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Abstract :

Viruses are the primary pathogenic agents responsible for severe illnesses in humans
and other organisms. Antiviral drugs as a therapeutic class have attracted significant at-
tention from the global public. It is essential to establish accurate and precise analytical
techniques for detecting antiviral drugs in different matrices. Chromatographic methods
are commonly employed for quantification purposes due to their ability to simultaneously
determine antiviral compounds, including Acyclovir, Amantadine, Emtricitabine, and Os-
eltamivir. Significant focus has been directed toward the specific elements of chromato-
graphic assays essential for ensuring the selectivity, sensitivity, accuracy, and precision
of the various methods. This review discusses analytical methods during the period from
2013 to 2025, including a variety of chromatographic techniques. HPLC with UV detec-
tion was found the favored method for many researchers, with methods developed using
LC-UV.

Keywords: Antiviral drugs, Chromatographic analysis, HPLC, TLC, GC-MS, LC-
MS/MS, UHPLC, RP-HPLC, Viruses .

aLolsegilogssdl OLuidil
deslyo :Ilwg el 65Ul dgsll Jualg padi o
3050 pwb cabuan . Aandysew wpbl . 3gesjeuble gliae
Glpell slxey slaes deol oglell duls auloul GLLaUl puus
@l slaes slaes deols oglell dus .cluoydll guuus?
Glrell slxy daslpell dooladl dw il s .cluogddl puus?
Ll 0L gt sipaadl (ol N1 e s skl gs I o el Jalal ol il dss
e Ml ekl s 1508 Lalal oS 2238 g il 55l iy 55Y1 s a3 .6,V
YUl i (5 s ol 85Ukl d 5331 e G 1 48 o g A Ak L o i (555 )
SLS M ad e L ,add 1505 oSl il (o1, 2Y wls St 112 sla s SU1 G5 lall pase
o5 45 - bk T ¢l o] ¢l ¢ JSl) S5 (3 | 58 S ol il s LAl
Al |5 sl Olea) iy 2l 318 gile g SIN LW ssdmll olall s 1S 5S sam 5
262025 1120713 ;e sdl SN Ll B ) dall dnsl M odia 258L5 .3 ol Calus 05 45 511 50l
G 5 VL Sl e HPLC £ b OF s 5 5 031 12 o o SUN oLl e e yte Ao gat U5
Lot Ul e ol izl o)l S o sl
HPLC ,TLC, GC-MS, LC-MS/ , 31 & 5l 5 ,SI ol ccolian 5 nild 55Lall 4 501 1o ladll o IS
. c)l_wjj:.&i\ «MS UHPLC, RP-HPLC

J




Chromatographic Techniques in the Quantification and Analysis of Antiviral Drugs: A Review
......................................................... Ghufran Ashour Hammood , Ashraf Saad Rasheed , Mustafa J. Mohammed

|| 142

Introduction

Infectious diseases have been famil-
1ar to human civilization since ancient
times[ 1]. Infectious diseases are caused
by various microorganisms, including
bacteria, viruses, and fungi[2]. Viral
pandemics remain a grave concern for
humankind. Each year, established vi-
ruses like HIV-1 and the hepatitis B
virus spread to millions of individu-
als worldwide[3]. Human viruses can
be categorized into three main groups:
DNA viruses, RNA viruses, and ret-
roviruses[4]. Since the first antiviral

drug appeared in 1963, numerous an-
tiviral medications have been created
for clinical use, providing treatment to
millions of people globally[4]. How-
ever, Antiviral drugs play a crucial
role in controlling influenza. Influenza
leads to annual epidemics of respirato-
ry viral infections, causing significant
morbidity and mortality[5].Therefore,
Favipiravir, ribavirin, and oseltamivir
are known for their broad-spectrum
antiviral efficacy and have been clini-
cally examined for their effectiveness
against COVID-19 [6].

Emtricitabine
Amantadine Ribavirin
Acyclovir < Antiviral drugs @ —> Oseltamivir
Sofosbuvir Valacyclovir

Tenofovir

Figure 1: The types of Antiviral drugs reviewed
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The appearance of various viral dis-
eases and the currently available drug
market requires new medicines to treat
these diseases caused by different vi-
ruses[7]. However, despite the avail-
ability of antiviral drugs that have been
discovered using different techniques,
the available antiviral drugs have some
problems and only neutralize some vi-
ral infections. It is absolutely important
to offer new viable solutions to viruses
with a high mutation rate, i.e., fast rep-
lication and easily changing strains|8§].
Currently used antiviral drugs face
some problems, such as viral mutation,
development of resistance, changes in
viral genome characteristics, toxic side
effects, and reduction in daily doses[9].
The evolutionary potential of RNA vi-
ruses could lead to the emergence of
viral strains capable of escaping the se-
lective pressure of antiviral agents[10].
Mutations in regions of the viral life
cycle that correspond with the mech-
anism of action of the drug can lead to
conservation[11]. This aptly represents
one of the main problems associated
with long-term antiretroviral therapies.
Many methods can reduce the risk of
developing resistant viruses, including

maintaining high plasma levels, adher-
ing to a strict and unplanned set of drug
administration, and combining differ-
ent drugs that inhibit various stages in
the viral life cycle[12]. Therefore, the
aim of this review is to evaluate chro-
matographic methods that are used for
the qualitative and quantitative deter-
mination of antiviral drugs in pharma-
ceutical formulations and biological

matrices.

3. Role of Chromatography

in Antiviral Drug Evaluation
A fundamental perspective of the
host-virus interaction and the pharma-
cokinetic/pharmacodynamic parame-
ters are essential for the development
and evaluation of a novel antiviral
agent. Recently, with the advancement
of liquid chromatography, various
analysis modes were developed based
on this described system. The goal of
this review to elucidate the importance
of chromatography, particularly liquid
chromatography, to evaluate the antivi-
ral drug in pharmaceutical formulation
and biological matrices. As a result of
these efforts, a considerable amount of

data characterizing in vitro antiviral
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activities has been accumulated, result-
ing in the identification and design of
emerging antiviral molecules. The in
vivo pharmacokinetic and pharmaco-
dynamic behavior of these drug types,
including distribution and metabolism,
requires further investigation to sup-
port efficacy assessment. High-resolu-
tion separations are, therefore, required
to distinguish unknown metabolites
derived from the drug versus the vi-
rus-host metabolism. Indeed, chroma-
tography, particularly LC, plays a crit-
ical role in the degradant control and
the analysis of antiviral agents in bio-
logical fluids, ensuring the success of
in vivo and in vitro studies.

