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ABSTRACT

A simple, rapid, accurate, and cost-effective UV-Visible spectroscopic method was developed and validated for the
simultaneous estimation of selected antiretroviral drugs, namely Dolutegravir, Lamivudine, Emtricitabine, and Tenofovir
Alafenamide, in bulk and pharmaceutical dosage forms. Two analytical methods were established based on absorbance
maxima and iso-absorptive point principles. In Method I, Dolutegravir and Lamivudine were analyzed at 258 nm and 271
nm with an iso-absorptive point at 290 nm, while in Method 11, Tenofovir Alafenamide and Emtricitabine were estimated
at 263 nm and 281 nm, respectively. The developed methods obeyed Beer-Lambert’s law within specified concentration
ranges. Validation was carried out according to ICH guidelines including parameters such as linearity, accuracy, precision,
robustness, ruggedness, limit of detection (LOD), and limit of quantification (LOQ). The results demonstrated high
correlation coefficients (>0.996), percentage recovery within acceptable limits, and %RSD values less than 2, indicating
excellent precision and reliability. The proposed methods are suitable for routine quality control analysis of these drugs in
pharmaceutical formulations due to their simplicity, sensitivity, and cost-effectiveness.
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INTRODUCTION (HPLC) are also widely used; however, they require

Pharmaceutical analysis plays a crucial role in ensuring the sophisticated instrumentation and higher operational costs

identity, safety, efficacy, and quality of drug products
(Skoog, et al., 2007). Among various analytical techniques,
UV-Visible spectroscopy is widely used due to its
simplicity, sensitivity, and cost-effectiveness (Ahuja, S &
Scypinski, S, 2001). It is based on the absorption of
electromagnetic radiation in the wavelength range of 200—
800 nm, leading to electronic transitions in molecules
(Willard, H. H., 1988). The quantitative estimation of drugs
using this technique follows Beer-Lambert’s law, which
establishes a linear relationship between absorbance and
concentration (Kar. A., 2005). Chromatographic techniques
suchas High - Performance Liquid Chromatography

(Dong, M. W., 2006). Therefore, UV spectroscopic
methods remain preferable for routine analysis in quality
control laboratories. Antiretroviral drugs such as
Dolutegravir, Lamivudine, Emtricitabine, and Tenofovir
Alafenamide are widely used in the treatment of HIV
infections. Accurate and reliable analytical methods are
essential for their quality control and therapeutic
monitoring. Several analytical methods including UV
spectrophotometry and HPLC have been reported for
individual and combined estimation of these drugs
(Alnouti. Y et al., 2004).
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The present study focuses on the development and
validation of simple UV spectroscopic methods for
simultaneous estimation of these drugs in bulk and dosage
forms, following ICH guidelines to ensure accuracy,
precision, and reproducibility Mandoli (DK et al., 2009).

MATERIALS AND METHODS

Materials and Instruments

A Shimadzu UV-Visible double beam spectrophotometer
(PHARMASPEC-1800) with 1 cm quartz cells was used
for absorbance measurements. Additional instruments
included HPLC system (Shimadzu LC-20 AT), electronic
balance, ultrasonicator, and pH meter (PV. Rajesh et al,
2012). Pure drug samples of Dolutegravir, Lamivudine,
Emtricitabine, and Tenofovir Alafenamide were obtained as
gift samples from pharmaceutical industries (Krishna reddy
NV et al, 2011).

Chemicals and Reagents

Methanol and distilled water were used as solvents. Other
reagents included MBTH, ferric chloride, hydrochloric
acid, sodium hydroxide, and NQS.

Method I: Simultaneous Estimation of Dolutegravir and
Lamivudine (Baig M V et al., 2001)

» Amax: 258 nm
(Lamivudine)
» Iso-absorptive point: 290 nm
» Concentration range:
Dolutegravir: 1-5 pg/ml
Lamivudine: 6-30 pg/ml

(Dolutegravir), 271 nm

Standard and sample solutions were prepared using
methanol and diluted with water. Absorbance was
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measured at selected wavelengths, and concentrations were
calculated using the absorbance ratio method.

