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Abstracts: A simple, Accurate, precise method was developed for the simultaneous estimation of the Dolutegravir
(DUA), Emtricitabine(ECB) and Tenofovir Disoproxil fumarate (TDF) tablet dosage form. Chromatogram was run through
Std Kinetex Biphenyl, 250 x 4.6 mm, 5um. Mobile phase-A containing pH-3.0 Ammonium acetate Buffer & Mobile phase
-B containing Degassed mixture of Acetonitrile & Methanol taken in the ratio of 50:50 was pumped through column at a
flow rate of 1 mL/min. Diluent used in this method was 0.1% Orthophosphoric acid buffer & Methanol in the ratio of
50:50%v/v. Temperature was maintained at 40°C. Optimized wavelength selected was 260 nm. Retention time of DUA,
ECB and TDF were found to be 14.6min, 3.98min and 12.60min. %RSD of the DUA, ECB and TDF were found to be
0.35, 0.47 & 0.40 respectively. %Recovery was obtained as 98.9%, 99.6% and 99.3% for DUA, ECB and TDF
respectively. Both the runtime and retention times were decreased, so this method developed was simple and
economical this can be adopted in regular quality control in pharma industries.
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1. INTRODUCTION

The molecular formulae for Dolutegravir (DUA) is C20H19F2N305. This drug is available in the name as
Tivicay. It is acting as an antiretroviral drug which is used, along other medication, for the treatment of disease
named as HIV/AIDS.[1] This drug is also utilized, as part of post exposure prophylaxis, for the prevention of
infections from HIV follows potential exposure.[2] It is taken with the help of mouth.[1]The drug named Emtricitabine
is taken as combination by remaining antiretroviral agents to prevent and treat HIV-1 infection.[3][4]The studies
revealed that by chronic infection of HIV, the viral replication should resume when the study subjects were taken out
of therapy.[5] Tenofovir disoproxilis available as Viread along with others. It is medication utilized for treat hepatitis-
B also for the prevention and to treat HIV/AIDS.[6] It is usually recommended to with other antiretrovirals.[6] A
Cochrane review examined the use of Tenofovir for prevention of HIV before exposure and found that both Tenofovir
individually as well as Tenofovir nor Emtricitabine association minimized the risk of contracting HIV to high risk
patients.[7] RP-UPLCJ[8] method is developed to quantification of DUA sodium, ECB and TDF. For this authors are
used Shimadzu NexeraX2 Model UPLC system with PDA detector and Shim-pack C18 column. Mobile phase is
0.1% Triethyl amine as 55v/v and Acetonitrile 45v/v.  1.0mL/min flow rate. 260 nm is wavelength. Concentration
range is 5-400, 2-150 and 5-500 pug/mL for TDF, DUA sodium, and ECB, respectively. Run time is 5 min. LOQ are
1.9113, 4.8752, and 4.7654ug/mL. LOD are 0.6287, 0.1598, and 0.1568ug/mL. A stability-indicating RP-HPLCJ[9]
technique was developed to EMT, TEN, DOL. Authors are used the column as Exterra C18 column (150x4.6mm,
5um) and Methanol and Buffer as mobile phase in the proportion of 75:25 (v/v). 1mL/min is the elution time.
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Wavelength is 265nm. Linear response is 500-1500ug/mL, 62.5-187.5ug/mL and 125-375ug/mL. The LOD values
are 91.78ug/mL, 10.47pg/mL and 19.28ug/mL. The LOQ values are found and 278.11ug/mL, 31.74ug/mL and
58.42ug/mL. The assay is observed in between 99.11-100.84%. By using Exterra C18 column (150 x 4.6 mm,
5um)[10]and Methanol and Buffer as75:25 (v/v), For accessing the stability of method capability, these are exposed
to different environmental circumstances. The assay method with HPLC[11]is found as linear in strength as 15-150
pg/mL, 10-100 pg/mL and 30-300 pg/mL. Authors are used Phenomenex® C8 column (250 mm x 4.6 mm, 5um).
The mobile phase is potassium dihydrogen phosphate, acetonitrile and methanol as 40:40:20 v/v. The 1 mL/min is
flow rate. 262 nm is wavelength. Antiretroviral combination [12] therapy regimens comprising of a nucleoside
reverse transcriptase inhibitor (Emtricitabine, EMC), integrase inhibitor (Dolutegravir, DTG), and nucleotide reverse
transcriptase inhibitor (Tenofovir Alafenamide, TAF) are frequently prescribed for HIV patients. This process is
developed by using Qualisil-5 BDS C18 column (250mm x 4mm, 5um). The mobile phase is acetonitrile 43v/v:
orthophosphoric acid 57v/v. Flow rate is 1.2 mL/min using UV detection is 271nm. Injection volume is 20uL. The
retention times are 8.321mins, 2.210mins, and 4.089 mins. Different authors [13,14,15] are determined the different
drugs by using HPLC and Rp-HPLC methods, concluded that their methods are simpler and more accurate when
compared with other methods as per their literature. By considering all these methods authors are adopted this
simultaneous method for DUA, ECB and TDF.

