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ABSTRACT

Objective: Remdesivir, an adenosine analogue prodrug widely used during Coronavirus disease 2019 (COVID-19) pandemic. In this research, the
objective was to develop a cost-effective and robust bioanalytical method capable of accurately quantifying remdesivir in human clinical studies as
per ICH M10 guideline.

Methods: Development of a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method with electro spray ionisation (ESI) source
primarily involved extensive chromatographic optimization trials. Among various tested columns, Waters Symmetry C18 (5 pm, 3.9 mmx150 mm)
demonstrated most consistent and well-defined chromatographic response when used with a highly organic acidified mobile phase, achieving a
short run time of 3 min. For extraction method optimization, multiple approaches were evaluated, with protein precipitation emerging as preferred
technique with environmentally friendly reagent use.

Results: Bioanalytical method validation was performed well as per ICH M10 (International Council for harmonisation of Technical Requirements
for pharmaceuticals for Human Use) guidelines. The method demonstrated good linearity from 50-5000 ng/ml, with a correlation coefficient (R?) of
0.9978. The within-run and between-run precision for all quality control (QC) levels remained up to 6.65%, while accuracy ranged from 95.22-
110.74%. Remdesivir was stable under freeze-thaw, auto sampler, bench top and long-term settings, with a percentage change of+15%. The paired
t-test analysis revealed no significant difference between fresh and stability samples (p>0.1).

Conclusion: Validated calibration range of 50-5000 ng/ml is suitable for bioanalysis of remdesivir in human clinical studies involving intravenous
infusion, considering reported Cmax of approximately 2229 ng/ml. This study highlights the integration of advanced LC-MS/MS techniques for
quantification of remdesivir using remdesivir D5 as an internal standard in human plasma.

Keywords: Remdesivir, Bioanalytical, Method validation, Bioanalysis, Clinical study, ICHM10, LC-MS/MS

© 2025 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)
DOI: https://dx.doi.org/10.22159 /ijap.2025v17i6.55897 Journal homepage: https://innovareacademics.in/journals/index.php/ijap

INTRODUCTION

Remdesivir (GS-5734), an adenosine analogue used to treat
ribonucleic acid (RNA) virus infections like Coronavirus disease O S
2019 (COVID-19), Ebola, etc. This action remdesivir exhibited by \
blocking RNA synthesis, hence reducing sickness duration and
severity. This research was initiated to have an effective but broad-
spectrum small molecule against RNA viruses [1]. This requirement
arose considering the ongoing or recent outbreak of global
pandemics such as SARS, MERS and Ebola virus [2]. In 2020, the
United States Food and Drug Administration (USFDA) approved
remdesivir for use in adults and children. This use was limited to
patients with confirmed or suspected COVID-19 who admitted in

Fig. 1: Structure of remdesivir

hospital with SPO: level of less than or equal to 94 %. Later on, this
drug usage approved in paediatric population with confirm COVID-
19 cases [3]. Remdesivir demonstrates its pharmacodynamic
properties by primarily targeting the viral replication cycle via RNA
polymer enzyme [4]. Once it gets administered, it is metabolised into
remdesivir triphosphate, which is comparable to adenosine
triphosphate (ATP), a main building block of viral RNA [5]. As a
result, it competes with natural ATP to promote viral growth.
Remdesivir (fig. 1) is a carboxylic ester, pyrrolotriazine, nitrile,
phosphoramidate ester, C-nucleoside and aromatic amine with the
chemical formula C27H35N608P with a molecular weight of
602.58g/mol.

The route of administration of remdesivir is intravenous, where it is
metabolised predominantly in liver. Remdesivir is 88-93.60 %
bound to human plasma proteins. Already developed bioanalytical
methods mostly involved use of protein precipitation, addition it
was considered as it will be faster for processing and better
throughput for our high-volume clinical setup, so considering all
these facts and protein binding, first preferred bioanalytical
extraction method was protein precipitation [6, 7].

