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Abstract: Flavonoids and other antioxidants shield cells from harm brought on by unstable sub-
stances like free radicals. Flavonoids, which are present in fruits and vegetables, have been demon-
strated to lower the risk of metabolic disorders, cardiovascular diseases, and some forms of cancer
because of their physiological activity in lowering oxidative stress, preventing platelet aggregation
and low-density lipoprotein oxidation, and functioning as blood vessel vasodilators. Flavonoids
have been utilized as an alternative medical source to treat oxidative stress-related illnesses. Onions,
grapes, berries, cherries, broccoli, and citrous fruits are rich sources of quercetin, a powerful anti-
oxidant flavonoid that is known to guard against tissue damage brought on by a variety of medica-
tion toxicities. Flavonoids have a broad range of biological activity and have been around for more
than a billion years. Red wine, onions, green tea, apples, berries, and other plants and foods contain
quercetin, a flavonoid with anti-inflammatory and antioxidant qualities. It may prevent heart dis-
ease, lower swelling, manage blood sugar, and destroy cancer cells. Although there is little evidence

to support its advantages, quercetin is also used to treat diabetes, bladder infections, and arthritis.
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1. INTRODUCTION

Research and innovation in pharmaceuticals are increas-
ingly concentrating on delivery strategies that maximize de-
sired therapeutic outcomes while reducing adverse effects.
According to recent trends, multi-particulate drug delivery
systems are particularly well-suited for producing controlled
or delayed-release oral formulations with a short and repeat-
able gastric residence time, minimal risk of dose dumping,
and flexibility in blending to achieve various release patterns.
The carrier utilized to create the multi particles and the quan-
tity of drug they carry are two of the many variables that af-
fect the release of drugs from micro-particles [1]. Thus,
multi-particulate drug delivery methods offer enormous po-
tential for creating novel oral formulations with controlled
and delayed release, expanding the scope of pharmaceutical
development in the future.

It has been argued that multi-particulate formulations
with reduced dose dumping risk will be more appropriate in
this situation to produce a regulated and delayed release pro-
file. The components of a multi-particulate system include
pellets, granules, beads, microspheres, and mini/micro tablets
that are compressed into tablets or placed in sachets or cap-

*Address correspondence to this author at the School of Pharmaceutical Sci-
ences, IFTM University, Moradabad, Uttar Pradesh, India; Email:malik-
pooja094@gmail.com

#These authors contributed equally to this work

1574-8855/XX $65.00+.00

sules [2]. In contrast to a single conventional dosage form,
the MP system divides the drug's dose forms among several
distinct delivery entities. In addition, these systems are fa-
vored because of their relatively higher gastrointestinal tract
dispersibility, higher bioavailability, lower risk of systemic
toxicity, lower frequency of dosing, improved patient com-
pliance, lower incidence of absorption variability, decreased
likelihood of dose dumping, and precise dosing [3].

Since nanoparticles have a specialized function and are
extremely reactive with biological systems, their use in sci-
ence, technology, and medicine is growing. They can com-
pletely transform several biotechnology and medical instru-
ments and processes, making them more affordable, portable,
safe, and simple to use. Nanoparticles have a wide range of
applications, including medical treatments, industrial produc-
tion in solar and oxide fuel batteries for energy storage, and
integration into everyday materials, such as clothing, cosmet-
ics, optical devices, catalysts, bactericidal products, electron-
ics, sensor technology, biological labeling, and the treatment
of certain cancers. Nanoparticles, defined as objects with
sizes between 1 and 100 nm, may exhibit properties that dif-
fer from the bulk material due to their size [4].

Compared to conventional medications, Controlled Drug
Delivery Systems (DDS) provide several benefits, including
higher accumulation of therapeutic compounds in the target
site and fewer adverse effects. The functionalization of mag-
netic nanoparticles as carriers in DDS is the main subject of
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Fig. (1). Quercetin, a dietary flavonoid, has protective properties. (A higher resolution / colour version of this figure is available in the elec-

tronic copy of the article).

this review, which also examines these nanocarriers and their
relationships with medications. The use of magnetic nanopar-
ticles as DDS is examined, along with its benefits and draw-
backs. For the effective transport of small compounds, nano-
particles use biological pathways, and their pharmacokinetic
properties are improved by synthetic techniques, such as sur-
face, porosity, stealth, and size alterations [5].

A powerful cancer treatment and dietary antioxidant pre-
sent in fruits and vegetables, flavone is a naturally occurring
flavonoid that is present in a variety of plants and human di-
ets. In comparison to pharmaceutical drugs, plants and their
parts are employed for their flavour, aroma, and therapeutic
qualities. Phytoconstituents and plant extracts possess biolog-
ical functions, including anti-inflammatory, anti-hyper-
lipidemic, antidiabetic, and free-radical scavenging activities
[6].

