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ABSTRACT  

Accurate estimation of antiviral drugs in bulk and pharmaceutical dosage forms is an imperative task for the assurance of their 

quality, safety, and efficacy. This review focuses on various analytical methods developed for the quantitative determination of 

major antiviral drugs such as Lopinavir, Ribavirin, Peramivir, Fostemsavir, Molnupiravir and Remdesivir. The techniques that were 

discussed included UV–Visible spectrophotometry, HPLC, UPLC, HPTLC, and advanced hyphenated techniques such as LC–

MS/MS on their principles, sensitivity, precision, and applicability. The method development parameters based on ICH guidelines 

have been highlighted covering linearity, limit of detection, recovery, and robustness studies. Among the different techniques, HPLC 

and LC–MS/MS were found to be the most reliable for high accuracy and trace-level detection, while UV and HPTLC remained 

viable economical options for routine analysis. This article reviews the current state of various analytical approaches employed for 

the estimation of antiviral drugs, along with their advantages, shortcomings, and applicability in pharmaceutical quality control and 

research studies. 

Keywords: Antiviral drugs, analytical methods, HPLC, LC–MS/MS, UV spectrophotometry, HPTLC, method validation, ICH 

guidelines. 

INTRODUCTION: 

LOPINAVIR 

Lopinavir is a man-made antiretroviral agent classified as an HIV-1 protease inhibitor. It inhibits the viral protease enzyme, which 

is required to cleave viral polyproteins into active proteins. This inhibits viral replication.1 Lopinavir was initially created for the 

treatment of HIV-1 infection. It became popular during the COVID-19 pandemic.2 The IUPAC name of lopinavir is (2S)-N-

[(2S,4S,5S)-5-[2-(2,6-Dimethylphenoxy) acetamido]-4-hydroxy- 1,6-diphenyl hexan-2-yl]-3-methyl-2-(2-oxo-1,3-diazinan-1-yl) 

butanamide. Scientists explored its possible antiviral action against SARS-CoV-2, but later clinical trials revealed it had minimal 

therapeutic value.3 To determine its quality, safety, and efficacy, various methods have been established to quantify it in bulk drug, 

pharmaceutical formulations, and biological fluids. Some common methods are High-Performance Liquid Chromatography 

(HPLC)4 for standard quality control and stability testing, Liquid Chromatography-Mass Spectrometry (LC-MS/MS) for analytical 

applications requiring sensitivity, UV-Visible spectrophotometry for rapid and inexpensive testing, and chromatographic procedures 

under stability-indicating conditions for degradation profiling under stress conditions.5 These have proven vital for pharmacokinetic 

investigation, quality control, and regulatory compliance, particularly while assessing its application for COVID-19.  
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Figure 1: Lopinavir Structure 

TABEL-1: Methods for determination of Lopinavir Single and drugs by UV Spectroscopy, Chromatography and other techniques  

S.NO METHOD DESCRIPTION REFERENCE 

1.  HPLC-UV 

 

Mobile phase: cold acetonitrile and liquid–liquid 

extraction with n-hexane–ethyl acetate (7:3, v/v). 

Column: Phenomenex Gemini column (C18, 

150 mm × 2.0 mm, 5 µm)  

Temp required: 40°C 

wave length: 211 nm 

linear range: 10–10,000 ng/mL 

Flow rate: 0.30 mL/min 

Retention time: 5.8±0.2 min 

LLOQ: ± 20% 

Correlation coefficient(r2): 0.99 

RSD:  ≤15% 

6 

2.  UHPLC-MS Mobile phase: Acetonitrile and water containing 0.1% 

formic acid 

Column: Agilent ZORBAX eclipse plus 

C18 (2.1 mm × 50 mm, 1.8 µm) column 

Temp required: 35 °C. 

Flow rate: 0.4 mL/min 

Linear range: 5–500 ng/mL 

LLOQ: ± 20% 

Correlation coefficient(r2): 0.9984 

Intra-day and inter-day precision: ±15%. 

RSD: ≤20% 

7 

3.  RP-HPLC Mobile phase: potassium hydrogen phosphate buffer (PH 

adjusted to6.0±0.1 with diluted potassium hydroxide 

solution), acetonitrile and methanol (50:35;15 v/v) 

Column: Phenomenex geminiC18 (250mm x 4.6mm,5µ) 

Temp required: 35 °C 

Wave length: 254nm. 

