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Quercetin, a natural flavonoid compound with a widespread occurrence throughout the plant kingdom, exhibits a variety of
pharmacological activities. Because of the wide spectrum of health-promoting effects, quercetin has attracted much attention of
dietitians and medicinal chemists. An updated review of the literature on quercetin was performed using PubMed, Embase, and
Science Direct databases. This article presents an overview of recent developments in pharmacological activities of quercetin
including anti-SARS-CoV-2, antioxidant, anticancer, antiaging, antiviral, and anti-inflammatory activities as well as the
mechanism of actions involved. The biological activities of quercetin were evaluated both in vitro and in vivo, involving a number
of cell lines and animal models, but metabolic mechanisms of quercetin in the human body are not clear. Therefore, further large
sample clinical studies are needed to determine the appropriate dosage and form of quercetin for the treatment of the disease.

1. Introduction

Polyphenols are naturally occurring chemical compounds in
plants. Generally, polyphenols, comprising more than 8000
compounds, are divided into 2 main groups: flavonoids and
non-flavonoids (phenolic acids, lignans, stilbenes, non-
phenolic metabolites, and other polyphenols) [1]. The fla-
vonoid is composed of three benzene rings and five hydroxyl
groups.  Quercetin  [2-(3,4-dihydroxyphenyl)-3,5,7-tri-
hydroxy- 4H-chromen-4-one] has 2 benzene rings (A and B
rings) that are connected by a 3-carbon chain to form
a closed pyran ring (C ring, Figure 1). There are a total of 5
hydroxyl groups, and glycosylation can occur on any hy-
droxyl group, producing various quercetin glycoside forms
by binding to glucose, xylose, or rutin sugar [2]. Further-
more, the dihydroxy group between the A ring, the o-
dihydroxy group of the B ring, A*® and 4-carbonyl of
the C ring are the active groups present in quercetin. The
biological activity of quercetin is largely attributed to these
active phenolic hydroxyl groups and double bonds [3]. B-

ring in the class of natural flavonoids is the main active site
for antioxidant and reactive oxygen species (ROS) scav-
enging [4]. Flavonoids also play an important role in platelet
aggregation, the peroxidation of lipids, and enhancing the
biogenesis of mitochondria [5].

Quercetin is a plant secondary metabolite that occurs
widely in different parts of the plant and is also a basic
component of the human diet [5]. The richest source of
quercetin is onion, one of the most popular vegetables, both
edible and medicinal [3]. Other sources include grapes,
cherries, apples, mangoes, citrus fruits, buckwheat, plums,
tomatoes, and tea (Figure 2) [6, 7].

The steps in which quercetin is oxidized are as follows:
the phthalone fraction is first oxidized, the benzofuranone
derivative is formed by an intramolecular rearrangement
mechanism, the benzofuranone is subsequently oxidized,
and then, the resorcinol structure is oxidized [8]. Quercetin
and its derivatives possess multiple pharmacological activ-
ities including anti-SARS-CoV-2, antioxidant, anticancer,
antiaging, antiviral, and anti-inflammatory properties [6, 9].
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FiGURrE 1: Chemical structure and 3D conformer of quercetin.

