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Naturally occurring phytochemicals with promising biological properties are
quercetin and its derivatives. Quercetin has been thoroughly studied for its
antidiabetic, antibacterial, anti-inflammatory, anti-Alzheimer’s, anti-arthritic,
antioxidant, cardiovascular, and wound-healing properties. Anticancer activity
of quercetin against cancer cell lines has also recently been revealed. The
majority of the Western diet contains quercetin and its derivatives, therefore
consuming them as part of a meal or as a food supplement may be sufficient
for people to take advantage of their preventive effects. Bioavailability-based
drug-delivery systems of quercetin have been heavily studied. Fruits, seeds,
vegetables, bracken fern, coffee, tea, and other plants all contain quercetin,
as do natural colors. One naturally occurring antioxidant is quercetin, whose
anticancer effects have been discussed in detail. It has several properties
that could make it an effective anti-cancer agent. Numerous researches have
shown that quercetin plays a substantial part in the suppression of cancer cells
in the breast, colon, prostate, ovary, endometrial, and lung tumors. The current
study includes a concise explanation of quercetin’'s action mechanism and
potential health applications.
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Introduction

The Latin term quercetum, which signifies Quercus robur
(oak), is the source of the English word quercetin (1). Citrus-
yellow quercetin crystals are soluble in lipids and alcohols but
not in water (2). It has 15 carbon atoms and two aromatic
rings connected by a 3-carbon bridge (3). Among the foods
that contain this important nutritional flavanol are citrus
fruits, flowers, green leafy vegetables, seeds, barks, buckwheat,
broccoli, olives, almonds, onions, apples, red grapes, green
tea, and berries. It is an aglycone that is present in the
glycol-conjugates quercetin glucuronide, quercetin glycoside,
and quercetin rutinoside, among others (4). Plants can be used
to obtain quercetin. Compared to quercetin, the conjugated
form of quercetin glycoside has a high absorption rate (5).
About 77 times more quercetin is found in onion peel
than in the edible section (6). Numerous methods, including
solvent extraction, ultrasound-assisted extraction, microwave-
assisted extraction, and the combination of strong pulsed
light and subcritical water extraction, can be used to extract
bioactive components from onion skin (6). For the first time,
quercetin 3-galactoside has been found in the vegetative parts
of Azadirachta indica, also known as neem. Its vegetative parts
contain a variety of phytochemicals that may have biological
and medicinal benefits, such as anti-cancer, anti-fungal, anti-
bacterial, anti-viral, and anti-inflammatory properties (7).
Quercetins have been used as dietary supplements because
they provide protection against a variety of diseases, such
as metabolic and inflammatory disorders. Additionally, it
has immunomodulatory, anti-viral, anti-inflammatory, anti-
cancer, anti-tumor, anti-allergy, anti-ulcer, and anti-cancer
characteristics (8). One of the most significant endogenous
antioxidants due to its protective nature against oxidants and
inflammation, quercetin is widely used in pharmaceutical,
cosmetic, and nutraceutical products (9). Quercetin has strong
antioxidant, antibacterial, and anticancer properties, making it
useful in a range of pharmaceutical and dietary applications
(10). Despite having five hydroxyl groups, quercetin is lipophilic
by nature, which results in a limited bioavailability. This
disadvantage can be eliminated by encapsulating quercetin
in a strong carrier that offers protection against oxidation,
isomerization, and degradation, increasing its shelf stability
and enabling its exaction and effective administration when
swallowed (11). For instance, encapsulation in chitosan-coated
zein nanoparticles can increase quercetin’s bioavailability,
chemical stability, intracellular antioxidant activity, and water-
dispersibility (12). The oral absorption and bioavailability of
quercetin in healthy subjects have reportedly been shown to
suggestively increase when quercetin is consumed in a food-
grade lecithin delivery system. This has reportedly been shown
to effectively preserve physical conflict in triathletes and also
demonstrate better control of allergic symptoms. During in vitro
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fecal incubation, it was discovered that native quercetin in the
phytosome-formulated product was less susceptible to bacterial
deterioration than it was in the unformulated one (13). Due to its
ability to gel at room temperature, cold-set gel can also be used to
encapsulate quercetin. Protein cold-set gels have been found to
be more efficient than other hydrogels for protecting, displacing,
and delivering heat-sensitive materials such vitamins, drugs,
probiotics, and bioactive peptides. Therefore, protein cold-set
gel can substitute for bioactive chemicals that are encapsulated
and employed in functional food, cosmetics, pharmaceutical,
and other industries. Free quercetin was found to have a 98
percent embedding rate and lower photochemical stability,
thermal stability, and storage stability than quercetin embedded
in porcine plasma protein (PPP) cold-set gel (14).

