30.23
26 – – 1.42–1.78 18.75
27 – – 1.42–1.78 25.04
28 – – 3.38–3.56 66.43
Alcoholic 

OH
5.17 – – –

Acid OH 15.49 – 15.19–15.23 –

Table 4   1H, and 13C NMR chemical shift values (δ ppm) for dimer 
impurity

Dimer impurity

Position 1H δ (ppm) 13C δ (ppm)

1 7.12–7.22 130.03
1′ 6.73–6.78 128.84
2 7.45–7.49 128.84
2′ 7.34–7.39 128.66
3 7.12–7.22 125.18
3′ 6.92–6.98 124.88
4 – 119.61
4′ – 119.57
5 – 155.61
5′ – 155.24
6 – 127.99
6′ – 127.62
7 4.11 28.4
7′ 3.81–3.89 27.94
8 – 127.73
8′ – 127.14
9, 9′ 7.99, 8.02 126.59, 126.96
10, 10′ – 118.77, 119.38
11, 11′ – 176.17, 176.22
12 – 107.43, 108.16
13, 13′ 8.89, 9.01 144.37, 145.56
14, 14′ – 142.14, 142.44
15, 15′ 7.49, 7.56 97.86, 98.97
16 – 162.04
16′ – 160.17
17 4.83–4.85 68.53
17′Ha 3.81–3.89 60.11
17′Hb 3.94–4.01
18 5.41–5.44 63.59
18′ 4.83–4.85 66.52
19, 19′ 2.42–2.49 28.91, 30.08
20, 20′ 0.79 18.87, 19.03
21, 21′ 1.18, 1.20 19.11, 19.24
22, 22′ – 166.00, 166.14
23 4.01 56.8
Alcoholic OH 5.22 –
Acid OH′, OH″ 15.30, 15.33 –
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dissolve the sample, then added about 20 mL of 5% hydro-
gen peroxide and maintained at room temperature for about 
72 h, then the solution was volume made up with diluent 
and tested for oxidative degradation study. A blank solu-
tion was also prepared similarly without the addition of 
ETV sample.

Preparation of ETV Sample for Thermal Degradation 
Study

About 2 g of ETV sample was spread in a Petri dish, and 
incubated in an oven at a temperature of 60 °C for about 48 h. 
Weighed about 15 mg of the above thermal degraded ETV 

Table 5   Molecular weight, m/z value, major mass fragments, CAS No, and potency (%w/w) details for each impurity and ETV standard

Name of the impurity Molecular weight 
(g mol−1)

m/z value (M + 1) Major fragments (m/z) CAS No Potency 
(% w/w)

HMB impurity 305.13 306.3 220.1 & 202.1 – 97.9
BQN impurity 608.24 609.4 548.3, 487.2, 462.2, 431.1 & 315.3 – 96.2
Deschloro impurity 413.45 414.2 396.2, 328.1& 310.1 2,055,025–82-4 96.8
QAM impurity 375.78 376.0 358.0 – 97.3
DFB impurity 431.15 432.4 414.2, 346.0& 328.1 – 97.5
methyl ester impurity 461.14 462.2 448.1, 430.6, 378.1, 344.0& 362.2 1,350,172–03-0 98.2
ETV 447.9 448.3 430.2 697,761–98-1 99.3
3-Cl-2,4- DFB impurity 465.88 466.2 448.2, 434.1, 378.1, 362.1 870,648–11-6 96.9
Leucine impurity 461.14 462.2 - 1,534,364–53-8 98.4
7-Ethoxy impurity 461.14 462.2 444.4& 358.2 – 97.5
THP impurity 531.18 532.3 514.4 & 430.3 – 99.3
Dimer impurity 863.73 863.2& 864.1 848.2 & 760.9 – 95.9

Fig. 1   ESI–LC–MS plausible 
fragments details for ETV 
standard
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Fig. 3   ESI–LC–MS plausible 
fragments details for BQN 
impurity
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sample was introduced into a 50 mL volumetric flask, dis-
solved, and diluted to the mark with the diluent. This sample 
solution was injected to assess the thermal degradation study.

Preparation of ETV Sample for Photolytic 
Degradation Study

ETV samples were spread into two separate Petri dishes, 
one covered with photolucent packing (Uncontrolled), and 
the other one completely covered with photoopaque packing 

(Control). Both of these preparations were exposed in a 
photostability chamber for the integrated light exposure as 
specified, once the samples achieved adequate light expo-
sure, both the controlled and the uncontrolled ETV samples 
were removed from the chamber. From this exposed sam-
ples of controlled and uncontrolled, weighed about 15 mg 
of each ETV samples was introduced into a separate 50 mL 
volumetric flask, dissolved, and diluted to the mark with the 
diluent. These sample solutions were injected to assess the 
photolytic degradation study.