3.1 Quantitative Analysis of Anti-
viral Drugs

The development of simple, specif-
ic, and sensitive methodology for the
determination of antiviral agents in
pharmaceuticals and biological fluids
is essential for research in the phar-
macological field. Currently, different
analytical methods are involved in the
analysis of antiviral drugs. Among the
various techniques, gas chromatogra-
phy, high-performance liquid chroma-
tography, capillary HPLC, ion chroma-

tography, thin-layer chromatography,
and capillary electrophoresis are used
for the quantitative determination of
antiviral drugs. The gas chromatogra-
phy system is applied to the determina-
tion of some drugs. However, gas chro-
matography and high-performance
liquid chromatography combined with
ultraviolet-visible, fluorescence, or
mass spectroscopy detectors are most
commonly employed for the analysis
of antiviral agents. Methods for the
determination of these drugs in phar-
maceutical preparations and biological
fluids are reviewed in this section.
The interfaces available for a com-
bination of gas chromatography with
mass spectroscopy are the hyphenated
systems that exist today for the ana-
lytical approach of the relevant ana-
lytes[13] . However, half of all UV-ab-
sorbent compounds are sensitive and
may degrade under the high tempera-
tures of the gas chromatography, acute-
ly or just a little as they pass over the
red-hot coil of the gas chromatography
injector, if samples are “jumped” onto
the column or are retained too long
for a complete separation before they

arrive . Due to its interaction and re-
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tention capabilities, much larger gas
chromatography columns are used,
mainly those that are totally non-polar
or those that are non-polar with high
inner-coating thicknesses for efficient
but short separations, which give fast
analysis without excessive resolu-
tion. The shortest columns, depend-
ing on use, are approximately 20 m in
length, while the longest are about 60
m; of course, there are also intermedi-
ate-length columns[14].

3.2. Qualitative Analysis of Anti-
viral Drugs

The qualitative analysis of antivi-
ral compounds is based on their mass
spectral identification. The mass spec-
tral information of reference standards
1s usually characterized by using liquid
chromatography-mass spectrometry,
together with tandem mass spectrom-
etry and high-resolution mass spec-
trometry, introducing both protonated
molecules for quantification and major
fragment ions for their identification.
Therefore, other methods were orga-
nized to evaluate antiviral agents, us-
ing mainly an absorbance in the UV
range, specifically from 254 to 360

nm, depending on the antiviral com-

pound[15].

Applications of Chromatography
in Antiviral Drug Evaluation

Thin-layer chromatography (TLC)
TLC is widely utilized for the analy-
sis of various drug materials and phar-
maceutical preparations due to its nota-
ble benefits, including minimal sample
preparation, a broad selection of mo-
bile phases, flexibility in sample dif-
ferentiation, high capacity for sample
loading, and cost-effectiveness[16, 17].
TLC i1s a valuable method for screen-
ing unidentified substances within bulk
drugs [18].TLC is classified as a form
of liquid chromatography that utilizes
a liquid mobile phase and a thin layer
of material as the stationary phase po-
sitioned on a flat plate [19]. Nine TLC
solvent systems were utilized within a
particular schema to detect 300 target
drugs[20]. In 2002, Sia and his research
group evaluated acyclovir using TLC
in pharmaceutical formulations[21]. In
2017, Salama et al used TLC with den-
sitometric analysis to determine Ledip-
asvir and Sofosbuvir in the Tablet Dos-
age Form[22]. In 2022, Noureldeen et

al , estimated remdesivir and favipira-
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vir in human plasma and pharmaceuti-
cal formulations using TLC [23].

Gas chromatography (GC)

It is a technique that employs gases
to separate and analyze compounds ca-
pable of vaporization without decom-
position. To analyze a sample using
GC, it is dissolved in a solvent prior to
injection into the system[24]. GC is a
highly effective method for separating
and detecting volatile organic com-
pounds[16]. GC is considered more
environmentally friendly than HPLC
as it reduces environmental pollution
and conserves organic solvents[25].
GC plays a significant role in the anal-
ysis of pharmaceutical products[26].
GC—Mass Spectrometry (GC-MS) is
an analytical technique that combines
gas-liquid chromatography with mass
spectrometry detection to identify var-
1ous substances[27].GC-MS is a sensi-
tive, precise, repeatable, quantitative,
and robust instrument, ideally suited
for the examination of complex mix-
tures[28]. Jain et al. employed GC-MS
for the determination of favipiravir in
biological and forensic samples[29].
Liquid chromatography plays an im-
portant role in the qualitative and quan-

titative estimation of antiviral drugs
in pharmaceutical formulations and
biological matrices. Chromatograph-
ic techniques are commonly applied
in the evaluation of antiviral drugs, as
outlined in the following sections.

High-performance liquid chro-
matography (HPLC)

HPLC is an advanced liquid chro-
matography method employed to sepa-
rate the complex mixture of molecules
present in chemical and biological sys-
tems, enhancing the understanding of
the distinct roles played by individual
molecules[16]. HPLC is performed us-
ing a chromatographic column where
a solid or liquid sample is dissolved
in an appropriate solvent[24]. The re-
tention time of analytes is determined
by the mobile phase properties such as
pKa and the pH[30]. In recent years,
HPLC has become the preferred tech-
nique for analyzing a wide spectrum of
compounds[31]. The detection meth-
ods most commonly employed include
ultraviolet, fluorescence, and MS[32].
This method is also suitable for a wide
range of compounds, including those
with varying polarity, molecular mass,

volatility, and thermal sensitivity[33].
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HPLC has the capability to simulta-
neously detect numerous analytes in
While
HPLC 1s widely used for pharmaceuti-
cal analysis, LC-MS/MS offers higher
sensitivity and selectivity for trace-lev-

pharmaceutical preparations.

el analysis in complex biological ma-
trices[34].

A general analysis of some
antiviral drugs evaluated
by the HPLC method

Acyclovir (ACYV)

ACV (Fig 2) is a synthetic purine
nucleotide analog recognized for its an-
tiviral activity[35]. ACV is one of the
most commonly used antiviral drugs
globally[36]. It represents the dawn of
a new era in antiviral therapy, distin-
guished by its exceptional selectivity
and minimal cytotoxicity[37]. ACV
1s the primary choice for treating her-
pes virus infections, largely attributed
to the development of new delivery
methods that significantly enhance its
bioavailability[38]. In addition to its
numerous applications in human medi-
cine, it may also be utilized as a veter-
inary treatment for viral infections like

Canine parvovirus[39]. It exhibits low

solubility in water and has a short du-
ration within the human body[40]. In
2018, a sensitive and accurate analyti-
cal technique was developed and vali-
dated for determining acyclovir levels
in human plasmal41]. Malik et al, used
isocratic RP-HPLC to determine of
acyclovir in rabbit plasma[42]. Table 1
summarizes the methods employed for
detecting acyclovir in pharmaceutical
preparations and in the plasma of hu-
mans, rabbits, and rats, utilizing chro-

matographic techniques.