Many fruits and vegetables are resistant to Botrytis cinerea,
blue mold, and other harmful plant infections because of
quercetin. Therefore, there is a good likelihood that it will be
employed as a natural manager for the postharvest preservation
of fresh crops. On freshly cut fruit, active quercetin-chitosan
(QCS) coatings can be applied to greatly reduce microbiological
spoilage, moisture loss, and oxidative browning. Currently,
QCS polysaccharide is utilized as an active ingredient in foods
and other industries that require high levels of safety (15).
Many macro and microminerals as well as nutrients like
quercetin found in mangoes, including calcium (Ca), potassium
(K), magnesium (Mg), manganese (Mn), phosphorus (P), iron
(Fe), zinc (Zn), sodium (Na), copper (Cu), and selenium, are
crucial for human health (Se) (16, 17). Additionally, it was
noted that dried pineapple pulp had higher levels of quercetin,
polyphenols, and flavonoids than fresh pineapple pulp (18).
Both medicinal botanicals like Ginkgo biloba and a range of
honey derived from different plant sources include quercetin.
Due to changes in the intermolecular interactions between the
hydrophilic groups of polylactide and polyethylene glycol and
the polyhydroxyl groups of quercetin, it might be employed
as an antibacterial agent while also improving the thermal
and mechanical properties of polylactide-based films. Quercetin
incorporation makes it possible to obtain antibacterial polymeric
films (19). As quercetin’s stability is typically impacted by oxygen
concentration, concentrations of other antioxidants, pH value,
temperature, and the presence of metal ions, chemical changes
occur during processing and storage. Following ingestion,
quercetin is absorbed in the intestines where it undergoes phase
II metabolism and conjugates into methylated, sulfated, and
glucuronidated derivatives in the blood. Thereafter, the kidneys
and liver remove it in the form of bile, urine, and feces (4).

Mechanism of action

Quercetin, a natural antioxidant flavonoid provides

protection mostly via the extinction of free radicals formed
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during cellular metabolism (20). Significant characteristics
for quercetin antioxidant activity include dispersion in
the membrane lipid bilayer, orientation, and affinity. The
mechanism of action of quercetin has been attributed to its
binding to or interference with enzymes, receptors, transporters,
and signal transduction systems because quercetin (3,3 ,4,5,7-
pentahydroxyflavone) is a polyphenolic component that possess
broad biological activities primarily due to its antioxidant
property. Given that the cell membrane concentrates the
available quercetin molecules, investigating the biophysical
characteristics connected to the variety of lipid compositions
of cell membranes may be the key to understanding the
These

significant mechanisms primarily happen in membrane

involvement of cell membrane in these activities.

environments, inside, and through lipid bilayers (21). Figure 1
shows the pathway for the synthesis of flavonoids in plants.

Potential health applications of
quercetin

Diabetes

Diabetes especially type II, is generally the predominant
metabolic disorder occurring globally and is extremely diverse
with fluctuating degrees of oxidative stress, insulin resistance
and pancreatic B-cell dysfunction. In hyperglycemic conditions,
increased fatty acid metabolism and glucose autoxidation
produce surplus intracellular reactive oxygen species (ROS),
which alter the structures and functions of the cells. This
intensifies insulin resistance in insulin-sensitive cells and
contributes to the development of diabetic complications (4).
One of the factors contributing to the growth in diabetes
incidence worldwide is the use of meals high in energy.
According to estimates, diabetes and its complications cause
more than 4.8 million deaths yearly (about 9 percent of
the world’s population). Lipid metabolism is impacted in the
later stages of diabetes and manifests as hyperlipidemia and
hypercholesterolemia, which are also risk factors for the disease.
Changes in blood parameters are frequent among diabetics,
indicating that the function of the blood cells is impaired
since diabetes may have a detrimental impact on hematological
parameters (22). By increasing the discharge of insulin
and undeniably altering the unstable carbohydrate metabolic
enzymes, it was discovered that the mixture of swertiamarin and
quercetin (CSQ) had antihyperglycemic and antihyperlipidemic
properties. Additionally, CSQ treatment demonstrated an
impressive potential activity toward streptozotocin (STZ)-
induced toxicity and safeguards the pancreas from oxidative
stress-mediated hyperglycemia, which results in the renewal of
the pancreatic islets and may increase exudation of insulin in
STZ-induced diabetes (23). Additionally, it has been found that
quercetin increases placental structural changes, like reduction
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in the thickness of the labyrinth interhemal membrane (LIM)
and cell proliferation. It has also been found that by controlling
adiponectin signaling and its receptors, quercetin can control
these expression levels and restore them to nearly normal
levels helps to prevent gestational diabetes mellitus as a
result. Gestational diabetes mellitus (GDM), in general, is a
metabolic disorder characterized by hyperglycemia brought on
by abnormalities in insulin production, insulin action, or both,
as well as increasing pregnancy-related issues. GDM is known
to impact growth of fetus and function of placenta in humans
and research animals, as well as raise intrauterine blood glucose
levels (24).