Fig. 5   ESI–LC–MS plausible 
fragments details for QAM 
impurity
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Fig. 7   ESI–LC–MS plausible 
fragments details for methyl 
ester impurity
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Preparation of Solutions for Analytical Method 
Validation

To evaluate the specificity of the method, the solu-
tions of each impurity were prepared at a concentration 
of 0.1 mg mL−1 in the diluent separately and spiked all of 
them, each at a concentration of 0.00045 mg mL−1, in the 
ETV sample. The detection (LOD—Limit of detection), as 
well as the quantitation (LOQ—Limit of quantitation) limits 
was established by s/n (the ratio between the signal from 
the compound and the noise from the baseline) approach to 
obtain the s/n 3:1 and 10:1 respectively. The final standard 
solution (which contains ETV standard and all its impurities 

at a concentration of 0.00045 mg mL−1) has been prepared 
at different levels ranging from 8 to 12% for LOD and 18 to 
22% for LOQ. The final LOD and LOQ concentration for 
each impurity and ETV standard has been arrived based on 
the acceptance criteria of s/n ratio.

The accuracy study was conducted over four levels 
i.e., at LOQ, 50 (0.000225), 100 (0.00045), and 120% 
(0.00054 mg mL−1), the concentrations of the solutions are 
with respect to the test concentration of ETV sample (i.e., 
0.3 mg mL−1). Linearity has been established with 5 lev-
els ranging from LOQ to 0.00027, 0.00037, 0.00045, and 
0.00054 mg mL−1. All these concentrations are with respect 
to the ETV test concentration. The method precision and 
the intermediate precision studies were assessed with all 
impurities spiked in the ETV sample at a concentration of 
0.00045 mg mL−1 (which is equal to 0.3 mg mL−1 of test 
concentration).

Results and Discussion

Structural Confirmation Studies Using LC‑MS 
and NMR Techniques

The chemical structures of all the impurities and the ETV 
standard were elucidated  with the aid of 1H, 13C, and 
ESI–LC–MS studies [30, 31]. Their fragmentation pattern 
and purity details have also been reported.
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Fig. 10   ESI–LC–MS plausible 
fragments details for 7-Ethoxy 
impurity
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Characterization of ETVstandard and Its Impurities

1H and 13C NMR spectroscopic studies have been performed 
for ETV standard, and D2O exchange experiments were also 
conducted to identify the exchangeable protons. The 1H-
NMR spectrum depicts the chemical shifts ranging from δ 
7.13 to 8.88 ppm representing the aromatic protons present 
at 1–3, 9, 13, and 15th positions. The δ value at 5.22 ppm 
represents the –OH proton attached at the 17th position. 
The chemical shift value at δ 15.41 ppm corresponds to the 
carboxylic acid proton at the 22nd position. The δ value at 
0.73 and 1.16 ppm represents the methyl groups at positions 
20 and 21 respectively. The methanolic CH3 at position 23 
exhibited the δ value at 4.05 ppm. The δ value at 4.19 ppm 
represents the methylene group flanked in between two 
benzene rings. The diastereotopic protons at 17 exhibited 
δ values at 3.77–3.81 and 3.98 ppm. The proton of chiral 
carbon at position 18 exhibited the δ value at 4.90 respec-
tively. The δ value at 2.37 ppm represents the –CH proton 
at position 19. From the 13C-NMR spectrum, the δ values at 
32.29 and 60.19 ppm represent the methylene carbon atoms 
at positions 7 and 17 respectively. The δ values at 176.18 and 

166.36 ppm represent the carbonyl groups of quinoline-4 
(1H)-one ring and carboxyl group at positions 11 and 22 
respectively. The δ values at 66.33 and 29.23 ppm represent 
the –CH carbon atoms at positions 18 and 19 respectively. 
The δ values at 19.00 and 19.16 ppm represent the –CH3 car-
bon atoms at positions 20 and 21 respectively. The δ value 
at 56.85 ppm represents the methanolic carbon at position 
23. Mass spectral analysis was conducted, and the proto-
nated molecular ion was observed at m/z 448 corresponds 
to (M + 1), the deprotonated molecular ion at m/z value 
of 446 (M − 1), and the m/z value of 506 corresponds to 
(M–H + CH3COOH)− fragmentation confirms the monoiso-
topic mass of the molecule as 447. From the mass data, the 
arrived empirical formula was C23H23ClFNO5.

