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lavage, exhibiting robustness and reproducibility.

INTRODUCTION

Antiviral drugs are widely consumed across the globe as
they play a crucial role in the treatment of viral infections in
humans and animals. According to Vahidnia et al. [1], the viral
infections are recognized as one of the leading causes of mort-
ality across the globe. Although several antiviral therapeutic
modalities are available, most of them lack specificity for parti-
cular viruses. Therefore, the development of novel antiviral
treatments that are both cost-effective and specific has become
the prime focus of current medical research. Viruses such as
Influenza, in its various forms including pandemic, zoonotic
and seasonal, continue to pose a significant threat to human
health and have widespread economic implications. According
to reports, from February 2003 to November 2009, there were
444 cases of avian influenza A (H5N1) virus infection in humans,
resulting in 262 fatalities across 15 countries. The overall case
fatality rate was alarmingly high, standing at 61.5% [2]. A syste-
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matic review conducted in 2018 analyzed 100 case studies
published between 1995 and 2018 and estimated that globally,
around 109.5 million influenza virus episodes (uncertainty range:
63.1-190.6), 10.1 million influenza virus associated ALRI cases
(6.8-15.1), 870,000 influenza virus associated ALRI hospital
admissions (543,000-1,415,000), 15,300 in-hospital deaths
(5800-43,800) and up to 34,800 (13,200-97,200) overall influ-
enza virus-associated ALRI deaths occurred among children
under the age of 5 in 2018 [3].

The adamantanes (amantadine and rimantadine) were the
first antiviral drugs to be approved for combating avian influenza
A viruses as tricyclic amines. However, their overuse and unauth-
orized applications in domesticated poultry are believed to be
the primary cause behind the emergence of drug-resistant strains.
Drugs such as amantadine (ATD) often used as an antiviral
medication is primarily used to treat and prevent influenza A
virus infections. It works by preventing the virus from entering
human cells and reproducing. However, when taken in high
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doses, ATD can cause toxicity in humans, which can result in
symptoms like confusion, hallucinations and seizures. Anti-
virals that are commonly administered besides adamantanes
include nucleoside agents, such as acyclovir (ACV) and ribavirin
(Rbv). Acyclovir is primarily used to treat herpes and respir-
atory tract viral infections. It is sometimes used alongside
adamantanes to alleviate influenza symptoms [4]. However,
inappropriate use of acyclovir has led to the emergence of
resistant strains in both human and veterinary medicine.

Amantadine (ATD), chemically known as adamantan-1-
amine, C;0H7N, with mass 151.14 g/mol and molecular weight
of 151.25 g/mol. It is a weak base and can be protonated to form a
positively charged ion. ATD is generally used to treat Parkinson’s
disease and influenza A virus infections. It is believed to work
by blocking the activity of the M2 protein ion channel in the
viral membrane, thus preventing the virus from replicating.
Amantadine is also an NMDA receptor antagonist, which means
it can reduce the symptoms of Parkinson’s disease by decre-
asing the amount of glutamate in the brain. The drug has a half-
life of 10-15 h and is metabolized in the liver, gastric fluid and
urine [5]. On the other hand, antiviral acyclovir (ACV), chemi-
cally known as amino-1,9-dihydro-9-((2-hydroxyethoxy)-
methyl)-3H-purin-6-one, CsH;;NsO3, bearing molecular mass
of 225.2 g/mol is a nucleoside analogue. Acyclovir works by
inhibiting the viral DNA polymerase, which prevents the virus
from replicating, moreover, this drug is well-tolerated with few
side effects and can cause headaches, nausea and diarrhea in
some individuals.

Thus far, several approaches have been used to reduce the
potential risks linked to antivirals. The People’s Republic of
China’s Ministry of Agriculture prohibited the use of amanta-
dine, rimantadine, acyclovir, ribavirin and moroxydine in the
production of food animals in 2005 with Announcement No.
560 [6]. Similar to this, the American Food and Drug Admini-
stration (FDA) issued an Order of Prohibition in 2006 prohi-
biting the use of adamantanes and other antivirals in chicken
regardless of the label. However, there is still proof of the use
of these antiviral medications in poultry farming, especially
in chicken farming, probably because of influenza viruses going
through mutation. Despite the misuse and evident toxic effects
associated with the antivirals ACV and ATD, there are currently
no established forensic protocols capable of detecting these
antivirals in forensic relevant matrices such as saliva, urine
and gastric fluid.

