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This review focuses on the pharmaceutical analytical profile of Remdesivir, a crucial
antiviral drug used to treat viral infections like SARS-CoV-2. It emphasizes the drug's
pharmacological importance and structural attributes, highlighting the critical need for
precise analytical techniques to ensure its efficacy, stability, and safety. The review
explores various methods for analyzing Remdesivir, each tailored to address specific
aspects of its quality and performance. Non-aqueous titration assesses the drug’s
solubility and stability in non-water solvents, while isothermal titration calorimetry
(ITC) provides valuable insights into its interactions and thermodynamic properties.
Electrochemical analysis offers sensitive and cost-effective evaluations of purity and
stability. High-Performance Liquid Chromatography (HPLC) is noted for its reliability
in routine quantification, with advanced techniques like LC-MS and UPLC-MS/MS
ensuring the accurate detection of trace impurities and degradation products.
Furthermore, spectrophotometric methods, including UV-Visible spectrophotometry
and spectrofluorimetry, are highlighted for their simplicity and effectiveness in
structural verification and quantitative analysis. Together, these techniques ensure
Remdesivir's quality, safety, and therapeutic efficacy, supporting its critical role in
pharmaceutical research and regulatory compliance.

INTRODUCTION

forecasting that the outbreak would double in size

The novel coronavirus which is from Wuhan is
now causing a consideration in the medical field as
the virus has become a contagious disease. The
virus is been identified in late December 2019 [1].
Increasing evidence suggests that COVID-19 is
transmitted between individuals [2]. The number of
cases kept increasing quickly, with studies

every 1.8 days [3]. On December 31, 2019,
Wuhan, located in Hubei province, China,
reported multiple cases of pneumonia [4]. On
January 7, 2020, Chinese health officials identified
the virus as a coronavirus, showing over 95%
similarity to bat coronaviruses and more than 70%
similarity to SARS-CoV-2 [4,5]. The sharp rise in
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cases, including some unrelated to the live animal
market, indicates that the disease may be
transmitted through person-to-person contact [6].
In Spanish, "corona" translates to "crown "
[7].COVID-19 is another term used for the
coronavirus [8]. Coronaviruses (CoVs) are single-
stranded, positive-sense RNA viruses that cause
illness in both humans and animals [9] . Symptoms
can include coughing, fever, sneezing, sore throat,
headache, fatigue, chills, body aches, and a loss of
taste and smell [10,11] . Symptoms are known to
appear following an incubation period of 2 to 14
days [12]. The diagnosis of coronaviruses is done
using reverse transcription-polymerase chain
reaction (RT-PCR) and CRISPR [13] . Some
antiviral drugs used in the treatment of coronavirus
include  remdesivir,  favipiravir, lopinavir,
hydroxychloroquine, nitazoxanide, and ivermectin
[ 14,15,16,17,18 ]. Chemically, it is 2-Ethylbutyl
(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-

phenoxyphosphoryl] amino] propanoate[19].
Remdesivir is a prodrug that imitates the
nucleoside adenosine. Due to the low cell
permeability of nucleosides, drug latentiation is
essential. Antiviral medications that are nucleoside
analogs are frequently modified into forms like
monophosphate, ester, or phosphonamidite. These
changes enhance cellular permeability, allowing
the drug to enter the cell and cross the membrane,
where it is subsequently converted into the
nucleoside or nucleoside monophosphate form
through biotransformation [20]. The cyano group
at the 1’position of ribose, unique to remdesivir, is
thought to prevent the molecule from binding to
host mitrochondrial RNA. The highly nucleophilic
C-C bond likely contributes to the cyano group’s
increased stability during cellular activation. The
phosphoramido group boosts the molecule’s
lipophilicity, while the phosphorous-attached
lipophilicity

phenoxy group also enhances

improving cellular permeability[21,22].
Remdesivir is a recently developed antiviral
medication by Gilead Sciences, intended for the
treatment of hepatitis [23,24,25]. Remdesivir is an
antiviral medication used to treat coronavirus
infections. It has a molecular weight of 602.59
g/mol and the chemical formula C27H35N608P.
Remdesivir has a water solubility of 0.339 mg/L
and pKa values of 10.23/0.65.