Flow rate: 1 mL/min 

Retention time: 6.0±0.2 min 

Linear range: 400-600µg/mL 

LOQ:103 µg/mL 

LOD: 34 µg/mL 

Correlation coefficient(r2): 0.9984 

RSD: ≤20% 

8 

4.  LC-MS Mobile phase: 80:20 v/v ACN and 0.1% HCOOH in 

water 

Column: Acquity BEH C18 column 

Temp required: 35 °C 

Flow rate: 0.30 mL/min 

Retention time: 6.0±0.2 min 

9 
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Linear range: 10-150 ng/mL 

LOQ: 0.010 g/mL 

LOD: 0.0003 g/mL 

Correlation coefficient(r2): 0.999 

RSD: 1.92%-1.33% 

5.  HPLC Mobile phase: Acetonitrile, Methanol and Tetramethyl 

ammonium perchlorate (TMAP) in dilute aqueous 

trifluoroacetic acid (TFA) 

Solvent: 45:5:50 (v/v/v) of acetonitrile: 

methanol:0.02 M TMAP in 0.2% TFA 

Linearity range: 0.060 to 24.06 µg/mL 

Precision:  

Intra-day and Inter-day precision: % RSD 1.5-4.0% 

10 

6.  LC Mobile phase: Acetonitrile-Water-Methanol 

(53:37:10, v/v/v) 

Flow rate: 1 mL/min 

Wavelength: 210nm 

Linearity range: 40-360 µg/mL 

Precision:  

Intra-day and Inter-day precision: % RSD < 0.70% 

11 

7.  RP-HPLC Mobile phase: Acetonitrile, Triethylamine (0.5%) pH 5.0 

adjusted with glacial acetic acid, (67:33) %v/v 

Linearity range: 40-200 µg/mL 

Correlation coefficient: 0.999 

Retention time: 8.2 min 

% RSD: 0.3499 

LOD: 40 µg/mL 

LOQ: 160 µg/mL 

Precision:  

Intra-day precision: % RSD 0.0456 

Inter-day precision: % RSD  0.0647 

12 

RIBAVIRIN 

Ribavirin is a broad-spectrum, synthetic antiviral nucleoside analogue used extensively for the treatment of viral infections like 

hepatitis C, respiratory syncytial virus (RSV), and some viral haemorrhagic fevers. 13As a result of its clinical importance, there is 

a need for precise and reliable analytical techniques to determine ribavirin levels in drug formulations and biological samples for 

activities like quality control, pharmacokinetic analysis, and therapeutic monitoring of drugs. Its IUPAC name is 1-β-D-

ribofuranosyl-1H-1,2,4-triazole-3-carboxamide One of the most widely utilized methodologies is Reverse phase high-performance 

liquid chromatography (RP-HPLC)14 with UV or diode-array detection due to its ease, reproducibility, and applicability to routine 

analysis. For greater sensitivity and specificity, particularly in plasma or serum samples, liquid chromatography– mass spectrometry 

(LC-MS/MS) is utilized, allowing accurate quantitation at trace levels.15 In a few instances, high-performance thin-layer 

chromatography (HPTLC)16 and electrochemical methods have also been investigated. Overall, these analytical techniques provide 

the accuracy, precision, and ruggedness required for the analysis of ribavirin in both laboratory and clinical environments.17  

 

Figure 2: Ribavirin Structure 
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TABEL-2: Methods for determination of Ribavirin Single and drugs by UV Spectroscopy, Chromatography and other techniques  

S.NO METHOD DESCRIPTION REFERENCE 

1.  RP-HPLC-UV Mobile phase: methanol and 0.005 M Heptane-1-

sulphonic acid sodium salt adjusted to pH 2.5 by 

phosphoric acid. 

Column: Promosil CN (250 mm × 4.6 mm i.d, 5 µm 

particle size, 100 Ao pore size) 

Temp required: 25 °C 

Wave length: 324nm. 