Quercetin is known to use in the treatment of cancer, allergic
reactions, inflammation, arthritis, and cardiovascular dis-
orders [3, 9]. Reportedly, quercetin might be a potential
therapeutic candidate against epilepsy that deserves further
investigation [10]. Quercetin has a promising therapeutic
effect on sepsis complications [11]. In addition, quercetin
possesses neuropharmacological protective effects against
neurodegenerative brain disorders such as Alzheimer’s
disease, Parkinson’s disease, Huntington’s disease, amyloid
B peptide, multiple sclerosis, and amyotrophic lateral scle-
rosis [12]. Quercetin develops the potential of alternative or
complementary medicine in atherosclerosis [6]. Pyruvate
dehydrogenase kinase 3 is a mitochondrial protein that has
recently been considered a potential pharmacological target
for the treatment of varying types of cancer. Dahiya et al. [13]
found that quercetin has a significant inhibitory effect on
pyruvate dehydrogenase kinase 3(PDK3) with the ICs,
values in yM range. Thus, quercetin may be further eval-
uated as a promising therapeutic molecule for PDK3 with
required modifications and in vivo validation. Furthermore,
quercetin derivatives present in systemic circulation after
consumption of quercetin may act as a potent antioxidant
and anti-inflammatory agents and can contribute to the
overall biological activity of a quercetin-rich diet [14]. In the
past decades, a series of natural and synthetic compounds
have been used in the clinical treatment of various diseases
due to their good pharmacological activities. For example,
saponins as plant-derived natural products are proved to
exert their physiological activities through binding to nu-
clear receptors, making them promising candidates for se-
lective receptor modulators [15, 16]. Quercetin shows
greater potential for clinical use in the future. Therefore, the
pharmacological activities of quercetin and its mechanisms
of action are reviewed in this paper.

2. Anti-SARS-CoV-2 Activity

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) (COVID-19) represents an emergent global threat
that is straining worldwide healthcare capacity. As of August
18th, the disease caused by SARS-CoV-2 has resulted in
more than 6,400,000 deaths worldwide, with 1,060,000
deaths in the US alone. Quercetin, as the main effective
therapeutic ingredient in traditional Chinese medicine, may
effectively treat and prevent COVID-19 [17]. Epidemic in-
fectious diseases have always been a significant problem
plaguing human progress. In particular, the SARS-CoV-2
pandemic is a massive challenge for many poorer countries
lacking specialized equipment and laboratories. To address
this crisis, developing biosensors with rapid, easy, and non-
device-dependent detection is paramount. In our previous
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review, an increasing number of studies have shown that
CRISPR/Cas technology can be integrated with biosensors
and bioassays for nucleic acid detection. In addition, it is
particularly important to develop drugs for clinical treat-
ment [18]. Quercetin can interfere with SARS-CoV-2 rep-
lication theoretically as well as reduce the inflammation and
toxic effects of coronavirus disease 2019 (COVID-19) vac-
cines [19, 20]. Moreover, quercetin shortens the timing of
molecular test conversion from positive to negative while
reducing at the same time symptoms severity and negative
predictors of COVID-19 [21]. In a recent clinical study, the
researchers divided 42 COVID-19 symptom outpatients into
two groups with one group receiving standard care (SC)
treatment and the other group receiving quercetin as
a supplemental treatment based on this. By blood indicators,
the addition of quercetin supplementation reduced lactate
dehydrogenase (LDH) (-35.5%), ferritin (FER) (-40%), C-
reactive protein (CRP) (—54.8%), and D-dimer (-11.9%) in
the patient’s blood. Quercetin supplementation not only
shortens the time it takes for molecular experiments to turn
positive to negative but also reduces the severity of symp-
toms of COVID-19 [21]. The combination of quercetin and
vitamins can be used for the treatment of COVID-19 pa-
tients [22]. Quercetin may be an effective intervention to
decrease the frequency and duration of respiratory tract
infections; however, more research is needed [23].

3. Antioxidant Activity

Oxidative stress refers to the pathophysiological responses
caused by excessive production of highly reactive molecules
such as ROS in the body and the dysregulation of the oxidant
and antioxidant balance in the body when subjected to
various harmful stimuli. Oxidative stress can cause mito-
chondrial DNA damage, intracellular protein denaturation,
lipid peroxidation and inflammation, and apoptosis or
necrosis of cardiomyocytes [24]. Due to the phenolic hy-
droxyl group and the presence of a double bond, quercetin
owes potential antioxidant activities. Quercetin is a potent
scavenger for ROS and hence protects the body against
oxidative stress. In addition, quercetin maintains the oxi-
dative balance and hence is a strong antioxidant, and it
regulates the glutathione (GSH) level in the body [25].
Studies of animals and cells have shown that the synthesis of
GSH is induced by quercetin. The increased expression of
superoxide dismutase (SOD), catalase (CAT), and GSH has
been reported with the pretreatment of quercetin. Numer-
ous studies have shown that quercetin interacts directly with
DNA and that quercetin covalently binds to DNA [25]. It is
uncertain whether quercetin repairs DNA or protects it from
oxidative damage.

