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Abstract- The urgent search for potent antiviral drugs has
been spurred by the worldwide effects of COVID-19. A
powerful natural substance with antiviral, anti-inflammatory,
and immunomodulatory qualities is quercetin, a polyphenol
obtained from plants. Research indicates that quercetin
supports host immune response while interfering with several
aspects of the SARS-CoV-2 life cycle, such as viral entry and
multiplication. Despite its potential for treatment, quercetin's
limited bioavailability and poor water solubility prevent it
from being used in clinical settings. Nanoformulation
technologies have been developed to improve its targeted
distribution, stability, and absorption in order to address these
issues. In preclinical models, tactics such polymeric
nanoparticles, nanoemulsions, and liposomes loaded with
quercetin have shown better pharmacokinetic profiles and
antiviral results.This abstract emphasizes the two main areas
of current research: comprehending the antiviral mechanisms
of quercetin and using nanotechnology to get beyond its
delivery restrictions for possible use in COVID-19 treatment.
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1. INTRODUCTION

Coronaviruses are positive-sense RNA viruses that
are members of the Nidovirales order and the Coronaviridae
family. Coronaviruses have been responsible for some of the
world's deadliest outbreaks since the turn of the twenty-first
century. For instance, coronaviruses with a fatality rate of 10%
and 37%, respectively, were responsible for the Middle East
respiratory syndrome coronavirus (MERS-CoV) outbreak and
the SARS outbreak of 2002-2003 [1]. COVID-19, a highly
contagious disease that affects the respiratory system and can
be fatal in severe cases, is caused by SARS-CoV-2, a novel
member of the coronavirus family. Despite having a
significantly lower fatality rate (~3.4%) than SARS and
MERS, COVID-19 is one of the most deadline illnesses due to
its extremely contagious global pandemic.
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Numerous research teams worldwide have been
investigating different natural compounds for the treatment of
COVID-19. Quercetin (QR), a flavonoid molecule presentin a
wide variety of natural goods, including fruits, vegetables,
herbs, and bee products, is one example of a tiny molecule of
this type. Both MERS and SARS have been successfully
treated with the antiviral drug QR.

Quercetin's antiviral action against coronaviruses,
such as SARS-CoV-2, is mediated via its antioxidant
properties, cytokine response modulation, and inhibition of
viral entrance and reproduction. Because to its significant
first-pass metabolism, poor water solubility, and instability at
physiological pH, quercetin has a low bioavailability (~2%)
despite its therapeutic potential. By boosting quercetin's
pharmacokinetics and distribution to target tissues like the
lungs and immune cells, delivery methods based on
nanotechnology offer a solution.The hunt for potent antiviral
drugs, particularly those made from natural sources, has
accelerated due to the global COVID-19 pandemic. Fruits and
vegetables include quercetin, a plant-based flavonoid that has
drawn interest because of its broad-spectrum antiviral, anti-
inflammatory, and antioxidant qualities. Quercetin disrupt
several phases of the SARS-CoV-2 virus life cycle, including
as viral entrance, replication, and host immunological
regulation, according to a number of in vitro and in silico
investigations. However, its quick metabolism, low
bioavailability, and poor water solubility limit its therapeutic
use.  Nanoformulation  techniques like  liposomes,
nanoparticles, and nanoemulsions have been investigated to
improve quercetin's stability, distribution, and therapeutic
effectiveness in order to get over these obstacles. This review
highlights recent advances in quercetin nanoformulations and
their potential role in the prevention and treatment of COVID-
19

QUERCETIN SOURCE AND ITS PROPERTIES:

Quercetin is an antioxidant derived from plants that is
a member of the flavonoid family, a class of substances that
are well-known for their anti-inflammatory and antioxidant
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qualities. It is prevalent in a variety of foods high in nutrients,
such as:

Fruits: Citrus fruits, blueberries, cranberries, and raspberries,
as well as apples.

Vegetables: asparagus, kale, broccoli, and red and white

onions.
Buckwheat and capers are the grains and seeds.
Drinks: Red wine, black tea, and green tea.

