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1. Introduction

Acquired Immunodeficiency Virus (AIDS) is
stage of Human

considered  the last

Canal University.

Abstract

Acquired Immunodeficiency Syndrome (AIDS) is a dangerous and fatal disease.
Persons with AIDS can lead long, healthy lives if they receive early diagnosis,
appropriate medical care, and medication. The combination of HIV medications
is known as antiretroviral therapy (ART) is used to reduce transmission and stop
the development of AIDS.This article is made for presenting a mini-review of
different analytical methods for determination of some antiviral drugs namely
lamivudine (LAM), tenofovir disoproxil fumarate (TDF) and efavirenz (EFA)
either in pharmacopeia or not, in order to provide other researchers with up-to-
date knowledge of the analytical techniques applied to determine the previously
mentioned drugs either alone or combined with other antiretroviral agents. This
article also includes essential data about the cited drugs, involving physical and
chemical characteristics, as well as its pharmacological actions. The collected
methods in this mini review include pharmacopeia, chromatographic (HPLC,
TLC and UPLC), spectrophotometric and electrochemical methods. All methods
are validated according to ICH.

Keywords: Analytical methods, Efavirenz, Lamivudine, Tenofovir Disoproxil
Fumarate.

by FDA as symfi and symfi lo tablets in 2018
(Medicines, 2024). LAM  (“Drug bank online,
Lamivudin,” 2024), with a chemical name of 4-
amino-1-[(2R,5S)-2-(hydroxymethyl)-1,3-

oxathiolan-5-yl]pyrimidin-2-one (Figure 1A), is a

immunodeficiency virus (HIV) infection (Bhaskar et
al., 2021). As soon as people infected by HIV, they
may get long term symptoms such as: fatigue, fever,
diarrhea, weight loss and swollen lymph glands
(Miedzinski, 1992). Fixed dose combination of
lamivudine, tenofovir disoproxil fumarate and
efavirenz is one of the best antiretroviral drugs for
treatment of AIDS. This combination was approved

nucleoside reverse transcriptase inhibitor (NRTI)
that is used against Human Immunodeficiency Virus
Type 1 (HIV-1) and hepatitis B (HBV) by
preventing the HIV enzyme reverse transcriptase
and B virus polymerase from their functioning. Lam
is a white or off white crystalline powder that is
sparingly soluble in water with a molecular
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weight of (229.26 g/mol). TDF (“Drug bank
online, Tenofovir disoproxil fumarate,” n.d.), with a
chemical name of [[(2R)-1-(6-aminopurin-9-yl)
propan-2-yl]  oxymethyl-(propan-)  phosphoryl]
oxymethyl propan-2-yl  carbonate; (E)-but-2-
enedioic acid (Figure 1B), is a reverse transcriptase
inhibitor that is used to treat AIDS by preventing
HIV from replication. TDF is white and fine powder
and slightly soluble in water and ethanol with a
molecular weight 635.5 g/mol. EFA(“Drug bank
online, Efavirenz,” n.d.), with a chemical name of
(4S)-6-chloro-4-(2-cyclopropylethynyl)-4-
(trifluoromethyl)-1H-3,1-benzoxazin-2-one (Figure
1C), is a non-nucleoside reverse transcriptase
inhibitors (NNRTIs) that is used to treat human
immunodeficiency  virus  (HIV) with  other
medications by decreasing the risk of spreading and
replication of the (HIV). EFA is white to slightly
pink crystalline solid and practically insoluble in
water with 315.67 g/mol.

2. Analytical methods

2.1. Official analytical methods for the analysis of
LAM, TDF and EFV.
LAM is determined in British Pharmacopeia
(BP)(Commission and British Pharmacopoeia, 2020)
and United States Pharmacopeia (USP) (Naproxen et
al., 2020) by liquid chromatography with methanol
and ammonium acetate (5:95) as a mobile phase and
detection at 277 nm while, there is no official
analytical method for determination of TDF.
EFA can be analyzed in United States
Pharmacopeia (USP), by liquid chromatography
with Acetonitrile, trifuoroacetic acid, and water
(55:0.05:45) as a mobile phase and detection at 250
nm(Spectroscopy and Spectroscopy, 2020) and there
is no determination of EFA in British Pharmacopeia
(BP).