Hyperuricemia

Hyperuricemia has attracted increased attentiveness due
to the health concerns of people because it is not only the
primary cause of gout but is also a threat for developing other
serious illnesses like cardiovascular disease (CVD) and chronic
kidney disease (CKD). Basically, hyperuricemia is a state where
the serum urate range is higher above the normal range, that
is 2.5 to 7.0 mg/dl for men and 1.5 to 6.0 mg/dl for women.
This elevated level results from either an excess of production
from hepatic metabolism and cell turnover, an insufficient
amount of excretion through the renal and digestive system,
or a combination of these two factors (25). The last byproduct
of purine metabolism, uric acid circulates in blood and is
eventually eliminated by urine in humans and higher animals.
The normal range of uric acid in blood is 360 and 420 uM in
women and men, respectively, but close to neutral pH, such as in
case of blood, concentrations >360 WM can initiate precipitation
that leads to the accumulation of monosodium urate crystals in
joint tissue interstitial spaces and gout (26). Increase in serum
uric acid level causes weight gain thus leads to obesity which
causes increase in uric acid synthesis and hinder its excretion
via kidneys thus causing expansion in hyperuricemia (27).
Liquid chromatography, bi-enzymatic colorimetry, capillary
electrophoresis, and fluorescence spectroscopy are just a few
of the systematic methods that have been developed to detect
uric acid range in blood serum and urine of humans. But these
methods have several limitations; they are expensive, require
expensive equipment, and frequently produce inaccurate
findings since they depend on physical characteristics, making
them unsuitable for on-site uric acid monitoring. As a result,
electrochemical sensors have drawn much greater attention due
to their ease of use, affordability, high level of accuracy, and
ability to do selective real-time uric acid measurement
(28).
by showing

Quercetin  helps in prevention of hyperurecimia

1) Urate production-related enzymes such adenosine

deaminase, xanthine oxidase, and ketohexokinase are inhibited,
and renal urate excretion is increased through supporting the
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FIGURE 1
Pathway for synthesis of flavonoids in plants.

FIGURE 2
Experiment set up for pre and postnatal food deprivation.
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activity of urate excretion transporters and subduing the activity
of urate reabsorption transporters, among other methods
(Figure 2).

2) Antioxidant activity by enhancing the antioxidant defense
system and removing free radicals. Figure 3 depicts the various
pathways modulated by quercetin.
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3) Reducing gout and hyperuricemia-related comorbid
conditions like hypertension, diabetes, obesity, dyslipidemia,
CVD, and kidney disease.

As a result, it can be concluded that quercetin has the
capability to function as a nutritional supplement in preventing
and treating hyperuricemia and gouty arthritis. It can also be
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FIGURE 3

Molecular pathways involved in neuronal survival modulated via quercetin.

used in place of traditional medications or in conjunction with
them to lessen their negative effects (25).

COvID-19

Some naturopathic practitioners take supplements
containing quercetin to support healthy immune function
and reduce inflammation (29). Coronavirus disease 2019, also
known as COVID-19, is a viral infection that affects lungs and is
brought on by coronavirus-2 that causes severe acute respiratory
syndrome. Globally, SARS-CoV-2 has been reported to have
caused almost 240 million infected cases and almost 5 million
fatalities. The therapeutic options include oxygen therapy
and symptom management (30). Patients with non-severe
COVID-19 typically experience signs and symptoms of mild
unilateral or bilateral pneumonia, including fever, tiredness,
dry cough, sputum production, headaches, and dyspnea.
However, the primary causes of death in individuals with severe
COVID-19 disease are pneumonia, acute respiratory distress
syndrome (ARDS), metabolic acidosis, thromboembolism,
multiple organ failure, and sudden heart damage. Different legal
medications are being used for COVID-19 treatment based
on information from a mechanistic knowledge of COVID-19
etiology and big-data analysis employing artificial intelligence.
The immune system has responded favorably to numerous
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doses of the SARS-CoV-2 vaccine. The most effective method
of avoiding transmission is mass immunization, although
it is premature to presume that the first generation of the
vaccine will be successful in preventing COVID-19 infection
and transmission (31). The World Health Organization-
synchronized medications used in the world’s largest COVID-19
randomized control trial deceitfully showed to have slight or
no effect on covid patients who were hospitalized. This has
rekindled research into alternative repurposed medications or
efficient “add-on” dietary supplements that could enhance or
supplement the therapeutic effect of repurposed medications.
It’s interesting to note that the natural flavonoid quercetin has
the ability to lower blood cholesterol levels in macrophages via
altering the expression of ABCAI, which is a key regulator of
reverse cholesterol transport. By enlightening the dysregulated
cholesterol metabolism and persistent inflammation during the
initial stages of atherosclerosis, quercetin treatment reduced the
production of foam cells (32). Angiotensin-converting enzyme II
(ACE2) has been found to be the human SARS-CoV-2 receptor,
and since ACE2 is required for SARS-CoV-2 cell entrance, an
ACE2-targeting method holds tremendous promise for the
development of drugs to combat COVID-19. Surprisingly,
quercetin was able to attach to the S-receptor-binding
protein’s domain (RBD), indicating that it not only blocked
receptors but also rendered SARS-CoV-2 virus ineffective (33)
(Table 1). Quercetin is a potential COVID-19 candidate since
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TABLE 1 The inhibitory effect of quercetin on bacteria.