This study focuses solely on the quantification of remdesivir in
human plasma for bioanalytical support of studies, as well as to
serve a gold standard method to compare with other bioanalytical
methods in research work where the primary analyte of interest is
the parent drug. The method was not designed or intended for
comprehensive  pharmacokinetic ~ profiling or  metabolite
quantification. Also, clinical questions cantered on initial exposure to
the parent drug following intravenous administration, where peak
plasma levels of remdesivir are most relevant. A review of the
literature reveals that a limited number of published articles focus
on the estimation of remdesivir using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) coupled with ESI, but most
have limitations when compared with our validated assay.

However, some of these methods are developed using rat plasma
like Srinivasa Rao, along with three coworkers who published LC-
MS/MS method in 2022. This method was developed in Rat plasma
with a calibration range of 1 ng/ml to 20ng/ml using LC-MS/MS and
similarly, Ping Du et al. along with four coworkers, published LC-
MS/MS method in 2021 in rat plasma with a calibration range of 2 to
1000 ng/ml using LC-MS/MS [8, 9]. Both methods were in rat
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plasma with a very narrow calibration curve (CC) range compared to
method we validated. Nguyen, along with seven coworkers
published LC-MS/MS method in 2021 in Human plasma with a
calibration range of 0.5-5000 ng/ml using protein precipitation, but
with a 4 min run time, which is greater than method we developed
[10]. Harahap, along with two coworkers, published LC-MS/MS
method in 2023 which was also developed in human plasma with a
calibration range of 0.002-8 pg/ml using protein precipitation but
using a non-standard collection technique [11]. Alvarez along with
four coworkers, published LC-MS/MS method in 2021, which was
developed in human plasma with a calibration range of 5 to 2500
ug/1 using LC-MS/MS, but in comparison to this, our method is more
appropriate in terms of calibration range in human plasma [12]. It
also revealed that some methods are having a drawback of poor
sensitivity and non-availability of deuterated internal standard like
Xiao along with nine coworkers published LC-MS/MS method in
2021 in Human plasma with calibration range of 4-4000 ng/ml
using LC-MS/MS and protein precipitation as extraction method by
utilising LC-MS/MS in the case of biological samples [13]. Notably,
none of the reported methods fully comply with the ICH M10
guidelines for method validation (MV). So here we would like to
highlight that the current method demonstrates faster run time (3
min), use of a deuterated internal standard (remdesivir-D5) and
validation over linearity range (50-5000 ng/ml), which makes it
suitable for clinical application. In comparison to methods
developed in rat plasma or those lacking full compliance with ICH
M10, our approach offers advantages in both regulatory alignment
and simplicity. Based on reported Cmax of 2,229 ng/ml in healthy
human subjects, lower limit of quantification (LLOQ) for this
research was set at 5% of Cmax and upper limit of quantification
(ULOQ) was determined as twice Cmax like Permata et al
Researcher shown in their work [14]. Accordingly, the aim was set to
develop and validate a bioanalytical method of remdesivir using
remdesivir D5 as an internal standard as per ICHM 10 guideline over
LC-MS/MS with a linearity range of 50-5000 ng/ml [15].

MATERIALS AND METHODS
Materials

Remdesivir and remdesivir-D5 were sourced from Vivan Life
Sciences, Thane, India. HPLC-grade Acetonitrile and Methanol (J. T.
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Baker), Ammonium Acetate, Ammonium Formate, Formic Acid
(Merck) and Milli-Q water were used. Human blank plasma lots
containing 2-Ethylenediaminetetraacetic acid (K2EDTA) as an
anticoagulant (1.8 mg/ml K2ZEDTA) were procured from Clinical Lab,
Mumbai, India, which were purely collected for research purpose.

Analytical equipment

Thermo Fisher Scientific Accela HPLC coupled with a TSQ ENDURA
mass spectrometer LC-MS/MS was used in this research. Electro
spray ionisation (ESI) mode was used in this instrument in MRM
mode. This instrument is well recognized for its high sensitivity and
robustness, making it suitable for bioanalytical method development
(MD) and MV of remdesivir.