In the similar way, all other impurities structural elucida-
tion studies have been carried out with the help of 1H, 13C 
NMR experiments and their ESI–LC–MS spectral data and 
also in comparison with ETV standard. The corresponding 
proton and carbon chemical shift values of NMR data have 
been tabulated and are available in the Tables 1, 2, 3, and 4. 
Molecular weight, m/z values, major fragments, CAS No, 
and their potency value of each impurity and ETV standard 

Fig. 11   ESI–LC–MS plausi-
ble fragments details for THP 
impurity
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are available in Table 5. The major mass fragments to ascer-
tain the structure of ETV standard and each impurity have 
been deduced and are shown from Figs. 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, and 12. From all these data, chemical name and 
molecular formula of each impurity have been obtained and 
are tabulated in the Table 6.

The relevant detailed characterization data and respective 
spectra of each impurity are included in the supporting infor-
mation from Table S1 to S12 and Fig. S1 to S36. Respective 
impurity structures are available from Figs. 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, and 12 of the given chemical name in Table 6.
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The pharmacologically active isomer of ETV is (S)-Iso-
mer. The isomerism of other impurities has not been studied 
and not reported anywhere in the literature. Thus, normal 
notation has been used.

HPLC Method Development

The ETV standard and its related impurities were synthe-
sized in-house, and were characterized, their structures were 
confirmed. Potency of each impurity has been calculated. 

Table 6   Chemical name and molecular formula for each impurity and ETV standard

Name of the impurity Chemical name Molecular formula

HMB impurity 1-(1-hydroxy-3-methylbutan-2-yl)-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid C16H19NO5

BQN impurity 1,1′-bis(1-hydroxy-3-methylbutan-2-yl)-7,7′-dimethoxy-4,4′-dioxo-1,1′,4,4′-tetrahydro-[6,6′-
biquinoline]-3,3′-dicarboxylic acid

C32H36N2O10

Deschloro impurity 6-(2-fluorobenzyl)-1-(1-hydroxy-3-methylbutan-2-yl)-7-methoxy-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid

C23H24FNO5

QAM impurity 6-(3-chloro-2-fluorobenzyl)-7-methoxy-1-methyl-4-oxo-1,4-dihydroquinoline-3-carboxylic acid C19H15ClFNO4

DFB impurity 6-(2,3-difluorobenzyl)-1-(1-hydroxy-3-methylbutan-2-yl)-7-methoxy-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid

C23H23F2NO5

methyl ester impurity methyl 6-(3-chloro-2-fluorobenzyl)-1-(1-hydroxy-3-methylbutan-2-yl)-7-methoxy-4-oxo-1,4-dihy-
droquinoline-3-carboxylate

C24H25ClFNO5

ETV (S)-6-(3-chloro-2-fluorobenzyl)-1-(1-hydroxy-3-methylbutan-2-yl)-7-methoxy-4-oxo-1,4-dihydro-
quinoline-3-carboxylic acid

C23H23ClFNO5

3-Cl-2,4- DFB impurity 6-(3-chloro-2,4-difluorobenzyl)-1-(1-hydroxy-3-methylbutan-2-yl)-7-methoxy-4-oxo-1,4-dihydro-
quinoline-3-carboxylic acid

C23H22ClF2NO5

Leucine impurity 6-(3-chloro-2-fluorobenzyl)-1-(1-hydroxy-4-methylpentan-2-yl)-7-methoxy-4-oxo-1,4-dihydroqui-
noline-3-carboxylic acid

C24H25ClFNO5

7-Ethoxy impurity 6-(3-chloro-2-fluorobenzyl)-7-ethoxy-1-(1-hydroxy-3-methylbutan-2-yl)-4-oxo-1,4-dihydroquino-
line-3-carboxylic acid

C24H25ClFNO5

THP impurity 6-(3-chloro-2-fluorobenzyl)-7-methoxy-1-(3-methyl-1-((tetrahydro-2H-pyran-2-yl)oxy)butan-
2-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid

C28H31ClFNO6

Dimer impurity 1-(1-((3-carboxy-6-(3-chloro-2-fluorobenzyl)-1-(1-hydroxy-3-methylbutan-2-yl)-4-oxo-1,4-di-
hydroquinolin-7-yl)oxy)-3-methylbutan-2-yl)-6-(3-chloro-2-fluorobenzyl)-7-methoxy-4-oxo-
1,4-dihydroquinoline-3-carboxylic acid