Quercetin could be used as a safe dietary polyphenol to
inhibit lipid oxidation [26]. Quercetin markedly reduced the
production of ROS in the microglia, and it enhanced the M2
macrophage polarization and endogenous antioxidant ex-
pression in both macrophages and microglia [27]. It has
been reported that the esterification reaction does not affect
the antioxidant activity of quercetin. Quercetin inhibited
aldehyde formation and unsaturated fatty acid oxidation in
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FIGURE 2: Sources of quercetin.

fish oil significantly [28]. Therefore, quercetin derivatives
might be useful as possible antioxidants in food and bi-
ological systems.

Arslan et al. [29] found that quercetin supplementation
to layer chickens significantly reduced malondialdehyde
(MDA) levels in the kidneys, liver, and heart and increased
GSH, CAT, and glutathione peroxidase (GSH-Px) activities
in the liver, kidney, and heart tissues. Therefore, dietary
supplementation with quercetin can alleviate oxidative
stress, biochemical changes, and apoptosis in quail. In ad-
dition, ultraviolet radiation b (UVB) induces intracellular
ROS production in HaCaT cells, and quercetin has been
found to be effective in inhibiting UVB-induced intracellular
ROS production, thereby protecting mitochondria [30]. Saw
et al. [31] made a model of oxidative stress of HepG2-C8
cells, and after pretreatment with quercetin, it was found by
DPPH analysis that quercetin had strong oxygen radical
scavenging activity, and the results of DCFH-DA de-
termination and combined index also confirmed that
quercetin can reduce the level of reactive oxygen species in
cells under oxidative stress. In addition, quercetin can exert
antioxidant effects by chelating Cu®* and Fe** in its structure
with catechol [32].

Increased apoptosis induced by oxidative stress is
considered as an important pathological change in sem-
inal vesicles in patients with diabetes. Dong et al. [33]
studied the effect of quercetin on apoptosis of seminal
vesicle cells and its mechanism, established a type 1 di-
abetic rat model induced by streptozotocin, and admin-
istered quercetin in three doses of low, medium, and high
doses for 4 months. Fasting blood glucose, refined fruc-
tose, total vesicle antioxidant capacity (T-AOC), and
MDA levels were measured, as well as the expression of
nuclear transcription factor 2(Nrf2), apoptosis-related
biomarkers B-cell lymphoma 2 protein (Bcl2), Bcl2-
associatedx protein (Bax), and caspase-3. The results
showed that T-AOC and Nrf2  decreased,

malondialdehyde levels increased, caspase-3 cleavage
increased, Bax/Bcl2 ratio decreased, and accompanied by
severe hyperglycemia in seminal vesicles of diabetic rats.
After 4 months of treatment, except for fasting blood
glucose, the remaining indicators were reversed to varying
degrees. Therefore, quercetin may alleviate apoptosis of
seminal vesicle cells caused by oxidative stress by inhib-
iting Nrf2, suggesting that it can be used to prevent
damage to seminal vesicles in rats with type 1
diabetes [33].

4. Anticancer Activity

4.1. Antitumour. Cancer is a highly malignant disease. Based
on its current status, it is urgent to explore a kind of drug
with lower toxicity, lower side effects, and effective drug for
cancer treatment or adjuvant therapy. The tumor occurrence
and development involve multiple pathways, multiple links,
and multiple targets [34]. The complexity of interactions
between the various links can lead to clinical responses, such
as limited therapeutic effects and larger side effects [35].
Recently, intense attention has been paid to the application
of natural compounds as a novel therapeutic strategy for
cancer treatment. As a natural product, quercetin is a fla-
vonoid compound that is nontoxic when treated with
a reasonable dose of quercetin and has various inhibitory
effects on various ways of tumor formation [34]. The an-
ticancer mechanism of quercetin is mainly through inhib-
iting cancer cell proliferation, inducing apoptosis, inducing
autophagy of cancer cells, regulating signaling pathways,
inhibiting its invasion and metastasis, enhancing chemo-
therapy sensitivity, and reversing drug resistance [36-38].
Available experimental studies indicate that quercetin could
modulate multiple cancer-relevant miRNAs including let-7,
miR-21, miR-146a, and miR-155, thereby inhibiting cancer
initiation and development [9]. Quercetin treatment com-
bined with the functions of growth factor midkine