Preparation of stock and intermediate working dilutions

Separate stock solutions were prepared for CC and quality control
(QC) samples of remdesivir. During stability assessments, fresh CC and
QC stock solutions were weighed and prepared. Remdesivir used in
this study had an assay purity 0f>99.7% and was dissolved in
methanol to obtain a 1 pg/ml stock solution. Each day, fresh stock and
working dilutions were prepared, so stock stability and required
temperature conditions were not evaluated. From stock, working
dilutions were prepared as per concentrations referred in table 1 in
methanol: water (80:20% v/v) diluent ranging from 50 to 5000 ng/ml.
QC samples were prepared at four levels: LLOQ (50 ng/ml), Low QC
(LQC) (150 ng/ml), Medium QC (MQC) (2000 ng/ml) and High QC
(HQC) (4000 ng/ml), following ICH M10 recommendations [16].

Mass parameters optimisation

Mass parameter was tuned on LC-MS/MS-TSQ ENDURA (Thermo
Fisher Scientific) without integrating a high-performance liquid
chromatography (HPLC) system. During tuning process, only mass
profile was activated. A 100 ng/ml solution of remdesivir in
Methanol was prepared and continuously infused into ESI source
using a syringe infusion pump with a flow of 10 pl/min for direct
mass spectrometric optimisation. The objective of tuning was to
obtain optimised quadrupole-1 (Q1) and 2 (Q2) responses by
systematically adjusting compound-dependent and source-
dependent parameters to achieve optimal ionization and detection
[17,18].

Table 1: Targeted CC and QC concentrations

Level Criteria Concentrations
CC-1 LLOQ 50 ng/ml
CC-2 2x of LLOQ 100 ng/ml
CC-3 5% of ULOQ 250 ng/ml
CC-4 15 % of ULOQ 750 ng/ml
CC-5 50 % of ULOQ 2500 ng/ml
CC-6 75 % of ULOQ 3750 ng/ml
cc-7 90 % of ULOQ 4500 ng/ml
CC-8 ULOQ 5000 ng/ml
LLOQ QC 100 % of LLOQ 50 ng/ml
LQC 3xof LLOQ 150 ng/ml
MQC 50 % of ULOQ 2500 ng/ml
HQC 80 % of ULOQ 4000 ng/ml

Similarly, approximately 2 mg of remdesivir D5 (assay purity>99.2%) was weighed and dissolved in methanol, which further diluted to a

concentration of 1000 ng/ml to use as the required internal standard dilution.

Chromatographic optimization

Following mass tuning, multiple trials were conducted using
different HPLC columns and varying mobile phase compositions to
optimize chromatographic conditions. The objective was to achieve
a well-defined peak shape without fronting or tailing, along with a
satisfactory chromatographic response [19].

Optimization of the extraction method

In extraction trials, liquid-liquid extraction and protein precipitation
was considered as first choice for extraction method trials and then

liquid-liquid or solid phase extraction were evaluated. Protein
precipitation with different reagents were explored after looking at
chromatographic response observed [20, 21].

Bioanalytical method validation

To perform MV of remdesivir human plasma, acceptance criteria
were set as per current industry practice and as per USFDA ICH M10
guidelines, which aim to provide guidance about bioanalytical MV
and biostudy sample analysis [22]. Selectivity, sensitivity, matrix
effect (ME), autosampler carry over test (ASCOT), precision and
accuracy batch (PAB), specificity, within and between run precision
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and accuracy (PA), freeze-thaw (FT) stability, autosampler (AS)
stability, bench top (BT) stability and long-term (LT) stability were
evaluated [23, 24].

During MV, percent change and percent accuracy were evaluated
using below formula:

Stability mean — Fresh mean

% Change = ( X 100)

Fresh Mean

%A = ( (mean__ 100)
0 ACCUTAY = \Nominal value
These calculations were considering the ICH MO guideline
requirement for bioanalytical MV and study sample analysis.
Considering limited scope and budget, instead of conducting stock
solution stability, freshly prepared stock solutions were used for all
validation runs.