C45H42Cl2F2N2O9

Fig. 13   Alltima C18 (250  mm length  ×  4.6  mm width, 3  µm as 
particle size), (MP)—A (0.1% orthophosphoric acid solution) and 
(MP)-B (100% acetonitrile), isocratic elution mode with MP-A/B 
70/30 v/v for 60 min as run time. Column temperature 30 °C; Flow 

rate: 1.2 mL min−1. Injection volume 20 µL, UV detection at 258 nm. 
Sample concentration: 0.3 mg mL−1 in water:acetonitrile:tetrahydrofu
ran (40/55/5, v/v/v)
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The primary aim of the analytical method development has 
been set to separate all these eleven impurities from the 
main drug (ETV) using a stability indicating related sub-
stances by HPLC method [32, 33]. ETV is Ames-negative, 
thus non-genotoxic in nature. All the impurities of ETV are 
also confirmed as non-genotoxic in nature. Therefore, these 
impurities are ordinary impurities and thus the specification 
limit for each impurity has been set as 0.15%.

In order to choose the appropriate wavelength for this 
HPLC study, all the impurities and ETV standard have been 
prepared individually at a concentration of 10 ppm each 
(water and acetonitrile was used as diluent with 60:40 v/v 
ratio), each solution was scanned for their UV absorption 
at 200–400 nm range. All the impurities and ETV standard 
exhibited maximum absorption around 258 nm, and thus 

the detection wavelength for the method has been chosen 
at 258 nm.

The diluent selection study has been carried out by study-
ing their solubility. All the impurities and ETV standard 
were found adequately soluble in the mixture of water and 
acetonitrile. Clear solutions were obtained when test tube 
trial was conducted. Water and acetonitrile were used as 
initial diluent. With this composition, the peak shapes were 
slightly distorted, noticed with tailing, therefore to improve 
the peak shape and make them symmetry. About 5% of tet-
rahydrofuran was added in the diluent. Thus, the final diluent 
was fixed to water/acetonitrile/tetrahydrofuran of 40/55/5 
v/v/v ratio, which had improved the peak shape, the area 
reproducibility, and the theoretical plate. The standard, the 
sample, and the spiked sample solutions were also found to 

Table 7   Resolution between two closely eluting peaks, tailing factor, theoretical plates, % RSD for 6 replicate injections of ETV standard

Resolution between two closely eluting pairs

Column details HMB & BQN 
impurity

Deschloro & QAM 
impurity

QAM & DBF 
impurity

Methyl ester impu-
rity & ETV

ETV & 3-Cl,2–4-
DFB impurity

Leucine & 
7-Ethoxy 
impurity

Aqua C18 2.4 1.3 2.5 3.0 1.9 1.5
Alltima C18 2.0 1.3 2.3 2.8 2.3 1.6
Unison UK C18 2.5 1.5 1.9 2.1 4.2 1.6
Peerless basic C18 2.8 1.8 2.7 3.2 5.5 1.8

For ETV peak

Column details Tailing factor Theoretical plate % RSD for 6 rep-
licate injections

Aqua C18 1.2 37,790 3.2
Alltima C18 1.1 40,098 2.1
Unison UK C18 0.98 41,076 1.9
Peerless basic C18 1.01 46,583 0.8

Table 8   Retention time (RT), 
relative retention time (RRT), 
purity angle, and purity 
threshold of each impurity are 
shown as part of the specificity 
study

Name of the impurity Retention Time 
(min)

RRT​ Purity angle Purity threshold

HMB impurity 4.26 0.21 1.25 1.91
BQN impurity 4.61 0.22 1.05 1.93
Deschloro impurity 13.84 0.67 2.02 3.10
QAM impurity 14.28 0.69 1.40 3.09
DBF impurity 15.19 0.73 1.30 2.73
methyl ester impurity 19.42 0.94 2.01 3.65
ETV 20.74 1.00 0.05 1.01
3-Cl-2,4- DFB impurity 22.86 1.10 1.83 3.72
Leucine impurity 26.94 1.30 1.83 3.70
7-Ethoxy impurity 27.47 1.32 1.72 3.12
THP impurity peak-1 39.83 1.92 3.11 5.84
THP impurity peak-2 40.32 1.94 4.00 6.20
Dimer impurity 47.51 2.29 2.76 4.94
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be stable, which indicates that the diluent chosen was com-
patible for this study.