These activities are essential for enhancing quality of life
and preventing metabolic diseases. In recent decades, there
has been an increasing interest in identifying chemicals with
antioxidant properties from plants that exhibit significant bi-
ological activities against conditions such as diabetes, hyper-
cholesterolemia, and inflammatory disorders. Examples of
such plants include Curcuma domestica Valeton, Cuscuta re-
flexa, Daucus carota, Emblica officinalis, Foeniculum vul-
gare, Glycyrrhiza glabra, Mangifera indica, Momordica
charantia, Ocimum sanctum, Psoralea corylifolia, Santalum
album, Solanum nigrum, Swertia chirayita, and Withania
somnifera. More than 20 plants contain QT, a bioflavonoid
that has anti-inflammatory, antihypertensive, vasodilator,
anti-obesity, anti-hypercholesterolemic, and anti-atheroscle-

rotic qualities. Additionally, it aids in the prevention of dis-
eases, such as metabolic syndrome, vascular disorders, and
hypertension, that are brought on by oxidant and free-radical
causes. The purpose of this paper is to provide an overview
of the biological and pharmacological importance of QT,
which could be summarized as follows [1, 7]:

» QT may help reduce allergy symptoms by stabiliz-
ing cells that release histamine, a substance that trig-
gers allergic reactions [8].

» QT is an antioxidant that can counteract free radi-
cals, which are particles that harm DNA and cell
membranes and have the potential to kill cells.

» QT provides the potential to prevent cancer.

» QT may have anti-diabetic effects.

» QT has the potential to prevent Alzheimer's disease.
» QT may help prevent heart disease (Fig. 1).

1.1. Synthesis Methods of Quercetin

QT can be synthesized through the phenylpropanoid met-
abolic pathway or through chemical synthesis, which are as
follows [9]:

1.2. Phenylpropanoid Metabolic Pathway

QT is synthesized from cinnamic acid, which is synthe-
sized from phenylalanine. This process forms 4 coumaroyl-
CoA, which then enters the flavonoid biosynthesis pathway,
eventually leading to the production of quercetin.
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1.3. Chemical Synthesis

QT can be used as a precursor for the synthesis of other
compounds, such as Schiff bases and metal complexes. QT
can also be used to synthesize nanoparticles, such as silver
nanoparticles and QT Nano liposomes [10].

2. EXAMPLES OF CHEMICAL SYNTHESIS

2.1. Chiff Base Synthesis

In this process, Quercetin (QT) is first dissolved in etha-
nol, and then glacial acetic acid is added to the solution. After
30 minutes, ethanol amine is slowly added dropwise to the
reaction flask [11].

2.2. Metal Complex Synthesis

In metal complex synthesis, QT can serve as a precursor
for the synthesis of metal complexes, such as QT-Thb (1)
complexes [12].

2.3. Nanoparticle Synthesis

QT can be used in the synthesis of nanoparticles, including
silver nanoparticles and QT-loaded nanoliposomes.

2.4. Biological Activities of QT

QT is a flavonoid found in many fruits and vegetables
[13]. It has many biological activities, including antioxidant,
anti-inflammatory, and antibacterial properties, which are as
follows:

2.5. Antioxidant Properties
The antioxidant properties of QT are as follows:

e The phenolic hydroxyl group and double bonds of
QT make it a strong antioxidant.

e It can reduce oxidative stress and inflammation.
e Itcan protect cells from damage caused by drug tox-
icities [14].
2.6. Anti-inflammatory Properties
The anti-inflammatory properties of QT are as follows:

e Itcanreduce inflammation and muscle damage after
exercise.

e It can suppress the NLRP3 inflammation, which is
involved in inflammatory responses.

e Itcaninhibit the production of pro-inflammatory cy-
tokines.

2.7. Antibacterial Properties
The antibacterial properties of QT are as follows:

e It possesses anti-Alzheimer’s, anti-arthritic, and
wound-healing properties.

e It exhibits antitumor, antiviral, and anti-allergic
properties [15].
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2.8. Therapeutic Applications of QT

QT has a wide range of potential therapeutic applications,
including the treatment of cancer, diabetes, and heart disease.
Itis a flavonoid known for its antioxidant, anti-inflammatory,
and antiviral properties, which are given below:

2.9. Antioxidant Applications

e QT scavenges free radicals, which are particles that
damage cell membranes and DNA.

o QT may help prevent some of the damage caused by
free radicals.

2.10. Anti-inflammatory Applications

e QT can help stabilize cells that release histamine,
which can reduce inflammation.

e QT may help with conditions like arthritis, asthma,
and peptic ulcers [16].
2.11. Anti-viral Applications
e QT has been shown to be effective against viral in-
fections.
2.12. Anti-cancer Applications
QT may help protect against cancer.

The apoptosis-inducing effects of QT may be a key factor
in its anticancer potential.

2.13. Anti-diabetic Applications

QT may help improve insulin sensitivity and glucose me-
tabolism.

QT may also help prevent diabetes by decreasing oxida-
tive stress.