Quercetin  originating from the Latin word

quercetum, which means "oak forest," quercetin is a flavonol
that the human body does not manufacture. One of the most
significant plant compounds is quercetin, which has
pharmacological action including anti-inflammatory, pro-
metabolic, antiviral, and anti-atopic properties. Additionally, it
has been shown to possess a variety of anticancer qualities,
and multiple investigations suggest that it is an effective
cancer-preventive agent. In addition to its psychostimulant
qualities, quercetin has been shown to improve mitochondrial
biogenesis and inhibit lipid peroxidation, capillary
permeability, and platelet aggregation.
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Figure 1. Sources of Quercetin.
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Naturally occurring plant phytochemicals are
typically less expensive and have less side effects than
synthesized medications, there has been an increase in interest
in using them to treat a variety of disorders in recent years. As
antioxidants and scavengers of ROS and other free radicals,
QR and a number of other natural polyphenols also trigger
phase 1l detoxification enzymes. A hydrophobic citron-yellow
crystal generated from plants, QR has undergone experimental
validation to assess its biological features and attributes. One
of the most common flavonoid compounds is QR. The
presence of five hydroxyl groups with electron-donating
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activity at positions 3, 5, 7, 3', and 4’ is what distinguishes QR
(Figure 2).

OH

Figure 2. The structural formula of quercetin.
QUERCETIN IN IMMUNOMODULATION:

QR directly modulates a number of immune cells,
cytokines, and other immune chemicals, it is a powerful
immunomodulatory molecule. For example, QR therapy
decreases the expression of chemicals that activate dendritic
cells (DCs), such as major histocompatibility complex (MHC)
class Il. When given LPS, DCs obtained from mouse bone
marrow exhibit decreased activation. Additionally, QR
reduces DC migration brought on by LPS. The body's antigen-
specific T-cell activation is decreased when DC activity is
decreased. Targeting several intracellular signaling Kkinases
and phosphatases, enzymes, and membrane proteins, QR
predominantly acts on leukocytes to influence inflammation
and immunity.

Flavonoids have a wide range of biological impacts.
Hepatoprotective and antiallergic qualities have also been
shown, in addition to antiviral, anti-inflammatory, and
antioxidant qualities. One of the primary features of severe
viral infections, such as SARS and COVID-19 illness, is the
"cytokine storm," which is an enhanced production of
cytokines such as interleukins, interferon-gamma (IFN-y), and
tumor necrosis factor (TNF). Due to several investigations on
their in vitro inhibitory effect towards different inflammatory
mediators, including cytokines, flavonoids are regarded as
prospective  anti-inflammatory  therapeutic agents. By
suppressing the expression of multiple proinflammatory
cytokines and signaling pathways, QR has strong
immunomodulatory effects.Additionally, a decrease in the
levels of specific immunoglobulin E (SIgE) was noted, which
resulted in a less severe anaphylactic reaction. Asthma
symptoms can be reduced by using QR's immunomodulatory
qualities. In vaccinated mice, QR therapy boosted the quantity
of IgM-producing cells and B-cell proliferation in ex vivo

www.ijsart.com



IJSART - Volume 11 Issue 8 — August 2025

settings. Inflammatory reactions brought on by the influenza A
virus also demonstrated QR's immunomodulatory qualities. In
these situations, QR therapy decreased TNF-a expression and
enhanced IL-27 release.By lowering the expression of
immunoglobulin E responses, QR is also helpful in treating
peanut-induced food allergies. By lowering IL-4 expression,
eosinophil activity inhibition, Th1/Th2 balance improvement,
and leukotriene and prostaglandin levels, QR also regulates
the immune system.

QUERCETIN IN ANTI-MICROBIAL EFFECTS:

Numerous investigations into QR's antimicrobial
properties have revealed that it prevents the growth of a
number of bacterial species. According to Jaisinghani et al.,
for instance, QR prevents the growth of a number of bacterial
species, including Pseudomonas aeruginosa, Shigella flexneri,
Proteus vulgaris, Escherichia coli, and Staphylococcus
aureus.QR's inhibitory concentration, which was 20 g/mL for
S. aureus and P. aeruginosa, varied, nevertheless. Higher
concentrations of QR inhibited other bacterial strains,
including Lactobacillus casei (500 g/mL), E. coli (400 g/mL),
S. flexneri (500 g/mL), and P. vulgaris (300 /mL). Wang et al.
also showed that it has bacteriostatic effects on Salmonella
enterica Typhimurium, E. coli, S. aureus, and P. aeruginosa.At
the molecular level, QR inhibits the growth of E. coli and S.
aureus by damaging the cell wall and cell membrane; this
increased cell wall/membrane damage is reflected in the
increased activity of extracellular enzymes, such as alkaline
phosphatase and-galactosidase. QR also exhibited antibacterial
action  against  periodontal  pathogens, such  as
Actinobacillusactinomycetemcomitans (Aa) and
Porphyromonas gingivalis (Pg). A study by Geoghegan et al.
revealed that QR inhibits the growth of Aa and Pg in a dose-
dependent manner, which suggests that it has potential to
prevent bone loss. Nevertheless, Aa only shown growth
inhibition for 12 hours, after which QR's antibacterial activity
diminished. However, following a 24-hour treatment period,
Pg displayed growth inhibition. In An intriguing finding was
that Siriwong et al. demonstrated QR's antibacterial activity
against a strain of Staphylococcus epidermidis that is resistant
to multiple drugs. Amoxicillin-resistant S. epidermidis
(ARSE) was the strain employed in the investigation.
Amoxicillin and QR together were found to have synergistic
effects on the suppression of bacterial growth. The
combination decreased the amount of fatty acids in the
bacterial cells, caused damage to the cytoplasmic membrane,
increased cell membrane permeability, and prevented the
formation of peptidoglycans.Additionally, the main enzyme
responsible for the breakdown of lactamases, lactamase, was
blocked by QR. According to Hirai et al., QR exhibited
antibacterial activity against
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S. aureus resistant to methicillin. Additionally, when used with
other antibiotics as erythromycin, vancomycin, ampicillin,
oxacillin, and gentamicin, QR shown synergistic effectiveness
against MRSA. Additionally, QR caused S. aureus cells to
aggregate and impacted the bacteria's capacity to spread
colonies.

ANTIVIRAL ACTIVITY OF QUERCETIN:

Inhibiting viral infections may require focusing on

the viral proteins that allow the virus to enter the host cells. By
preventing viruses from entering host cells, QR has
demonstrated antiviral qualities. For instance, QR suppressed
the early phases of infection in a number of influenza virus
strains, including A/FM-1/47/1 (H1N1), A/Puerto Rico/8/34
(H1IN1), and A/Aichi/2/68 (H3NZ2). It has been noted that QR
inhibits viral entry by interacting with hemagglutinin (HA2
subunit), a glycoprotein that allows the virus to enter.
Targeting different phases of the virus life cycle, such as the
assembly and release of mature virus particles from the cells,
is another method to prevent or reduce virus infection.
It was demonstrated that QR decreased the copy counts of the
M2 and NP proteins, which code for channel proteins and
influenza viral nucleoproteins, respectively.QR also decreased
virus progeny production and stopped virus-induced cellular
death. Additionally, QR was successful in preventing viral
infection throughout the post attachment phases. QR
suppressed viral replication and decreased lung inflammation
in a mouse model of rhinovirus-induced chronic obstructive
pulmonary disease. Additionally, QR increased the expression
of IL-10 while decreasing the mRNA levels of IL-13 and
types | and Il interferons. The authors came to the conclusion
that QR could be utilized to lessen a variety of respiratory
distress symptoms and enhance lung function.QR may be a
useful tool to lessen health issues because COVID-19 patients
also exhibit significant lung inflammation and breathing
difficulties. Additionally, QR promotes mitochondrial antiviral
signaling,enhancing the body's defensesagainst illness.
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QUERCETIN ANTIVIRAL MECHANISM
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Figure 3. Antiviral mechanism of Quercetin.
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QUERCETIN DELIVERY NANOSYSTEMS:

A powerful flavonoid with many advantageous
qualities, quercetin is frequently made into nanosystems to
improve its low bioavailability, which is hampered by its high
first-pass metabolism and poor water solubility. These
nanocarriers improve quercetin's targeting, absorption, and
prolonged release, increasing its therapeutic efficacy in a
variety of applications, including bone regeneration, cancer
treatment, and anti-inflammatory and antioxidant therapies.
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Polymeric-Based Nanosystems:

Polymers are appealing instruments for the
pharmaceutical sector. These materials are made by joining
high MW repeating monomers to form a long chain structure.
Polymers that are created by joining two or more distinct
kinds of Copolymers are monomers with entirely different
characteristics. Homopolymers are those made from the same
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monomer. Platforms made of polymer nanoparticulates have
been acknowledged as cutting-edge delivery methods for the
movement of nucleic acids, APIs, and other bioactive
substances. Numerous distinct forms of polymer-based
systems, such as micelles, vehicles, core-shell structures,
nanospheres, polymersomes, and hydrogels, have been
thoroughly detailed in the literature. Our study concentrated
on the most recent research on polymer-based formulations for
quercetin encapsulation, which made reference to a number of
structures.