knockdown strategy could potentially target CD44+/
CD133+ cells and promote elimination, thereby preventing
cancer relapse [39].

Quercetin can influence the development of tumor by
regulating epigenetics, which can directly regulate the ex-
pression of miRNA and the level of DNA methylation to
exert an anticancer effect and enhance the sensitivity of
tumor cells to chemotherapy [36]. Quercetin has a signifi-
cant antitumor effect in osteosarcoma [40]. There is evidence
that the possibility of using quercetin as a therapeutic option
for glioblastoma multiforme [41]. Quercetin and kaempferol
inhibit rhabdomyosarcoma cell and tumor growth [42]. The
study found that quercetin possesses antitumor effects on
malignant cells and induces its anticancer effect against
cancer cells via modulating various signaling pathways in-
volved in cancer development and progression. Quercetin
inhibits the proliferation of liver cancer cells via induction of
apoptosis and cell cycle arrest [43]. Quercetin exhibits direct
proapoptotic effects on tumor cells and thus can inhibit the
progress of numerous human cancers [34].

Among various natural compounds, quercetin has
shown great anticancer and anti-inflammatory properties.
Vafadar et al. [44] found that experiments have revealed
that quercetin possesses a cytotoxic impact on ovarian
cancer cells in vitro and in vivo. Studies have shown that
quercetin induces apoptosis, inhibits metabolic activity,
and cell death in hepatocellular carcinoma cells (HepG2,
HuH7) [45]. Quercetin suppresses hepatoblastoma cell
proliferation and invasion and promotes apoptosis [46, 47].
Quercetin could disturb LM3 cells proliferation and cell
cycle distribution and inhibit LM3 cells migration and
invasion, thus inducing apoptosis and promoting hepa-
tocellular carcinoma autophagy. [48] In cell culture and
rodent studies, the mechanism of action and targets of
quercetin are mainly involved in Wnt/S-catenin, MAPK/
ERK, MAPK/JNK, PI3K/AKT/mTOR, MAPK/p38, p-53,
and NF-xB. [38] Besides, quercetin can be used as che-
moprophylaxis and optionally in combination with che-
motherapeutic drugs to improve clinical outcomes in
patients with prostate cancer. [34] Quercetin in PA-1
human ovarian cancer cell line significantly reduces cell
viability by a dose-dependent manner, enhances apoptosis
of aggressive ovarian cancer cell lines, reduces Bcl-2 and
Bcl-xL, increases Bad, Bid, Bax, caspase-3, caspase-9, and
cytochrome C, and enhances the mitochondrial-induced
pathway of apoptosis, thereby inhibiting the growth of
invasive ovarian cancer cells [49]. Quercetin acts at
a concentration of 5uM in H1975 and A549 human lung
cancer cell lines, which significantly inhibits nickel-
mediated invasion of H1975 and A549 lung cancer cells,
inhibits inflammatory mediator secretion, inhibits mRNA
and protein expression of TLR4 and Myd88, reduces
phosphorylation of IKKf and IxB, reduces expression of
NF-«B and matrix metalloproteinase (MMP)-9, and in-
duces inactivation of the TLR4/NF-«B signaling pathway
[50]. In HSC-6, SCC-9 human oral cancer cell lines,
quercetin inhibits cell viability, migration, and invasion,
reduces MMP-2 and MMP-9 abundance, downgrades miR-
16, and upgrades HOXA10 [51]. Quercetin reduces
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invasion, adhesion, proliferation, and migration of human
metastatic osteosarcoma cells by inhibiting the expression
of parathyroid hormone receptors 1 and MMP-2 and
MMP-9 [52].