2.14. Other Applications

QT may help with neurodegenerative diseases and eye
disorders [17].
2.15. Aiding in Osteoporosis

QT may also help with wound healing by increasing epi-
thelial cell growth.
3. SOME IMPORTANT CHALLENGES FOR QT
3.1. Stability and Solubility

QT has low solubility in water, but it is soluble in organic
solvents. The solubility, stability, and bioaccessibility of QT
can be improved by forming molecular complexes with pro-
teins like casein, whey protein, and soy protein. QT prodrugs,
like QT-amino acid conjugates, can improve its water solu-
bility [18].

3.2. Synthesis and Characterization

It was found that QT-iron complex nanoparticles could be
reproducibly synthesized with several ligand-to-iron ratios at
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room temperature. The UV-Vis spectra of the nanoparticle
indicated that nanoparticle formation greatly increased the
stability and solubility of QT.

3.3. Bioavailability and Pharmacokinetics

The bioavailability and pharmacokinetics of QT can be
improved by using nanoparticles to enhance the solubility
and bioavailability of the flavonoid QT. Additionally, QT bi-
oavailability can be further increased by encapsulating it in a
colloidal delivery system made from food-grade ingredients.

3.4. Efficacy and Mechanism of Action

QT nanoparticles are a promising treatment for a variety
of diseases, including cancer and inflammatory and meta-
bolic disorders. Their effectiveness stems from improved bi-
oavailability and stability compared to QT alone. Due to their
small size and large surface area, nanoparticle formulations
can significantly enhance solubility and bioavailability. This
enables the formulation of low-dose, food-derived com-
pounds like QT, which may be effective in alleviating chronic
diseases [13].

3.5. Toxicity and Safety

QT nanoparticles can be toxic to cancer cells, but are gen-
erally safe. However, the safety of nanoparticles containing
QT is controversial. The following points should be consid-
ered when considering the toxicity and safety of QT nanopar-
ticles.

4, TOXICITY
QT nanoparticles can be toxic to liver cancer cells.
QT nanoparticles can be cytotoxic to breast cancer cells.

QT nanoparticles can be used to treat liver toxicity caused
by ethion.

5. SAFETY

QT is generally considered safe, but high doses can dam-
age the kidneys.

Side effects of QT may include headache and upset stom-
ach.

Chitosan-coated nanoparticles are less toxic and are used
in drug delivery applications.

6. REGULATORY CHALLENGES

The complexity of nanoparticles as multi-component
three-dimensional constructs requires careful design and en-
gineering, detailed orthogonal analysis methods, and repro-
ducible scale-up and manufacturing process to achieve a con-
sistent product with the intended physicochemical character-
istics, biological behaviours, and pharmacological profiles
[20].

7. FORMULATION AND DELIVERY SYSTEM

A Drug Delivery System (DDS) is defined as a formula-
tion or device that facilitates the introduction of a therapeutic
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substance into the body, enhancing its efficacy and safety by
controlling the rate, time, and location of drug release.

8. CLINICAL TRANSLATION

Quercetin nanoparticles (QNPs) are a promising treat-
ment for a variety of medical conditions. They are a safer and
more effective alternative to conventional formulations of QT
[21].

9. BENEFITS OF QT NANOPARTICLES

Controlled release: QNPs ensure sustained therapeutic
effects while minimizing toxicity.

Tailored designs: QNPs can be designed to deliver drugs
precisely.

Improved bioavailability: QNPs can enhance the solu-
bility of QT, leading to an increase in its bioavailability [22].

Synergistic effects: QNPs can be combined with other
drugs to enhance their effectiveness.

10. INTERACTIONS WITH BIOLOGICAL SYSTEMS

Interactions with biological systems can be between or-
ganisms or between biological systems and other systems,
such as nanoparticles.

The interactions between organisms take place in the fol-
lowing ways:

Competition: This occurs when organisms compete for
resources

Predation: This occurs when one organism hunts another
organism for food

Symbiosis: This occurs when organisms have long-term
interactions, such as mutualism, commensalism, or parasit-
ism

Pollination: This occurs when plants are pollinated by
other organisms

Seed dispersal: This occurs when seeds are dispersed by
other organisms

On the other hand, the interactions between biological
systems and other systems take place in the following ways:
[23].

11. NANOPARTICLES AND BIOLOGICAL SYSTEMS

Nanoparticles can interact with biomolecules like pro-
teins, lipids, and nucleic acids. This interaction can occur
when nanoparticles are exposed to physiological fluids, like
blood.

12. BIOLOGICAL SYSTEMS AND THE ENVIRON-
MENT

Biological systems, like forests, grasslands, and
croplands, interact with the environment to provide food and
raw materials. Biological interactions are dynamic and can
involve competing interactions, feedback loops, and regula-
tory mechanisms.
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13. PUBLIC PERCEPTION AND ACCEPTANCE

The majority of respondents have a positive/neutral atti-
tude towards nanotechnology.