The dissociation constant (pKa) for ETV was found 6.6 
[34]. Thus, the initial scouting studies were conducted at 
acidic pH, i.e., mobile phase (MP)—A (0.1% orthophos-
phoric acid solution) and mobile phase (MP)-B (100% ace-
tonitrile), using isocratic elution mode with two different 
compositions i.e., (1) MP-A/B 70/30 v/v and (2) MP-A/B 
30/70 v/v, and (3) with linear gradient composition of MP-
A/B as 70/30 at initial time and 30/70 v/v at 60 min. The 
separation was carried out using with Alltima C18 HPLC 
Column. In the first trial, the impurities methyl ester, 3-Cl-
2,4-DFB impurity, ETV, THP impurity, and Dimer impu-
rity peaks could not be separated well (Fig. 13). Whereas in 
the second trial, the peaks were clustered without effective 
separation. At the third trial of linear gradient elution, sepa-
rations of all the peaks were achieved; however, poor reso-
lution was noticed between the peaks of (1) HMB impurity 
and BQN impurity (2) Deschloro impurity, QAM impurity, 
and DFB impurity (3) Leucine impurity and 7-Ethoxy impu-
rity were also merged.

From all the initial scouting studies using different 
mobile phase compositions, it was understood that lin-
ear gradient throughout the run might not be beneficial to 
separate all the impurities. Therefore, time-based gradient 
program must be customized based on the elution. Two 
initial isocratic compositions of mobile phase A/B with 
60/40 and 50/50 v/v were tested, in which the composition 
of 50/50 was found optimum for the first portion of the elu-
tion program. The linear composition was optimized with 
the mobile phase compositions of A/B to 50/50 and 35/65 
v/v for the second portion of the gradient program where 
majority of the impurities elute. Then subsequently this 
increased organic ratio to elute, the non-polar impurities, 
followed by equilibrating the column to make it ready for 
the next run, which has been designed within the selected 
run time of the gradient program. Thus, further trials were 
conducted using 0.05, 0.1% trifluoroacetic acid, formic 
acid, and 5–20  mM potassium dihydrogen phosphate 
buffer of pH 4, which were evaluated as aqueous phase 
compositions for mobile phase A. Better separation was 
achieved when phosphoric acid as well as trifluoroacetic 
acid aqueous mobile phases was tested individually. When 
tested with both the mobile phase A compositions (i.e., 
0.1% v/v phosphoric acid and trifluoroacetic acid) individ-
ually, the obtained impurity profiles are similar. However, 
in order to carry out mass spectrometric analysis for impu-
rities characterization and to implement mass compatible 
mobile phase, trifluoroacetic acid was chosen as the aque-
ous phase for our HPLC analysis. Different brands of ana-
lytical columns which include Alltima C18, Aqua C18, 
Unison UK C18, and Peerless Basic C18 (Fig. 14) were 
tested to check for better separation and peak shape. In 

all the columns tested, better separation, peak shape, and 
considerable theoretical plate for each peak, % RSD for 6 
replicate injections of dilute ETV standard solution were 
observed only with Peerless Basic C18 column (Table 7).

The main peak (ETV) was eluted at a retention time 
of about 21 min, and all the impurities were separated 
within 50 min and the entire run time has been finalized 
to 65 min. The THP impurity exhibits two peaks which are 
due to the (SS) and (SR) diastereomers as this impurity 
possesses two chiral centers, i.e., one carbon which is con-
nected to the nitrogen atom and the other carbon which is 
connecting the tetrahydropyran. Thus, for quantification 
purpose, both the peaks were added up together and the 
sum of area was used for all quantification works.

Analytical Method Validation

To evaluate the method’s capability, and to yield consist-
ent results over time and across laboratories, the devel-
oped analytical-related substances method was inflicted 
to the validation process according to the ICH Q2 R1 
guideline[35]. The following were the predefined method 
parameters which include system suitability, system pre-
cision, specificity, forced degradation, the limit of detec-
tion (LOD) and limit of quantitation (LOQ), linearity, 
accuracy, method and intermediate precision, robustness, 
mobile phase, and solution stability studies, the method 
was fully validated for the intended application [36, 37].

Forced Degradation

In all the stressed conditions of acidic, basic, oxidative, 
thermal, and photodegradation studies, the ETV sample was 
found to be stable. There was no degradation reported in any 
of the degradation conditions even at a 1% level against the 
requirement of 5–30% to account for primary degradation. 
Therefore, the compound is considered as a thermally stable 
compound.

Specificity

Specificity is the ability to assess unequivocally the analyte 
in the presence of other components which may be expected 
to be present or interfere with the peaks of interest. Typi-
cally, they could be impurities, degradants, and matrix com-
ponents. All the process-related impurities and ETV peaks 
were well separated from each other (resolution not <1.2), 
and no co-elution or interference was observed between any 
two closely eluting peaks, which was further confirmed by 
the homogeneity study through peak purity testing (reported 
the purity angle and threshold values) in which the peaks are 
considered pure when purity angle is less than that of the 
purity threshold value (Table 8) [38, 39]. The peak purity 
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spectra of ETV and its impurities were recorded using a 
PDA detector (Fig. 15).