4.2. Cancer Prevention. Cancer chemoprevention is a pre-
vention strategy that involves the long-term use of one or
more natural or synthetic drugs to block or inhibit the course
of cancer before it becomes an aggressive disease. Quercetin
is an ideal treatment tool for chemoprevention of cancer,
specifically activating apoptosis of cancer cells without
inhibiting the cell growth of normal cells [53]. Quercetin can
be used as a supplement for cancer prevention and as a low-
toxicity therapeutic molecule for cancer treatment [54].
According to existing research, quercetin is considered to be
a complementary or alternative medicine for the prevention
and treatment of different cancers. At appropriate molar
ratios of quercetin and curcumin, proliferation and apo-
ptosis of the human breast cancer cell line MCF7 were
significantly reduced [55]. In addition, quercetin inhibits the
mobility of cancer cells by inhibiting glucose uptake and
lactic acid production and reducing levels of PKM2, GLUTI,
and LDHA, which may have a significant role in controlling
breast cancer [56].

4.3. Anticancer Agent. Quercetin combined with a variety of
small molecule drugs can reduce the dosage of anticancer
agents and improve the overall efficacy and safety by reg-
ulating signal molecules and blocking cell cycle [11].
Quercetin and cisplatin have a synergistic inhibitory effect
on cervical cancer cells [57]. Quercetin might enhance the
antitumor effect of cisplatin via inhibiting proliferation,
migration, and invasion and elevating apoptosis through
weakening MMP-2, ezrin, METTL3, and P-Gp expression of
cancer cells. Sunoqrot et al. [58] loaded the plant polyphenol
quercetin with hydrophilic anticancer curcumin and func-
tionalized it with poly-(ethylene glycol) for drug delivery
applications of cancer cell lines with higher antiproliferative
properties. In this study, quercetin-based nanomaterials
were observed to have a spherical form in most cases and
good solubility in aqueous solutions, which clearly enhances
their anticancer effectiveness. Furthermore, the effects of
quercetin on glucose metabolism and cellular energy pro-
duction contribute to its effect on cell viability reduction,
metastasis inhibition, and apoptosis induction in cancer
cells [35].

Quercetin nanoparticles have shown high encapsulation
efficiency, stability, sustained release, prolonged cycle time,
improved accumulation at tumor sites, and therapeutic
efficiency. The combination of quercetin with other di-
agnostic or therapeutic agents in nanocarriers has achieved
enhancement in the detection or treatment of tumors [59].
Since quercetin is insoluble in water and more difficult to
dissolve in alcohol, Ezzati et al. [60] studied quercetin using
organic solvent dissolution methods. They prepared nano-
particle preparations that were improved as a whole anti-
cancer agent when quercetin was wrapped in a poly lactic-
co-glycolic acid nanoparticle system. A large number of in
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vivo and in vitro experiments have shown that quercetin has
a strong role in promoting apoptosis, inhibiting metastasis,
and its ability to regulate cell cycle and tumor angiogenesis
(Table 1).

5. Antiaging Activity

Cellular senescence is a state of irreversible cell cycle arrest,
which can be induced by a variety of stressors, including
telomere dysfunction and genotoxic and oxidative stress
[67]. Aging cells lead to age-related tissue degeneration, and
the accumulation of senescent cells promotes fat accumu-
lation and steatosis in the liver. Recent studies have shown
that in INK-ATTAC transgenic mice, treatment with
a combination of quercetin and dasatinib not only eliminates
senescent cells but also reduces overall liver steatosis [68].