The attitude towards nanotechnology is not affected by
age or education

A negative attitude correlates with low levels of nanotech-
nology-related knowledge. Thus,

a Citizen Sciences approach can be a useful tool for public
perception studies [24].

14. DISEASES CAUSED BY OXIDANTS AND FREE
RADICALS

Since free radicals and oxidants can be both harmful and
beneficial to the organism, they play a dual role as toxic and
advantageous molecules. They can be generated by natural
cellular metabolism as well as exogenous sources, such as
pollution, cigarette smoke, radiation, and medications. Oxi-
dative stress occurs when the body is unable to effectively
eliminate an excess of free radicals. This imbalance is signif-
icantly associated with chronic and degenerative diseases, in-
cluding cancer, autoimmune disorders, aging, cataracts, rheu-
matoid arthritis, cardiovascular disease, and neurological
conditions (Table 1) [25].

Table 1. Role and types of different Antioxidant (free radicals).
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15. PLANT NAMES WITH FAMILY AND THEIR IM-
PORTANCE

Understanding the origins of common and scientific
names, as well as the history of botanical nomenclature, is
crucial. Gaining knowledge of plant names can improve our
understanding of nature and make us more knowledgeable
(Table 2) [32].

16. FREE RADICAL ACTIVITY

Reactive oxygen species (ROS), superoxide anion, and
nitric oxide (NO) are examples of free radicals that are essen-
tial in the fight against hazardous situations. They function as
regulatory mediators in signalling pathways, controlling the
generation of erythropoietin, oxygen tension, and vascular
tone. Enzymatic processes, such as the respiratory chain,
phagocytosis, prostaglandin synthesis, and the cytochrome
P450 system, as well as nonenzymatic processes like oxygen,
can all result in the production of free radicals. Endogenous
sources such as immune cell activation, inflammation, mental
stress, excessive exercise, ischemia, infection, cancer, and
aging can produce ROS and reactive nitrogen species, while
exogenous sources include cigarette smoke, alcohol, heavy
metals, transition metals, radiation, pharmaceuticals, and air
and water pollution. Chronic and degenerative disorders can
result from excessive generation of free radicals [42].

Antioxidants Role of Antioxidants References

Catalase H,0, to H,O and oxygen of Dismutase [26]
Major membrane-bound antioxidant
Alpha-tocopherol [27]
Decreases lipid peroxide scavenge O2 and OH radicals
Carotenoids Restrict the propagation of free radical chain reaction [28]
Flavonoids Stabilizes the ROS [29]
Melatonin Detoxifies reactive nitrogen and oxygen species and raises the activity of the antioxidant defence system [30]
Beta carotene Scavenges peroxy O2 and OH radicals [31]
Table 2. Botanical names of plants with family and their traditional importance.

Plant Name Botanical Name Family Geographical Distribution Traditional Use References
Brahma Manduki Centella asiatica Apitaceae India Wound healing [33]
Plum Prunus domestica Rosaceae Europe, China Laxatives [34]
Asparagus Asparagus officinalis Asparagaceae Mexico, China Antineoplastic, antitussive [35]
Apple Malus domestica Rosaceae North America Decrease risk of ulcer, [36]
Onion Allum cepa Liliaceae Italy Antioxidant, cardio protective [37]
Tomato Solanum lycopersicum Solanaceae Latin America Food supplements and salads [38]
Watercress Nasturtium officinale Brassicaceae Globally distributed Reduce the risk of cancers [39]
Coriander Coriandrum oleraceae Brassicaceae Europe Neurogzt:g;j::;; It::elriSk of [40]
Moringa Moringa oleifera Moringa - Subtropical areas Anti-hypertensive, antibacterial [41]




6 Current Drug Therapy, XXXX, Vol. XX, No. XX

Malik et al.

Foodsrichin
quercetin

'§4 P

2

Fig. (2). Sources of Quercetin. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

17. ANTIOXIDANTS

Vitamins A, C, and E are examples of natural or synthetic
antioxidants that can help treat pathological disorders brought
on by free radicals. They are used to treat inflammatory con-
ditions and can be found in fruits and vegetables. Flavonoids
from plants are also antioxidants. Since they can protect the
body from dangerous free radicals, natural antioxidants are in
great demand.

18. FLAVONOID AS ANTIOXIDANTS

Fruits, vegetables, and some drinks contain phenolic com-
pounds known as flavonoids, which possess a wide range of
biological properties. With over 3,000 different types, flavo-
noids have gained significant attention due to their potential
health benefits, which include antiviral, antiallergic, an-
tiplatelet, anti-inflammatory, anticancer, antioxidant, neuro-
degenerative, and vasodilating actions. Flavonoids are classi-
fied into the following main groups based on their chemical
composition: anthocyanidins, flavonols, flavones, fla-
vanones, and isoflavones. They protect against damage
caused by free radicals by scavenging Reactive Oxygen Spe-
cies (ROS), activating antioxidant enzymes, and inhibiting
oxidases. Additionally, flavonoids can act as prooxidants,
promoting the oxidation of other substances [43].