Accuracy

The accuracy (an agreement study between the theoretical 
amount to the recovered amount) was performed by spik-
ing all the process-related impurities in an ETV sample of 
0.3 mg mL−1 concentration at four levels starting from LOQ, 
0.075% (0.000225 mg mL−1 = 50% of target concentration), 
0.15% (0.00045 mg mL−1 = 100% of target concentration) 
and 0.18% (0.00054 mg mL−1 = 120% of target concentra-
tion). The percentage recovery was calculated between the 
recovered amount after analysis and the theoretical amount 
of analyte added to the sample to study recovery and is avail-
able in Table 9.

LOD, LOQ, Linearity, and Range

LOD and LOQ for each impurity have been obtained using 
the conventional s/n ratio approach. For LOD, the targeted 
concentrations were to possess the s/n to 3:1. Whereas for 
the LOQ level, the targeted concentrations were to possess 
the s/n to 10:1. The determined LOD concentrations were 
about 15% of the actual specification limit and the LOQ 
concentrations were about 30% to the target concentration 
of the ETV sample. The obtained lower levels of detection 
as well quantification levels enhance the method detection 
capability.

The linearity was established over five different concen-
tration levels of the ETV standard and all the impurities 
(absolute concentration is 0.00045 mg mL−1, the target 
level i.e., 100%) starting from LOQ solutions, 60% solu-
tion (0.00027 mg mL−1), 80% solution (0.00037 µg mL−1), 
100% solution (0.00045 mg mL−1), and 120% solution 
(0.00054 mg mL−1). Each concentration was injected in 
triplicate to assess the concordance of injection and the 
average area was used to infer linearity by plotting the 
area on the y-axis and the concentration on the x-axis. The 
regression coefficient (r2) for each impurity was >0.999 
for (n = 5). The linearity range, slope and intercept equa-
tion, y-intercept bias, and relative response factor (RRF-
dividing the slope value of impurity against the slope 
value of ETV standard) were calculated and reported in 
Table 10.

Method Precision & Intermediate Precision 
(Intraday and Inter‑day precision)

The method precision (Intraday) and Intermediate pre-
cision (Inter-day) studies were performed by spik-
ing all the impurities at the target level concentration 
(0.15% = 0.00045 mg  mL−1 absolute concentration) in 
the ETV sample. Six different ETV samples (at concen-
tration of 0.3 mg mL−1) spiked with all the impurities at 
0.00045 mg mL−1 concentration levels were prepared and 
analyzed on different days, with two different analysts, with 
different instruments, columns, and reagents. The recovery 
of each impurity in the spiked ETV samples was calculated. 
The method precision (MP) and intermediate precision (IP) 
results were computed, and the obtained standard deviation 
(SD) and % RSD for each impurity were less than 5, indi-
cating that there is a good agreement between MP and IP 
studies. The obtained results are tabulated in Table 11.

Mobile Phase and Solution Stability

The mobile phase and solution stability studies were 
conducted by spiking all the impurities at the target 
level concentration (0.45 µg mL−1) into the ETV sample 
(0.3 mg mL−1 concentration). The solutions of all impuri-
ties standard, ETV sample, and all impurities spiked into the 
ETV sample were individually transferred into two differ-
ent volumetric flasks equally. One part was stored at room 
temperature and the other part was preserved at 2–8 °C in 
the laboratory refrigerator. Before transferring, the initial 
analysis was conducted using freshly prepared solutions, 
each solution was injected after the 48 h interval, and the 
system suitability and recovery for each impurity were com-
pared against the initial and after 48 h. Further, system suit-
ability solutions were prepared freshly for initial and after 
48 h, and tested for the system suitability criteria using the 
same mobile phase. The satisfactory results indicate that the 
solutions are stable and could be used by storing over 48 h 
in room temperature. However, for better stability over the 
specified time point, they could be stored at 2–8 °C. The 
mobile phase was found to be stable without any physi-
cal change (clear without any turbidity or cloudiness) and 
therefore mobile phase is stable up to 48 h. The standard, 
sample, and the spiked sample solution were placed at room 
temperature as well as at 2–8 °C were also stable up to 48 h, 
the obtained results are tabulated in Table 12.