a) polymeric micelles:

Micelles are colloidal nanoparticles (NPs) with a
core-shell structure that are nanoscale (less than 100 nm) and
comprise a hydrophilic outer layer encircling a hydrophobic
center. They are created spontaneously when amphiphilic
molecules self-assemble in an
water-based solution. They may hold a variety of molecules in
their inner core thanks to their form. While the hydrophilic
shell helps to stabilize the colloidal structure in a liquid media,
they can also serve as delivery platforms for the transportation
of genetic material and hydrophobic APIs.The micelles loaded
with QUE showed a homogeneous population with a mean
particle size of roughly 55 n and a surface charge of 1.41 mV,
which is nearly neutral. The QUE encapsulation ratio
increased in proportion to the weight ratio of Soluplus to
QUE, reaching a maximum value of nearly 100% at a weight
ratio of 16:1. The QUE-loaded system's stability at 4 C, 25 C,
and 37 C is demonstrated by the findings obtained. For nine
months, the system can also sustain a QUE encapsulation
efficiency (EE) of greater than 90%. Comparing QUE-loaded
Soluplus micelles versus free QUE, this study showed a
number of benefits.It has been proposed that QUE's low
bioavailability can be improved by incorporating it into
Soluplus polymeric micelles while Poloxamer 407 is present.
The ideal formulation produced an outstanding EE up to 95%
and 7% drug loading.
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Figure 5. formulation of polymeric micelle.
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The micelles' consistent 80 nm particle size and high
negative zeta-potential values indicated that they were
physically stable. These properties enable it to better absorb
from the gut, avoid the reticuloendothelial system, and exhibit
an extended half-life (t1/2). Studies on in vitro release
demonstrated a prolonged release of the material for a
maximum of ten days.Lastly, QUE's systemic bioavailability
and absorption were considerably higher in the beagle dog
animal model in the in-vivo investigation than in the pure
form.

b) Polymeric nanoparticles:

NPs may consist of several biomaterials, including
polymers and lipids. The scientific community has shown a
great deal of interest in polymeric nanoparticles. Their size,
which ranges from 10 nm to 10 mirometerand their distinct
physicochemical characteristics set them apart from other
particles. Numerous bioactive substances, such as proteins,
APIs, and genetic material, can be included onto NPs' interior
or external surfaces. NPs can transport the substance to the
intended site of action because of their small size and ability to
achieve a sustained molecule release. Altering the external
stimuli, such as pH, temperature, irradiation, etc., can provide
the controlled release.

#  Quercetin ! i Pluronic F-68 . Monomer U P-80

Pluronic F68 %

Monomer® P-80

Figure 6.ration of encapsulation of QUE-poly(n-
butylcyanoacrylate) NPs by emulsion polymerization.

LIPID BASED NANOPARTICLES:

Lipid-based NPs are now commonly administered
through a variety of methods because to their high EE, ease of
surface modification, and structure resembling that of cell
membranes.Specifically, their usefulness has been shown in
the distribution of low molecular weight APIs, in addition to
the gene transfer industry. This section presents the liposomal
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forms of QUE together with liposome-based NPs of the
chemical, including as phytosomes and polymer-grafted
liposomes. The characteristics of solid lipid nanoparticles
(SLNs) and nanostructured lipid carriers (NLC), particularly
in the oral delivery of QUE, will also be covered.

a) Liposomes:

Phospholipids make up the majority of the vesicular
systems known as liposomes. The lipid bilayer's structural
alteration is frequently employed to improve the encapsulated
APIs' physicochemical characteristics and increase their
release profile. Surface modification of liposomes employing
different structural features, biological function, and a varying
release profile of the encapsulated APIs are caused by various
biomaterials, such as polysaccharides.

The effectiveness of QUE liposomes in solid tumors
in mice models and their ability to prevent radiation-induced
acute pneumonitis and late fibrosis by lowering oxidative
damage have already been assessed.