To enhance the volatility of compounds for gas chromato-
graphy or GC-MS/MS and to improve instrument sensitivity
when using liquid chromatography (LC) or capillary electro-
phoresis (CE), derivatization is often necessary for certain drugs
due to their specific structure and physico-chemical properties.
The combination of triple quadrupole mass spectrometry with
high-performance liquid chromatography is the most common
method employed for residue analysis [7]. Continuing advance-
ments in LC-MS/MS, remarkably ultra-high performance liquid
chromatography (UHPLC), have led to the development of
novel techniques for multi-class multi-residue analysis. These
new approaches offer improved capabilities and efficiency in
detecting and quantifying multiple residues simultaneously

[8]. Due to its superior sensitivity and selectivity in comparison
to other techniques, the LC-MS/MS approach enables the direct
determination of compounds.

The solid phase extraction (SPE) approach is frequently
employed in LC-MS/MS analysis to prepare samples, however
it is a difficult and time-consuming process. An expeditious
sample preparation technique known as QuEChERS was
developed to tackle this issue. Reversed-dispersive solid-phase
extraction (r-dSPE) is used and conventional sample prepa-
ration stages are combined or simplified. This strategy not only
minimizes the sample size but also significantly reduces the
number of reagents, materials, energy and pretreatment time
needed. QUEChERS was originally created to analyses pesti-
cides in fruits and vegetables, but it is now frequently used to
analyses a wide range of substances and matrices, including
foods with animal origin [9], multi-residue alkaloids analysis
[10], antidepressant drugs quantification [11,12] and antiallergic
drugs activity screening [13]. However, there is currently no
available method using QUEChERS and LC-MS/MS for anal-
yzing ATD and ACV in urine, saliva and gastric fluid samples.

This work focuses and driven towards the quantification
of ACV and ATD antiviral drugs using QUEChERS extraction
and detection using LC-MS/MS form simulated saliva, gastric
fluid and urine samples. The use of simulated matrices has been
shown to improve accuracy and reduce false positives. The
method is cost-effective, easy to use and can be applied to a
wide range of biological samples. This study contributes to the
development of more sensitive and specific analytical methods
that can be used to improve food safety and protect public
health.

EXPERIMENTAL

The standard forms of the antivirals viz. acyclovir (ACV)
and amantadine (ATD) were provided by NIAM Labs Pvt. Ltd.,
Noida, India. Analytical grade chemicals and reagents such as
methanol, water, formic acid and ammonium formate solutions
for HPLC were obtained from Sigma-Aldrich, based in St.
Louis, MO, USA. The EN D-SPE salt pouch (Agilent: 5982-
0650, Agilent Technologies, Inc., USA) along with sodium
citrate tribasic dihydrate (1 g) and sodium citrate dibasic sesqui-
hydrate (0.5 g) were used in the QUEChERS method. Further-
more, anhydrous magnesium sulfate, sodium chloride, sodium
acetate and primary secondary amine (PSA) were also procured
from Sigma-Aldrich, USA.

Internal standards and working solutions: The standard
stock solutions of ACV and ATD was prepared using metha-
nol as solvent and stored at -20 °C for stability. The working
solution was then prepared by diluting the stock solution with
Milli-Q water and stored at -20 °C. The internal standard (IS)
was also prepared in a similar manner. Subsequently, a series
of working solutions with concentrations ranging from 5 to
200 ng/mL were prepared by diluting the stock solution in
distilled water.

Preparation of simulated matrices: The artificial urine
sample was prepared based on the procedure described by Stolarz
et al. [14] with a total of eight components. Urea was used as
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the only organic component, resulting in a concentration of
17 g/L. Additionally, the sample included chlorine at a concen-
tration of 9.60 g/L, sodium at 5.40 g/L, sulphate at 1.35 g/L,
magnesium at 0.65 g/L, calcium at 0.20 g/L and potassium at
0.20 g/L. These components were combined with 1 L of dis-
tilled water, resulting in a pH of 6.0. To mimic saliva, the
method outlined by Pietrzyfiska & Voelkel [15] was followed.
The entire contents were dissolved in distilled water to obtain
a final volume of 1 L. For the artificial gastric juice, the US
Pharmacopeia protocol was employed [16]. This involved
using 0.03 M aqueous NaCl, 0.084 M aqueous HCl and 0.32%
(w/v) pepsin.