Slowing the progression of aging may be an attractive
way to preserve islet function after transplantation. In terms
of quercetin’s effect on improving islet transplant results,
Pathak et al. [69] established a model of in vitro induced
premature aging of rat islets, transported quercetin to the
islets in situ by using polymer microspheres, and then
constructed a hybrid cluster of islets and microspheres by
suspension method, and in long-termin vitro culture, the
presence of quercetin in the cell microenvironment slowed
down the aging process of islets. In addition, transplanting
hybrid clusters into diabetic mice produced better glycemic
control compared to control islets. Therefore, topical in-
jections of antioxidants, such as quercetin, may be an at-
tractive way to improve cell therapy outcomes. Quercetin
can reduce liver failure caused by bile duct ligation (BDL) or
carbon tetrachloride (CCly), can inhibit the formation of
extracellular matrix, and can regulate MMP-9 and metal-
loproteinase tissue inhibitors (TIMP)-1. Quercetin prevents
liver failure by inhibiting the TGF-f1/Smads signal pathway,
activating the PI3K/AKT signal pathway, and inhibiting
autophagy in BDL or CClytetrachloride-induced liver
failure [70].

While cellular senescence may be a protective mecha-
nism that regulates proliferative capacity, fibroblast senes-
cence is now considered a key pathogenic mechanism for
idiopathic pulmonary fibrosis. Quercetin alone can elimi-
nate resistance of idiopathic pulmonary fibrosis fibroblasts
to Fas ligands (FasL) or trial-induced apoptosis. Quercetin
reverses the resistance to death ligand-induced apoptosis by
promoting FasL receptor and caveolin-1 expression and
inhibiting AKT activation, thus mitigating the progression of
established pulmonary fibrosis in aged mice [71]. Therefore,
quercetin may be a viable treatment for idiopathic pulmo-
nary fibrosis and other age-related diseases. In addition,
chronic clearance of senescent cells using quercetin can
improve renal functional indices and alleviated fibrosis [72].

In a recent report on the effect of quercetin on the
tenderness of chicken pectoral muscles and its related
mechanisms, quercetin can significantly reduce shear force
and increase myofiber rupture index. After quercetin
treatment, Bip, caspase-3 activity, and p-IRE1/IREl and
Bax/Bcl-2 ratios were improved, and caspase-12 was acti-
vated. In addition, quercetin can also induce cell transition

from LC3I to LC3II and increase the expression of ATG7
and Beclin-1. The PI3K/AKT/mTOR signal pathway is in-
volved in quercetin-induced autophagy and apoptosis. These
results suggest that quercetin can promote meat tenderness
and activate apoptosis and autophagy pathways during the
aging process of chickens after death [73].

Liver fibrosis is one of the leading causes of death
worldwide. Quercetin has a significant antifibrotic effect in
liver fibrosis. Hepatic astrocytic cells are activated during
chronic liver injury, expressing more transforming growth
factors f, collagen la, and actin-a-smooth muscle, which
leads to liver fibrosis, quercetin by downregulating the
conversion of growth factor-f/Smad3 signal pathways,
effectively reducing the expression of fibrosis genes in
fructose-activated human liver stellate cells, thereby exert-
ing liver protection [74]. In addition, quercetin inhibits the
differentiation of mesenchymal progenitor cells into fat cells.
Under the condition of adipocyte differentiation, quercetin-
treated PDGFRa*/CD201" cells inhibit fat deposition and
expression of the lipid-forming genes CEBPA and ADIPOQ
by inhibiting the phosphorylation of CREB. Quercetin
significantly reduces the expression of probromine genes
(TIMP1, ACTA2, COL1AL1, and COL3A1) by inhibiting the
phosphorylation of Smad2. Within the range of concen-
trations achievable with dietary and dietary supplement
intake, quercetin inhibits the differentiation of muscle-
derived PDGFRa*/CD201" cells into fat cells and fibro-
blasts [75]. This suggests that quercetin has a preventive or
therapeutic effect on the loss of muscle mass. Quercetin has
been reported to play an antiaging role by selectively re-
moving aging endothelial cells [76].