Figure 1. Structure of Remdesivir
Pharmacokinetics Properties
For the patients, remdesivir was administered
intravenously (i.v.). The dosage involved 200 mg
i.v. infused over 30 minutes on the first day,
followed by 100 mg i.v. daily over 30 minutes
from days 5 to 10. Remdesivir showed a protein
binding percentage of 2% while its metabolite GS-
441524 had a binding percentage of 2%.
Metabolism
Remdesivir is primarily eliminated through
metabolism, glomerular filtration, and active
tubular secretion (specifically for GS-441524).
The drug is excreted in urine at rates of 10% for
remdesivir and 49% for GS-441524, while
excretion in faeces occurs at ND for remdesivir
and 0.5% for GS-441524
The FDA
Pharmacodynamics Properties
Remdesivir is a broad-spectrum nucleotide
prodrug that acts as an adenosine analogue[26].
And is effective against various endemic,
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emerging, and enzootic coronaviruses (CoV)
[27,28]. These prodrugs typically exhibit greater
cellular permeability and are metabolized to
produce  nucleosides or  phosphorylated
nucleosides [29,30]. Remdesivir is highly
efficacious, but it has a weak solubility profile
(ageous solubility of 0.339 mg/mL, with
sulfobutylether-cyclodextrin  sodium (SBECD)
enhancing solubility to 5 mg/mL, logP values
ranging from 2.0 to 2.2, and a pKa of 10.23).
Additionally, it is primarily eliminated through the
kidneys (78%) [31]. On the first day, a 200 mg of
loading dose is administered intravenously, after
which a daily maintenance dose of 100 mg is given
via a 30 minute infusion for a maximum of 10 days
[32]. Host cells transform the C-adenosine
analogue (GS-441524) and its
monophosphoramidate prodrud, Remdesivir, into
an active nucleoside triphosphate (NTP). Inside
the host cells ,Remdesivir is hydrolyzed to produce
and alanine metabolites (GS-704277), which is

then converted into monophosphate and
diphosphate derivatives before being
triphosphorylated[33,24]. The nucleotide

analogue Remdesivir triphosphate acts as a
substrate for the viral RNA-dependent RNA
polymerase (RdRp), playing a crucial role in
controlling the replication of SARS-CoV-2[34].
Remdesivir also targets the viral RNA-dependent
RNA polymerase, leading to the inhibition of
SARS-CoV-1 in laboratory studies[35].. Research
has demonstrated that using RMD treatment can
help decelerate the advancement of severe
respiratory illness[36]. On October 22, 2020, the
FDA approved Remdesivir as a treatment for
COVID-19 due to positive clinical outcomes and
its temporary authorization for compassionate
use[36,27]. The presence of a distinct
exoribonuclease (ExoN) has posed a challenge in
creating potent nucleoside analogues to combat
coronaviruses. Exonuclease (ExoN) functions as a
proofreading enzyme, rectifying mistakes in the
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RNA chain during the elongation process [34, 37].
Remdesivir demonstrates enhanced effectiveness
against viruses that do not have ExoN; yet, it is
capable of partially resisting proofreading and
sustaining substantial antiviral efficacy even in the
presence of ExoN [38]. ExoN seamlessly
integrates into replicating RNA with greater
efficiency compared to native nucleotides, hence
diminishing remdesivir's effectiveness [34,39,40].
Polymers

At present, Remdesivir is administered via
injectables, which introduces certain challenges.
The function of remdesivir polymorphs are
fascinating and warrant investigation to explore all
possible mechanisms for its delivery[41]. Since it
greatly affects product stability, tableting and
compression characteristics, dissolution rate and
profiles, and conclusively pharmacokinetic, the
nature of therapeutics drugs-including co-crystals,
salts, and polymorphism-should be taken into
account in the fight against COVID-19[42,43].
Remdesivir exists in two solvent-free polymorphic
forms, RDV-l and RDV-Il, each exhibiting
distinct physiochemical and pharmacokinetics
characteristics, Although remdesivir has four
polymorphs (RDV-I through RDV-1V), its exact
molecular connectivity remains uncertain due to
the absence of single-crystal diffraction data.
RDV-1Il was believed to contain a harmful
CH2CI2 solvent, while RDV-IV was considered
unstable in solution and quickly converted to
RDV-II [44]. Available Market Formulations of
Remdesivir