Figure 2:
Chemical structure of ACV
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Table 1: Review of literature on the analysis of ACV using HPLC techniques

Column/ mobile phase/

LIl Detection

The Ace C (250 x 4.6
mm i.d.; 5 pm)
HPLC-UV MP: 0.02 mol/L CH-
,COOH / MeOH (95:5)
UV A: 254 nm

Thermo C , (250 x 4.6
mm i.d., Spm)
MP: 5 mM NH4C:H30:2
HPLC-UV (pH 4.0) /ACN (40 : 60%
V/V)
UV A:290 nm
C18 (5 um,4.6 mm x 250
mm)
MP: MeOH /0.0125 M
KH,PO, (55:45, v/v)
UV A:254 nm

C8 (250x4.6 mm, 5 pum)
MP: 0.1 % (V/V) TEA in
H,O (pH 2.5)

UV A:255nm

Phenomenex®C18 ( 4.6 X
150 mm, 5 um)
MP: ACN/0.1% HsPO4/
MeOH (50:40:10)
UV A: 254 nm

Thermo Hypersil (250
mm x 4.6 mm, 5 pm)
MP: MeOH /0.03 M
KH2POs4 adjus"ted
with 0.1% HsPO4 (30:70
V/V)

UV A: 210 nm
symmetric®C18 column
(4.6

HPLC-UV x75 mm,3.5 pym
MP: H,O /ACN (95:5 v/v)
UV A: 207 nm

UPLC-
PDA

HPLC-UV

HPLC-
PAD

HPLC-
PDA

Method Validation

35-700 pg/ml
DL=0.16 pg/ml
QL=10.048 pg/ml

R?*>0.99
%Rec=98.18 -
99.64
%RSD <5

25-150 ng/ml
DL= 8 ng/ml
QL= 24 ng/ml
%Rec=91.0
%RSD=4.85

1-64 ng/ml
DL=0.01 pg/ml
LQL=0.04 pg/ml

R?*=0.9996

0.1-2.0 pg/ml
QL=0.1 pg/ml
R?=0.9985

0.5-30 pg/ml
DL= 83.62 ng/ml
QL= 109.52 ng/ml

R?=0.9998

%RSD= 1.2

1-100 pg/ml
DL=0.16 pg/ml
QL= 0.48 pg/ml

R?=0.9999

2-20 pg/ml
R*=0.9989

Application

vitreous
humor

Human
Plasma

Intestinal
Perfusion
Studies

Human
plasma

polymeric
microparti-
cles

human
plasma

tablet, cream
dosage forms

tl.‘ Ref.
min
7.427  [43]
4.12  [44]
2.8  [45]
3.7 | [46]
1.94  [47]
3.85  [41]
0.77 [48]
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Amantadine (AMD)

AMD (Fig 3) was originally cre-
ated in the early 1960s and approved
for its anti-influenza A2 properties in
1966[49, 50]. It is employed as a treat-
ment for Parkinson’s disease due to its
observed involvement in the release of
dopamine from nerve terminals[51].
AMD blocks the E channel of SARS-
CoV-2, thereby preventing the virus
from discharging its genetic content
into the cell[52]. AMD exhibits poten-
tial anti-cancer activity by modulating
cyclin D1, cyclin E, and CDK2 to in-
hibit cell growth, while also regulating
Bax and Bcl-2 proteins to induce apop-
tosis[53]. Zhao et al. established a rap-
id analytical approach for quantifying
amantadine in diverse animal-derived
duck,
chicken liver, and egg, through the
application LC-MS/MS[54]. In 2015,
AMD was assessed in Microdialysis

samples, including chicken,

samples obtained from rat plasma us-
ing HPLC coupled with fluorescence
detection[55]. Wang and colleagues us-
ing LC-MS/MS to determine AMD in
honey sample[56]. Table 2 summariz-
es the methods employed for detecting
Amantadine in pharmaceutical prepa-

rations and in chicken muscle, rat plas-
ma, animal food, and biological fluids

utilizing chromatographic techniques.

Figure 3: Chemical structure of AMD
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Table 2: Review of literature
on the analysis of AMD using HPLC techniques
t
Technique Column/ mobile phase/ Detection Method Validation Application l.{ Ref.
min
1-100 pg/kg
UH- Waters ACQUITY UPLC HSS T3 QL=1.02 pg/kg
PLC-LTQ = column (150 mm x 2.1 mm, 1.8 pm) QL=3.40 ng/kg chicken 12 [57]
Orbitrap MP: 0.1% HCOOH / ACN (gradient) R>=0.99 muscle '
MS Mass analyzer %Rec=87.5 -102.4
%RSD=3.9-6.3
2-200 pg/L
XDB-C18 (2.1 x 150 mm, 3.5 mm)
) DL=0.5 pg/kg
HPLC_MS/ MP: A (0.1% volume ratio of HCOOH QL= 1.0 pgk Animalod
s in H,0) 00058 e 27 I
and eluent B (MeOH) gradient ' fived 100
%Rec=89.9- 105
Mass analyzer
%RSD <20
. 25-500 ng/ml
Hypersil C18 (150 x 4.6 mm, 5 um,
. DL= 6.8 ng/ml
MP: 5% ACN in H,O (A) and ACN
HPLC- FL . QL= 20.5 ng/ml Rat Plasma 4.2 [55]
(B) (gradient)
R?=0.9989
Fluorescence detector
0.1-10pg/L
SB-Aq (3 mm x 100 mm, 1.8um) DL=0.05 pg/kg
UPLC-MS/~ MP: ACN/0.1% HCOOH in H,O QL=0.1 pg/kg chicken 583 (58]
MS (gradient) R?>=0.9995 muscle '
Mass analyzer %Rec=98.3-102.4
%RSD =1.7-10.3%
Kinetex® XB-C18 0.5-20 pg/kg
HPLO-MS/ (2.1 x 100 mm,.2.6 um) QL=1.0 pg/kg | chicken
MS MP: 0.1% HCOOH in 10 mmol/L R?>=0.9996 tissues, and = 4.14 [59]
NH,HCOO/ACN %RSD=0.11 eggs
Mass analyzer
. 0.50-500 ng/ml
Synergi™ Hydro C18
DL=0.18 ng/ml
(150% 4.6 mm, 4 mm)
HPLC-MS/ QL=0.50 ng/ml Human
MP: ACN /10 mM NH _HCOO 1.80 [60]
MS R2>0.9969 Plasma

(80:20, v/v)

Mass analyzer

%Rec=98.47-
105.72%.
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Emtricitabine (EMC)

EMC (Fig 4) is a potent antiviral
with a synthetic fluoro derivative of
thiacytidine[61]. EMC is classified as
a nucleos(t)ide analogue, is acknowl-
edged as an essential medication by
WHO. This medication has been em-
ployed globally for numerous years as
a once-daily fixed-dose combination
for the treatment of HIV and HBYV,
as well as for HIV infection preven-
tion through pre-exposure prophylax-
1s[62]. Pavani and Susithra use the
HPLC-PDA method to estimate EMC
in pharmaceutical preparation [63]. In
the same year, Kasul and Satyanaraya-
na used the RP-HPLC Method to de-
termine EMC in pharmaceutical for-
mulations[64] .Table 3 summarizes
the methods employed for detecting
emtricitabine in pharmaceutical prepa-
rations utilizing chromatographic tech-

niques.