Bacteria Mechanism of action Reference
Escherichia coli Inhibition of nucleic acid formation and (34-36)
disruption of plasma membrane
function
Salmonella Inhibition of nucleic acid formation and (34)
typhimurium disruption of plasma membrane
function
Bacillus subtilis Destruction of bacterial cell walls and (37)
cell membranes
Pseudomonas Inhibition of nucleic acid synthesis and (34, 35)
aeruginosa disruption of plasma membrane
function
Streptococcus Reduction of dry weight of biofilm and (38)
mutans total proteins

Mycobacterium Inhibition of glutamine synthetase by (39)
Quercetin-3-O-B-D-glucoside
(40)

Enterococcus Inhibition of synthesis of Enterococcus

faecalis faecalis naphthalatesynthas

the results of network pharmacology and bioinformatics
analysis support the notion that it takes part in host
immunomodulation (41).

Bone formation

The restricted availability of bone and susceptibility to donor
site difficulties make the use of autologous bone transplantation
extremely difficult for bone abnormalities that are typically
brought on by trauma, tumors, and infection. Therefore, it
is critically necessary to improve artificial bone replacement
materials with superior biocompatibility, bone conductivity,
and bone inductivity, for restoring bone flaws. The strong
osteo-inductive and angiogenic capabilities of quercetin and
its derivatives may support the development of bone marrow
stem cells (BMSCs) into osteoblasts (42). Table 2 contains an
organized information about amount obtained from various
methods. The aging of the global population, which increases
the risk of musculoskeletal and dental illnesses such bone
resorption, bone fractures, and bone tumors or infections, has
led to a surge in bone grafting treatments over the past few
decades. The calcium silicate-based materials have been the
most frequently used among different bone graft materials to
strengthen and regenerate hard tissue because they tempt the
formation of bone-like apatite by steadily releasing silicon ions
both in vitro and in vivo, which stimulate the expression of
proteins related to bone and regulate the proliferation and
differentiation of mesenchymal stem cells and pulp stem cells.
Therefore, it is acknowledged that the calcium silicate-based
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ceramic plays a vital role in bone regeneration, especially
in the healing and reconstruction of hard tissues. However,
calcium silicate has been discovered to have vital draw backs
in terms of therapeutic purposes, meaning that it can’t be
destroyed in a timely manner. The tissue around the bone
graft doesn’t have the ability to effectively migrate toward the
interior of the substance once it has become anchored in the
body. As a result, the use of calcium silicate substances in
tissue engineering and innovative medicine is hindered. It has
been demonstrated that quercetin positively interacts with bone
cells, promoting osteoblast growth, and effectively slows or
stops osteoclast activity. According to research, quercetin plays
a key role in regulating the processes of bone tissue renewal
and inflammation (6). Quercetin aids in treating diabetic
osteopenia as it lowers blood glucose levels. Diabetes mellitus
and osteopenia are intimately related, increasing the risk of
bone fractures and delaying the healing of fractures. Compared
to quercetin in its free form, derivatives of quercetin appear
to have stronger bone-protective properties (49). In estrogen
deficiency-induced bone loss and ovariectomized rats, quercetin
and kaempferol prominently advance bone mineralization, bone
microstructure, and osteoblast activity (50). Table 3 includes
different health benefits of quercetin. The chronic inflammatory
disease rheumatoid arthritis (RA), which is marked by synovial
inflammation and joint destruction, is another condition for
which quercetin is crucial in prevention. Bone metabolism is
significantly impacted by increased quantity of tumor necrosis
factor-a (TNF-a), enhanced oxidative stress, interleukin (IL)-
6, and IL-1b. Reactive oxygen species (ROS) cause osteoclast
differentiation and bone resorption, whereas oxidative stress
and inflammatory cytokines stimulate osteoclast development.
Osteoclasts are specialized bone-resorbing cells that are
regulated by nuclear factor kappa-B ligand and macrophage
colony-stimulating factor (M-CSF) (RANKL). Quercetin has
demonstrated effectiveness in treating RA. Thus, it can be
inferred that quercetin-controlled osteoclast genesis in RA in a
variety of ways, including by reducing the level of RANKL in RA-
FLS, inhibiting the osteoclast differentiation of monocytes from
RANKL and IL-17, and regulating the development of Th17
cells (6).

Neuroprotective agent

A natural flavonoid called quercetin has neuroprotective
properties in addition to acting as an antioxidant and effective
metal chelator. In addition, quercetin increases toxicity-induced
neuronal cell damage and stabilizes intracellular calcium
concentration. Ischemic stroke causes neuronal cell death
due to an unnecessary intracellular calcium excess. But in
ischemia affront and oxidative stress models, quercetin reduces
the calcium excess. It is likely that the calcium-binding
protein is modulated in quercetin’s neuroprotective activity
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TABLE 2 Amount of quercetin obtained by different methods.