Calibration linearity and determining weighting factor

CC standard samples from PAB were back calculated using three
weighting factors that is x, 1/x and 1/x2 to evaluate best weighting
factor for remdesivir quantification using a bioanalytical method in
human plasma. The weighting factor with least sum of absolute
relative error (ARE) was selected as it was more balanced and
appropriate while constructing linearity plot. The formula for % ARE
is as mentioned below:

Percentage absolute relative error
(Calculated concentration — Nominal concentration X 100)

Nominal concentration

Selectivity and sensitivity

Selectivity was assessed using six different human plasma lots. One
blank sample of each lot was processed along with one set of freshly
spiked and prepared CC standards and batch evaluation QCs in
human plasma. Responses of interfering peaks at retention time
(RT) of remdesivir in blank samples should be less than 20% of
response of LLOQ sample and responses of interfering peak at m/z
and RT of remdesivir D5 shall be 5 % of mean response of internal
standard observed in CC and QC samples.

To determine sensitivity, five individual aliquots of LLOQ samples
were processed and analysed on two different occasions. Signal-to-
Noise ratio for all LLOQ samples evaluated which should be > 10.
Precision should be within acceptance criteria of < 20 % and
accuracy should be within acceptance criteria of 80-120 % of
nominal.

Matrix effect

ME was evaluated by preparing low and high QC samples by spiking
2.5 % of spiking solution of HQC and LQC of remdesivir in six
different human blank plasma lots containing K2EDTA as an
anticoagulant and analysed along with freshly processed CC
standards and batch qualifying QCs. Percent accuracy of QC samples
shall be within 85-115 % for all samples from all matrix lots. The %
coefficient of variation (% CV) of QC sample shall bex15 % for each
matrix lot.

Autosampler carry-over test

ASCOT was performed by injecting processed samples in sequence
as extracted blank plasma, extracted ULOQ, extracted blank,
extracted LLOQ, extracted blank, extracted ULOQ, Extracted blank
and at last extracted LLOQ. Response obtained in Blank (after 1st
and 2nd injection of extracted high sample) samples at m/z and RT
of remdesivir should be < 20 % of LLQQ response and should be < 5
% response at m/z and RT of remdesivir D5 with respect to
remdesivir D5 response obtained for entire batch.

Recovery

Recovery was determined by comparing remdesivir response
observed at QC with detector response obtained from recovery
samples with extracted spiked QC samples at 150, 2500 and 4000
ng/ml concentration level. Percent recovery obtained from each QC
level shall be < 15 % for both remdesivir and remdesivir D5.
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Precision and accuracy batch

PA batch consisting of Blank, zero, 1 set of CCs and 5 sets of QCs at
LLOQ QC, LQC, MQC and HQC level processed using optimized
extraction method. Acceptance criteria of blank were same as
selectivity blank samples. Back calculated concentration (BCC) of
calibration standards shall not exceed+15 % of their respective
nominal concentrations, except for LLOQ for which it shall not
exceed+20 %. At least 75 % of non-zero standards must meet above
criteria and standards that do not meet acceptance criteria shall be
eliminated from generated CC.

Specificity

Specificity refers to capability of a bioanalytical method to identify
and distinguish remdesivir from other substances like medications
likely to be used alongside intended treatment. To investigate
specificity possible interference by wusual co-administered
(concomitant) drugs that is caffeine (Cmax: 10 pg/ml) [25],
ibuprofen (Cmax: 15 pg/ml) [26], diclofenac (Cmax: 100 pg/ml)
[27], paracetamol (Cmax: 10 pug/ml) [28], ondansetron (Cmax: 40
ng/ml) [29] and ranitidine (Cmax: 800 ng/ml) [30] were spiked in
human blank plasma such that final concentrations were near to
Cmax of particular co-administered drugs and were evaluated along
with one set of freshly spiked and prepared CC standards and batch
evaluation QCs.