Remdesivir is the newest medication in the
pharmaceutical industry for treating coronavirus
and is n parentral form. Table 1 provides
information on several companies and their
respective brand names

Table 1 . Selected pharmaceutical formulations of
Remdesivir available in the market
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S.NO Company | Brand Name Available | References
Dosage (mg)

1. Cipla CIPREMI 100mg [45]

2. Hetero HC COVIFOR 100mg [46]

3. Mylan DESREM 100mg [47]

4. Zydus Cadila REMDAC 100mg [48]
Analytical methods for Quantifying  Remdesivir was conducted for the first time. This
Remdesivir study explored an anodic approach using the

Non-Aqgeous Titration

The WHO has proposed a draft for the inclusion of
Remdesivir in the International Pharmacopoeia.
They recommend a non-ageous titration method
for assaying Remdesivir, involving the dissolution
of 0.4 g in 50 mL of glacial acetic acid, followed
by titration with 0.1 mol/L perchloric acid. Each
milliliter of 0.1 mol/L perchloric acid corresponds
to 60.26 mg of Remdesivir [49].

Multiple Isothermal Titration Calorimetry
(Itc)
Isothermal titration calorimetry (ITC) under

multiple conditions.Experts from universities in
Spain and the USA conducted various isothermal
titration calorimetry (ITC) experiments in
conjunction  with  computational  molecular
dynamics simulations. Their aim was to explore
the structural and thermodynamic elements of the
connection between CAPTISOL and either neutral
or protonated Remdesivir. At a pH of 3, thorough
examination of the calorimetric data revealed a
robust complex with a high association constant of
10M4. The profiles of the potential mean force
(PMF) indicated that lower association constant
values correspond to less tightly bound structures
with fewer sulfobutylether (SBE) substitutions.
This finding is in agreement with the results from
isothermal titration calorimetry (ITC) that
emphasized how the affinity is notably impacted
by both the quantity and positioning of
CAPTISOL-containing structures [50].

Electrochemical Method Of Analysis

Theoretical analysis of the electrochemical
determination of the anti-COVID-19 drug

Squaring  Dye-Ag202  combination.  The
mechanism of the electroanalytical process is
complex, suggesting a dynamic nature. A
mathematical model study, grounded in linear
stability theory and bifurcation analysis,
demonstrates that the composite achieves genuine
electroanalytical efficiency as an electrode
modification, despite being a modification itself
[51].

Typically both qualitative and quantitative
analysis of remdesivir is conducted using methods
such as HPLC, LCMS, fluorometry, and UV-
Visible spectrosccopy

High-Performance Liquid Chromatography
Method (Hplc)

In HPLC, each chemical substance in the sample
are separated according to its particular affinity for
the absorbent material in the mobile phase or in the
column, enabling the different components to
move at different rates and achieve separation[52].
The separation of HPLC is influenced by factors
such as the polarity, pH, flow rate, and other
characteristics of the mobile phase, along with the
type and nature of the stationary phase.
Additionally,  environmental  factors like
temperature, as well as the type and settings of the
detector, also play a role[53]. For non-
pharmacopeial products, an alternative method can
be improved by reducing costs and time while
enhancing precision and robustness. When a
proposed alternative method is intended to replace
an existing procedure, comparative laboratory data
outlining its advantages and limitations are
typically provided. The HPLC technique is
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designed to separate and quantify the main active
compound, reactive  impurities,  synthetic
intermediates, and degradation products [54].