Extraction method  Quantity Reference
Intense pulsed light and 17.32 £ 1.12 mg/g onion skin (43)
subcritical-water at 145°C for 15 min
extraction
Pulsed electric field and Yield improved by 33.22% (44)
subcritical-water and decrease in temperature
extraction from 165 to 145°C
Methanol extraction 101.4 + 1.1, QE/g dry extract (45)
Ethanol extraction 120.6 + 1.3, QE/g dry extract (45)
Ultrasound assisted 0.29 QE mg/g (46)
extraction
Microwave assisted 35.9 QE mg/g (47)
extraction
Enzyme-assisted 12.56 QE pg/g (48)
extraction
QE, Quercitrin equivalent.
TABLE 3 Health benefits and mechanism of quercetin.
Property Mechanism Reference
Diabetes Reduction in the thickness of the (24)
labyrinth interhemal membrane (LIM)
and cell proliferation thus helps in
prevention of gestational diabetes
mellitus
Hyperuricemia Increases renal urate excretion, free (25)
radical scavenging
COVID-19 Displays the anti-hypercholesterolemic (32)
property and reduce the deposition of
cholesterol in macrophages
Bone Inhibits osteoclast activity (6)
formation
Neuroprotection  Reactive oxygen scavenging (51)
Tuberculosis Acts on isocitrate lyase, an enzyme (52)
necessary for attaching the M.
tuberculosis to host cells
Cardio Inhibits apoptosis and reduces oxidative (53)
protection stress and inflammatory proteins in the
heart
Cancer Inhibits cell proliferation (54)

against cerebral ischemia (55). Quercetin and kaempferol
have been shown in numerous papers to attenuate various
metabolic syndromes linked to prenatal and early postnatal
stress through pathways involving suppression of oxidative
stress and inflammatory process in entire animals and cultured
human endothelia cells. Overall, the research by Anachuna

et al. (50) acknowledged potential links between prenatal and
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early postnatal food limitations, altered orexigenic/anorexigenic
hormone levels in the serum, and elevated brain oxidative
stress in Wistar rats, which is reversible by antioxidant
therapies. The effects of prenatal, postnatal, or combination food
shortages on rats’ pup weights were found to be enhanced by
quercetin and kaempferol through mechanisms including the
modulation of leptin and ghrelin levels including antioxidant
pathways. In order to combat alterations in metabolic and brain
functioning brought on by prenatal and early postnatal dietary
shortage, quercetin and kaempferol supplementation may be
essential (50).

Quercetin plays a significant part to prevent oxidative stress,
mitochondrial dysfunction, neuroinflammation and apoptosis
that are linked to neurodegenerative diseases (NDDs). NDDs
are actually heterogeneous disorder are categorized by the
regular progressive neuronal loss. These are set of late-onset,
advanced, age-dependent brain disorders, symbolized medically
by the decreased control of cerebra, dyskinetic movements
motor activity, and perpetual changes in behavior and nature.
Pathological marks of this condition including Parkinson’s
disease (PD), Alzheimer’s disease (AD) and Huntington’s
disease (HD), are deposits of mutant proteins like a-synuclein,
amyloidp (AP) and mutant huntingtin (Htt), respectively in
the affected regions of brain. AD is an enduring NDD that
causes substantial withering of the frontal cortex, cingulate
gyrus, temporal, and parietal lobes as well as the loss of
neurons and synapses in the cerebral cortex and some
subcortical areas. The presence of neurofibrillary tangles
(NFTs) and senile plagues serve as indicators of the AD
disease (51).

Quercetin was advertised as having the ability to reduce
oxidative stress and neurotoxicity when administered in vivo
and lured by a variety of broadsides, including metals, pesticides,
and neurotoxins. In rat models of intracerebral hemorrhage,
transgenic mouse models of AD, and streptozotocin-induced
diabetic rat models, quercetin also improved neurological
diseases. However, quercetin treatment of healthy animals also
produced adverse effects on the neurological system. It was
discovered that while quercetin exposure alone had negative
effects on fish (Channa punctata), it had favorable or protective
effects on fish with oxidative stress brought on by prior
deltamethrin exposure. Depending on the redox state, quercetin
had a good or detrimental effect on mice’s cognitive function.
Thus, it may be inferred that low levels of quercetin may benefit
the neurological system whereas large levels may have adverse
consequences (56).