QUE was made into liposomes that were "twins."
Specifically, magnetoporation—which entails creating holes
in the liposome's surface or membrane—was used to
successfully integrate the enzyme laccase and QUE into
liposomes. The QUE- and laccase-containing Liposomes were
connected and loaded pH-sensitive substances into the pores.
It was shown that this method caused tumor cells to die and
increased the release of QUE and laccase at an acidic pH. In
RBL-2H3 cells, QUE liposomes made using a green thin-film
dispersion technique shown more potent anti-allergic effects,
such as a reduction in histamine and hexosaminidase release,
calcium influx, and inflammatory factor expression. For a
period of two months, rats with diabetic nephropathy were
given either a placebo, free QUE, PEGylated liposomes
without API, or PEGylated QUE liposomes.PEG 4000,
cholesterol, and soybean lecithin made up the liposomes. In
diabetic nephropathy, the liposomal form of QUE was
reported to improve the  biochemical/pathological
abnormalities. Furthermore, the liposomal version increased
the amount of QUE in plasma.

b) Solid Lipid Nanoparticles (SLNs) and Nanostructured Lipid
Carriers (NLC):

Solid lipids make up SLNandNLCarelipid-based
nanosystems, which are typically biocompatible and
biodegradable. They are made using a variety of techniques,
but high-pressure homogenization is the most often utilized
because of its speed and repeatability. Hydrophobic APIs are
encapsulated using SLN and NLCare primarily for topical and

www.ijsart.com



IJSART - Volume 11 Issue 8 — August 2025

oral delivery. A coacervation process was used to create QUE-
loaded SLN with a negative charge. The particles were
identified using a variety of physicochemical characterisation
techniques and were made up of stearic acid and arabic gum.
A steady distribution of the API within the particles was
shown by the 26-hour QUE release from the SLNs across a
controlled exponential plateau pattern. When compared to the
non-encapsulated version, the encapsulated QUE retained a
high degree of antioxidant activity (81% of that of free QUE).

QUE-loaded SLNs coated with chitosan were created
using the ultrasonication technique to treat bladder cancer. The
SLNs had a sustained release of around six days, a size of
about 250 nm, and an EE of QUE more than 97%. The profile
of cytotoxicity showed found the toxicity of QUE varied with
concentration, having an 1C50between 1.6 and 8.9 g/mL.
QUE-loaded SLNs using a volatile oil—rosemary oil—were
created using the phase-inversion temperature approach. The
solid lipid trilaurin self-assembled into the smallest, most
stable particles. QUE may be loaded with an entrapment
efficiency of more than 60% in SLNs made with a rosemary
oil-to-trilaurin ratio of 1:3. Depending on the concentration,
polyoxyethylene hydrogenated castor oil RH40 generated the
tiniest particles.Cell survival was more than 75% in the QUE—
trilaurin SLNs, which had a prolonged biphasic release profile
for over 24 hours.

SURFACTANT BASED NANOPARTICLES:
a) Niosomes

Microscopic vesicles called niosomes are made up of
lipid substances including cholesterol and L-soya
phosphatidylcholine as well as non-ionic surfactants of the
alkyl or dialkylpolyglycerol. Non-ionic surfactants self-
assemble to create a bilayer structure in aqueous media, with
the hydrophobic tails pointed in the direction of one another
and the hydrophilic heads seeking contact with the solution.
The aqueous compartment that forms in the center of the
structure as a result of these niosome component movements
can accommodate hydrophilic medications, while the
hydrophobic ones can be integrated into the lipophilic bilayer.
The size of niosomes or the quantity of bilayers in their
structure can be used to categorize them. These characteristics
allow for the description of five different types of vesicles:
bola-niosomes, proniosomes, large unilamellar vesicles (LUV,
100-3000 nm diameter), small unilamellar vesicles (SUV, 10—
100 nm diameter), and multilamellar vesicles (MLV, 0.5-10 m
diameter). The slurry, the slow spray coating, and the
coacervation phase separation method are the three recognized
preparation techniques.Niosomes behave similarly to
liposomes in vivo, which increases the entrapped drug's
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stability and bioavailability and facilitates more effective
organ distribution. Because of their shape and function,
niosomes are biocompatible, non-immunogenic, and
biodegradable drug carriers that offer a number of benefits.
Since their amphiphile nature promotes a wide range of
solubility and the preservation of the most vulnerable
structural elements, they are especially thought to be suitable
for the encapsulation of low-solubility compounds or labile
molecules.