Figure 4: Chemical structure of EMC
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Table 3: Review of literature
on the analysis of EMC using HPLC techniques
. . . L Applica- t
Technique Column/ mobile phase/ Detection Method Validation ) R Ref.
tion min
20-300 pg/ml
Inertsil ODS 3V Herm
. DL=0.36 pg/ml
(150mm x 4.6mm i.d., 5 um) QL=1.19 pg/ml
HPLC-PDA  MP:20 mmol L' of KH,PO,/ACN /" 9*9%7 pharmac 2.0 £0.38  [65]
(70: 30 v/v) . )
UV A 25 nm %Rec=99-101
’ RSD=0.3
Ph C18
cromenex 0.040 - 2.0 pg/ml
(250 mm x 4.6 mm [.D., 5 um)
DL=0.024 pg/ml
HPLC-UV MP: 40 mM H,PO, bufer (pH QL=0.036 ug/ml  pharmac =~ 439  [66]
6.8)/MeOH /2% ACN (83: 15: 2, OO HE P '
VIV R2=0.9982
%RSD<2
UV A: 280 nm /RS
Phenomenex Gemini C18 28-84 ng/ml
(150 mm x 4.6 mm i.d., 5 um) DL=1.90 ng/ml
MP: ACN/ KH,PO, buffer (20 mM, QL= 0.43 ng/ml
UPLC-UV 2 h 2.6 67
pH 3.3) /TEA (58.72: 41.23 : 0.05 R2=0.999 pharmac [67]
(VIvIv) %Rec=99.50
UV A: 270 nm %RSD= 0.044
80-240 pg/ml
Phenomenox C18 DL=0.0112 pg/ml
(250mm x 4.6mm,5pum) QL=0.0375 ug/ml = Synthetic
HPLC-UV 3.5 68
MP: NaH,PO, / MeOH (50:50v/v) R*=0.9990 Mixture [68]
UV A: 280 nm %Rec=99.53-100.01
%RSD<2
20-240 pg/ml
DL=0.02 pg/ml
Inertsil ODS 3V C18 oL 006 ﬁi /21
(250 mx4.6 mm, 5 pm ) )
HPLC-PDA R2 >0.999 h 3.719 69
MP: KH.PO : H.O (30:70 v/v) pharmac [69]
IZJV 1 220 am %Rec=108.56
' RSD<2
20-100 pg/ml
A Phenomenex C18 DL=0.10 1M7g m ml Pharmac,
(250 x 4.6mm, 5um) QL 03083 He o invitro
HPLC-PDA MP: 10mM NH,CH,COO/ R2 0 95 § disso- 40 [70]
ACN (gradient) YeReo '98 102 lution
UV A: 265nm ° samples

%RSD<2



153 dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
5 02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

Oseltamivir (OSM)

OSM (Fig 5) is classified as a pri-
mary antiviral medication, particu-
larly in hospital settings[71]. OSM is
a neuraminidase inhibitor authorized
for treating and preventing influenza A
and B[72, 73]. It has the capability to
inhibit the propagation of the influen-
za virus and minimize viral shedding
in respiratory secretions within the
human body[73]. Numerous clinical
studies have confirmed that initiating
oseltamivir treatment early leads to
improved outcomes in critically ill pa-
tients afflicted with influenza[74-76].
During the current COVID-19 out-
break, OSM has been commonly em-
ployed by symptomatic COVID-19
patients[71]. Huang and his colleagues
used HPLC-MS/MS to determine
OSM prodrugs [77]. Babu and Sharma
utilized RP-HPLC to accurately deter-
mine OSM levels in pharmaceuticals
[78]. Table 4 summarizes the methods
employed for detecting oseltamivir in
pharmaceutical preparations and hu-
man plasma utilizing chromatographic

techniques.

Figure 5:
Chemical structure of OSM
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Table 4: Review of literature
on the analysis of OSM using HPLC techniques

t
Technique Column/ mobile phase/ Detection Method Validation = Application R Ref.
min
. 3-300 ng/ml
ASynergiHydroC
LQL=3 ng/ml human
(150 mm x 2.0 mm,4um) .
R2=0.9935 fluoride
LC-MS/MS = MP: 0.1% (40:60 v/v) HCOOH / H,0 5.0 [79]
%Rec=88.6-103 EDTA
(A) and 100% MeOH (B)
RSD< 7.46 plasma
Mass analyzer
[80]
Symmetry C18
(100 mm x 4.6 mm, 5 mm) 0.5-200 ng/ml b
uman
LC-MS/MS MP: 10 mM NH,HCOO LQL= 0.5 ng/ml | 1.56
asma
/ACN (30:70, v/v) R2=0.9976 P
Mass analyzer
5-35 pg/ml
KromasilC He
DL=5.57 pg/ml
(250 mm x 4.6 mm, 5 pm)
QL=16.90 pg/ml
HPLC-UV  MP: NH,CH,COO buffer / ACN (60:40 R2= 0,996 pharmac | 1.542  [81]
v/Vv)
%Rec>95
UV A: 227 nm
%RSD<1.5
Phenomenex Luna C18
20-100 pg/ml
(4.6 x250mm, Sum) 2.7
HPLC-UV %Rec=98.0-102 pharmac [82]
MP: MeOH / H,0O (75:25% v/v) +0.02
%RSD<2
UV A: 223 nm
Agilent Extend C18
10-60 pg/ml
(4.6 mm 3 250 mm, 5.0 mm
DL=0.40 pg/ml
HPLC-UV MP: 20 mM KH, PO, / ACN (60:40 pharmac | 3.010 [83]
QL=1.20 pg/ml
v/V)
R2=0.999
UV A: 215 nm
15-75 pg/ml
Dikma Inspire He
DL=0.74 ug/ml
(4.6 mm x 250 mm, Spum)
LC-MS/MS QL=2.46 ng/ml Pharmac 2.5 [78]
MP: 0.1% H,PO, / ACN (83:37 v/v)
R2=0.999
UV A: 254nm