Prevention of tuberculosis
The random utilization of commercial or synthetic

antimicrobial medications, that are typically used to treat
various infectious diseases, has prompt the development
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of Multiple Drug Resistance (MDR) in human pathogenic
microorganisms. This circumstance is ideal for creating
novel antibacterial substances from different natural sources.
Synthetic medications possess severe impact on human health
and are also quite expensive to produce. Traditional medicines,
especially plants, have become a major force in the field of
medicine since they are widely available and almost always
free from adverse effects (57). Tuberculosis is a transmittable
disease and its causative agent is Mycobacterium tuberculosis.
It is the main source of mortality infection. Universally, it was
estimated that 10 million people are affected by this disease
with 1.41 million deaths in 2019. Thus, the administration
of numerous medications over an extended period of time
is necessary for the treatment of tuberculosis. Whereas, the
typical regimen included isoniazid, rifampicin, pyrazinamide,
and ethambutol dihydrochloride (EDH) for about 2 months,
followed by four more months of isoniazid and rifampicin.
Unfortunately, multidrug-resistant (MDR) tuberculosis control
is waning while therapy has barely advanced (58). ROS-
mediated oxidative damage is considered to be the primary
cause of lipid peroxidation and subsequently the hepatic injury,
even if the mechanism and causative elements of hepatotoxicity
caused by anti-tuberculosis drugs remain unclear. Anti-TB
medications have been shown to alter both enzymatic and
non-enzymatic components of the cell defense mechanism
(59). The peculiar character of M. tuberculosis is its cell
wall containing good profile of lipids, helping the bacteria
in maintaining its intracellular survival and pathogenicity.
The cell wall synthesis pathway is a promising mark for new
anti-TB drug discovery. The enzyme pantothenate synthetase
(PS or PanC), is a key enzyme essential for the biogenesis
of coenzyme A (CoA). It produces pantothenate (vitamin
B5), which is pioneer for the biosynthesis of CoA. The CoA
is a crucial element of fatty acid synthesis. If this enzyme is
repressed, the fatty acid synthesis of M. tuberculosis will be
disturbed which then will affect the synthesis of cell wall (60).
Quercetin’s growth-inhibitory properties against M. tuberculosis
H37Rv were highly effective and notable. Quercetin’s ability
to fight tuberculosis (TB) is a sign of how well-suited it is to
serve as a prototype for future anti-TB drug delivery methods.
Furthermore, there is ample documentation that the patients
with destructive pulmonary tuberculosis (DPTB) who are
receiving chemotherapy in combination with quercetin-fixed
polyvinylpyrrolidone (PVP) have an improved prognosis. When
coupled with PVP, quercetin functions as an antioxidant, a
capillary stabilizer, and may have immunomodulatory effects
(61). Through the release of bacilli from an infected person’s
lungs into the surrounding atmosphere, TB is transmitted. These
microbes are then gulped by vulnerable individuals-especially
those having close interaction and immunocompromised
individuals. Then, as these organisms increase in the lungs, the
host’s immune system is stimulated, especially the activation
of phagocytes. Granuloma, a mass of necrotic lung tissue and
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Mechanism of DNA damage in tuberculosis (TB).

immune cells such T cells, B cells, and macrophages, is the
name given to this outcome. The pathologic representation of
the host’s reaction to TB infection is this granuloma. People
with active TB have symptoms include decreased appetite, fever,
lethargy, and weight loss. Those with advanced pulmonary
disease frequently cough up blood while those with lung disease
frequently have a persistent cough (haemoptysis). Isocitrate
lyase, an enzyme required for the attachment of M. tuberculosis
to host cells, was the target of quercetin. Tricarboxylic acid
(TCA) cycle functionality and cyclic cell development depend
on isocitrate lyase. Quercetin improves the repressive effect
on M. tuberculosis metabolism by lowering M. tuberculosis
isocitrate lyase (52). It was discovered that quercetin suppressed
99.30 0.268 percent of the luciferase reporter phase a assay
against M. tuberculosis at a dose of 200 g/ml. This phenolic
compound’s claimed ability to inhibit M. tuberculosis glutamate
racemase (Murl), a component of cell wall peptidoglycan
(PG) formation, was confirmed by an in silico research (62)
(Figure 4).