Freeze-thaw and autosampler stability

To evaluate FT stability, five different aliquots of LQC and HQC
stability samples after freezing for 24 h were removed and thawed
for 1 h and then again stored at-20+5 °C. Likewise, after completion
3 cycles, FT stability was assessed by analysing stability samples
along with one set of freshly spiked CC standards and freshly spiked
batch qualifying QC’s. Whereas to evaluate AS stability, processed
LQC and HQC samples were stored in AS for 18 h. After stability
duration, FT stability samples along with one set of freshly spiked CC
standards and freshly spiked batch qualifying QC’s were processed
and analysed. Percent change shall not be more than 15 % while
comparing mean back-calculated values of stability samples against
nominal values.

Bench top and long-term stability

To evaluate BT stability, five different aliquots of LQC and HQC
stability samples were kept on bench at room temperature for 5 h.
Whereas to evaluate LT stability, LQC and HQC stability samples
were stored in a deep freezer at-20+5°C for 16 d. After stability
duration, stability samples along with one set of freshly spiked CC
standards and freshly spiked batch qualifying QC’s were processed
and analysed as per optimised extraction method. Percent change
shall not be more than 15 % while comparing mean back-calculated
values of stability samples against nominal values. We did not
perform LT stability at-70 °C for a longer duration, as our study did
not intend to store clinical samples under deep-freeze conditions for
a longer time. However, LT stability at-20+5°C for 16 d
demonstrated acceptable stability and based on well-documented
trends for plasma analyte preservation, it is reasonable to infer that
remdesivir would exhibit even longer duration stability at-70 °C.

RESULTS AND DISCUSSION
Mass parameters optimisation

The ESI source in positive ion mode produced a significantly
stronger response during tuning compared to the negative ion mode
like Srinivasa Rao reported in their research work [8]. In positive
polarity, the precursor ions of remdesivir and remdesivir-D5 were
observed at mass-to-charge (m/z) ratios of 603.3 and 608.0,
respectively. Upon fixing Q1, scanning of Q2 revealed prominent
product ions at m/z 327.8 for remdesivir and 332.9 for remdesivir-
D5, as shown in fig. 2. Mass spectrometric parameters were
optimized with collision energies of 5.0 and 20.0 eV, a
chromatographic peak width of 10, dwell time of 331.1 milliseconds,
CID gas pressure of 1.5 psi, ion spray voltage of 4000 V, vaporizer
temperature of 350 °C, sheath gas pressure of 45.0 psi and auxiliary
gas pressure of 1.0 psi.
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Fig. 2: Parent ion mass spectra of remdesivir and remdesivir D5

In positive polarity mode, a strong and consistent response was
observed, leading to final tuning parameters being set to ensure
optimal sensitivity and reproducibility.

Chromatographic optimization

Initial trials with a Hypersil Gold C18 column (150x4.6 mm, 5 pum)
using methanol: 2 mmol ammonium acetate (70:30% v/v) as the
mobile phase resulted in suboptimal peak shapes for both
remdesivir and remdesivir-D5. Several other columns were also
evaluated during method development. After multiple optimization
attempts, the best peak shapes were obtained with a Waters
Symmetry C18 column (150x3.9 mm, 5 pm) using methanol: 10
mmol ammonium acetate, pH 3.0 (95:5% v/v) as the mobile phase,
which provided the highest organic content. The optimized flow rate
was set at 0.7 ml/min with an injection volume of 20 ul**, yielding
sufficient response on LC-MS/MS. A column oven temperature of 40
°C and AS temperature of 10 °C supported a total run time of 3 min,
which is among the shortest reported for similar methods using an
isocratic program. The rinsing solution for the injection needle was
acetonitrile: 10 mmol ammonium acetate (90:10% v/v) [31].