%Rec=100.13
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Abbreviation
CH,COOH Acetic acid
MeOH Methanol
ACN Acetonitrile
NH4C:Hs0: Ammonium acetate
KH,PO, potassium dihydrogen phosphate
TEA Triethylamine
H3PO4 phosphoric acid
HCOOH Formic acid
NH,HCOO Ammonium formate
NaH_ PO, Sodium dihydrogen phosphate
PO, Phosphate ion
C,H,O(CO0),” Citric acid
H PO, Dihydrogen phosphate ion
t, Retention time
Ref References
chromatographic methodology for an-
tiviral drugs in all classes and common
Conclusion formulations. It is worth mentioning

The interest in the chromatographic
analysis of antiviral drugs in different
samples has increased in conjunction
with the development of more aggres-
sive antiviral-oriented therapies. These
therapies required more detailed an-
alytical studies with a more demand-
ing limit of quantification, program of
quality control, and methodology val-
idation. In this review, we compiled
various, rapidly evolving trends in

the application in recent years on the

that there is no technique or method-
ology that can be considered the best
approach for the chromatographic
analysis of antivirals. Every approach
has advantages and leads to comple-
mentary information that can be use-
ful for the development of pharmaco-
kinetic/pharmacodynamic knowledge
and therapeutic support protocols. The
demand for more and better detection
levels leads to the development of new

methodologies and the exploitation
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of the combination of different chro-
matographic techniques and analytical
strategies. The present review offered a
comprehensive overview of the current
state-of-the-art chromatographic ap-
proaches for the evaluation of antiviral
drugs in biological and other samples
which plays a critical role in the antivi-
ral-oriented therapy. Various research
papers and some reviews presented
antiviral drugs as solid references in
the application of the chromatograph-
ic methodology, with the availability
of some quantification and program of
quality control. They increased their
knowledge of both the methodology
and the analytical protocol while pro-
viding useful support tools for more

accurate treatment.

Reference
[1] S. Kausar et al., “A review: Mech-
anism of action of antiviral drugs,”
International journal of immuno-
pathology and pharmacology, vol.
35, p. 20587384211002621, 2021.
F. Balloux and L. van Dorp,
“Q&A: What are pathogens, and
what have they done to and for
us?,” BMC biology, vol. 15, no. 1,

2]

pp. 1-6, 2017.

M. Rumlova and T. Ruml, “In vi-
tro methods for testing antiviral
drugs,” Biotechnol. Adv., vol. 36,
no. 3, pp. 557-576, 2018.

E. De Clercq and G. Li, “Approved
antiviral drugs over the past 50
years,” Clinical microbiology re-
views, vol. 29, no. 3, pp. 695-747,
2016.

D. M. Coen and R. J. Whitley,
“Antiviral drugs and antiviral drug
resistance,” Current opinion in vi-
rology, vol. 1, no. 6, p. 545, 2011.
R. Alsafi, S. Alghamdi, and M.
Asif, “Antiviral drugs and their
roles in the treatment of coro-
navirus infection,” 1in Antiviral
Drugs-Intervention Strategies: In-
techOpen, 2022.

R. M. Meganck and R. S. Bar-
ic, “Developing therapeutic ap-
proaches for twenty-first-century
emerging infectious viral diseas-
es,” Nature medicine, vol. 27, no.
3, pp. 401-410, 2021.

M. Mei and X. Tan, “Current strat-
egies of antiviral drug discov-
ery for COVID-19,” Frontiers in

Molecular Biosciences, vol. 8, p.



157 ||

dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

671263, 2021.

[9] B. C. Gongalves et al., “Antiviral

therapies: advances and perspec-
tives,” Fundamental & Clinical
Pharmacology, vol. 35, no. 2, pp.
305-320, 2021.

[10]J. D. Jensen, R. A. Stikeleather, T.

F. Kowalik, and M. Lynch, “Im-
posed mutational meltdown as an

antiviral strategy,” Evolution, vol.
74, no. 12, pp. 2549-2559, 2020.

[11]R. A. Al-Horani, S. Kar, and K. F.

Aliter, “Potential anti-COVID-19
therapeutics that block the early
stage of the viral life cycle: struc-
tures, mechanisms, and clinical
trials,” International Journal of

Molecular Sciences, vol. 21, no.
15, p. 5224, 2020.

[12]S. M. Imani, L. Ladouceur, T. Mar-

shall, R. Maclachlan, L. Soleyma-
ni, and T. F. Didar, “Antimicrobial
nanomaterials and coatings: Cur-
rent mechanisms and future per-
spectives to control the spread of
viruses including SARS-CoV-2,”
ACS nano, vol. 14, no. 10, pp.
12341-12369, 2020.

[13]O. Gould, N. Drabinska, N. Rat-

cliffe, and B. de Lacy Costello,

“Hyphenated mass spectrometry
versus real-time mass spectrome-
try techniques for the detection of
volatile compounds from the hu-
man body,” Molecules, vol. 26, no.
23, p. 7185, 2021.

[14]V. Fiandra, L. Sannino, C. An-

dreozzi, G. Flaminio, and M. Pel-
legrino, “New PV encapsulants:
assessment of change in optical
and thermal properties and chem-
ical degradation after UV aging,”
Polymer Degradation and Stabili-
ty, vol. 220, p. 110643, 2024.

[15]V. Soni et al., “Current perspec-

tive in metal oxide based photo-
catalysts for virus disinfection: A
review,” Journal of Environmental
Management, vol. 308, p. 114617,
2022.

[16]M. R. Siddiqui, Z. A. AlOth-

man, and N. Rahman, “Analyt-
ical techniques in pharmaceuti-
cal analysis: A review,” Arabian
Journal of chemistry, vol. 10, pp.
S1409-S1421, 2017.

[17]S. Gorog, “The paradigm shifting

role of chromatographic methods
in pharmaceutical analysis,” J.

Pharm. Biomed. Anal., vol. 69, pp.



Chromatographic Techniques in the Quantification and Analysis of Antiviral Drugs: A Review
......................................................... Ghufran Ashour Hammood , Ashraf Saad Rasheed , Mustafa J. Mohammed J { 158

2-8, 2012.

[18]G. Szepesi and S. Nyiredy, “Phar-
maceuticals and drugs,” Chro-
matogr. Sci. Ser., vol. 71, pp. 819-
876, 1996.

[19]M. Santiago and S. Strobel, “Chap-
ter Twenty-Four-Thin Layer Chro-
matography,” Laboratory Methods
in Enzymology: Cell, Lipid and
Carbohydrate (ed. Lorsch, JBT-M.
in E.) vol, vol. 533, pp. 303-324,
2013.

[20]P. Lillsunde and T. Korte, “Com-
prehensive drug screening in urine
using solid-phase extraction and
combined TLC and GC/MS iden-
tification,” J. Anal. Toxicol., vol.
15, no. 2, pp. 71-81, 1991.