Method II: Simultaneous Estimation of Emtricitabine
and Tenofovir Alafenamide (Appalaraju S et al., 2002)

e Jmax: 263 nm
(Emtricitabine)
e Tablet formulation analyzed: TAFERO-EM
The powdered tablets were dissolved, filtered, and analyzed
spectrophotometrically.

(Tenofovir), 281 nm

Method Validation

Validation was performed as per ICH guidelines (Shalini S
et al., 2009):

e Linearity

e  Accuracy (Recovery studies at 80%, 100%, 120%)
e Precision (intra-day and inter-day)

e Robustness and Ruggedness

e LODand LOQ

LOD and LOQ were calculated using:

LOD =3.36/S
LOQ = 106/S

RESULTS AND DISCUSSION

Method I (Dolutegravir & Lamivudine) (Bahrami G et al.,
2005) The developed method showed excellent linearity
with correlation coefficients: Dolutegravir: 0.9968—0.9981,
Lamivudine: 0.9966—0.9987. The assay results indicated
percentage purity close to 100%, confirming accuracy.
%RSD values were less than 2%, indicating high precision.
Recovery studies demonstrated values within acceptable
limits (95-102%), confirming accuracy. LOD and LOQ
values indicated high sensitivity of the method.

Table.1. Synthetic mixture for Dolutegravir & Lamivudine in 1:6 ratio Method Validation.

Ingredient Quantity (mg) Use

Dolutegravir 50 Anti-HIV drug
Lamivudine 300 Anti-HIV drug
MCC (Rolex chemical Industries, Mumbai) 10 Filler

Magnesium Sulphate (Thermo fisher scientific, Mumbai) 10 Lubricant
Mannitol 5 Sweetening agent
Sodium starch glycolate 15 Super disintegrant
PVP (SDFCL) 10 Binder
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Figure 1. Linearity graph of Dolutegravir at 271 nm.
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Figure 2. Linearity graph of Lamivudine at 271 nm.
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Figure 3. Linearity graph of Dolutegravir at 290 nm.
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Figure 4. Linearity graph of Lamivudine at 290 nm.
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Figure 5. Linearity graph of mixture at isobestic point 290 nm.

Table 2. Linearity result mixture at 271 nm and 290 nm Accuracy.

Mixture at 271 nm Mixture at 290 nm
Conc (ng/ml) Absorbance Conc (pg/ml) Absorbance
7 0.353 7 0.183
14 0.672 14 0.328
21 0.982 21 0.500
28 1.211 28 0.675
35 1.486 35 0.810
Table 3. Precision results.
Amount Intra day Inter Day
Drug taken (ug/ml) % content % RSD % content % RSD
96.4 96.3
DOLU 3 96.8 1.6 96.5 1.6
96.6 96.7
98.9 98.6
LAMI 18 98.8 1.4 98.5 1.4
98.6 98.8
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Table 4. Results of LOD and LOQ.

Dolutegravir Lamivudine
LOD (pg/ml) LOQ (png/ml) LOD (ng/ml) LOQ (png/ml)
0.350 (271nm) 1.03 (271nm) 2.07(271nm) 6.29(271nm)
0.263(290 nm) 0.79(290 nm) 1.27 (290 nm) 3.8(290 nm)

Method II (Emtricitabine & Tenofovir Alafenamide) (21-23). The assay of marketed formulation showed: Tenofovir
Alafenamide: 96-96.8%. Emtricitabine: 97.5-97.6%. The developed method exhibited good linearity and precision with
%RSD < 1%. The method was found to be robust and rugged under varied conditions.

Table 5. Linearity results Emtricitabine & Tenofovir Alafenamide

Tenofovir alafenamide Emtricitabine
Concentration (pg/ml) Absorbance Concentration (pg/ml) Absorbance

10.8 0.515 86.4 0.293
11.2 0.660 89.6 0.376
11.6 0.749 92.8 0.438

12 0.831 96 0.563
12.4 0.931 99.2 0.678
12.8 1.033 102.4 0.746

Table 6. Results of accuracy studies.