19. SOURCES FOR QURECETIN

Numerous fruits, vegetables, and other foods contain
Quercetin, a flavonoid (Fig. 2). The sources are as follows:

» Fruits: Dark cherries, berries, grapes, apples, citrus
fruits, and cherries

» Vegetables: Red leaf lettuce, green pepper, toma-
toes, broccoli, onions, and asparagus

» Herbs and spices: Dill, chives, tarragon, parsley,
and sage

» Other foods: Buckwheat, almonds, flowers, red
wine, tea, and olive oil [44].

20. BENEFITS OF QUERCETIN

Since flavonoids like QT can act as antioxidants within
your body, they have positive impacts. Antioxidants are sub-
stances that can attach to and eliminate free radicals. When
their concentrations go too high, free radicals—unstable mol-
ecules—can harm cells. Numerous chronic illnesses, includ-
ing diabetes, heart disease, and cancer, have been linked to
damage caused by free radicals. QT is the most prevalent fla-
vonoid in the diet, with an average recommended intake of
10-100 mg per day from a variety of foods. As mentioned
earlier, common sources of QT include citrus fruits, cherries,
onions, apples, grapes, berries, broccoli, green tea, coffee, red
wine, and capers (Fig. 3) [45]. Additionally, QT is available
in powder and pill form as a nutritional supplement. People
use this supplement for various purposes, such as:

e Boosting immunity

e  Fighting inflammation

e Combatting allergies

o Aiding exercise performance
e Maintaining general health

21. QUERCETIN PROFILE

QT is a flavonol, one of the six subclasses of flavonoid
compounds. Flavonoids, plant substances with a flavone
backbone, can undergo modifications to form various mole-
cules. They can exist as aglycones, without sugars, or as gly-
cosides, with sugars attached. These compounds are part of
the flavonoid family. Flavonols, commonly found in fruits
and vegetables, are typically consumed as flavonol glyco-
sides. The name "QT" originates from the Latin word "Quer-
cetum" and refers to a yellow flavonol present in a variety of
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Fig. (3). Benefits of Quercetin. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

foods, including broccoli, apples, onions, green tea, red
grapes, red wine, dark cherries, berries, seeds, nuts, flowers,
barks, and olive oil [46].

Moreover, free radicals can be neutralized by antioxi-
dants. They might lessen or perhaps stop some of the harm
that free radicals pose. QT exhibits high antioxidant qualities
in test tubes. However, whether QT (and many other antioxi-
dants) have the same effects inside the body is unknown to
researchers. Nonetheless, QT may offer some protection
against cancer and heart disease. QT can also have an anti-
inflammatory and antihistamine impact by stabilizing the his-
tamine-releasing cells of the body (Fig. 4) [47].

OH O
QUERCETIN

Fig. (4). Structure of Quercetin. (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

22. THE BENEFITS OF QUERCETIN REGARDING
HEALTH

As mentioned earlier, QT may help protect against heart
disease and cancer. QT can also help stabilize the cells that
release histamine in the body and thereby have an anti-in-
flammatory and antihistamine effect (Fig. 5) [48].

23. ANTIOXIDANT PROPERTIES OF QUERCETIN

A plant-derived flavonoid glycoside, QT is a dietary sup-
plement that has many health benefits, such as anti-inflam-
matory, anti-diabetic, anti-cancer, anti-tumor, anti-ulcer,
anti-allergy, antiviral, gastroprotective, antihypertensive, im-
munomodulatory, and anti-infective properties. It has been
discovered that QT and its conjugate metabolites lower the
risk of erythrocyte damage by shielding erythrocytes from the
smoke, a source of free radicals that deteriorates erythrocyte

membranes. Moreover, QT, an antioxidant that can cause sul-
fate damage, is utilized to repair DNA and can be found in a
variety of foods and beverages [49].

23.1. Free Radical Scavenging

As mentioned earlier, QT is a flavonoid that scavenges free
radicals, which are unstable molecules that can damage cells
[50]. QT, found in fruits, vegetables, tea, and red wine, per-
forms the following functions:

» QT scavenges free radicals directly.
» QT inhibits the oxidation of low-density lipoprotein
» QT interferes with the synthesis of nitric oxide (NO)

23.2. Regeneration of Other Antioxidants

QT can enhance antioxidant properties by modulating en-
zymes and antioxidant substances. It can also regenerate
other antioxidants, such as a-tocopherol. It can enhance anti-
oxidant properties by regulating signaling pathways. It can
also help with wound healing, muscle regeneration, and bone
health [51].