Extraction method optimization

Protein precipitation initially produced a good response for the
remdesivir peak, but recovery was low. In the final optimized
procedure, 200 pl** of spiked human plasma, fortified with 50 pl** of
1000 ng/ml remdesivir-D5 to achieve a spiked concentration of 250
ng/ml, was precipitated using 1% acidified acetonitrile with formic
acid instead of 100% methanol. The mixture was vortexed for 15
min at 1000 rpm using a Vibramax instrument and centrifuged at
4000 rpm for 10 min. The resulting supernatant was carefully
separated with a micropipette and maintained at 10 °C in the AS
before injection. A 20 pl** aliquot was injected into the LC-MS/MS
system, yielding a well-defined, symmetric peak with acceptable
recovery. Based on these results, protein precipitation with 1%
acidified acetonitrile was selected as the optimized extraction
method for MV [32].

Calibration linearity and determining weighting factor

Percent ARE observed as 30.96, 25.70 and 22.97% with weighting
factor of x, 1/x and 1/x2, respectively. So, as per fig. 3, lowest % ARE
was observed for 1/x2 with passing of all CC standards.

SUM OF %AE
- - N N [A) @
o o (=} o =} o

o

1/X

WEIGHTING FACTOR

1/X2

Fig. 3: Trend of %ARE across various weighting factors, hence, 1/x2 was considered as weighting factor for bioanalysis in human plasma
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Selectivity and sensitivity

As shown in fig. 4, when compared with LLOQ of remdesivir at 50
ng/ml, no interference was observed in all six plasma lots at m/z
and RT of remdesivir and remdesivir-D5.

Since no interference was observed in any of human blank plasma
batches, human plasma method was found selective for remdesivir
bioanalysis in human plasma.

During sensitivity estimation, Signal to noise ratio for all LLOQ
samples observed in range of 175.0-259.8, which is more than 10.
Precision was of LLOQ at concentration of 50ng/ml, found up to
4.64% and accuracy up to 98.00%.

Matrix effect

Precision of LQC and HQC samples, which were analysed to evaluate
ME, found ranged between 1.70-3.54% (at 150 ng/ml) and 0.73-1.68%
(at 4000 ng/ml), which was within acceptance criteria of <15%.
Accuracy of ME samples ranged between 99.14-99.87% (at 150
ng/ml) and 107.63-110.52% (at 4000 ng/ml), which was within
acceptance criteria of 85-115%. As observed in this method, ME was
minimal with high accuracy, ranging from 99.14% to 110.52% and low
variability (% CV < 3.54%) across different plasma lots. Whereas
reported ME for Alvarez is on higher side with % CV 0f<9% [12].

Autosampler carry-over test

After 1st and 2nd injection of extracted ULOQ samples, extracted
blank samples shows zero interference at RT and m/z of remdesivir
and remdesivir D5. So, method and system were considered as free
from carryover of remdesivir and remdesivir D5.

Int ] App Pharm, Vol 17, Issue 6, 2025, 184-191

Recovery

Batch qualifying QC samples met acceptance criteria, with precision
for mean % recovery at each QC level < 15% for both remdesivir and
remdesivir D5. The percent coefficient of variation (% CV), that is
precision was obtained by dividing the standard deviation (SD) by
mean value and multiplying by 100 at each level using excel formula.
The overall recovery was determined to be 91.87% for remdesivir
and 85.65% for remdesivir D5. Recovery in human plasma was
found consistent and acceptable at all QC levels. The lower IS
recovery (85.65%) compared to remdesivir (91.87%) might be due
to some variation in spiking, but it has no impact on assay
reproducibility. This indicates good extraction efficiency of the
method across the QC levels, suitable for clinical application. This
recovery is very much on higher side in comparison with already
reported method of remdesivir by Harahap by less than 70% [11].

Precision and accuracy batch

In all PA batches (PA batches 1-3), blank and zero samples were
found free from interference for remdesivir. Also, BCC of calibration
standards ranges from 97.36-105.18% which does not exceed+15 %
of their respective nominal concentrations as shown in table 3. CC
linearity was evaluated using least-squares regression analysis with
a weighting factor of 1/x% Non-zero standards meeting above
criteria with correlation coefficient (R?) value of 0.9978 as shown in
fig. 5 along with chromatograms which is greater than researcher
reported in their reported literature [8]. The %CV at each level was
observed to be less than 4% which was calculated from the mean
and SD, when all three PA batches were compared statistically using
Microsoft Excel.