The WHO proposal monograph for Remdesivir
[55] outlines an HPLC method for determining
Remdesivir and its related compounds in the
finished product. The method employs a stainless
steel column (4.6 mm x 25 cm) packed with end-
capped silica gel particles bonded with
octadecylsilyl groups (5 um). The mobile phase
consists of 35 parts phosphoric acid solution and
65 parts methanol, with a flow rate of 1.0 mL per
minute. Detection is performed using a UV
spectrophotometer set at a wavelength of 237 nm,
with the column temperature maintained at 25 °C.
For analysis, 5 pL of both standard and test
solutions are injected, and the chromatograms are
recorded over 25 minutes. The percentage content
of C17H35N608P in the sample is determined by
comparing the peak areas corresponding to
Remdesivir in the standard and test solution
chromatograms, using the specified content of
C17H35N608P in Remdesivir as a reference.
Umstead [56], in the DAICEL Chiral
Technologies proposal, detailed an HPLC method
for the chiral separation and determination of
Remdesivir and its key starting materials in the
final product. The method employed a
CHIRALPAK® IA-3 column (250 mm x 4.6 mm
i.d.) and utilized a mobile phase comprising n-
Hexane, Ethanol, IPA, Ethanolamine, and Formic
Acid in aratio of 80:5:15:0.05:0.1 (v/v/v/viv), with
a flow rate of 1.5 mL/min. Detection was
performed using a UV spectrophotometer at 245
nm with a reference wavelength of 450 nm. The
column temperature was maintained at 40 °C. A
standard solution (1.0 mg/mL) was prepared in a
mixture of Hexane and Ethanol (50/50, v/v), and
10 pL was injected for analysis, with
chromatograms recorded over 40 minutes.
Separately, the Waters proposal investigated
analytical methods for Remdesivir, focusing on its

separation and determination to monitor
biotransformation events.
Alden et al. [57] described a liquid

chromatography method combined with optical or
mass spectrometric detection for analyzing
nucleotide analogs using tributylamine as an ion-
pairing agent. The study employed an Atlantis
PREMIER BEH C18 AX 1.7 um column (2.1 %X 50
mm) with an incremental gradient elution to
separate analytes across a broad range of polarities
in a single run. The mobile phases were prepared
on-line using lonHance buffer concentrates diluted
at a 1:5 ratio to achieve final concentrations of 100
mM in 4% acetonitrile for lonHance CX-MS
Concentrate A (pH 5) and 200 mM in 4%
acetonitrile for lonHance Ammonium Acetate (pH
6.8). The gradient transitioned from 5 mM
ammonium acetate (pH 6.8) in 0% acetonitrile to
20 mM ammonium acetate (pH 6.8) in 60%
acetonitrile within 4 minutes, followed by a 0.5-
minute return to the initial concentration. A longer
8-minute gradient also showed promising results.
The flow rat e was 0.5 mL/min, with the column
maintained at 50 °C and samples at 12 °C.
Detection was performed using an Acquity
Premier PDA Detector and an Acquity QDa Mass
Detector. Reddy et al. [58] developed a validated
HPLC method with a UV detector to quantify
degradation products in Remdesivir injectable
formulations. The method utilized a Kromasil
KR100-5 C18 column (250 mm x 4.5 mm, 5 um)
and was validated according to current regulatory
guidelines, including those from the International
Conference on Harmonization (ICH). The method
effectively measured degradation products at
concentrations ranging from the quantification
level to 200% of the specification for both known
and unknown impurities and was successfully
applied to analyze Remdesivir injectable products.
Patel et al. [59] designed an RP-HPLC technique
for separating and quantifying Remdesivir in its
API form. The method used a C18 column (250
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mm x 4.6 mm, 5 um) with a mobile phase of
Buffer (pH 5.0): Acetonitrile (30:70) at a flow rate
of 1 mL/min and detection at 253 nm. The
retention time was 4.402 minutes, and the method
demonstrated acceptable linearity, accuracy, and
precision, with a linearity range of 10-30 pg/mL.
Stress testing revealed significant degradation
under alkaline conditions, highlighting its
stability.

.Liquid Chromatography Mass Spectrometry
Method

An LC-MS system consists of an autosampler,
HPLC system, ionization source (which links the
LC to the MS), and the mass spectrophotometer.
It’s important to note that the mobile phases and
flow rates compatible with HPLC-MS connections
are limited, Restrictions also apply to mobile phase
modifiers, which typically need to be volatile.
These modifiers are chemicals added to the mobile
phase to enhance the chromatography of target

analytes, with common examples including
ammonium acetate, acetic acid, and formic acid.
Numerous studies highlight the key HPLC
parameters essential for LC-MS analyses
[60,61,62,]. The two most commonly used
ionization sources in LC-MS are electrospray
ionization (ESI) and atmospheric pressure
chemical ionization (APCI); both have become
standard features in mass spectrometers for LC-
MS applications. ESI and APCI operate at
atmospheric pressure, where a combination of heat
and high voltage enables the necessary ionization
to generate ions. In ESI, a high-voltage field (3-
5kV) induces the nebulization of the column
effluent, creating charged droplets move toward
the mass analyzer’s inlet, they shrink, and
individual ions are released in a process known as
“’ion evaporation.”” The MS system then separates
these ions [63,64,].