2. MATERIALS & METHODS

The authors used the chromatographic separation by using Waters HPLC UV-Detector and Empower3 software.
ODS C18 (4.6 x 250mm, 5 Om) column as stationary phase. This separation technique is performed by using
cooling centrifuge C24 REMI at 5000 rpm, ultrasonic cleaner, Shimadzu analytical balance, vacuum microfiltration
unit using 0.45um nylon membrane filter. Acetonitrile, Ammonium Acetate, O-Phosphoric acid, Methanol, Water,
Nitric acid, Formic Acid and water of HPLC grade from Merck. For this analysis, authors were used the reference
samples Emtricitabine as 99.5%, Dolutegravir Sodium as 99.6% and Tenofovir Disoproxil as 98.2%.

2.1. Method Development

Method development for the estimation of DUA, ECB and TDF tablet dosage form was initiated based on the
method development guidelines and literature review. Several trails were conducted by varying the chromatographic
parameters for optimization of method. Separation of analytes was achieved by mobile phase containing
acetonitrile, methanol, and water at a ratio of 60:10:30 (v/v/v). These are mixed, filtered by using vacuum filter and
sonicated for 10min. delivered at a flow rate of 1.0mL/min through column Kinetex Biphenyl 250*4.6mm, 5um or
equivalent kept at 30 °C. The volume of injection is 10 puL and runtime is finalized as 10 min. The eluents were
observed at 260 nm. Buffer pH 3.0 along with 0.1% Orthophosphoricacid and Acetonitrile (80:20) was finalized.
Based on peak parameters like resolution power, retention time, good peak shape, peak tailing, and no blank
interference. Mobile phase A: pH3.0 Ammonium acetate buffer and Mobile phase B: ACN: Methanol as 70v/v:
30v/v. With the help of these solutions sharp peaks were appeared with good resolution so this was satisfactory
and this mobile phase was finalized. For this analysis authors are prepared dilute formic acid solution, Buffer-1,
Buffer-2, Mobile Phase-A, Mobile Phase-B, and Diluents. Along with these solutions authors prepared DUA
standard stock solution, ECB standard solution and TDF standard stock solution and sample solution for further
analysis.

3. RESULTS AND DISCUSSION
3.1. System Suitability

Five sample solutions were prepared for ECB, TDF and DUA. The solutions were injected into the HPLC system
as per test procedure. The Resolution, theoretical plates, tailing factor and %RSD were calculated. USP plate count
was determined. The solutions were injected six times and the parameters like peak tailing and resolution were
observed. Evaluation of System suitability parameters were performed by considering the column efficiency as
determined for the ECB, TDF and DUA peaks from standard solution is not less than 5000 theoretical plates and the
tailing factor for the same peaks is not more than 2.0. The % RSD of the peak areas of ECB, TDF and DUA
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obtained from five replicate injections of standard solution is not more than 2.0. The retention time for ECB, TDF
and DUA peak is about 3.91min., 12.1min. and 14.37 min. respectively.

The system suitability parameters were determined by preparing standard solutions. The % RSD for the area of
six standard injections results should not be more than 2%. The results are tabulated in the table 1.

Tablel: System Suitability data for ECB, TDF and DUA

S.No Sample Name Name RT Area USP Plate U.S.P
Count Tailing
Mean 2073851 89766 1.1
Std., ECB
%RSD 0.0 0.2
Mean 12.53 2991409 296504 1.3
Std. TDF
%RSD 0.0 0.2
Mean 14.53 1417061 291452 11
Std. DUA
%RSD 0.0 0.3

3.1. Specificity

Checking of the interference in the optimized method. Interfering peaks in blank and placebo at retention times
of these drugs in this method were not identified. So, this method was said to be specific.