(2
Figure 7. (a) Appearance of empty niosomes and quercetin-
niosomes; (b) Transmission electron mi croscopy (TEM)
image of blank niosomes; (c) TEM image of quercetin-
niosomes.

b) Nanoemulsions

Nanoemulsions are colloidal systems with nanosized
droplets scattered throughout the continuous phase and two
immiscible phases (continuous and dispersed). The literature
reports droplet sizes ranging from 10 to 1000 nm, with 20-200
nm being the most common. These systems are also known as
miniemulsions, fine-dispersed emulsions, or submicron
emulsions. O/W (oil in water) and W/O (water in oil)
nanoemulsions are both possible, and the proportion of oil in
O/W typically ranges from 5 to 20% w/w. Additionally,
bicontinuousnanoemulsions, in which the continuous and
dispersed phases are both liquid and stabilized by a surfactant,
as well as double emulsions, W/O/W (water in oil in water)
and O/W/O (oil in water in oil), respectively, can be made.
Three different kinds of surfactants—cationic, anionic, and
nonionic—are employed to stabilize nanoemulsions. To
strengthen the stabilizing process, co-surfactants such
glycerin, ethylene glycol, propylene glycol, etc., can be added.
There have been several documented techniques for creating
nanoemulsions, which can be broadly divided into two
categories: high and low energy emulsification. The first one
involves microfluidization, high-pressure homogenization, and
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ultrasonic emulsification; the second one involves temperature
inversion and spontaneous emulsification.

Nanoemulsion delivery methods have been created
for a variety of administration routes, including topical or
systemic. Increased medication solubility and improved in-
vitrodissolution during oral delivery can improve absorption in
the gastrointestinal (GI) tract. Both hydrophilic and lipophilic
molecules' characteristics can be modulated by W/O and O/W
nanoemulsions. The parental administration of insoluble
medications may also be made possible by solubility
augmentation. Additionally, the capacity of these systems to
stop penetrating through membranes and the continuous
release of medications from nanoemulsions make them
amenable to topical and ophthalmic delivery.

OH
HO OH ¢ Antiviral activity
¢ Anti-inflammatory
¢ Immune modulation
OH OH
QUERCETIN

COVID-19
QUERCETIN
NANOEMULSION

Figure 8. Quercetin Nanoemulsion.
Il. RESULT AND DISCUSSION

Quercetin may prove to be a useful adjuvant
treatment for viral infections such as COVID-19 in the future,
particularly if its bioavailability is increased by sophisticated
delivery methods. Further investigation into nanoformulations,
including polymeric carriers, solid lipid nanoparticles, and
nanoemulsions, is expected to improve its clinical efficacy.
These developments could enable continuous drug release,
better patient compliance, and targeted delivery to lung tissue.
It may be possible to increase quercetin's therapeutic potential
by combining it with additional antiviral or immune-boosting
substances. Future clinical studies are necessary to ascertain
the best dosage, level of safety, and long-term effectiveness in
people. If quercetin nanoformulation proves effective, it might
be incorporated into conventional antiviral therapy regimens.
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I11. CONCLUSION

A naturally occurring flavonoid in fruits and
vegetables, quercetin has a wide range of antiviral properties,
including encouraging results against the COVID-19 virus,
SARS-CoV-2. Its therapeutic promise is highlighted by its
modes of action, which include modulating inflammatory
responses, blocking viral entrance, and interfering with
replication  enzymes.  Furthermore,  quercetin  has
immunomodulatory and antioxidant qualities that could aid in
controlling the cytokine storm linked to severe COVID-19
instances.Despite its pharmacological advantages, quercetin's
low bioavailability severely restricts its therapeutic use. Its fast
metabolism, poor intestinal absorption, and low water
solubility limit its systemic presence and therapeutic efficacy.
This has led scientists to investigate cutting-edge delivery
methods that can improve the stability, absorption, and
biological activity of quercetin.

In order to get around these restrictions,
nanoformulation techniques such polymeric carriers, solid
lipid nanoparticles, liposomes, and nanoemulsions have
showed a lot of promise. In addition to enhancing quercetin's
pharmacokinetic profile, these technologies allow for tailored
administration to affected tissues, which may increase
therapeutic results while reducing adverse effects. To sum up,
combining nanotechnology with organic substances like
quercetin may provide a potent and long-lasting approach to
creating antiviral medications in the future, particularly for
newly emerging infectious disorders like COVID-19. To
confirm these results and guarantee human safety and
effectiveness, more in vivo research and clinical trials are
necessary.
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