Flow rate: 1 mL/min 

Retention time: 3.700 ± 0.005 min 

Linear range:  0.2 to 25µg/mL 

LOQ: 0.161 µg/mL 

LOD: 0.055 µg/mL 

Correlation coefficient(r2): 0.9999 

RSD: ≤1.7% 

18 

2.  RP-HPLC Mobile phase: Potassium   di-hydrogen   ortho 

phosphate buffer (adjusted   using dilute with ortho 

phosphoric acid pH 4.2): acetonitrile in the proportion 

of (85:15 v/v.) 

Column: Kromasil C18 (250 X 4.6 mm; 5μ). 

Temp required: 37°C 

wave length: 215 nm 

linear range: 25-150 µg/mL 

Flow rate: 1 mL/min 

Retention time: 2.606 min 

LOQ: 0.73ng/mL 

LOD: 0.24 ng/mL 

Correlation coefficient(r2): 0.99 

RSD:  ≤2% 

19 

3.  HPLC-DAD Mobile phase: cyano column (4.6 × 250 mm, 5 µm) 

Column: 50 mM phosphate buffer, adjusted at pH 4 

with phosphoric acid 

Temp required: 37°C 

wave length: 240 nm 

linear range: 5–200 µg/mL  

Flow rate: 0.8 mL/min 

Retention time: 2.0 min 

LOD: 0.10–0.66 µg/mL  

Correlation coefficient(r2): > 0.999 

RSD:  ≤2% 

20 

4.  LC-MS Mobile phase: 1 mL 5mM ammonium acetate 

containing 5% acetonitrile (v/v) and 0.1% (v/v) formic 

acid 

Column: Hypercarb analytical column under a gradient 

elution program with acetonitrile and 0.1% (v/v) formic 

acid in 5 mM ammonium acetate 

Temp required: 40°C 

linear range: 5–200 µg/mL  

Flow rate: 0.6 mL/min 

Retention time: 2.0 min 

LOQ: 0.5 ng/mL 

LOD: 0.1 ng/mL 

Correlation coefficient(r2): 0.999 

RSD:  ≤2% 

21 

5.  HPLC Mobile phase: 10 mM potassium phosphate buffer (pH 

4.0) 

22 
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Wavelength: 207nm 

Correlation coefficient: ≥0.997 

LOQ: 0.05 µg/mL 

LOD: 0.01 µg/mL 

Precision:  

Intra-day precision: % RSD –5.6 to 2.2% 

Inter-day precision: % RSD –6.0 to 4.0% 

6.  TLC Stationary phase: Aluminium plates precoated with 

silica gel 60F-254 

Solvent: chloroform-methanol-acetic acid (60:15:15, 

v/v/v) 

Linearity range: 5-40 µg/mL 

Correlation coefficient: 0.9980 

LOQ: 1.40 µg/mL 

LOD: 4.67 µg/mL 

23 

PERAMIVIR 

Peramivir is a cyclopentane derivative neuraminidase inhibitor that functions as an antiviral drug in the treatment of influenza, 

especially when oral drug administration such as with oseltamivir is not possible. It’s IUPAC name of is (1S,2S,3R,4R,1′S)-3-[(1S)-

1-(Acetylamino)-2-ethylbutyl]-4-[(1Z)-1-ethoxyimino-2-propyl - 2- hydroxy cyclopentane- 1- carboxylic acid. Owing to its clinical 

significance, precise and reliable analysis techniques must be used in the quantification of its occurrence in pharmaceutical 

preparations and biological samples for quality control, pharmacokinetics, and monitoring of therapy. Methods most widely used 

are high-performance liquid chromatography (HPLC)24 with UV or diode-array detection for day-to-day drug estimation, liquid 

chromatography25 –tandem mass spectrometry (LC-MS/MS) 26for sensitive. Spectrophotometric techniques and high-performance 

thin-layer chromatography (HPTLC)27 have also been used for cheaper and less complicated drug analysis.28 These approaches 

provide accuracy, precision, and stability in peramivir quantification for research and clinical use.  