23.3. Inhibition of Oxidative Stress Pathways

QT can inhibit oxidative stress pathways by reducing re-
active oxygen species (ROS) and increasing antioxidants
[52]. It can also inhibit the activity of enzymes that produce
oxidative stress. It is also involved in the following actions:

24. REGULATING ANTIOXIDANTS
QT increases the level of glutathione (GSH) and de-
creases the level of ROS.

25. INHIBITING OXIDATIVE ENZYMES

QT binds to and inhibits the activity of enzymes that pro-
duce oxidative stress, such as XO, MAO-A, 5-LOX, NOX,
and MPO.
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Fig. (5). Health benefits of Quercetin. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

26. METAL CHELATION

QT can chelate metal ions. It acts as an antioxidant and
can bind to metal ions like iron and copper. QT has three sites
where it can form metal complexes: 3-hydroxy-4-keto group,
5, hydroxy-4-keto group, and Ortho-dihydroxyl (catechol)
group of B ring. It forms complexes with metal ions through
its 5-OH and 4-carbonyl groups. Further, the stability of the
complex depends on the metal ion and the flavonoid chelator
[53].

27. EFFECT ON ENZYMATIC ANTIOXIDANTS

QT can affect antioxidant enzymes by modulating signal
transduction pathways. QT can increase the activity of anti-
oxidant enzymes like SOD, GSH, and CAT and decrease the
levels of MDA. It can also increase the expression of genes
that code for antioxidant enzymes like heme oxygenase-1
(HO-1) and NAD (P) H dehydrogenase [54].

28. IMPACT ON CELLULAR SIGNALING

QT is a flavonoid antioxidant that can affect cell signaling
in a number of ways, including inducing apoptosis, blocking
signaling pathways, and altering gene expression [55].

28.1. Apoptosis

QT can induce apoptosis by activating pro-apoptotic pro-
teins like Bax and releasing cytochrome ¢ from mitochondria.
It can also inhibit anti-apoptotic proteins like Bcl-2 and can
induce apoptosis in a dose-dependent manner.

28.2. Signaling Pathways

QT can block signaling pathways like PI3K, MAPK, and
WNT. It can also target non-coding RNAs [56].

29. PHARMACOLOGICAL IMPORTANCE OF QUER-
CETIN

The human body uses inflammation as a physiologic re-
action to get rid of germs and damaged cells and to start the
healing process. Since it is the body's reaction to repairing
itself, it does not always indicate infection. By blocking in-
flammatory enzymes like COX and lipoxygenase, QT, a nat-
ural anti-inflammatory, can effectively reduce inflammation
by lowering inflammatory mediators, including prostaglan-
dins and leukotrienes. This is one of the main features of in-
flammation. Researchers studying nutrition at Michigan State
University have shown that some meals help reduce C-reac-
tive protein (CRP), a major inflammatory risk factor linked
to conditions like lupus, obesity, and heart disease. QT de-
creased inflammatory mediators in human hepatocyte-de-
rived cell lines in preclinical in vitro experiments and pre-
vented acute and long-term inflammation of rats. Addition-
ally, it showed strong antiarthritic effects against arthritis
brought on by adjuvants [57].

The effects of a two-month flavonoid QT supplementa-
tion on healthy male nonprofessional athletes who engage in
regular exercise were studied by Askari et al. CRP levels sig-
nificantly decreased, according to the results. Nevertheless,
QT did not significantly change CRP levels in women with
Rheumatoid arthritis. Additionally, the study discovered that



Quercetin Nanoparticles

Current Drug Therapy, XXXX, Vol. XX, No. XX 9

Anti-oxidant

Allergic \ activity
‘\ condition \ Cardic
vascular
\ disease
prevention
Asthma
| treatment
\
\ Importance
£ Neuro
o degenerative
Quercetin \ disorder
\ Anti-viral
‘ diseases Cancer and
At “ aposFo.sis
Bacterial \ condition
\ conditions

Fig. (6). Pharmacological importance of Quercetin. (A higher resolution / colour version of this figure is available in the electronic copy of the

article).

QT inhibits xanthine oxidase, which may help gout sufferers
by preventing uric acid buildup [58].

QT and other flavonoids found in fruits and vegetables
have long been believed by scientists to be crucial in prevent-
ing cancer. Consuming more fruits and vegetables tends to
reduce the chance of developing some types of cancer. Stud-
ies on animals and in test tubes indicate that flavonoids may
have anti-cancer effects. These studies have demonstrated
that QT and other flavonoids prevent the growth of cancer
cells from lung, breast, colon, prostate, ovarian, and endome-
trial tumors [59]. According to one study, QT may even be
more efficient than resveratrol in preventing the growth of tu-
mors. Another study discovered that eating foods high in QT
regularly was linked to a decreased risk of lung cancer. Ad-
ditionally, a third study indicated that QT slowed tumor
growth in the lab (in leukemia cells), and the rate was signif-
icantly higher among patients who smoked more than 20 cig-
arettes each day. Nonetheless, further investigation is re-
quired (Fig. 6) [60].