Application of Method

Three different manufacturers ((1) Zhejiang Ausan Pharma-
ceuticals, China. (2) Shanghai Desano Chem, China and (3) 
JL Pharm, China) commercial lot samples were obtained. 
They were tested for the fate of the reported impurities in 

Fig. 14   Chromatogram on different columns a Aqua C18, b 
Alltima C18, c Unison UK C18 & d Peerless Basic C18, (250 mm 
length × 4.6 mm width, 3 µm as particle size), Mobile phase A: 0.1% 
trifluoroacetic acid in water and Mobile phase B 0.1% trifluoroacetic 
acid in acetonitrile, Gradient program: 0–15  min A/B of 50/50 v/v, 
15–35  min A/B to 50/50–35/65 v/v, 35–55  min /B to 35/65 v/v, 
56–65 min A/B to 50/50 v/v. Column temperature 30 °C; Flow rate: 
1.2 mL min−1. Injection volume 20 µL, UV detection at 258 nm

◂
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Fig. 15   Peak purity plot for ETV standard and its each impurity generated on PDA detector of HPLC system
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Table 9   % recovery results 
for all the impurities spiked 
in the ETV sample at four 
levels i.e., LOQ, 50, 100, and 
120% to the target ETV sample 
concentration as part of the 
accuracy study

a n = 3 different preparations were made and the average results are calculated

Accuracy (% mean recoverya ± SD)

Name of the impurity At LOQ level At 50% level At 100% level At 120% level

HMB impurity 104.3 ± 2.5 104.7 ± 1.4 100.4 ± 0.9 99.2 ± 1.2
BQN impurity 99.4 ± 1.7 100 ± 1.6 99.3 ± 2.0 98.3 ± 1.2
Deschloro impurity 99.5 ± 1.0 97.7 ± 3.0 104.2 ± 1.3 103.0 ± 1.5
QAM impurity 100.2 ± 1.9 98.9 ± 1.5 102.6 ± 1.3 100.3 ± 0.2
DFB impurity 97.9 ± 0.8 98.6 ± 0.8 100.5 ± 1.4 100.0 ± 0.7
methyl ester impurity 101.4 ± 3.0 99.7 ± 1.5 101.0 ± 2.0 100.2 ± 0.6
3-Cl-2,4- DFB impurity 103.1 ± 1.8 103.0 ± 3.9 100.0 ± 1.1 98.5 ± 1.0
Leucine impurity 102.3 ± 1.1 100.5 ± 0.4 100.4 ± 0.4 100.3 ± 0.3
7-Ethoxy impurity 102.5 ± 0.6 103.2 ± 0.7 103.7 ± 0.3 103.3 ± 0.2
THP impurity 101.6 ± 1.7 102.5 ± 0.7 98.1 ± 0.3 98.3 ± 0.5
Dimer impurity 100.9 ± 2.2 99.1 ± 2.4 98.1 ± 0.5 98.4 ± 1.2

Table 10   LOD, LOQ and Linearity range, regression coefficient (r2), slope and intercept equation, y-intercept bias, and relative response factor 
(RRF) for each impurity and ETV standard

Impurity LOD (% w/w) LOQ (% w/w) Linearity range (%w/w) r2 Slope and intercept Equa-
tion

Y-intercept bias RRF

HMB impurity 0.016 0.031 0.031–0.122 0.9996 y = 44611937x − 151.4 −0.74 1.98
BQN impurity 0.016 0.031 0.031–0.122 0.9996 y = 39464178x − 231.6 −1.30 1.75
Deschloro impurity 0.016 0.029 0.029–0.120 0.9999 y = 37372917x + 153.8 0.91 1.66
QAM impurity 0.013 0.031 0.031–0.120 0.9998 y = 38195863x + 186.2 1.07 1.70
DFB impurity 0.016 0.031 0.031–0.120 0.9992 y = 36452364x − 93.8 −0.57 1.62
methyl ester impurity 0.018 0.031 0.031–0.124 0.9990 y = 33449903x + 154.4 0.98 1.49
ETV 0.016 0.031 0.031–0.122 0.9996 y = 22596210x − 18.9 −0.18 1.00
3-Cl-2,4- DFB impurity 0.016 0.029 0.029–0.118 0.9991 y = 34694150x + 36.9 0.24 1.54
Leucine impurity 0.016 0.029 0.029–0.120 0.9992 y = 31253668x + 31.0 −0.22 1.40
7-Ethoxy impurity 0.016 0.029 0.029–0.120 0.9998 y = 37402311x − 99.2 −0.59 1.66
HP impurity 0.016 0.031 0.031–0.124 0.9979 y = 28716965x + 136.8 1.03 1.28
Dimer impurity 0.016 0.031 0.031–0.120 0.9992 y = 29223917x − 14.3 −0.11 1.30

Table 11   Results for Method precision and intermediate precision studies

Name of the impurity Theoretical concen-
tration ( % w/w)

Method precision concentra-
tion (% w/w) (Mean ± SD)

Measured 
RSD%

Intermediate precision concen-
tration (%w/w) (Mean ± SD)