 

Figure 3: Peramivir Structure 

TABEL-3: Methods for determination of Peramivir Single and drugs by UV Spectroscopy, Chromatography and other techniques  

S.NO METHOD DESCRIPTION REFERENCE 

1.  RP-HPLC Mobile phase: potassium dihydrogen phosphate buffer 

(pH 3.2) and acetonitrile in a 50:50 (v/v) ratio 

Column: Agilent Eclipse-XDB C18 column 

wave length: 260 nm 

Temp required: 30°C 

linear range: 40-240 µg/mL  

Flow rate: 1mL/min 

Retention time: 3.771 min 

LOQ: 0.06µg/mL 

LOD: 0.02µg /mL 

Correlation coefficient(r2): 0.999 

RSD:  ≤2% 

29 

2.  HPLC-MS Mobile phase: 0.1% formic acid and acetonitrile 

Column: Symmetry C18 column (150 x 4.6 mm id; 3.5 

m particle size) 

30 
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linear range: 50–750 µg/mL 

Flow rate: 1 mL/min 

Retention time: 2.0 min 

LOQ: 0.5 ng/mL 

LOD: 0.1 ng/mL 

Correlation coefficient(r2): >0.999 

RSD:  ≤2% 

3.  LC-MS/MS Mobile phase: 0.1% formic acid and acetonitrile 

Column: waters X bridge C18 column of dimensions 

150 mmx4.6 mm, 3.5µ. 

Temp required: 30℃ 

linear range:  5 to 10,000 ng/mL 

Flow rate: 1mL/min 

Retention time: 2.0 min 

LOQ: 0.5 ng/mL 

LOD: 0.2 ng/mL 

Correlation coefficient(r2): >0.999. 

RSD: <2% 

31 

4.  RP-UPLC Wavelength: 254nm 

Elution time: 3 min 

Mobile phase: Phosphate buffer (pH 3.0), Methanol 

(45:55, v/v) 

Flow rate: 0.3 mL/min 

Linearity range: 99.96% 

% RSD: 0.7 

Retention time: 1.154 min 

LOD: 0.63 µg/mL 

LOQ: 2.10 µg/mL 

32 

MOLNUPIRAVIR 

Molnupiravir is a prodrug of 3,4 the synthetic nucleoside analogue N4-hydroxycytidine and exerts its antiviral activity by inducing 

mutagenesis during the replication of viral RNA. 33This antiviral drug, utilized in combating COVID-19 infections caused by SARS-

CoV-2 5,6 has been found to hinder the spread of certain RNA viruses. 34(2R,3S,4R,5R)-3,4-dihydroxy-5-[(4Z)-4-(hydroxyimino)-

2-oxo-1,2,3,4 -tetrahydropyrimidin-1-yl] oxolan-2-yl] methyl 2-methylpropanoate being the chemical name for Molnupiravir, it 

possesses the molecular formula C13H19N3O7 along with a molar mass of 329.309 g/mol. This molecule presents itself as a white 

crystalline powder that is hydrophilic in water and highly soluble in methanol, ethanol, and Dimethyl Sulfoxide (DMSO) 7-9. 

Methods for determination of Molnupiravir Single and combination with other drugs by UV Spectroscopy, Chromatography 35, 36and 

other techniques.37. 

 

Figure 4: Molnupiravir Structure 

TABEL-4: Methods for determination of Molnupiravir Single and drugs by UV Spectroscopy, Chromatography and other 

techniques  

S.NO METHOD DESCRIPTION REFERENCE 

1.  RP-HPLC Wavelength: 248 nm  

Mobile phase: Phosphate buffer (0.02M) and 

Acetonitrile (48:52 % v/v) at pH-2.80 

Flow rate: 1 mL/min  

Linearity range: 30–70 µg/mL 

38 



International Journal of Pharmacy and Pharmaceutical Research (IJPPR) 

Volume 32, Issue 2, February 2026  ijppr.humanjournals.com   ISSN: 2349-7203 

 

 

   Page | 338  
 

Correlation coefficient: 0.9997 

Retention time: 3.649 minutes 

LOD: 0.09 µg/mL 

LOQ: 0.27 µg/mL  

Precision:  

Intra-day precision: % RSD <1.2 

Inter-day precision: % RSD   <1.1 

% Recovery:  99.774-100.715 

2.  RP-HPLC Wavelength:  260 nm 

Mobile phase: Ammonium phosphate monobasic and 

Methanol (47:53 % v/v)  