Table 3. LC-MS method for estimation of remdesivir

Compound lonization | Capillary lonization Solvent Mass Run | Refere
(Remdesivir) Method temperature voltage Mixture | Spectrophotom | time | nces
eter used
Method 1 Heated 270°C 4300 V 90%:10% Thermo Fisher 1.2
Electrospra Spray Acetonitrile | Scientific TSO | min | [65]
y voltage : Altis triple
lonization Water guadrupole MS
Method 2 Electrospra 150°C _ Methanol: | Triple 5.0
y Water quadrupole min | [66]
lonization (1:1; viv) MS
Method 3 Electrospra 150°C _ % formic | Waters Xevo ® | 4
y acid (v/v) in | TQ-S micro | Min | [67]
lonization Acetonitrile | tandem
quadrupole mass
spectrometer
Method 4 Electrospra 350°C . 0.1% TSQ Endura | 5
y formic acid | triple min | [68]
lonization (A) Quadrupole
andacetonit | mass
rile (B) | Spectrometer
starting (ThermoFisher)
from 0% of
(B) to 100%
Method 5 Electrospra 350°C 3500V 10Mm Triple 5
y sodium quadrupole Min | [69]
lonization MS
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formate
buffer in
0.1%
formic acid
(A) and
acetonitrile

(B)

Method 6 Turbo

Spray

lon 650°C 4500V

3.4

Acetonitrile .
Min

Dimethyl
Sulfoxide at
50:50 (v:v)

Triple
quadrupole
MS

[70]

Ultra Performance Liquid Chromatography-
Tandem Mass Spectrophotometer (Uplc-
Ms/Ms)

The study conducted by Du and colleagues. A
method was developed by [71] using HPLC-
MS/MS to measure GS-441524 (Nuc), the active

metabolite  of remdesivir, in rat plasma
samples through a protein
precipitation process. Gradient elution

was utilized using mobile phase A, consisting of
a mixture of 95% acetonitrileand 5%  water
with 0.1% formic acid is used in mobile phase A,
while mobile phase B consists of
a mixture of 99 parts water to 1 part ACN
with 0.1% Formic acid solutions (1% concentrati

on)  were freshly prepared. ~ For  baseline
separation, the gradient elution protocol was as
follows: 1.2min at 99% B, followed by 5% B from
1.2-3.5 min, then back to 99% B for 3.5-4.5 min.
Methanol:water (1:1,v/v) was used to prevent
carryover. Chromatographic separation took place
on a Waters X Bridge C18 column (50 x 2.1 mm,
3.5 pm) with a runtime of 4.5 min. In electrospray
positive ion mode, the selected reaction
monitoring transitions for Nuc were m/z 292.2—
163.2, while the internal standard (carbamazepine)
used transitions of 237.1 — 194.1. The column
was maintained at a temperature of 40 °C. A 1.0
mg/mL solution of GS-441524 (Nuc) was

prepared in MeOH:water (1:1, v/v), 1 pL injected
and the chromatogram recorded for 4.5 min. Nuc’s
linearity was determined

using the internal

standard, and the calibration curve showed
linearity over a range of 2-1000ng/mL, with a
correlation coefficient (r) above 0.990

Pasupuleti et al. [72] created an analytical method
for monitoring Remdesivir’s drug profile in human
plasma for pharmacokinetics (PK) and therapeutic
drug monitoring (TDM)). To rapidly detect
Remdesivir in human plasma, they developed a
vortex-assisted salt-induced liquid-liquid micro-
extraction (VA-SI-LLME) method combined with
UHPLC-PDA and UHPLC- MS/MS. This method
involves a single protein precipitation step with
hydrochloric acid followed by extraction with
acetonitrile for analysis. Optimal conditions
include 500 pL of acetonitrile and 2.5 g of
ammonium sulfate with a 2-minute vortex
extraction. Correlation coefficients of 0.9969 for
UHPLC-PDA ( measured at 254 nm ) and 0.9990
for UHPLC-MS/MS ( with positive ion
electrospray ionization and transitions of m/z
603.1 —» m/z402.20 and m/z 603.1 —-m/z 199.90)
were achieved. Detection and quantification limits
were 1.5 and 5ng/MI for UHPLC-PDA, and 0.3
and 1 ng/ml for UHPLC-MS/MS, respectively.
The method provided extraction recoveries
between 90.79-116.74% for UHPLC-PDA and
85.68-101.34% for UHPLC-MS/MS, with
intraday and interday precision within 9.59% for
both techniques.