Cardioprotective agent

17.0 million individuals globally every year, or 31%
of all mortality, suffer from cardiovascular disease (CVD).
By 2030, this number is expected to reach 25 million.
Important discoveries indicate that hypoxic environments
promote oxidative stress, which is thought to be a major
contributor to CVD. The majority of the time, hypoxia is
detrimental to the heart’s ability to operate because, in response
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to these stimuli, cardiomyocytes undergo apoptosis, which could
result in a loss of function. This disruption of heart function
results in significant and long-lasting harm to the entire human
body. An efficient preventive or therapeutic approach for CVD
is to stop the progression of apoptosis because of the critical
role that cardiomyocyte omission plays in morbidity and death
(63). Quercetin extracted from fruits and vegetables has the
wonderful potential to function as a cardioprotective agent,
according to pharmacological hypotheses. The antioxidative and
antiplatelet properties of the muscle have a significant impact
on its function. These entities engage in behaviors including
inhibiting smooth muscle cell migration and proliferation,
which improves the mitochondrial function of cardiac cells and
inhibits nuclear factor-kappa light chain-enhancer of activated
B cells (NE-B) (64). By reducing oxidative stress, educating the
renin-angiotensin-aldosterone system (RAAS), and enhancing
vascular function, quercetin is thought to reduce blood pressure.
When quercetin is taken by people with hypertension or pre-
hypertension at doses of 500 mg/day and above, it has a
significant anti-hypertensive impact. Nitric oxide produced by
the endothelium may be more bioavailable due to quercetin,
which would improve vascular function. Quercetin doses above
50 mg/day were said to suggestively lower blood triglyceride
levels while having no discernible effect on other plasma lipids.
Quercetin plays a key role in lowering cardiovascular risk
factors like fibrinogen and C-reactive protein because of its anti-
inflammatory effects (65). Atherosclerosis (AS) is a chronic,
inflammatory, and inflammatory disease that is characterized
by inflammation, endothelial dysfunction, abnormalities in lipid
metabolism, migration and proliferation of smooth muscle cells,
and oxidative stress. With a mortality rate of more than 40%
and an increasing incidence and case count, atherosclerotic
cardiovascular disease (ASCVD), which is brought on by AS,
is one of the conditions with the greatest rates of morbidity
and mortality worldwide. It also ranks first among all causes
of death among urban and rural Chinese residents. Through its
anti-inflammatory, antioxidative, regulation of lipid metabolism
abnormalities, and other pharmacological activities, quercetin
can diminish the formation of AS plaque in the treatment
of ASCVD, lowering the prevalence of ASCVD and taming
the diagnosis of ASCVD patients (66). In females, estrogen
deficiency raises the risk of depression. Estrogen primarily
exerts its biological effects by activating its receptors, estrogen
receptor (Er) and ER, intracellularly. Additionally, the formation
of the estrogen-ER complex can indicate the transcription of
thousands of heritable factors. The sensitivity of different tissues
to estrogen among biological components may aid in explaining
the symptom variability, bone loss, and the risk of CVD and
depression. Epidemiological research has established a direct
relationship between depression and heart disease. The potential
association between depression and cardiovascular illness and
brain-derived neurotrophic factor (BDNF) has also been
confirmed by recent research. A member of the neurotrophic
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Cardiac damage (cardiotoxicity). Schematic representation of
the protective mechanisms of quercetin to mitigate cardiac
toxicity. Dox, Doxorubicin; CYP, Cyclophosphamide; Dnr,
Daunorubicin; CK-MB, Creatine kinase-MB; TNF-a, Tumor
Necrosis Factor-alpha; NO, Nitric Oxide; ROS, Reactive Oxygen
Species; Casp-3, Caspase-3; LDH, Lactate Dehydrogenase;
MDA, Malondialdehyde; GR, Glutathione reductase; GSH,
Glutathione; GPx, Glutathione Peroxidase; SOD, Superoxide
dismutase; CAT, Catalase; LPO, Lipid Peroxidation; GST,
Glutathione S-transferase.

factor family, BDNF controls the growth, maintenance, and
survival of neurons. It was first discovered in brain tissue. By
lowering hippocampus oxidative stress, QUE is known to lessen
the behavioral dysfunction that depression-like stress causes
(67). Atherogenesis, which causes myocardial infarction, stroke,
and diabetic foot ulcers followed by gangrene, is accelerated by
cardiovascular issues. Cardiomyopathy in diabetics. In addition
to cardiomyopathy, hypertrophy, congestive heart failure, heart
valve disease, and ischemic heart disease, free radicals have a role
in the etiology of numerous cardiovascular disorders (68). In
addition to its vascular impact, quercetin exhibits strong heart
protection against a variety of cardiac injuries, such as ischemia-
reperfusion (I/R) injury, doxorubicin-induced cardiotoxicity,
diabetic cardiomyopathy, and others. It has cardioprotective
effects via regulating a variety of signaling pathways and
proteins, such as decreasing oxidative stress and inhibiting
apoptosis, as well as by affecting inflammatory proteins in the
heart (53) (Figure 5).

Anti-cancer agent

The problem of cancer is having global significance and is
the second important reason of deaths around the globe. This
pathology has a great influence on economy of public and private
health. For example, in 2010, the annual economic cost of cancer
in the US was $1.16 trillion USD. According to a prediction from
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Cancer Tomorrow, there would be a 63.1 percent increase in
new cases of cancer overall in 2040. Lung (11.6 percent of all
cases), breast (11.6 percent), colorectal (10.2 percent), prostate
(7.1 percent), and stomach cancer are the cancers that occur
most frequently globally (5.7 percent). Lung cancer (18.4%),
colorectal cancer (9.2%), stomach cancer (8.2%), liver cancer
(8.2%), and breast cancer are the top causes of death worldwide.
Although high incidence rates are associated with high-income
countries, low- and middle-income countries account for 70%
of all deaths (69). Cancer is a form of disease with characteristics
similar to other diseases, not a recently recognized ailment with
a particular cause. According to earlier research, the control
of proliferative factors, evasion of growth inhibitory factors,
suppression of cell death, replicative immortality, angiogenesis,
and increased invasion and metastasis are all indications of
cancer. These six biological processes are supported by genetic
variety brought on by genomic instability. Surgery, radiation,
chemotherapy, and immunotherapy are frequently used singly
or in combination as cancer treatments. The key factor impeding
chemotherapy medications’ efficiency is resistance to drugs
as cancer cells grow used to chemotherapeutic agents, which
occurs concurrently with their use. The need for the creation
of substitute medications results from this (5). Since ancient
times, plants have been utilized to cure a variety of infectious
diseases; some of these plants are being used today as standard
therapies for many ailments. Since the previous age, both
in industrialized and emerging nations, there has been a
significant increase in the use of and public interest in natural
rehabilitation. The availability of these herbal medications has
expanded to include grocery and supermarket stores in addition
to drug stores. Due to their accessibility and affordability
compared to synthetic compounds, traditional herbal treatments
are still used to treat ailments by almost 80% of the
population in Africa and other impoverished countries. These
natural substances also have anti-inflammatory, spasmolytic,
antioxidant, sedative, antimicrobial, antiviral, antiseptic, anti-
diabetic, immunostimulant, and hepatoprotective activities.
They posses great potency to treat a variety of medical
conditions, including respiratory and gastrointestinal disorders
(70). Researchers in the field of drug discovery are paying
close attention to traditional treatments for cancer. On the
other hand, recognized chemotherapeutics are improved by
using naturally generated substances as adjuvant agents. The
necessary and promising chemotherapeutic properties as well
as chemomodulatory anticancer effects were demonstrated by
a variety of chemical families and bioactive substances of plant
origin. Various fruits and vegetables contain the polyphenolic
chemical quercetin, which has antioxidant, anti-inflammatory,
and antibacterial characteristics (71) (Figure 6).