6. Antiviral Activity

Quercetin and its derivatives have antiviral effects on a va-
riety of viruses, including human immunodeficiency virus
(HIV), polio virus, respiratory virus, Sindbis virus, Mayar
virus, and H5N1 virus [77]. Several studies highlight the
potential use of quercetin as an antiviral drug due to its
ability to inhibit the initial stages of virus infection, to in-
teract with proteases important for viral replication, and to
reduce inflammation caused by infection. Liu et al. [78]
found that quercetin has a significant damaging effect on
Singapore grouper iridovirus particles. Quercetin not only
interfered with the binding of SGIV to host cell targets
(76.14%) but also interfered with the virus’s invasion of host
cells (56.03%), affecting its replication within host cells
(52.73%). Therefore, quercetin has a direct and host-
mediatedanti-Singapore grouper iridescence virus and has
the application prospect of developing effective drugs to
control Singapore grouper iridescence virus infection in
aquaculture. Quercetin and isoquercitrin are bioactive
compounds in the ethyl acetate fraction of Elaeocarpus
sylvestris that effectively inhibit human herpesvirus repli-
cation [79]. There is evidence that quercetin and vitamin C
coadministration exerts a synergistic antiviral action due to
overlapping antiviral drugs of ascorbic acid and immuno-
modulatory properties and the capacity of ascorbate to re-
cycle quercetin, increasing its efficacy [22].
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FIGURE 3: Pharmacological activity and the possible mechanisms of quercetin.

Quercetin has a preventive effect on plant virus infections.
Wang et al. [80] optimized the prescription by adding a few of
surfactants and stabilizers using biomaterials as raw materials
to obtain 117 nm quercetin nanoliposomes with good sta-
bility. They found that Nbhsp70er-1 and Nbhsp70c-A were
target genes for quercetin and that nanoliposomes had
a 33.6% and 42% increase in inhibition at gene and protein
levels, respectively. The results of field efficacy tests indicated
that the efficacy of the agent was 38% higher than that of
conventional preparations and higher than that of other
antiviral agents. Therefore, the combination of biological
antiviral agents and nanotechnology to control plant virus
diseases has significantly improved the control efficiency and
reduced the use of traditional chemical pesticides. Further-
more, quercetin antioxidant treatment may be helpful for
preventing mycotoxin toxicity in food and feed industry [81].

7. Anti-Inflammatory Activity

Quercetin not only inhibited neutrophil infiltration but also
promoted the apoptosis of activated neutrophils and reduced
the plasma levels of inflammatory cytokines [82]. Therefore, it
may be an alternative agent for the treatment of rheumatoid
arthritis by inhibiting neutrophil activities. In terms of the
protective effects of macrophage apoptosis, quercetin inhibits
the expression of NLRP3 and lysate cysteine protease 1 in
a concentration-dependent manner, as well as the expression
of IL-18 and N-GSDMD, thereby preventing THP-1 mac-
rophage apoptosis. Quercetin can inhibit the activation of
NLRP3 inflammasomes. In addition, quercetin inhibits the
elevation of TLR2/MyD88 and p-AMPK induced by lipo-
polysaccharide/adenosine triphosphate, and quercetin exerts
an anti-inflammatory effect by inhibiting TLR2/MyD88/NF-
kB and ROS/AMPK pathways [83]. The combined use of
quercetin and dasatinib can relieve intestinal aging and in-
flammation in older mice [84].

Quercetin can improve the degeneration of osteoar-
thritis by weakening the oxidative stress responses and
inhibiting the degradation of cartilage extracellular matrix
[85]. Quercetin treatment could inhibit inflammation-
induced mitochondrial fission and promote mitochondrial
fusion [24]. Activation or inhibition of the NLRP3
inflammasome is affected by regulators such as TXNIP,
SIRT1, and Nrf2. Quercetin suppresses the NLRP3
inflammasome by affecting these regulators [86]. Quercetin
has an inhibitory effect on inflammatory responses. On the
other hand, it not only inhibits the production of NLRP3
inflammasome components and pro-IL-1f3 but also sup-
presses inflammation through interference in various signal
pathways, especially NF-xB. The NLRP3 inflammasome is
affected by regulators such as TXNIP, SIRT1, and Nrf2,
which play a key role in the activation or inhibition of the
NLRP3 inflammasome. The quercetin also affects these
factors, thereby suppressing NLRP3 inflammasome and
eventually inflammation [86]. Quercetin decreased ROS-
induced oxidative stress and inflammation by suppressing
NOX2 production [87]. Treatment with quercetin effectively
reduces the M1 inflammatory responses that stimulate NO
production, proinflammatory cytokine expression, and
lipocalin-2 production in both macrophages and microglial
cells. The chemokines, C-C motif chemokine ligand (CCL)-2
and CCL-10, were also inhibited by quercetin treatment
[24]. Numerous studies have shown that quercetin has anti-
inflammatory activity both inside and outside the body
(Table 2).