30. CARDIOVASCULAR DISEASE PREVENTION

In the majority of nations, cardiovascular illnesses are a
major source of morbidity and mortality [34, 61]. Cardiovas-
cular disease is greatly influenced by diet; research indicates
that eating more fruits and vegetables is associated with a
lower risk of stroke. Frequent ingestion of these meals can
reduce the incidence of coronary heart disease and stroke
[62].

Minerals, vitamins, bioflavonoids, and other compounds
found in plants can aid in the treatment of inflammatory and

metabolic diseases. Flavonoids, such as QT, have beneficial
effects on endothelial dysfunction and have antihypertensive,
anti-atherosclerotic, and antiplatelet properties. According to
a Greek cardiology study, consuming red grape polyphenol
extract high in QT enhanced flow-mediated dilatation of ma-
jor arteries, suggesting better endothelial health. This implies
that beneficial phytochemicals can be found in plants [63].

QT exerts vasorelaxant effects on isolated arteries, lower-
ing blood pressure and avoiding cardiac hypertrophy while
inhibiting platelet aggregation. It also protects against cardi-
ovascular disease (CHD), lowers the risk of LDL mortality,
and enhances endothelial health. One flavonoid that can re-
duce cholesterol and stop LDL cholesterol destruction is QT.
LDL oxidation can be inhibited by consuming food supple-
ments strong in flavonoids and an alcohol-free red wine ex-
tract. Moreover, QT at 150 mg/day decreased systolic blood
pressure and plasma oxidized LDL levels in overweight par-
ticipants during a 6-week clinical investigation [64].

Through a special property, QT causes death in existing
fat cells while preventing fat growth in growing human fat
cells. QT prevents necrosis, fat cell formation, and glucose
absorption. CHD mortality risk is inversely correlated with
dietary fiber from fruits and cereals, with fruit fiber reducing
risk by 35% and cereal fiber by 29% [65].

31. QUERCETIN AND NEURODEGENERATIVE DIS-
ORDERS

Neuro-inflammatory processes in the central nervous sys-
tem are associated with neurodegenerative disorders, such as
Parkinson's and Alzheimer's diseases, as well as neuronal in-
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jury caused by stroke. It has been demonstrated that flavo-
noids alter neuronal activity and stop age-related neurodegen-
eration. They have an impact on the vascular system, which
alters the shape of neurons and cerebrovascular blood flow.
Eating foods high in flavonoids can counteract age-dependent
cognitive decline and prevent neurodegeneration. QT and
ascorbic acid shield brain cells from oxidative stress that
causes neurological disorders by reducing oxidative damage
to lymphocytes and neurovascular structures [66, 67].

Flavonoids are essential for preventing neuronal damage,
reducing neuro-inflammation, and enhancing cognition,
memory, and learning processes. Additionally, they have pre-
ventive qualities against cerebrovascular and more severe de-
generative disorders, especially in older people [68].

31.1. Antioxidant Activity

Antioxidant therapy is being considered for age-related
neurodegenerative diseases, with a new manganese superox-
ide dismutase mimetic, avasopasem manganese, described as
a potential treatment to reduce the oxidative stress associated
with these conditions [69].

31.2. Anti-inflammatory and Neuroprotective Properties

QT has anti-inflammatory and neuroprotective properties
that may help treat neurodegenerative diseases. QT may be
able to reduce inflammation and oxidative stress, which can
help prevent and treat neurodegenerative diseases like Alz-
heimer's disease, Parkinson's disease, and Huntington's dis-
ease [70].

31.3. Modulation of Neurotransmitter Systems

Modulation of neurotransmitter systems is the process of
regulating nervous activity by controlling the levels of neu-
rotransmitters. This process is called neuromodulation [71].

32. NEUROTRANSMITTERS

These chemicals transmit messages between neurons.
They can be excitatory, inhibitory, or modulatory. QT can
increase the levels of dopamine and acetylcholine in the
brain. This flavonoid can also improve memory and learning
and protect against neurodegenerative diseases. Moreover, it
affects dopamine and acetylcholine [72]. It also performs the
following functions:

32.1. Blocking Adenosine Receptors

QT blocks adenosine from binding to Al receptors, which
promotes the release of dopamine and acetylcholine.
32.2. Inhibiting AChE

QT inhibits the enzyme that degrades acetylcholine
(AChE), which increases acetylcholine levels [73].
32.3. Protecting Against Oxidative Stress

QT protects neuronal cells by reducing oxidative stress
and neuroinflammation.

QT also affects the following neurodegenerative diseases:
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32.4. Alzheimer's Disease

QT can improve memory and learning and inhibit the pro-
duction of AP.

32.5. Parkinson's Disease

QT can restore AChE activity, which may help relieve
motor impairments [74].

32.6. Inhibition of Protein Aggregation

QT can inhibit protein aggregation by binding to proteins
and preventing them from forming beta-sheet structures. It
can also destabilize preformed fibrils in some proteins [75].