Component Component
Name: REMDESIVIR D5 Name: REMDESIVIR
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Fig. 4: Representative chromatograms of LLOQ and blank K2ZEDTA human plasma lot
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Table 2: Recovery of analyte at each level

QC LQC (% Recovery) MQC (% Recovery) HQC (% Recovery)
1 102.06 105.81 87.90
2 93.10 87.33 91.14
3 101.20 86.79 91.72
4 81.80 89.14 92.65
5 87.54 84.87 94.97
Mean+SD 93.1+8.72 90.8+8.53 91.7+2.57
%CV 9.37 9.39 2.80
Overall mean % recovery+SD 91.87+1.18
Overall %CV 1.29
All mean and overall mean recovery values are expressed as mean+SD, n=5

Table 3: CC data for PA batches
ccIib PAB-1 BCC (ng/ml) PAB-2 BCC (ng/ml) PAB-3 BCC (ng/ml) MeanSD (ng/ml) %CV % Nominal
CC-1 47.67 49.56 48.80 48.68+0.95 1.96 97.36
CC-2 108.61 101.96 104.97 105.18+3.33 3.17 105.18
CC-3 257.17 249.53 249.47 252.06+4.43 1.76 100.82
CC-4 730.303 741.21 743.93 738.48+7.21 0.98 98.46
CC-5 2484.82 2503.95 2584.95 2524.57£53.15 2.11 100.98
CC-6 3737.82 3809.71 3712.33 3753.28+50.50 1.35 100.09
CC-7 4495.024 4526.71 4450.02 4490.59+38.54 0.86 99.79
CC-8 4842.13 4896.59 4858.43 4865.71+27.95 0.57 97.31

All mean values are expressed as mean+SD, n=3

PAB-1 was considered for within-run calculations, whereas all three
PA batches were considered for between-run calculations. In within-
run calculations, the mean BCC and SD were derived from BCC
values obtained at each QC level of PAB-1. While the % nominal,

calculated by dividing the mean BCC by the nominal concentration.
In between run calculations, similarly, precision and accuracy were
calculated using data of all three PA batches. Results from this
analysis were presented in table 4.

Table 4: Within and between run precision and accuracy

QC Level Within-run from PAB-1

Between run from PAB-1, 2 and 3 batches

mean BCCxSD (ng/ml) N=5 %CV % Nominal Mean BCC+SD (ng/ml) N=15 %CV % Nominal
LLOQ QC (50.0 ng/ml) 47.60+2.20 4.64 95.22 47.84+1.86 3.89 95.69
LQC (150.0 ng/ml) 156.87+10.43 6.65 104.58 153.02+7.06 4.61 102.01
MQC (2500.0 ng/ml) 2696.67+38.46 1.43 107.87 2688.92+56.17 2.09 107.56
HQC (4000.0 ng/ml) 4429.51+25.63 0.58 110.74 4334.92+84.55 1.95 108.37

All mean values are expressed as mean+SD, n=5 for within-run from PAB-1

and n=15 for between-run from PAB-1, 2 and 3 batches.
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The within run and between-run results demonstrated that both PA
were well within the acceptance limits defined by ICH M10. Within-
run and between-run precision did not exceed 6.65% and 4.61%
respectively, confirming reproducibility of the method across
replicates and runs. These results are very much with narrow range
than reported method by Nguyen [10]. The % nominal values for
within-run (95.22-110.74%) and between-run (95.69-108.37%)
calculations also fell within the acceptable range, establishing
method accuracy. Overall, the PA results within these tight ranges
confirm that the developed LC-MS/MS assay for remdesivir is
reliable, robust and suitable for bioanalytical applications.

Specificity

Batch evaluation QCs were found within acceptance criteria. No
interference was observed at m/z and RT of remdesivir and
remdesivir-D5 specificity samples in presence of concomitant drugs,

Int ] App Pharm, Vol 17, Issue 6, 2025, 184-191

which indicates quantification method is specific for remdesivir in
presence of concomitant drugs.