QuEChERS extraction: To optimize the QUEChERS extra-
ction process, a two-step approach was employed. In first step,
synthetic samples of saliva, urine and gastric fluid spiked with
ACYV and ATD at concentrations ranging from 5 to 200 ng/mL
were prepared, respectively. A diluent containing 10 mL methanol
and 10 mL Milli-Q water was added to the samples. The mixture
was homogenized for 10 min on a wrist action shaker, followed
by the addition of an EN QuEChERS salt pouch. After vortexing
for 1 min, the mixture was centrifuged at 6000 rpm for 10 min
at 2-8 °C and 6 mL of supernatant was collected in a 15 mL
centrifuge tube. In second step, the collected supernatant under-
went a cleanup process. It was mixed with 500 mg of MgSO,
and 250 mg of primary and secondary amine (PSA) to simplify
the compound. After vortexed for 2 min and centrifuged at
6000 rpm for 6 min at 2-8 °C, the extract was transferred to a
tube containing 150 mg of MgSOj to further enhance the clean-
liness of the extract. A volume of 200 UL of the resulting clean
extract was then transferred to a different vial and 10 UL from
each sample was directly injected into the LC-MS/MS apparatus
for analysis. The study utilized synthetic samples and followed
standard procedures for QUEChERS extraction and LC- MS/
MS analysis, ensuring consistency and reliability in the experi-
mental process.

Analysis procedure: LC-MS/MS analysis was performed
using an Agilent 6470B instrument (Agilent Technologies, USA)
operating in positive-ion mode to detect ACV and ATD from
the matrices individually. A Poroshell 120 analytical column
with an EC-C18 bonded phase (2.7 um, 3 mm x 150 mm) was
maintained at 40 °C and the flow rate was set at 0.4 mL/min.
The mobile phase consisted of 50 mM ammonium formate
pH 2.9 (solvent A) and 0.9% formic acid in acetonitrile (solvent
B). The following gradient elution program was applied: 0
min-90% B, 4.5 min-40% B, 8.5 min-40% B, 20 min-90% B.
The initial conditions were restored in 5 min, resulting in a
total run time of 25 min. The flow rate of the mobile phase was
maintained at 0.2 mL/min and the injection volume was 10 uL.
The MS source was set at a temperature of 250 °C, with a nitrogen
gas flow rate of 13 L/min and a nebulizer pressure of 30 psi.

Computational toxicity prediction: The computational
toxicity prediction for ACV and ATD were performed on vali-
dated toxicity predictors such as ADMETIab 2.0, STopTox 1.0
and Syntelly. The canonical SMILES format for both the anti-
virals were retrieved from PubChem database and fed into the
webservers. The toxicity prediction included a selection of
multiple toxicity endpoints available on these platforms.

RESULTS AND DISCUSSION

To ensure the optimal performance, it is crucial to carefully
evaluate and optimize specific parameters of QUEChERS method,
such as the choice of solvent for extraction, the sample-to-solvent
ratio, pH levels, agitation methods and the type and amount
of partition salts and cleaning sorbents utilized [17-19]. Such
investigations play a vital role in enhancing the precision and
reliability of the analysis, while also improving the sensitivity
and specificity of method. Additionally, the versatility of the
QuEChERS method allows for modifications of traditional
sample preparation approaches, making it a flexible and valu-
able tool in analytical chemistry [11,12].

To optimize the extraction conditions, a designed experi-
ment was carried out to evaluate the QUEChERS method in
two stages. Methanol was chosen as the solvent of choice over
acetonitrile due to its gentle protein precipitation, water misci-
bility properties and effective solubility of both the antivirals,
ACV and ATD [11]. In the dispersive solid-phase extraction
(d-SPE) step, the inclusion of sorbents such as PSA, along with
the addition of MgSO,, facilitated the elimination of co-extracted
components and helped remove residual water or salts from
the samples.