Measured 
RSD%

HMB impurity 0.15 0.15 ± 0.000 0.0 0.15 ± 0.000 0.0
BQN impurity 0.15 0.14 ± 0.005 3.6 0.15 ± 0.004 2.8
Deschloro impurity 0.15 0.15 ± 0.005 3.4 0.15 ± 0.005 3.5
QAM impurity 0.15 0.15 ± 0.004 2.7 0.15 ± 0.000 0.0
DFB impurity 0.15 0.15 ± 0.000 0.0 0.15 ± 0.000 0.0
methyl ester impurity 0.15 0.15 ± 0.000 0.0 0.15 ± 0.000 0.0
ETV 0.15 0.15 ± 0.000 0.0 0.15 ± 0.004 2.7
3-Cl-2,4- DFB impurity 0.15 0.15 ± 0.000 0.0 0.15 ± 0.000 0.0
Leucine impurity 0.15 0.15 ± 0.004 2.7 0.15 ± 0.000 0.0
7-Ethoxy impurity 0.15 0.14 ± 0.004 2.9 0.15 ± 0.005 3.8
THP impurity 0.15 0.15 ± 0.000 0.0 0.15 ± 0.005 3.5
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this research work. The obtained results are tabulated under 
the Table 13.

Conclusion

ETV is a modern INSTs drug which is used alone or in 
combination with other drugs for the effective treatment of 
antiretroviral therapy. As the drug belongs to a modern class 
of therapy, there is not much information available about 
the impurity profile of this drug, their degradation pathway, 
and the analytical methods engaged for the quantitative 
estimation of its impurities. In this research work, we have 
identified eleven process-related impurities which have not 
been reported anywhere before in the literature. We have 
carried out structural identification study for all the impuri-
ties with the help of 1H, 13C, and ESI–LC–MS spectroscopy 

techniques, confirmed their structures with the help of NMR 
data, proposed the plausible fragments for each impurities 
with the help of mass spectral data. Simple and mass spec-
trometry compatible HPLC method has been developed for 
the separation of all the eleven process-related impurities 
from its drug substance. The degradation study has been 
conducted to assess the degradation behavior of the drug 
substance. The method has been fully validated with speci-
ficity, LOD, LOQ, precision, accuracy, linearity, and solu-
tion stability, which has also been established. In order to 
extend the method adoptability, three different manufacturer 
samples were also obtained, tested, and reported—the levels 
of each impurity quantified in this method for comparison 
and to impart the quality of the drug substances available 
in the market. Thus, this method shall also be engaged as 
quality inferring tool for the marketed samples.

Table 12   Solution stability and 
mobile phase stability studies 
results

a Spiked samples when stored at ambient temperature (between 15 and 30 °C)

Name of the impurity Initial (% w/w) After 48 h (% 
w/w) at RTa

% relative 
to initial

After 48 h (% 
w/w) at 2–8 °C

% rela-
tive to 
initial

HMB impurity 0.15 0.15 – 0.15 –
BQN impurity 0.15 0.14 6.7 0.15 –
Deschloro impurity 0.15 0.15 – 0.15 –
QAM impurity 0.15 0.15 – 0.15 –
DFB impurity 0.15 0.15 – 0.15 –
methyl ester impurity 0.15 0.15 – 0.15 –
ETV 0.1 0.1 – 0.1 –
3-Cl-2,4- DFB impurity 0.15 0.15 – 0.15 –
Leucine impurity 0.15 0.15 – 0.15 –
7-Ethoxy impurity 0.15 0.15 – 0.15 –
THP impurity 0.15 0.15 – 0.15 –
Dimer impurity 0.15 0.15 – 0.15 –

Table 13   Commercial lot 
sample analysis results from 
different manufacturers

a All these samples contain the reported impurities almost below quantification level

Name of the impuritya Manufacturer-1 Manufacturer-2 Manufacturer-3

HMB impurity Not detected BDL (0.09%) BDL (0.015%)
BQN impurity Not detected BDL (0.013%) Not detected
Deschloro impurity Not detected BDL (0.07%) BQL (0.025%)
QAM impurity Not detected Not detected Not detected
DFB impurity BQL (0.022%) Not detected Not detected
methyl ester impurity Not detected Not detected Not detected
ETV 99.42 99.55 99.61
3-Cl-2,4- DFB impurity Not detected Not detected Not detected
Leucine impurity Not detected Not detected Not detected
7-Ethoxy impurity BDL (0.011%) BQL (0.021%) BQL (0.017%)
THP impurity BDL (0.012%) Not detected Not detected
Dimer impurity BDL (0.010%) BDL (0.019%) BDL (0.017%)
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