[21]T. Sia, L. Wulandari, and G. In-
drayanto, “TLC determination of
acyclovir in pharmaceutical prepa-
rations, and validation of the meth-
od used,” JPC-Journal of Planar
Chromatography-Modern  TLC,
vol. 15, no. 1, pp. 42-45, 2002.

[22]F. M. Salama, K. A. Attia, A. A.
Abouserie, A. El-Olemy, and E.
Abolmagd, “Application of TLC
densitometric method for simul-

taneous estimation of the newly

co-formulated antiviral agents le-
dipasvir and sofosbuvir in their
tablet dosage form,” Analytical
Chemistry Letters, vol. 7, no. 2,
pp. 241-247, 2017.

[23]D. A. Noureldeen, J. M. Boushra,

A. S. Lashien, A. F. A. Hakiem,
and T. Z. Attia, “Novel environ-
ment friendly TLC-densitomet-
ric method for the determination
of anti-coronavirus drugs “Rem-
desivir and Favipiravir”: Green
assessment with application to
pharmaceutical formulations and

human plasma,” Microchem. J.,
vol. 174, p. 107101, 2022.

[24]Y.-L. Chew, M.-A. Khor, and Y.-Y.

Lim, “Choices of chromatographic
methods as stability indicating as-
says for pharmaceutical products:
A review,” Heliyon, vol. 7, no. 3,
2021.

[25]A. Subasranjan, P. Suresh, C.

Srinivasulu, and R. Hemant, “A
validated stability-indicating gas
chromatography method for deter-
mination of divalproex sodium im-
purities in pharmaceutical prepara-
tion,” Drug Testing and Analysis,
vol. 2, no. 4, pp. 182-187, 2010.



159 ||

dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

[26]D. G. Watson, ‘“Pharmaceutical

Analysis, Churchill Livingstone,”
ed: Harcourt Publishers Limited,
1999.

[27]A. Chauhan, M. K. Goyal, and

P. Chauhan, “GC-MS technique
and its analytical applications in
science and technology,” J. Anal.
Bioanal. Tech, vol. 5, no. 6, p. 222,
2014.

[28]M. A. Farajzadeh, K. Farhadi,

A. A. Matin, P. Hashemi, and A.
Jouyban, “Headspace solid-phase
microextraction-gas chromatogra-
phy method for the determination
of valproic acid in human serum,
and formulations using hollow-fi-
ber coated wire,” Anal. Sci., vol.
25, no. 7, pp. 875-879, 2009.

[29]R. Jain, B. Jain, A. Kabir, A. Ba-

jaj, R. Ch, and S. Sharma, “Fab-
ric phase sorptive extraction-gas
chromatography-mass spectrome-
try for the determination of favi-
piravir in biological and forensic

29

samples,” Advances in Sample
Preparation, vol. 6, p. 100058,

2023.

[30]F. Gouveia, J. Bicker, J. Gongalves,

G. Alves, A. Falcao, and A. For-

[32]K.  Nakashima,

tuna, “Liquid chromatographic
methods for the determination of
direct oral anticoagulant drugs
in biological samples: A critical
review,” Anal. Chim. Acta, vol.
1076, pp. 18-31, 2019.

[31]A. H. Ali, “High-Performance

Liquid Chromatography (HPLC):
A review,” Ann Adv Chem, vol. 6,
pp. 010-020, 2022.
“High-perfor-
mance liquid chromatographic
analysis of drugs of abuse in bio-
logic samples,” Journal of Health
Science, vol. 51, no. 3, pp. 272-
277, 2005.

[33]S. D. Kumar and D. H. Kumar,

“Importance of RP-HPLC in an-
alytical method development: a
review,” International journal of
pharmaceutical sciences and re-
search, vol. 3, no. 12, p. 4626,
2012.

[34]E. M. Raoof, M. J. Mohammed, B.

A. Al-phalahy, and A. S. Rasheed,
“Analytical Insights into Drug
Evaluation in Wastewater Using
Hydrophilic Interaction Liquid
Chromatography: A Review of
Current Progress and Challenges,”



Chromatographic Techniques in the Quantification and Analysis of Antiviral Drugs: A Review
......................................................... Ghufran Ashour Hammood , Ashraf Saad Rasheed , Mustafa J. Mohammed

|| 160

Chemistry Africa, vol. 8, no. 9, pp.
4013-4027, 2025.

[35]R. Bhandare, V. Londhe, A.
Ashames, N. Shaikh, and S. Z.
Alabdin, “Enhanced solubility of
microwave-assisted  synthesized
acyclovir Co-crystals,” Research
Journal of Pharmacy and Tech-
nology, vol. 13, no. 12, pp. 5979-
5986, 2020.

[36]Y.-P. Wei et al., “Critical review
of synthesis, toxicology and detec-
tion of acyclovir,” Molecules, vol.
26, no. 21, p. 6566, 2021.

[37]A. A. Castro, A. 1. P. Cordoves, and
P. A. M. Farias, “Determination of
the antiretroviral drug acyclovir in
diluted alkaline electrolyte by ad-
sorptive stripping voltammetry at
the mercury film electrode,” Ana-
Iytical chemistry insights, vol. 8, p.
ACI. S11608, 2013.

[38]K. Ktysik, A. Pietraszek, A. Kare-
wicz, and M. Nowakowska, “Acy-
clovir in the treatment of herpes
viruses—a review,” Current medic-
inal chemistry, vol. 27, no. 24, pp.
4118-4137, 2020.

[39]A. Albaz, M. Sayed-Ahmed, E.

Younis, and M. Khodier, “Inves-

tigation of the antiviral effect of
acyclovir on canine parvovirus in-
fection,” Pharmacy & Pharmacol-
ogy International Journal, vol. 2,
pp. 36-39, 2015.

[40]E. Naderkhani, A. Erber, N.
Skalko-Basnet, and G. E. Flaten,
“Improved permeability of acyclo-
vir: optimization of mucoadhesive
liposomes using the phospholipid
vesicle-based permeation assay,”
J. Pharm. Sci., vol. 103, no. 2, pp.
661-668, 2014.

[41]R. Sayed, M. El-Masry, W. Has-
san, M. El-Mammli, A. Shalaby,
and H. Y. Aboul-Enein, “Validated
HPLC Method for the simultane-
ous determination of acyclovir and
co-administered vitamin B3 and
gabapentin in spiked human plas-
ma,” Separation Science Plus, vol.
1, no. 7, pp. 475-482, 2018.

[42]N. S. Malik, M. Ahmad, M. U.
Minhas, and Q. Khalid, “Determi-
nation of acyclovir in rabbit plas-
ma by high performance liquid
chromatographic (HPLC) tech-
nique,” Acta Poloniae Pharma-

ceutica-Drug Research, vol. 76,
no. 3, pp. 421-429, 2019.



161 dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

[43]G. Silva, A. Caldeira, F. Damico,
B. Takahashi, A. Silva-Cunha, and

of medical sciences, vol. 3, no. 1,
p. 32, 2015.