Flow rate: 1.5 mL/min 

Correlation coefficient: 0.9992 

Retention time: 16 minutes 

Linearity range: 25–150 µg/mL 

LOD:  0.3 µg/mL 

LOQ:  0.993 µg/mL  

% Recovery:  99.72-101.10 

39 

3.  RP-HPLC Wavelength:240nm  

Mobile phase:  Acetonitrile: water (20: 80, v/v) 

Flow rate: 0.5 ml/min 

Correlation coefficient: 0.999 

Retention time: 4 minutes 

Linearity range: 0.1–60 µg/ml 

LOQ: 0.10 µg/mL 

LOD:  0.05 µg/mL 

Precision: 

Intra-day precision: % RSD < 1.9 

Inter-day precision: % RSD < 1.99 

40 

4.  UV method 

 

 

 

 

 

 

 

Solvent: Methanol 

Wavelength: 233 nm 

Linearity range: 2.5-20 µg/mL  

LOQ: 1.60 µg/mL 

LOD:   0.53 µg/mL 

Correlation coefficient: 0.9997 

Precision: 

Intra-day precision: % RSD < 0.91 

Inter-day precision: % RSD < 1.91 

41 

5.  HPTLC method Mobile phase:   Methanol: Glacial acetic acid (10:0.05 

v/v)  

Wavelength: 233 nm  

Correlation coefficient: 0.9982 

Linearity range: 0.03-0.38 µg/band 

LOQ:  0.03 µg/band 

LOD:   0.01 µg/band 

Precision: 

Intra-day precision: % RSD < 0.91 

Inter-day precision: % RSD < 1.91 

42 

6.  RP-HPLC -DAD 

method 

Mobile phase:  Acetonitrile and distilled water 

acidified with orthophosphoric acid (pH 3) with ratio 

(87:13 v/v) 

Wavelength: 233 nm 

Flow rate: 1 ml/min 

Linearity range: 0.025-10 µg/mL 

Correlation coefficient: 0.9995 

LOQ:  0.02 µg/mL 

LOD:  0.005 µg/mL  

Precision: 

43 
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Intra-day precision: % RSD < 0.91 

Inter-day precision: % RSD < 1.91 

7.  RP-HPLC Wavelength: 236nm  

Mobile phase:  Methanol: Buffer pH-4.2 (35:65% v/v) 

Flow rate: 1 mL/min  

Retention time: 2.8 minutes 

Linearity range: 20–100 µg/mL 

Correlation coefficient: 0.9997 

LOD: 2.6 µg/mL 

LOQ:  6.35 µg/mL 

% Recovery:  100.15-100.22  

Precision: 

Repeatability % RSD 0.248 

Intermediate precision % RSD < 0.38 

 

44 

8.  RP-HPLC-UV 

method 

Wavelength: 230nm  

Mobile phase: 20 mM phosphate buffer pH 2.5: 

acetonitrile (80: 20, v/v %) 

Flow rate: 1 mL/min  

Retention time: 4.9 minutes 

Linearity range: 0.2–80 µg/mL  

Correlation coefficient: 1.0 

LOD: 0.04 µg/mL 

LOQ:  0.12 µg/mL 

% Recovery:  99.96-100.24 

Precision: 

Intra-day precision: % RSD 0.51 

Inter-day precision: % RSD 0.57 

45 

9.  UV spectrometric 

method 

Wavelength: 236nm  

Solvent: Methanol 

Linearity range: 10-50 µg/mL 

Correlation coefficient: 0.9989 

LOD: 7.59 µg/mL  

LOQ:   23.01 µg/mL  

% Recovery:  99.53-99.87 

Precision: 

Intra-day precision: % RSD 0.465                     

Inter-day precision: % RSD 0.305 

Repeatability % RSD 0.744 

 

46 

10.  HPLC-PDA 

method 

Wavelength:230nm  

Mobile phase: 25.0 mM phosphate buffer (pH 3.0 ± 

0.05) − methanol (70:30, v/v)   

Linearity range: 1-200 µg/mL 

 

47 

11.  LC and LC-

HRMS studies on 

stability 

Wavelength:272nm  

Mobile phase: Ammonium formate and Aceto nitrile 

Flow rate: 0.7ml/minute 

48 

12.  UPLC Wavelength:240nm  

Mobile phase: Methanol and 0.2% OPA in water 85:15 

(v/v) 