The optimization process of QUEChERS method involved
the incorporation of all analytes and their significant impacts
via a numerical optimization approach. This method relied on
the desirability concept, which combines the effects of factors
and responses to produce the best final conditions. The optimal
conditions, which aimed at achieving a desirable level of 98.3%,
included the use of methanol as solvent, vortex or homogenizer
agitation and PSA and MgSO, (1:6) (w/w) as sorbent clean-
up. Additionally, partitioning salts such as sodium acetate and
MgSO. (1:4) (w/w) were used. The optimized QUEChERS extra-
ction parameters obtained through the design of experiments
were subsequently used in the validation of technique.

Optimization of LC-MS/MS parameters: The LC-MS/MS
system was employed to establish the optimal chromatographic
and spectrometric conditions for both ACV and ATD antiviral
drugs by introducing clean standard solutions into the system.
Initially, precursor ions were detected and subsequently, product
ions were identified using various collision energy voltages.
Among these transitions, one was chosen as the quantifier ion,
while the peak with the second-highest intensity was desig-
nated as the qualifier ion. To ensure accuracy, multiple reactions
monitoring (MRM) transitions and dwell periods were automa-
tically adjusted based on these parameters.

The mobile phase composition, including buffer concen-
tration and pH, plays a pivotal role in enhancing quantification
specificity and MS conditions as it directly influences the peak
shape of analytes during chromatography and their ionization
efficiency in MS. Upon the addition of 5 mM ammonium formate,
adecrease in peak width and an improvement in peak symmetry
were observed. Furthermore, the signal response of ACV and
ATD significantly improved with the addition of 0.1% formic
acid. Additionally, methanol demonstrated superior elution
performance compared to acetonitrile. As a result, a mobile phase
consisting of methanol:5 mM ammonium formate:formic acid
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(35:65:0.1, v/v/v) was chosen to maintain consistent sensitivity
and effective retention of ACV and ATD, respectively.

The precursor/product ion mass transitions were measured
at 226.10 — 152.00 and 152.0 — 135.1 for ACV and ATD,
respectively in all three matrices and the optimal LC conditions
for retention times in urine, saliva and gastric lavage were
recorded for ACV and ATD, respectively (Table-1). The MS
parameters were optimized using a 100 ng/mL tuning solution
in positive and negative ionization modes. In positive ionization
mode, a substantially higher sensitivity with minimal back-
ground noise was achieved compared to the negative mode for
both drugs. Representative chromatograms of ACV and ATD
from all three matrices, along with their respective retention
times, are presented in Figs. 1-6.

Method validation

Selectivity: The chromatograms were carefully inspected
to identify any potential interference peaks that could coincide
with the retention time of the analytes. The examination reve-

aled that there were no interferences caused by the presence of
reagents or solvents at the retention time of either ACV or ATD.
As aresult, it is concluded that the analytical method employed
in this study is highly selective for ACV and ATD, respectively.

Matrix and carryover effects: The presence of co-eluted
matrix components can lead to a matrix effect, resulting in either
ion suppression or enhancement. Such matrix effects can signi-
ficantly impact the sensitivity and reproducibility of an analytical
assay [20]. In this study, matrix effects were assessed for all
analytes at two distinct concentration levels: lower quality
control (LQC) of 5 ng/mL and higher quality control (HQC)
of 200 ng/mL (Table-1). The study found that the matrix effects
for all analytes were within a variation of less than 20% at both
quality control levels, which meets the validation standards
and is considered acceptable.