Freeze-thaw and autosampler stability

The percent change of LQC and HQC samples were within
acceptance criteria of+15 %, while comparing mean of back-
calculated values of stability samples against nominal values after 3
FT cycles and after AS stability of 18 h which was set at 10 °C, as
shown in table 5. Other reported method demonstrated stability to
only 2 FT cycles, which is less than our validated method [11].
Additionally, a paired t-test was conducted using MedCalc® version
23.1.7 software for the t-test (Student’s t-test) to compare the LQC
and HQC concentrations of freshly prepared plasma samples and
those subjected to FT, as well as AS stability samples. The results of
p>0.05 showed no statistically significant difference between the
groups.

Table 5: FT and AS stability

Value FT stability (3 cycles) AS stability (18 h)

FT LQC FT HQC AS LQC ASHQC
Nominal concentration (ng/ml) 150.00 4000.00 150.00 4000.00
mean BCC+SD (ng/ml) 151.7845.51 4412.87+113.72 149.19+1.87 4367.52+153.27
%CV 3.63 2.58 1.26 3.51
% Change 1.58 2.06 -0.15 1.01
P-value 0.417 0.283 0.727 0.899

All mean values are expressed as mean+SD, n=5, Hence, remdesivir was found stable for after 3 FT cycles and for 18 h during AS stability.

Bench top and long-term stability

Percent change of LQC and HQC samples were within acceptance
criteria of+15 %, while comparing mean of back-calculated values of
stability samples against nominal values after BT stability of 5 h and

after LT storage of 16 d, as shown in table 6. Additionally, a paired t-
test was conducted to compare the LQC and HQC concentrations of
freshly prepared plasma samples and those subjected to BT, as well
as LT stability samples. The results of p>0.05 showed no statistically
significant difference between the groups.

Table 6: BT and LT stability assessment in plasma

Value BT stability (5 h) LT stability (16 d)

BT LQC BT HQC LT LQC LT HQC
Nominal concentration (ng/ml) 150.00 4000.00 150.00 4000.00
mean BCC+SD (ng/ml) 143.80+2.54 4356.03+63.91 147.34+4.44 4350.55+168.26
%CV 1.77 3.02 3.87
% Change -5.86 -3.54 2.33
P-value 0.143 0.261 0.107 0.427

All mean values are expressed as mean+SD, n=5, Hence, remdesivir was found stable for 5 h during BT stability and for 16 d during LT stability

storage in human plasma.

CONCLUSION

Human plasma bioanalytical method, considering conventional
method is having purpose as gold standard method when compared
with any other bioanalytical method with it. So, our current method
focused solely on quantifying the parent drug remdesivir involving
immediate pharmacokinetic profiling during early-phase human
clinical studies and comparing with other bioanalytical methods. We
acknowledge that GS-441524 and GS-704277 play a
pharmacodynamic role and agree that its inclusion would be
scientifically and regulatorily advantageous. Future work will include
the development and validation of a comprehensive method for GS-
441524 and GS-704277 quantification in accordance with ICH M10
guideline. All MV parameters meet predefined criteria in line with the
ICH M10 guideline and acceptance criteria, which were predefined at
the beginning of research work. Hence LC-MS/MS bioanalytical
method for the determination of remdesivir using remdesivir D5 as
internal standard in Human plasma containing K2EDTA as an
anticoagulant was validated successfully with respect to system
suitability, autosampler carry over test, selectivity, ruggedness,
sensitivity, specificity, matrix effect, recovery and important
Stabilities. During stability evaluations, as all p-values exceeded
0.05, no statistically significant degradation was observed in
stability samples compared to freshly prepared ones. A simple
protein precipitation method was used for extraction of remdesivir

from human plasma. LC-MS/MS method is validated for the
quantification of remdesivir alone in human plasma over the range
of 50-5000 ng/ml, using a protein precipitation extraction method
and it meets the criteria defined under ICH M10 guidelines which is
sufficient to analyse samples collected from any clinical study of
remdesivir IV in humans.
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