2.2 Reported analytical methods for the analysis
of LAM, TDF and EFV.

2.2.1. Chromatographic methods
2.2.1.1.High-performance liquid chromatography
Different high performance liquid chromatographic
(HPLC) methods were reported for determination of

LAM, TDF and EFA in different matrices using
various detectors as presented in (Table.1)
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2.2.1.2. Ultra-Performance Liquid
chromatographic methods

A validated RP-UPLC method was reported for
determination of LAM and its impurities by using
acquit UPLC BEH Phenyl C18 column 2.1 mm x
100 mm, 1.7 um.(Reddy Yellampalli et al., 2018)

2.2.1.3.Thin Liquid chromatographic methods

High-performance thin-layer liquid chromatography
(HPTLC) was reported for separation of EFA with
LAM and TDF by using Merck HPTLC aluminum
plates pre-coated with silica gel G60 Fuss as
stationary phase and chloroform—methanol-toluene
(9:1.2:0.3, v/v) as mobile phase (More et al., 2013)

2.2.2. Spectroscopic methods

UV Spectroscopic method was reported for
determination of LAM in tablet dosage form by
using analytical grade water as a diluent.(Sonar et
al., 2017)

UV Spectroscopic method was used for
determination of TDF after complexation with
ammonium molybdate-stannous Chloride and picric
acid (Onah and Ajima, 2011). UV
spectrophotometry method can be measured TDF in
tablets in the range 200 — 400 nm and the absorption
maxima was showed at nm (Rani et al., 2012). UV
spectrophotometric methods were applied to
separate EFA from LAM and TDF at 247, 272 and
259 nm, respectively by using methanol: water
(50:50) as diluent.(Sharma and Mehta, 2010)

Simultaneous estimation of EFA, TDF and
LAM in pure and tablet dosage form by UV
spectrophotometric methods. (Murugan et al., 2017)

2.2.3. Electrochemical methods

LAM was determined in serum and pharmaceutical
dosage form by using hanging mercury drop
electrode (HMDE)(Dogan et al., 2005)

TDF was determined by using a composite
modified glassy carbon electrode for zirconium
oxide-chitosan-multi walled carbon nanotubes
(Z2rO2-CS-MWCNTS/GCE).(Xiao et al., 2022)

NiO-ZrO2 nanocomposite modified electrode
was used as an electrochemical sensor for the
determination of EFA (Thapliyal et al., 2015).



Table 1. Summary of HPLC methods published for determination of LAM, TDF and EFA.

252

Stationary phase Mobile phase Detection | Application Ref.
Shim-pack®  CLC- | sodium dihydrogen phosphate LAM inhuman | (Kano et al., 2005)
C8(M) column (150 | monohydrate, methanol and | 270 nm plasma
mm X 4.6 mm i.d., | acetonitrile (94:3:3, v/ivV/V)
particle size 5um)

Monolithic ~ column | acetonitrile/water (65:35, v/v) 285nm LAM (Aboul-Enein and

(100 x 4.6mm 1.D.) Hefnawy, 2003)

Hypersil BDS C-18 | 0.25% Triethylamine buffer (pH | 256 nm LAM in rabbit | (Vikram et al., 2011)

column (250 mm x 4.6 | 3.0): acetonitrile (70:30, v/v) plasma

mm, 5 mm)

CLC C18 (5 m, 25 cm | Acetonitrile/water mixture (75:25) | 259 nm TDF in spiked | (Taylor et al., n.d.)

x4.6 mmi.d.) human plasma

samples  and
pharmaceutical
formulations.

Cig column Na HPO buffer, tetra butyl | 259 nm TDF in plasma | (Sentenac and
ammonium hydrogen sulfate and Fernandez, 2003)
acetonitrile

An atlantis®-dC-18 | ammonium acetate/methanol | 260 nm TDF in human | (Barkil et al., 2007)

analytical column (98.5:1.5, viv) plasma

Waters X-Terra | Phosphate buffer pH 3.5 and | 260nm EFAinplasma | (Gupta et al., 2017)

Shield, RP18 50 x 4.6 | Acetonitrile.

mm, 3.5 um column.

Kromasil C18 | Methanol and 10 mM phosphate | 254 nm EFA, LAM | (Bhavsar et al., 2012)

analytical column buffer (70:30) and TDF

Hypersil C18 Water and acetonitrile  (30:70) | PDA EFA, LAM | (B.and A., 2014)
with phosphate buffer detection | and TDF

at 260nm
Zorbax eclipse XDB- | methanol: buffer (0.1% v/v formic | 260nm EFA, LAM | (Godela et al.,, 2021)
Phenyl column acid in water)(73:27 v/v) and TDF
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Figure 1. Chemical structure of (A) LAM, (B) TDF and (C) EFA.




3. Conclusion

Clear and specific summary of analytical
methods for determining LAM, TDF and EFA alone
or in combination. The HPLC technique was clearly
the most advanced approach, followed by
spectroscopy.
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