The method demonstrated selectivity for both ACV and
ATD, as no interference was detected in simulated urine, saliva
and gastric lavage samples during the interference test. More-
over, blank samples of drug-free biological matrices were

TABLE-1
LIMIT OF DETECTION (LOD), LIMIT OF QUANTIFICATION (LOQ), MATRIX
EFFECT (ME) AT LQC AND HQC AND OTHER METHOD VALIDATION PARAMETERS

. 2 LOD LOQ ME-LQC ME-HQC Precursor Product
Drug Matrices Slope  Intercept R (el (O /m) (%CV) (%CV) k) @) RT
Gastric fluid 992 4291 0998 1791 54.27 14.32 -4.02 226.10 152.00 5.265
Acyclovir  Saliva 1061 5051 0997 19.80 60.01 14.33 13.88 226.10 152.00 5.251
Urine 991 4268 0.998  17.98 54.49 14.34 -4.49 226.10 152.00 5.265
Gastric fluid 4533 21517 0997  20.85 63.16 -6.63 -1.06 152.00 135.1 5.917
Amantadine  Saliva 3772 14382  0.999  14.06 42.61 8.18 3.72 152.00 135.1 5.895
Urine 4532 21453 0997  20.88 63.28 -10.04 -2.13 152.00 135.1 5.917
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Fig. 1. LC-MS/MS chromatograms (acquisition time vs. counts) of acyclovir at 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL, 100 ng/mL and

200 ng/mL in urine
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Fig. 2. LC-MS/MS chromatograms (acquisition time vs. counts) of amantadine at 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL, 100 ng/mL and
200 ng/mL in urine
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Fig. 3. LC-MS/MS chromatograms (acquisition time vs. counts) of acyclovir at 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL, 100 ng/mL and
200 ng/mL in saliva

analyzed using the adopted method to check for any carryover  this carryover effect did not affect the accurate quantification
effects. Carryover was observed at the highest concentrations of either ACV or ATD in subsequent samples. These findings
identified from earlier injections of the target drug. However, confirm the reliability and robustness of the analytical method
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Fig. 5. LC-MS/MS chromatograms (acquisition time vs. counts) of acyclovir at 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL, 100 ng/mL and

200 ng/mL in gastric fluid

in accurately quantifying both ACV and ATD in various bio- Linearity, limit of detection (LOD) and limit of quanti-
logical matrices. The results support the suitability of the method fication (LOQ): The calibration curve for the study was estab-
for use in forensic analysis and other related applications. lished by plotting the peak area against standard internal ratios
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Fig. 6. LC-MS/MS chromatograms (acquisition time vs. counts) of amantadine at 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL, 100 ng/mL and

200 ng/mL in gastric fluid

of analytes at six different concentration levels. The limits of
detection (LOD) and quantification (LOQ) were calculated and
are listed in Table-1. The calibration range exhibited a linear
curve with 1/x” weighting and the linear regression coefficient
(R?) exceeded 0.9999, indicating a highly reliable model fit.
Accuracy and precision: The precision and accuracy of
the method were assessed by evaluating the repeatability (intra-
day) and intermediate precision (inter-day) of the results, expre-
ssed as %CV (coefficient of variation). The obtained %CV values
for ACV and ATD in all three matrices (Table-2) were found
to be within the acceptable criteria (not exceeding 20%). This
indicates that the method demonstrated reliable and consistent
performance in quantifying ACV and ATD in the tested samples.
Recovery: To evaluate the recovery, two sets of samples
were used: one set involved spiking the blank matrix after extra-

ction (AE), while the other set was spiked before the extraction
process (BE). The percent recovery was determined using the
formula described in Singh et al. [11]. The calculated percent
recoveries of ACV and ATD from urine, saliva and gastric
lavage all fell within the desired range of 70-120%, indicating
that the recovery achieved meets the criteria for bioanalytical
methods (Table-2). This demonstrates the accuracy and relia-
bility of the method in quantifying ACV and ATD in the specified
matrices.

Computational toxicity prediction: ACV and ATD were
subjected to in silico prediction software to evaluate their toxicity
endpoints. The results suggested that ACV has the potential to
be mutagenic and carcinogenic and it may lead to drug-induced
liver injury, hepatotoxicity, developmental toxicity, eye and skin
irritation and corrosion, among other toxic effects (Table-3).