Flow rate: 0.8 ml/min  

Linearity range: 20-120 µg/mL  

Retention time:  3.2 minutes 

Correlation coefficient: 0.9995 

LOD: 7.33 µg/mL  

LOQ: 22.22 µg/mL  

% Recovery:  100.72-101.05 

49 
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Precision: 

Intra-day precision: % RSD < 0.33 

Inter-day precision: % RSD < 0.27 

Repeatability % RSD 0.2957 

13.  LC-MS/MS 

method 

Mobile phase: 1 mM Ammonium acetate in water (pH 

- 4.3) and 1 mM Ammonium acetate in acetonitrile  

Linearity range: 2.5-5000 ng/ml  

% Recovery: Both analytes from plasma 95 % and 100 

% 

Saliva: 65-86% 

 

50 

14.  Micellar HPLC Wavelength: 230 nm  

Mobile phase:  0.1 M 0.1 M Sodium Dodecyl 

Sulphate, 0.01 M Brij-35, and 0.02 M monobasic 

potassium phosphate mixture and adjusted to pH 3.1  

Linearity range: 2.5-5000 ng/ml 

Flow rate: 1 mL/min 

 

51 

15.  UV method Wavelength:  280nm  

Solvent: Water 

Linearity range: 0.2-1 µg/mL  

Correlation coefficient: 0.9998 

LOD:0.175 µg/mL  

LOQ: 0.531 µg/mL  

% Recovery:  100.15-100.16 

Precision: 

Intra-day precision: % RSD 0.112-0.845 

Inter-day precision: % RSD 0.214-0.700    

  

52 

16.  RP-HPLC Wavelength:  260 nm 

Mobile phase: Ammonium phosphate monobasic and 

Methanol (47:53 % v/v)  

Flow rate: 1.5 ml/min 

Correlation coefficient: 0.9992 

Retention time:  16 minutes 

Linearity range: 25–150 µg/mL 

LOD:  0.3 µg/mL 

LOQ: 0.993 µg/mL 

% Recovery:  99.72-101.10 

53 

FOSTEMSAVIR 

Fostemsavir, marketed as Rukobia®, is an innovative antiretroviral drug classified as an HIV-1 attachment inhibitor. 54It acts as a 

prodrug of temsavir, which binds to the gp120 subunit of the HIV-155 envelope glycoprotein, thereby preventing the virus from 

attaching to the CD4 receptor on host cells and blocking viral entry. Developed by ViiV Healthcare and approved by the U.S. FDA 

in 2020, fostemsavir offers a vital treatment option for heavily treatment-experienced (HTE) patients with multidrug-resistant HIV-

1 infection56, 57. Its IUPAC name is (3-{3-[6-(2,6-dichlorobenzyl)-2-methoxy-4-(methyl sulfonyl) pyridin-3-yl] oxy-5-(prop-2-yn-

1-yloxy) benzyl} oxy) phosphoryl oxy methyl) phosphonic acid dimethyl ester.58 
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Figure 5: Fostemsavir structure 

TABEL-5: Methods for determination of Fostemsavir Single and drugs by UV Spectroscopy, Chromatography and other techniques  

S.NO METHOD DESCRIPTION REFERENCE 

1.  LC-MS/MS Column: Zorbax C18 

Flow rate: 0.8 mL/min 

Linearity range: 58.5-2340 ng/mL 

Correlation coefficient: > 0.999 

LLOQ: 58.5 ng/mL 

Mean Cmax and Tmax : 198.19 ± 5.85 ng/mL and 

2.42 ± 0.13 

59 

2.  HPLC Mobile phase: Acetonitrile: 1% formic acid (80:20, 

v/v) 

Wavelength: 266 nm 

Flow rate: 0.8mL/ min 

Linearity range: 50-90µg/mL 

Correlation coefficient: 0.997 

Precision: 

Intra-day precision: % RSD 0.70-0.94 

Inter-day precision: % RSD 0.55-0.95 

% RSD: 0.83 

60 

3.  HPLC-MS/MS Mobile phase: solvent A (water containing 0.1 % 

formic acid) and solvent B (acetonitrile containing 

0.1 % formic acid) 