Avataneo and colleagues. Researchers at reference
[73] have created a highly efficient UHPLC-
MS/MS technique for quantifying Remdesivir and
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GS-441524 levels in plasma samples obtained
from healthy donors, employing protein
precipitation during sample preparation. A
chromatographic separation was carried out using
an Acquity HSS T3 column, employing a gradient
of water and acetonitrile with a concentration of 0.
A solution of 0. 05% formic acid. The validation
process adhered to the guidelines set by EMA and
FDA, resulting in calibration curves showing
linearity through zero with r? values exceeding 0.
998 shows a high level of precision. A weighting
factor of 1/x was implemented to enhance
precision when dealing with lower concentrations
Alvarez and colleagues. A method was introduced
by [74] that utilized LC coupled with triple
quadrupole  mass  spectrometry  for the
identification of Remdesivir and GS-441524 in
plasma. Following a straightforward protein
precipitation with methanol, the analytes were
selectively separated on a Kinetex Polar C18
column, utilizing electrospray ionization in
positive mode. Calibration demonstrated linearity
between 1 and 5000 pg/L for Remdesivir, and
between 5 and 2500 pg/L for GS-441524, with
detection limits of 0. Five and two micrograms per
liter, respectively. The method demonstrated
accuracy levels under 14. An accuracy level of
89% is needed, along with a 7% factor. Six to one
hundred ten. Remdesivir displayed increased
stability in NaF plasma, exhibiting swift initial
drops that were succeeded by gradual reductions
in metabolite concentrations.

Hu et al. [75] developed an HPLC-MS/MS method
to separate the active metabolite Remdesivir
triphosphate (RTP) and its precursor Remdesivir
monophosphate (RMP) using a BioBasic AX
column. By optimizing retention with an anion
exchange column and enhancing matrix stability,
they achieved quantification limits of 20 nM for
RMP and 10 nM for RTP. Validation showed
precision (RSD) of 11.9% for RMP and 11.4% for

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

RTP, with accuracy between 93.6-103% for RMP
and 94.5-107% for RTP.

Xiao et al. [76] implemented an LC-MS/MS
method for Remdesivir, GS-441524, and GS-
704277 in human plasma, addressing stability
issues with formic acid treatment and using
distinct electrospray ionization (ESI) modes to
maximize sensitivity. Calibration was linear across
ranges of 4-4000 ng/mL for Remdesivir and 2—
2000 ng/mL for GS-441524 and GS-704277.
Precision was below 6.6%, and accuracy was
within 11.5%, with analyte stability confirmed for
extended frozen storage. Reckers et al. [77]
established an LC-MS/MS  method for
Remdesivir, GS-441524, and dexamethasone,
applied to blood samples from COVID-19
patients. Detection limits were 0.0375 ng/mL for
Remdesivir, 0.375 ng/mL for GS-441524, and
3.75 ng/mL for dexamethasone. They noted
modest within-patient variability but significant
variability across patients, highlighting the need
for therapeutic drug monitoring and dose
adjustments in COVID-19 treatment.
Spectroscopic Method Of Analysis
Spectrophotometry

Bulduk and Akbel developed and validated UV
spectrophotometric techniques for measuring
Remdesivir in pharmaceutical items. UV spectra
were acquired across a wavelength range of 200-
800 nm using deionized water as the solvent, with
a selected wavelength of 247 nm. The methods
have been validated in accordance with the
guidelines of ICHQ2 (R1), demonstrating
outstanding outcomes in terms of linearity,
accuracy, and recovery. Correlation coefficients
exceeded 0. The concentration of 999 falls within
the range of 10-60mg mL-1 [78].
Spectrofluorometric Method