3.2. Precision

Six sample solutions were prepared. The chromatograms were observed and shown in Fig.1. The % RSD and %
Assay of ECB, TDF and DUA are found to be 0.4, 0.4, 0.4 and 100.5, 99.2 and 99.6 respectively. The % RSD
should be NMT 2.0% and Average % Assay should be between 95-105% of labeled amount. The obtained values
are tabulated in table 2.
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Figure 1 Chromatogram of precision

3297



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 3295-3302

Table: 2 System Precision and method precision for ECB, TDF and DUA

SNo | Sample Name ECB TDF DUA ECB TDF DUA
Method Precision Data System Precision Data
1 Precision 2072946 2991518 1418517 1005 99.2 99.9
sample-1
2 Precision 2087056 3014857 1429090 101.2 99.9 100.6
sample-2
3 Precision 2076215 2996687 1421532 100.7 99.3 100.1
sample-3
4 Precision 2068221 2987971 1418067 1003 99.0 99.8
sample-4
5 Precision 2067345 2088144 1415716 100.2 99.1 99.7
sample-5
6 Precision 2065185 2984327 1414887 100.1 98.9 99.6
sample-6
Mean 2072828 2993917 1419635 1005 99.2 100
Std. Dev. 8045.183 11068.534 5188.569 0.4 0.4
%RSD 0.4 0.4 0.4
3.3. Linearity

The chromatograms of Dolutegravir, Emtricitabine and Tenofovir DF were taken into consideration. The peak
areas were observed. To analyze this parameter DUA, ECB and TDF Standard stock solution, Preparation of 25%,
50%, 75%, 100%, 125% and 150% solution (Level-1,2,3,4,5 and 6) were prepared. Correlation coefficient and % y-
Intercept for DUA, ECB and TDF were 0.999949 and -4781.443999; 0.999823 and-27763.69635; 0.999831and-
55379.8565 respectively. Correlation coefficient should be more than 0.9 and % y-Intercept should be not more

than 5%. The values obtained were represented in the table 3.

Table3: Linearity data of DUA, ECB and TDF

S.No Li?earity Conc ( Response Conc. Response Conc.(p Response
evel ppm) (ppm) pm)
DUA ECB TDF
1 Level-1 20.32 707020 80.78 1039374 121.04 1509464
2 Level -2 38.09 1334520 121.17 1564004 181.56 2267807
3 Level -3 40.63 1426371 161.56 2067808 242.08 2992870
4 Level -4 50.79 1780972 193.87 2509460 290.50 3624567
5 Level -5 60.95 2124325 242.34 3082741 363.12 4451552
Correlation coefficient 0.999949 0.999823 0.999831
%y-intercept -4781.443999 -27763.69635 -55379.8565

3.4. Accuracy

To determine the accuracy of the method recovery was performed by standard addition method. To pre-
analyzed sampled, known number of standards. For this parameter authors prepared Standard stock solution, 50%,
100% and 150% Spiked Solution. ECB, TDF and DUA were spiked in different concentrations. The recoveries of
ECB, TDF and DUA were at three levels 50%, 100% and 150%. Accuracy was found to be 99.6%. The % recovery
of ECB, TDF and DUA at each spiked level should be not less than 98% and not more than 102%. The % Recovery
for each level should be between 98.0 to 102. The results are shown in table 4.
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Table 4. Accuracy Data of DUA, ECB and TDF

S.No Accuracy level %Recovery Mean Overall
recovery mean recovery

1 DUA-50% 99.4,98.4,98.7 98.8
2 DUA-100% 99.1,99.9,99.1 99.6 99.1
3 DUA-150% 98.7,99.5,98.5 98.9
4 ECB-50% 99.6,99.7,99.6 100.6
5 ECB-100% 100.6,99.9,100.5 99.9 100.3
6 ECB-150% 99,100.5,99.4 100.5
7 TDF-50% 99.3,99.9,98.8 99.3
8 TDF-100% 99.9,98.5,99.4 99.3 99.5
9 TDF-150% 99.9,99.9,100.2 100

3.5. Robustness

Small deliberate changes in method like Flow rate, mobile phase ratio, and temperature are made but there was
no recognized change in the result and are within range as per ICH guide lines. Robustness conditions like Flow
minus (0.9 mL/min), Flow plus (1.1mL/min), mobile phase minus, mobile phase plus, temperature minus (25°c) and
temperature plus (40°c) were maintained, and samples were injected in duplicate manner. System suitability
parameters were not much effected, and all the parameters were passed. %RSD was within the limit. To prove the
Robustness of the method, different parameters were also verified. 1.2mL Flow, 10°c Sample cooler temperature,
Mobile phase. By changing the flow, Mobile phase and temperature were no recognized change in the results and
are within range as per ICH Guidelines. The % difference found for PVDF filter 0.0, 0.3 and 0.0 & Nylon filters 0.1,
0.0, and 0.3 for DUA, ECB and TDF Respectively. % drug release results of centrifuged versus filtered samples
should be not more than 2.0%. The values are shown in the table 5, 6 & 7.