A recent study demonstrated the effect of quercetin in
regulating monoclonal nonspecific suppressor factor 3 on
tumor necrosis factor-a secretion in lipopolysaccharide-
stimulated macrophages. [88] In this study, quercetin and
the heat shock protein HSC70 together modulated the role of
monoclonal nonspecific inhibitors . In the macrophage-like
cell line RAW264.7, quercetin dose-dependent inhibition of
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LPS/interferon y-induced nitric oxide production without
cytotoxicity. In addition, quercetin inhibits TNF-a en-
hancement and the production of RANTES, a member of the
C-C chemokine superfamily in RAW264.7 cells. Quercetin
may negatively control the function of MNSFS by modu-
lating the action of the chaperone HSC70. Quercetin is
effective in the treatment of knee osteoarthritis, and studies
have shown that quercetin can alleviate joint damage in rats
with knee osteoarthritis by mediating the TSC2-RHBE-m-
TOR signal pathway and that quercetin inhibits the ex-
pression of RHEB, p-mTOR, p-ULK1, and P62 and
promotes fibroblast proliferation and migration. [91] Studies
have shown that quercetin significantly reduces the ex-
pression level of TNF-a, IL-1f, and IL-6 in skin wounds,
reduces inflammatory infiltration at the wound site, en-
hances the proliferation and migration of fibroblasts, in-
hibits inflammation in mice through Wnt/f-catenin signal
pathway and TERT, reduces the level of inflammatory
factors, and effectively promotes skin wound healing. [92].

Quercetin is known to suppress the activity of NF-«B
translocation, I-«B-phosphorylation, AP-1, and reporter
gene transcription and hence fights against inflammation. It
also modulates the activity of NF-«B, JNK1, and AP-1 signal
pathways. The activity of TNF-a was also reduced when
treated with quercetin [89]. Quercetin is a potent ferroptosis
inhibitor and ameliorates acute kidney injury [93]. Quer-
cetin exerts beneficial effects on type 2 diabetes potentially by
inhibiting pancreatic iron deposition and pancreatic f3 cells
ferroptosis [94]. Quercetin-3-O-glucuronide is a metabolite
of quercetin that has been shown to block the role of renal
platinum in tubular cells and can prevent tubular toxicity
and play a renal protective role [95].

8. Conclusion

Many phytochemicals isolated from different natural
sources have been thought to show therapeutic potential for
many diseases; quercetin is one of the most popular and
biologically active drugs among them. Through continuous
research, quercetin is expected to become a new drug that
can prevent and treat various diseases. A large number of in
vivo and in vitro studies have shown that quercetin exhibits
good pharmacological activities, including anti-SARS-CoV-
2, antioxidant, anticancer, antiaging, antiviral, anti-
inflammatory activities, and its possible related mecha-
nisms as shown in Figure 3.

Although formulations of quercetin have been de-
veloped and partially used in clinical practice, there are still
many questions to be solved due to its low bioavailability
and low absorption. As far as the current research is
concerned, the research on the pharmacological effect of
quercetin is mainly concentrated in the nonclinical stage,
and there is less clinical research on it, the absorption and
metabolic mechanism of quercetin in the human body are
not clear, before the pharmacological application, re-
searchers need to further explore the pharmacological
mechanism of quercetin in the human body in order to
better apply to the prevention and treatment of clinical
diseases.
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