TABLE-2
RECOVERY, PRECISION AND ACCURACY OF ACYCLOVIR AND AMANTADINE IN GASTRIC FLUID, SALIVA AND URINE
Gastric fluid Saliva Urine
Recovery Precision Accuracy Recovery Precision Accuracy Recovery Precision Accuracy
(%) (%) (%) (%) (%) (%) (%) (%) (%)
100.53 17.64 -10.51 80.52 4.47 -23.14 80.53 3.76 -22.61
105.82 1.23 4.37 117.13 7.05 8.70 102.32 2.29 242
. 111.16 4.84 11.72 127.46 8.06 16.69 107.16 3.03 9.71
Acyclovir
99.04 4.43 3.82 114.46 4.99 10.23 98.04 14.83 -3.55
94.61 4.38 -0.35 112.85 4.64 7.40 93.64 4.53 -1.35
86.98 4.74 -7.99 103.19 5.32 -2.77 86.55 6.19 -6.79
76.76 7.79 -16.51 88.93 3.66 -14.28 73.96 6.21 -20.88
96.99 3.49 0.31 103.02 1.89 0.82 95.79 2.88 -0.93
Amantadine 109.96 0.62 9.25 112.31 1.64 11.19 104.81 3.39 8.91
104.49 0.56 4.67 107.18 1.72 6.09 104.43 2.18 6.97
101.24 1.32 1.56 103.07 1.12 2.31 100.24 1.94 2.53
92.67 1.66 -5.57 97.15 1.28 -3.96 91.67 1.85 -6.54
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Conversely, ATD demonstrated acute toxic effects including
inhalation, oral and dermal toxicities and it also exhibited the
potential to act as a carcinogen. Moreover, ATD can induce
hepatoxicity and respiratory toxicity within the host (Table-3).
Apart from the toxicological assessment conducted in this study,
numerous published studies and case reports have highlighted
the evident toxic effects induced by these antivirals. These effects
include mitochondrial toxicity, nephrotoxicity, DNA damage
and intriguingly, neurotoxic effects [21-23] resembling those
caused by antidepressants and other drugs of abuse. Such find-
ings emphasize the critical need for a forensic detection protocol
to identify and quantify these antivirals from biological matrices.

In this study, the LC-MS/MS method was optimized to
detect the presence of ACV and ATD individually in urine, saliva
and gastric lavage matrices. Several workers [24-28] have
reported various protocols for determining both ACV and ATD
in human plasma, utilizing different techniques, solvents, salt
combinations and SPE sorbents for the extraction process. In
present study, a modified QUEChERS method was adopted using
methanol as solvent instead of acetonitrile, to extract the anti-
virals from the selected matrices. The modified approach demon-
strates that methanol is the most suitable solvent for QUEChERS
applications and is effective for a wide range of analytes similar
to the antivirals studied. Furthermore, the optimized method
shows good recovery of both ACV and ATD at ng/mL levels
from urine, saliva and gastric lavage matrices using LC-MS/
MS.

Conclusion

The design of antiviral drugs, while targeting host cells,
can inadvertently cause adverse effects ranging from mild to
severe, making it a critical aspect of public health assessment.
However, there is a lack of forensic protocols to detect indivi-
dual toxicity, drug-drug interactions, overdose and drug abuse
related to antivirals. This study aimed to develop a modified
QuEChERS and LC-MS/MS technique to quantify antivirals

acyclovir (ACV) and amantadine (ATD) accurately from three
forensically important matrices viz. urine, saliva and gastric
lavage. The QUEChERS pre-treatment method offered several
advantages, including faster and simpler extraction compared
to previously reported methods that utilized SPE columns. The
optimized QUEChERS extraction method ensured low sample
and solvent consumption, employing methanol as solvent,
sodium acetate and magnesium sulphate salts for the salting-
out effect and primary secondary amine (PSA) with MgSO, for
sorbent clean-up. The method was thoroughly validated to meet
stringent analytical requirements, including specificity, accuracy,
linearity, intermediate precision and repeatability. The recovery
rates ranged from 71-120%, with standard deviation values less
than 20%, further affirming the reliability of method. Appli-
cation of the approach to simulated biological samples demon-
strated its ease, efficiency and accuracy in detecting low
concentrations of ACV and ATD. This highlights its potential
use in therapeutic monitoring and forensic analysis, addressing
the pressing need for a comprehensive and reliable protocol
for identifying these antivirals in forensically relevant samples.
Therefore, this developed protocol addresses the issues related
to antiviral drug abuse, overdose and fatalities more effectively,
aiding in forensic investigations and public health assessments.
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