S. Fialho, “Analysis of acyclovir [47]J. B. Reolon, M. Brustolin, S. E.

in vitreous humor by a validat-
ed HPLC method,” Die Pharma-
zie-An International Journal of

Pharmaceutical Sciences, vol. 68,
no. 4, pp. 235-239, 2013.

[44]S. Muralidharan, J. Kalaimani, S.

Parasuraman, and S. A. Dhanaraj,
“Development and validation of
acyclovir HPLC external standard
method in human plasma: applica-
tion to pharmacokinetic studies,”
Advances in Pharmaceutics, vol.
2014, 2014.

[45]A. Miige, M. S. Kaynak, and S.

Sahin, “Simultaneous determina-
tion of acyclovir, metoprolol and
phenol red by a RP-HPLC method
for intestinal perfusion studies,”
Hacettepe University Journal of
the Faculty of Pharmacy, no. 2,
pp. 146-161, 2015.

[46]D. Zendelovska et al., “Determi-

nation of Acyclovir in human plas-
ma samples by HPLC method with
UV detection: Application to Sin-
gle-Dose Pharmacokinetic Study,”

Open access Macedonian journal

Haas, E. A. Bender, M. D. Male-
suik, and L. M. Colomé, “Devel-
opment and validation of high-per-
formance liquid chromatography
method for simultaneous determi-
nation of acyclovir and curcum-
in in polymeric microparticles,”
Journal of Applied Pharmaceuti-
cal Science, vol. 8, no. 1, pp. 136-
141, 2018.

[48]B. T. Al Quadeib, “A simple RP-

HPLC method for Acyclovir de-
termination in tablet and cream

dosage forms,” Drug Discovery,
vol. 13, pp. 107-114, 2019.

[49]K. Gerzon, E. V. Krumkalns, R.

L. Brindle, F. J. Marshall, and M.
A. Root, “The adamantyl group in
medicinal agents. 1. Hypoglyce-
mic N-arylsulfonyl-N’-adamanty-
lureas,” J. Med. Chem., vol. 6, no.
6, pp. 760-763, 1963.

[50])J. Maj, H. Sowinska, L. Baran,

and J. Sarnek, “Pharmacological
effects of 1, 3-dimethyl-5-amino-
adamantane, a new adamantane

derivative,” European Journal of



Chromatographic Techniques in the Quantification and Analysis of Antiviral Drugs: A Review
......................................................... Ghufran Ashour Hammood , Ashraf Saad Rasheed , Mustafa J. Mohammed

|| 162

Pharmacology, vol. 26, no. 1, pp.
9-14, 1974.

[51]J. L. McKimm-Breschkin and
A. M. Fry, “Meeting report: 4th
ISIRV antiviral group conference:
novel antiviral therapies for influ-
enza and other respiratory virus-
es,” Antiviral research, vol. 129,
pp. 21-38, 2016.

[52]G. A. Abreu, M. H. Aguilar, D.
H. Covarrubias, and F. R. Duran,
“Amantadine as a drug to mitigate
the effects of COVID-19,” Med
Hypotheses, vol. 140, no. 109755,
p. 10.1016, 2020.

[53]Z. Lan et al., “Amantadine inhib-
its cellular proliferation and induc-
es the apoptosis of hepatocellular
cancer cells in vitro,” Internation-
al Journal of Molecular Medicine,
vol. 36, no. 3, pp. 904-910, 2015.

[54]S. Zhao, D. Li, J. Qiu, M. Wang,
S. Yang, and D. Chen, “Simulta-
neous determination of amanta-
dine, rimantadine and chlorphe-
niramine in animal-derived food
by liquid chromatography-tandem
mass spectrometry after fast sam-
ple preparation,” Analytical Meth-
ods, vol. 6, no. 17, pp. 7062-7067,

2014.

[55]F. Wang, S. Zhang, C. Sheng, X. e.
Zhao, and J. You, “Sensitive deter-
mination of amantadine in micro-
dialysis samples from rat plasma
by HPLC with fluorescence detec-
tion,” Journal of Liquid Chroma-
tography & Related Technologies,
vol. 38, no. 17, pp. 1622-1628,
2015.

[56]Z. Wang, X. Wang, Y. Wang, C.
Wu, and J. Zhou, “Simultaneous
determination of five antiviral
drug residues and stability studies
in honey using a two-step fraction
capture coupled to liquid chroma-
tography tandem mass spectrome-
try,” J. Chromatogr. A, vol. 1638,
p. 461890, 2021.

[57]H. Yan et al., “Determination of
amantadine and rimantadine in
chicken muscle by QuEChERS
pretreatment method and UHPLC
coupled with LTQ Orbitrap mass
spectrometry,” Journal of Chro-
matography B, vol. 938, pp. 8-13,
2013.

[58]P. Mu ef al., “Simultancous deter-
mination of 14 antiviral drugs and

relevant metabolites in chicken



163 ||

dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

muscle by UPLC-MS/MS after
QuEChERS preparation,” Journal
of Chromatography B, vol. 1023,
pp. 17-23, 2016.

[59]Y. Tsuruoka et al., “Simultane-

ous determination of amantadine,
rimantadine, and memantine in
processed products, chicken tis-
sues, and eggs by liquid chro-
matography with tandem mass
spectrometry,” Journal of Chro-
matography B, vol. 1044, pp. 142-
148, 2017.

[60]A. Bhadoriya, S. Rathnam, B.

Dasandi, D. Parmar, M. Sanyal,
and P. S. Shrivastav, “Sensitive
and rapid determination of aman-
tadine without derivatization in
human plasma by LC-MS/MS for
a bioequivalence study,” Journal
of Pharmaceutical Analysis, vol.
8, no. 3, pp. 202-207, 2018.

[61]A. Kapoor, A. D. Ankalgi, U. Thak-

ur, V. Pandit, and M. S. Ashawat,
“Method development and valida-
tion for multicomponent analysis
of emtricitabine and ritonavir in
bulk drug by RP-HPLC,” Journal
of Drug Delivery and Therapeu-
tics, vol. 10, no. 6, pp. 137-144,

2020.

[62]).-). Parienti et al., “Effect of

tenofovir  disoproxil fumarate
and emtricitabine on nasopha-
ryngeal SARS-CoV-2 viral load
burden amongst outpatients with
COVID-19: a pilot, randomized,
open-label phase 2 trial,” EClini-
calMedicine, vol. 38, 2021.

[63]C. Pavani and E. Susithra, “A nov-

el simultaneous high performance
liquid chromatography-PDA
method for the determination of
Tenofovir AF, Darunavir, Emtric-
itabine and Cobicistat in bulk and
its application to marketed formu-
lation,” F.J.Pharm.Sci., vol. 8, no.
1, pp. 1-11, 2022.