In the United States, colon cancer is the third most frequent
cancer in both men and women and the third leading cause of
cancer-related mortality (Cancer country profiles 2014, WHO).
The likelihood of developing colon cancer appears to be firmly
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Quercetin beneficial roles in cancer treatment.

correlated with dietary practices, and the western-style diet is
thought to raise the risk. According to information published
by the WHO, lifestyle habits, such as food, exercise, or use of
alcohol and cigarettes, stoutly promote the occurrence of cancer.
In their work, Langner et al. established that the combination of
the naturally occurring phytochemicals lycopene, sulforaphane,
quercetin, and curcumin reduced the growth of colon cancer
cells while having no negative effects on healthy colon epithelial
cells. They got to the conclusion that the suggested mixture
of phytochemicals with empirically shown antiproliferative
activity may be useful as a proactive strategy for the prevention
and treatment of colon cancer (54). The epithelial layer of
the colon and rectum tissue is where colorectal cancer (CRC)
first develops. The fourth most typical cause of cancer-related
fatalities worldwide is CRC. Because of the western lifestyle, the
rate of CRC has risen over the past 10 years in both high-income
and developing nations, and is expected to continue to rise
in the years to come. Depending on the stage of the tumor,
traditional treatment for CRC may vary, although it typically
entails standard radiation and chemotherapy. Due to their
limited effectiveness and numerous adverse effects, including
low immunological response, hair loss, fatigue, nausea, and
hormone imbalance. Therefore, it is essential to create novel
therapeutic strategies for CRC therapy and prevention (72).
Various researches establish the disruption of the intestinal
microbial ecology as a cause of colorectal cancer (CRC).
Quercetin-2,3-dioxygenase, also known as quercetinase, has
been identified as the first enzyme in Bacillus spp. necessary
for the metabolism of quercetin. The cleavage of quercetin
by this enzyme is accompanied by the action of gut esterases
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on the intermediate product [2-(3,4-dihydroxybenzoyloxy)-
4,6-dihydroxybenzoate], which can result in the production
of 2,4,6-trihydroxybenzoic acid (2,4,6-THBA) and 3,4-
dihydroxybenzoic acid (3,4-DHBA), both of which are known
to have antiproliferative properties in cancel cell (73). Breast
cancer (BC) is regarded as a rising female delinquent in recent
years. Because of the wide diversity of lifestyles created, it is one
of the main reasons for death. Cancer prevention and therapy
using natural dietary components has gained current medical
attention. Because of its pro-oxidant properties, quercetin is
used to control tumor growth. Additionally, it triggers the onset
of apoptosis and arrests the cell cycle (74).

Ovarian cancer is ranked as the sixth most general disease
in women globally, with ~240,000 new cases, according to
a 2018 report. As ovarian cancer is linked with silent and
ambiguous symptoms, it is typically discovered in advanced
stages. Despite much data being gathered on this obstacle
recently, the survival rate has not improved considerably
because to various difficulties in accurately detecting and
treating it. Launching a treatment platform for ovarian cancer
is difficult due to various changes at the molecular and genetic
levels (75). Abdominal pain, bloating, frequent urination, and
changes in bowel habits are a few symptoms of ovarian cancer.
It is crucial that healthcare organizations take these hazy and
vague symptoms into account, especially in high-risk instances.
Ovulation, endometriosis, nutritional factors, race, and family
history or genetic susceptibility are among the risk factors for
this disease. The OH group at C3 location and the presence
of catechol in quercetin provide an excellent arrangement for
scavenging free radicals. Due to its potential for working in
concert with other chemo-preventive medications, quercetin is
a potential option for the treatment of ovarian cancer (76).

Conclusion

Natural bioactive compounds are receiving a lot of attention,
and quercetin is one of the best examples of how they may be
used in amazing medicinal ways. Apples, onions, and berries are
among the foods known to contain quercetin, a flavonoid having
antioxidant qualities. Quercetin has demonstrated promising
therapeutic effects against a number of illnesses, including lung
cancer, cardiovascular disease, and osteoporosis. It has been
demonstrated that those who consume a lot of flavonoids have
a lower chance of developing cardiovascular disease. Clinical
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