Heba Elmansi et al. [79] noted considerable
interest in fluorescene spectroscopy deu to its
strong analytical performance and environmental
sustainability. For pharmaceutical quality control,
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methods need to be sensitive, efficient, and cost-
effective to achieve high throughput at a
reasonable cost. The study on Remdesivir relied on
spontaneous fluorescence measurements at pH 4,
within wavelengths 244-405nm. Calibration was
performed across a 1.0-65.0 ng/mL range, with
various factors examined to maximize sensitivity,
yielding detection and quantification limits of
0.287 and 0.871ng/mL, respectively. This is
thought to be the first spectrofluorimetric method
developed for quantifying Remdesivir. The
method was also applied to detect the drug in
prepared IV infusions and spiked huma plasma
samples. Statistical analyses confirmed the
accuracy and reliability of the method. The
environmental friendliness of the developed
approach was highlighted using the Green
Analytical Procedure Index (GAPI) and the
AGREE- analytical greenness meter, both recently
developed tools for assessing environmental
impact. According to Tamer Z. Attia at el.,
Remdesivir, a treatment for COVID-19 was
analyzed in vials and in samples spiked with
human plasma using spectrofluorimetric methods
[80]. A sensitive, straightforward, and eco-friendly
spectrofluorimetric method has been developed
for quantifying Remdesivir (REM) in
pharmaceutical formulations and in spiked human
plasma. This method relies on detecting REM’s
natural fluorescence in distilled water, with
emission at 410nm and excitation at 241nm,
yielding a linear response over a concentration
range of 50.00 to 500.00ng/mL. Sensitivity for
REM was further enhanced by micellar formation
using 2.00% w/v sodium dodecyl sulfate (SDS),
resulting in a linear range from 10.00 to 350.00
ng/mL, along with detection and quantification
limits of 2.34 ng/mL and 7.10 ng/mL, respectively.
Key analytical parameters were meticulously
examined. Following FDA and International
Council for Harmonization (ICH) guidelines, the

validation confirmed the method’s
reliability.

Uv- Visible Spectrophotometry Method

The UV-visible spectrophotometry equipment is
commonly used, providing analysts with
substantial benefits because of its efficiency, cost-
effectiveness, and easy scalability[81]. UV
spectrophotometric and HPLC methods have been
created and verified for gquantitatively assessing
Remdesivir in pharmaceutical formulations. An
HPLC analysis was performed on a C-18 column
with a mobile phase consisting of a 20 mM
KH2PO4 solution and acetonitrile (50:50, v/v)
running at a flow rate of 12mL/min. UV spectra
ranging from 200 to 800 nm were obtained using
de-ionized water as the solvent, with a detection
wavelength of 247 nm. The validation of these
methods was carried out in accordance with the
ICH guideline Q2 (R1). Both methods
demonstrated outstanding linearity, accuracy, and
recovery, without any interference from non-
medicinal substances in terms of spectral or
chromatographic analyses. The correlation
coefficients have surpassed 0. 999 demonstrated
efficacy across a concentration range of 10-
60mg/mL [82].

CONCLUSION

The review paper effectively highlights the overall
advancements in methods for assessing drugs. The
authors have conducted a detailed analysis of
Remdesivir, a prodrug predominantly utilized as a
primary treatment option for SARS-CoV-1. Their
goal is to offer a comprehensive, comparative, and
effective analytical overview of this medication.
The study delves into the current trends in
analytical techniques used to detect Remdesivir,
showcasing their advantageous influence on
pharmaceutical analysis. The paper explores
pharmacodynamics  and pharmacokinetics,
delving into different analytical methods utilized
in studying Remdesivir such as HPLC, LCMS,
UV-Visible spectroscopy, and fluorescence

study
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techniques. Concurrent bioactivity assessments
can provide valuable insights to assist in the
continuous process of drug discovery and
evaluation. Further research on Remdesivir is still
needed. Itis crucial to perform both qualitative and
quantitative determinations to guarantee the safety
and effectiveness of medications in different
matrices. Until now, there has not been any
stability-indicating  method  disclosed  for
quantifying impurities and degradation products of
remdesivir in  pharmaceutical formulations.

Hence, it is crucial to conduct forced degradation

studies in compliance with the guidelines of the

International Conference on Harmonization and to

establish a specific and validated HPLC stability-

indicating technique. These studies offer reliable
and validated analytical techniques to track

Remdesivir and its metabolites, thereby endorsing

their clinical application and guaranteeing precise

and consistent therapeutic drug monitoring in
patient samples.
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