[64]P. K. Kasu and B. Satyanarayana,

“Real-Time Fortitude Of Emtric-
itabine, Dolutegravir And Tenofo-
vir In Pharmaceutical Dosage By
Rp-Hplc Method Through Stabil-
ity Studies,” J. Pharm. Negat. Re-
sults, pp. 678-689, 2022.

[65]P. S. Devrukhakar, R. Borkar, N.

Shastri, and K. Surendranath, “A
validated stability-indicating RP-
HPLC method for the simultane-

ous determination of tenofovir,



Chromatographic Techniques in the Quantification and Analysis of Antiviral Drugs: A Review
Ghufran Ashour Hammood , Ashraf Saad Rasheed , Mustafa J. Mohammed J { 164

emtricitabine, and a efavirenz and
statistical approach to determine
the effect of variables,” Interna-

tional Scholarly Research Notices,
vol. 2013, 2013.

[66]G. Singh and R. S. Pai, “Optimi-

zation (central composite design)
and validation of HPLC method
for investigation of emtricitabine
loaded poly (lactic-co-glycolic
acid) nanoparticles: in vitro drug
release and in vivo pharmacoki-
netic studies,” The Scientific World
Journal, vol. 2014, 2014.

[67]S. Venkatesan, N. Kannappan, and

S. S. Mannemala, “Stability-indi-
cating HPLC method for the si-
multaneous determination of HIV
tablet containing emtricitabine,
tenofovir disoproxil fumarate, and
rilpivirine hydrochloride in phar-
maceutical dosage forms,” Inter-

national Scholarly Research No-
tices, vol. 2014, 2014.

[68]K. Sujatha, T. S. R. K. A. Babu,

K. Kavitha, and K. Chitra, “RP-
HPLC method development and

validation of emtricitabine in syn-

thetic mixture,” World Journal of

Pharmaceutical Research, vol. 3,

no. 6, pp. 499-505, 2014.

[69]R. R. Jampala, V. K. Kumar, and A.

R. Nemala, “Development and ap-
plication of liquid chromatograph-
ic method for simultaneous deter-
mination of elvitegravir, tenofovir
disoproxil fumarate, emtricitabine,
and cobicistat in fixed dosage
form,” Pharmaceutical Methods,
vol. 5, no. 1, pp. 7-13, 2014.

[70]A. P. Reddy, U. C. Teja, S. A. Sul-

tana, M. Vijayalakshmi, and B. N.
Nalluri, “Development and vali-
dation of RP-HPLC-PDA method
for the simultaneous estimation of
emtricitabine, tenofovir disoprox-
il fumarate and rilpivirine hydro-
chloride in bulk, pharmaceutical
dosage forms and in dissolution
samples,” Indo American Journal

of Pharmaceutical Research, vol.
4, p. 11, 2014.

[71]1Q. Tan et al, “Is oseltami-

vir suitable for fighting against
COVID-19: In silico assessment,
in vitro and retrospective study,”
Bioorganic chemistry, vol. 104, p.
104257, 2020.

[72]H. Yousefi, L. Mashouri, S. C. Ok-

pechi, N. Alahari, and S. K. Ala-



165 ||

dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

hari, “Repurposing existing drugs
for the treatment of COVID-19/
SARS-CoV-2 infection: A review
describing drug mechanisms of
action,” Biochem. Pharmacol.,
vol. 183, p. 114296, 2021.

[73]S. Agrawal, A. D. Goel, and N.
Gupta, “Emerging prophylax-
is strategies against COVID-19,”
Monaldi Archives for Chest Dis-
ease, vol. 90, no. 1, 2020.

[74]R. Hernu et al., “Early oseltamivir
therapy improves the outcome in
critically 1ll patients with influen-
za: a propensity analysis,” Inten-
sive care medicine, vol. 44, pp.
257-260, 2018.

[75]N. Lee and M. Ison, “Neuramin-
idase inhibitors for influenza-like
illness in primary care,” The Lan-
cet, vol. 395, no. 10217, pp. 4-6,
2020.

[76]C. Butler et al., “Oseltamivir Plus
Usual Care versus Usual Primary
Care for Influenza-Like-Illness:
An Open-Label, Pragmatic, Ran-
domized Controlled Trial,” 2019.

[77]M.-F. Huang, Y.-R. Lin, Y.-T.
Chang, Y.-L. Shiue, and S.-S. Li-

ang, “Reductive amination assis-

tance for quantification of osel-
tamivir phosphate and oseltamivir
carboxylate by HPLC-MS/MS,” J.
Chromatogr. B, vol. 1087, pp. 23-
28, 2018.

[78]A. V. S. Babu and H. K. Sharma,
“Stability Indicative and Cost Ef-
fective Analytical Method Devel-
opment and Validation Of Favip-
iravir and Oseltamivir in Bulk And
Pharmaceutical Dosage Form By
Using Rp-Hplc,” 2022.

[79]W. Kromdijk, H. Rosing, M. Van
den Broek, J. Beijnen, and A.
Huitema, “Quantitative determi-
nation of oseltamivir and osel-
tamivir carboxylate in human flu-
oride EDTA plasma including the
ex vivo stability using high-per-
formance liquid chromatography
coupled with electrospray ioniza-
tion tandem mass spectrometry,”
Journal of Chromatography B,
vol. 891, pp. 57-63, 2012.

[80]A. Gupta, S. Guttikar, P. S. Shri-
vastav, and M. Sanyal, “Simulta-
neous quantification of prodrug
oseltamivir and its metabolite os-
eltamivir carboxylate in human
plasma by LC-MS/MS to support



Chromatographic Techniques in the Quantification and Analysis of Antiviral Drugs: A Review
Ghufran Ashour Hammood , Ashraf Saad Rasheed , Mustafa J. Mohammed J { 166

a bioequivalence study,” Journal
of pharmaceutical analysis, vol. 3,
no. 3, pp. 149-160, 2013.

[81]T. Bano, R. Dudhe, and N. Kumar,
“Development and validation of
RP-HPLC method for the deter-
mination of oseltamivir phosphate
APL,” J Progressive Res Chem,
vol. 2, pp. 69-72, 2015.

[82]S. Kousar, M. A. Hareesha, and
S. Lavasri, “Development of RP-
HPLC method for the estimation
of Oseltamivir in pharmaceutical
dosage form,” Indian Journal of
Research in Pharmacy and Bio-
technology, vol. 5, no. 5, pp. 345-
349, 2017.

[83]S. Gungor, 1. Bulduk, B. Sultan
Aydm, and R. Ilikct Sagkan, “A
comparative study of HPLC and
UV spectrophotometric methods
for oseltamivir quantification in
pharmaceutical formulations,”

Acta Chromatographica, 2021.