Flow rate: 0.35mL/ min 

61 

4.  UV Stock solution: Water: Ethanol (60:40v/v) in a 100ml 

volumetric flask 

Wavelength: 278 nm 

Linearity range: 7.5 to45 µg/mL 

Correlation coefficient: 0.999 

% RSD: < 2 

62 

5.  LC-MS/MS Mobile phase: 0.1% v/v HCOOH and ACN at a ratio 

of 18:82, (% v/v) 

Flow rate: 0.70 ml/min 

Correlation Coefficient: 0.9989 

MQC: 8.50 µg/mL 

High-QC: 12.70 µg/mL 

Low-QC: 1.19 µg/mL 

Peak concentration range: 0.425 to 17.00 µg/mL 

%RSD: 3.89 

63 

6.  LC Mobile phase: 0.1 % HCOOH and acetonitrile (15:85) 

Stationary phase: ZorbaxC18  

Wavelength: 266 nm 

Linearity range:1.5–1200 ng/mL 

Precision: 

Intra-day precision: % RSD ≤4.92% 

Inter-day precision: % RSD ≤04.76% 

64 

ATAZANAVIR 

Atazanavir is a widely used antiretroviral drug belonging to the HIV-1 protease inhibitor class, designed to prevent viral replication 

by blocking the cleavage of viral polyproteins, thereby reducing viral load and improving immune function in patients with HIV 

infection.65 Known for its once-daily dosing and relatively favourable lipid profile compared to older protease inhibitors, 
66atazanavir is often used in combination antiretroviral therapy (cART) 67, 68for enhanced efficacy and resistance management. The 

IUPAC name of atazanavir is (3S,8S,9S,12S)-3,12-bis(1,1-dimethylethyl)-8-hydroxy-4,11-dioxo-9-(phenylmethyl)-6-[(4-

pyridinylmethyl) amino]-2,5,6,10,13-pentaazatetradecanedioic acid dimethyl ester.69 
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Figure 6: Atazanavir structure 

TABEL-6: Methods for determination of Atazanavir Single and drugs by UV Spectroscopy, Chromatography and other techniques  

S.NO METHOD DESCRIPTION REFERENCE 

1.  UPLC-MS Flow rate: 0.4 mL/min 

Injection volume: 6µL 

Linearity range: 10-90 µg/mL 

% Recovery: 100.2-101 % 

% RSD: 0.2-0.7% 

LOD: 2.68 µg/mL 

LOQ: 8.14 µg/mL 

70 

2.  UV-VISIBLE Solvent: Methanol 

Wavelength: 250 nm 

Linearity range: 10-50 µg/mL 

Correlation Coefficient: 0.999 

% RSD: 0.33 

% Recovery: 101.8 % 

LOD: 0.2 µg/mL 

LOQ: 0.66 µg/mL 

71 

3.  LC-MS/MS Stationary phase: RP 18 column 

Mobile phase: A mixture of 2 mM ammonium acetate 

containing 0.1% formic acid and acetonitrile with 

0.1% formic acid 

% Recovery: 88% 

Range of inter-day: −7.2 to +8.3% 

Concentration range: 0.5 to 100 ng/ml  

72 

4.  HPLC Mobile phase: Acetonitrile–ammonium formate 

buffer (pH 3; 10 mM) (45:55, v/v) 

Wavelength: 210 nm 

Flow rate: 0.3mL/ min 

Retention Time: 8.3 min 

Linearity range: 50-90µg/mL 

Correlation coefficient: ≥0.999 

Precision: 

Intra-day precision: % RSD 97.1 ± 5.04 

Inter-day precision: % RSD 98.0 ± 11.3 

% RSD: ≤6.78% 

73 

5.  RP-HPLC Mobile phase:  ammonium dihydrogen phosphate 

buffer (pH 2.5) with acetonitrile (55:45 v/v) 

74 
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Flow rate: 1.5 mL/min 

Wavelength: 288 nm 

Retention Time: 4.7min 

Linearity range: 30-600 µg/mL 

6.  LC Mobile phase:  Methanol: (0.1%) OPA (80:20) v/v 

Flow rate: 0.7 mL/min 

Wavelength: 250 nm 

Linearity range: 10-50 µg/mL 

Correlation coefficient: 0.999 

LOD: 0.17 µg/mL 

LOQ: 0.52 µg/mL 

Precision: 