Amount recovered (mean + % %
Drug Theoretical % target Amount added SD mg) n=3 Recovery RSD
level (mg)
242403 96.8
24+0.3 96
50 6 24.1+0.2 96.4 0.4
242+04 96.8
24 +£0.5 96
TEN 100 12 243+0.3 97.2 0.6
241+04 96.4
243+0.5 97.2
150 18 242403 96.8 0.4
1952+0.5 97.6
195.1+0.6 97.5
50 48 195.1+04 97.5 0.05
195+0.6 97.5
195.2+0.8 97.6
100 96 195.1+£0.7 97.5 0.05
1953+04 97.6
EMT 1952+ 0.7 97.6
150 144 195+ 0.5 97.5 0.05
Table 7. Precision results.
Amount taken (ng/ml) Intra day Inter Day
Drug % content % RSD % content % RSD
96.4 96.3
DOLU 3 96.8 1.6 96.5 1.6
96.6 96.7
98.9 98.6
LAMI 18 98.8 1.4 98.5 1.4
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98.6 98.8
Table 8. Results of LOD and LOQ.
Tenofovir alafenamide Emtricitabine
LOD (pg/ml) LOQ (pg/ml) LOD (pg/ml) LOQ (ng/ml)
0.234 0.710 2.25 6.83

The present study successfully developed and validated two
UV-Visible spectroscopic methods for the simultaneous
estimation of selected antiretroviral drugs in bulk and
pharmaceutical dosage forms. The selection of appropriate
wavelengths played a critical role in achieving specificity
and accuracy. In Method I, Dolutegravir and Lamivudine
exhibited maximum absorbance at 258 nm and 271 nm,
respectively, with an iso-absorptive point at 290 nm, which
enabled the application of the absorbance ratio method for
simultaneous estimation. In Method II, Tenofovir
Alafenamide and Emtricitabine showed distinct absorbance
maxima at 263 nm and 281 nm, respectively, allowing their
independent quantification without interference
(Shantakumari et al, 2007). The developed methods
demonstrated excellent linearity within the selected
concentration ranges, as evidenced by high correlation
coefficients (>0.996), confirming adherence to Beer-
Lambert’s law. The accuracy of the methods was validated
through recovery studies, which yielded results within
acceptable  limits  (95-102%), indicating minimal
interference from excipients. Precision studies, including
intra-day and inter-day analyses, showed %RSD values less
than 2%, (Akhilesh Vikram Singh et al., 2011) reflecting
high reproducibility and reliability of the methods.
Furthermore, the low values of LOD & LOQ indicated high
sensitivity, enabling detection and quantification of drugs
even at low concentrations. Robustness and ruggedness
studies confirmed that minor variations in experimental
conditions, such as solvent changes and analyst variability,
did not significantly affect the results (Dinesh Dhatkar ez
al., 2017). The assay of marketed formulations showed
percentage purity close to the labelled claim, demonstrating
the applicability of the developed methods in real
pharmaceutical samples. Overall, the results indicate that
the proposed UV spectroscopic methods are efficient
alternatives to more complex chromatographic techniques
for routine quality control analysis (Yashpalsinh N Girase
etal., 2018).

CONCLUSION

The present study was undertaken to develop simple, rapid,
accurate, and cost-effective UV-Visible spectroscopic
methods for the simultaneous estimation of Dolutegravir,
Lamivudine, Emtricitabine, and Tenofovir Alafenamide in
bulk and pharmaceutical dosage forms. Two analytical
methods were successfully developed based on absorbance
maxima and iso-absorptive point principles. Both methods
obeyed Beer-Lambert’s law over the selected concentration
ranges and demonstrated excellent linearity, accuracy, and
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precision. Validation of the developed methods was carried
out in accordance with ICH guidelines, and all parameters
including linearity, accuracy, precision, robustness,
ruggedness, LOD, and LOQ were found to be within
acceptable limits. The percentage recovery values
confirmed the accuracy of the methods, while low %RSD
values indicated high precision and reproducibility. The
assay results of synthetic mixtures and marketed
formulations were consistent with labeled claims,
confirming the reliability of the methods. In conclusion, the
developed UV-Visible spectroscopic methods are simple,
economical, sensitive, and suitable for routine quality
control analysis of antiretroviral drugs. These methods do
not require sophisticated instrumentation or complex
sample preparation, making them highly advantageous for
use in pharmaceutical industries and research laboratories.
Therefore, the proposed methods can be -effectively
employed for the estimation of these drugs in bulk and
dosage forms, ensuring quality, safety, and efficacy of
pharmaceutical products.
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