Table 5. Robustness Data of DUA, ECB and TDF

S.No Robustness Condition ECB TDF DUA
1 Flow minus 0.1 0.0 0.2
2 Flow plus 0.0 0.1 0.1
3 Mobile phase minus 0.6 0.3 0.9
4 Mobile phase plus 0.2 0.3 0.4
5 Temperature minus 0.1 0.3 0.1
6 Temperature plus 0.9 1.6 1.3

Table 6. % RSD for ECB, TDF and DUA

S.No Sample Name ECB TDF DUA
1 Sample (PVDF) 2073159 2990271 1413241
2 Sample (Nylon) 2078269 2991552 1417986
3 Sample (Centrifuged) 2074874 2995694 1421402
Mean 2073851 2991409 1417061
Std. Dev. 4864.55 7196.08 4008.69
%RSD 0.2 0.2 0.3
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Table 7. Data for % Difference to ECB, TDF and DUA

%Assay Centrifuged PVDF %Difference Nylon %Difference
Emtricitabine 99.9 99.9 0 100 -0.1
Tenofovir DF 98.8 98.5 0.3 98.8 0
Dolutegravir 102.6 102.6 0.0 102.9 0.3
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Figure 2: Chromatogram for ECB, TDF and DUA - Nylon
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Figure 3: Chromatogram for ECB, TDF and DUA - PVDF
3.6. Degradation Studies

Different degradation studies which includes oxidation, acid degradation studies, alkali degradation studies, dry
heat degradation studies, photo stability studies and neutral degradation studies were performed. From the results,
it is concluded that purity angle is less than purity threshold in all the stress conditions. Purity angle should be less
than purity threshold. Emtricitabine, Tenofovir Disoproxil Fumarate and Dolutegravir were eluted at 4.020 min,
12.552 min and 14.592 min respectively with good resolution. Plate count and Tailing factor was very satisfactory.
Hence, method was optimized and to be validated. The obtained values are shown in table 8.
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Table 8. Result for forced degradation studies of ECB, TDF and DUA

Sample Name Condition Purity angle Purity Threshold
Control Sample 0.122 0.293
0.1N Hydrochloric acid at 80°C/15min 0.123 0.316
Emtricitabine
0.1N Sodium hydroxide/ 5mins 0.124 0.303
3% Hydrogen peroxide 80°C/60mins 0.146 0.302
Control Sample 0.106 0.239
0.1N Hydrochloric acid at 80°C/15min 0.090 0.240
Tenofovir DF
0.1N Sodium hydroxide/5mins 0.088 0.235
3% Hydrogen peroxide 80°C/60mins 0.122 0.243
Control Sample 0.086 0.213
0.1N Hydrochloric acid at 80°C/15min 0.016 0.209
Dolutegravir
0.1N Sodium hydroxide/ 5mins 0.016 0.209
3% Hydrogen peroxide 80°C/60mins 0.016 0.211

3.7. Solution Stability

Solution stability was performed by injecting standard and sample solution after 12Hrs and 24Hrs at 5°C. The
solution stability results are shown in table 9.

Table 9. Solution stability data of ECB, TDF and DUA

S.No RT Area USP Plate count USP Tailing

ECB
4.0

Mean 2074024 95415 1.0

%RSD 0.0 0.2 330698 0.9
TDF

Mean 26.795 2967359 295156 1.3

%RSD 0.0 3.0 300678 11
DUA

Mean 30.274 1353164 290252 1.1

%RSD 0.0 0.8 301598 0.9

CONCLUSION

A simple, Accurate, precise method was developed for the simultaneous estimation of the DUA, ECB & TDF in
tablet dosage form. Retention times for DUA, ECB & TDF were identified at lower Rt level. % RSD and % Recovery
of the DUA, ECB & TDF were measured. LOD, LOQ values were calculated from regression equations of DUA,
ECB&TDF. So, the method developed was simple and economical that can be adopted in regular Quality control
analysis in pharma industries.
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