Intra-day precision: % RSD 1.4 

Inter-day precision: % RSD 0.33 

% Recovery: 98-119 

75 

REMDESIVIR 

Remdesivir is a broad-spectrum antiviral medication that gained prominence for its use in the treatment of COVID-19. 76, 77It is a 

mono-phosphoramidate prodrug of an adenosine nucleotide analogue that inhibits viral RNA-dependent RNA polymerase, thereby 

blocking viral replication. 78Originally developed for Ebola virus infection, it later demonstrated significant antiviral activity against 

several RNA viruses, including coronaviruses such as SARS-CoV and MERS-CoV. 79The IUPAC name of remdesivir is (2S)-2-

[[[(2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f] [1,2,4] triazin-7-yl)-5-cyano-3,4-dihydroxyoxolan-2-yl] methoxy-phenoxy-

phosphoryl] amino] propanoate. Its analysis in bulk and pharmaceutical dosage forms is essential for ensuring quality control, 

therapeutic efficacy, and safety. 80 

 

Figure 7: Remdesivir Structure 

TABEL- 7: Methods for determination of Remdesivir Single and drugs by UV Spectroscopy, Chromatography and other techniques  

S.NO METHOD DESCRIPTION REFERENCE 

1 RP-HPLC 

Mobile phase: Water: Acetonitrile (60:40 v/v) with 

0.1% formic acid 

Column: C18 column 

Wavelength: 245 nm 

Flow rate: 1 mL/min 

Linearity range: 10–60 µg/mL 

Retention time: 5.2 min 

LOD: 0.12 µg/mL 

LOQ: 0.36 µg/mL 

Correlation coefficient: 0.9992 

81 

2 LC-MS/MS 

Mobile phase: 0.1% formic acid in water and 

acetonitrile 

Flow rate: 0.5 mL/min 

Linearity range: 1–1000 ng/mL 

LOD: 0.5 ng/mL 

LOQ: 1.5 ng/mL 

Correlation coefficient: >0.999 

82 
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3 HPLC-UV 

Mobile phase: Methanol: Water (55:45 v/v) 

Wavelength: 246 nm 

Flow rate: 1 mL/min 

Linearity range: 5–50 µg/mL 

Retention time: 6.1 min 

%RSD:  <2% 

83 

4 UPLC 

Mobile phase: Phosphate buffer (pH 3.5): Acetonitrile 

(50:50 v/v) 

Wavelength: 240 nm 

Flow rate: 0.3 mL/min 

Retention time: 1.8 min 

Linearity range: 2–40 µg/mL 

Correlation coefficient: 0.9994 

84 

5 

UV 

Spectrophotometric 

Method 

Solvent: Methanol 

Wavelength: 247 nm 

Linearity range: 2–20 µg/mL 

LOD: 0.20 µg/mL 

LOQ: 0.60 µg/mL 

Correlation coefficient: 0.9989 

85 

Conclusion: 

The developed antiviral drugs estimation methods for Lopinavir, Ribavirin, Peramivir, Fostemsavir, Molnupiravir and Remdesivir 

have made remarkable development on grounds of precision, accuracy, sensitivity, and robustness. Of these, chromatographic 

techniques, particularly RP-HPLC and LC-MS/MS, show high reproducibility, excellent linearity (with correlation coefficients 

generally approaching 0.999), and low limits of detection and quantitation for suitability in bulk drug and biological matrix analysis. 

The methods have been found to provide good precision (% RSD less than 2%) for their intra-day and inter-day studies. 

Spectrophotometric and HPTLC methods, though relatively less sensitive, are easy to perform, inexpensive, and highly appropriate 

for routine quality control analyses. The adoption of some advanced techniques like UPLC, micellar HPLC, and LC-MS/MS has 

further extended the realm of high analytical performance on grounds of better resolution and shorter analysis time. Overall,  the 

comprehensive evaluation of these methods justifies their importance in assuring the quality, safety, and efficiency of antiviral drugs 

in pharmaceuticals and biological systems and also offers regulatory and pharmacokinetic study compliance. 
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