Moreover, it is also involved in the following significant
biological activities:

32.6.1. Inhibiting Conformational Change

QT can inhibit the conformational change of proteins, such
as the Ap42 dimer.

32.6.2. Reducing Beta-sheet and Turning Structures

QT can reduce the formation of beta-sheets and turn struc-
tures into proteins, such as the Ap42 dimer.

32.6.3. Increasing Random Coil Structures

QT can increase the proportion of random coil structures in
proteins, such as the AB42 dimer.

The examples of the inhibitory activities of QT are as
follows [76]:

Platelets: QT inhibits collagen-stimulated platelet activa-
tion by inhibiting multiple components of the glycoprotein VI
signaling pathway.

AB-amyloid: QT can block A aggregation and disaggre-
gate AP fibrils.

Insulin: QT-3-rutinoside can inhibit protein disulfide iso-
merase (PDI), which catalyzes the reduction of insulin.

32.7. Enhancement of Neurogenesis

Neurogenesis is the process of forming new neurons in
the brain. QT promotes learning and memory performance
concomitantly with neural stem/progenitor cell proliferation
and neurogenesis in the adult [77].

32.8. Blood Brain Barrier (BBB) Permeability

The Nanoparticle formulation of QT in lipid nanoparticles
significantly increases its penetration into the brain. Addi-
tionally, co-administration of quercetin and alpha-tocopherol
has been shown to increase the transport of quercetin across
the blood-brain barrier [78].

32.9. Clinical Evidence

Clinical evidence suggests that QT may have beneficial
effects on blood pressure, metabolic diseases, and other
health conditions.
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» Blood pressure

In one study, QT reduced blood pressure in overweight or
obese people who were at high risk for cardiovascular dis-
ease. A meta-analysis of randomized controlled trials found
that QT reduced blood pressure in hypertensive subjects. In
another study, QT may reduce blood pressure by inhibiting
angiotensin-converting enzyme activity, improving endothe-
lium function, and other mechanisms [79].

> Metabolic diseases

QT may help with diabetes by improving insulin re-
sistance, promoting insulin secretion, and maintaining glu-
cose homeostasis. QT may help with hyperlipidemia by re-
ducing levels of LDL, TC, VLDL, and TG and increasing
HDL levels.

32.10. Anticancer activity

QT is a substance with anti-proliferative, anti-angiogenic,
and oxidative inhibitory properties, making it a promising
candidate for cancer treatment. It has been shown to inhibit
cell growth, reducing cytotoxic effects and promoting apop-
tosis. QT can be used in combination with other anti-inflam-
matory drugs, such as adenosine and adenosine-Rosene, and
its cytotoxic activity is particularly noticeable in malignant
cells. Additionally, QT plays a role in mitochondrial bioavail-
ability. Its protective immunosuppressive properties are
mainly responsible for its anti-angiogenic effects, and it has
been shown to prevent cell growth and proliferation by regu-
lating cellular mechanisms [61].

Numerous investigations, including clinical trials and ran-
domized controlled trials, have shown its anti-cancer effects.
According to a study, eating a diet high in fruits and vegeta-
bles can help prevent cancer, and QT may have anticancer
effects such as antioxidant and antiproliferative activities. As
an apoptosis inductor, QT, a strong anticarcinogenic drug, in-
hibits the spread of cancerous cells and reduces tumor growth
in a variety of organs [80]. Over six months, Cruz-Correa et
al. discovered that a combination of curcumin and QT suc-
cessfully decreased the quantity and size of ileal and rectal
adenomas in FAP patients.

Additionally, QT has been shown to decrease cell loss,
ROS production, and the increase of miR-21 in human colon
cancer Caco-2 cells by inhibiting the cell transformation
caused by hexavalent chromium (Cr [VI]). Both in vitro and
in vivo cancer investigations have shown QT to be beneficial
for prostate cancer [81].

33. ULCER AND GASTRITIS

QT is a gastroprotective drug that guards against Helico-
bacter pylori infection by inhibiting lipid peroxidation and
stomach acid release. Its ability to scavenge free radicals is
what gives it its antioxidant and anti-ulcer qualities [82].

34. ANTIBACTERIAL AND ANTIVIRAL ACTIVITIES

QT has antibacterial properties against a range of patho-
gens, especially in the gastrointestinal, respiratory, urinary,
and cutaneous systems. Its anti-infective and anti-replicative
properties may be responsible for its antiviral activities
against viruses like adenovirus. Microbes have remarkable
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antibacterial properties in biological processes, such as bio-
film formation and storage. Fungal QT can suppress strains
like P. ideale and E. coli, but it is not unique to any particular
organism. It is also active in acid mutants and nucleic acids.
Since QT contains Staphylococcus infections like aeru-
ginosa, it can be utilized to prevent growth and development.
The effectiveness of QT is influenced by its inhibitory effects
on cells and genetic cells [83, 84].

35. ALLERGIES, ASTHMA, HAY FEVER, AND HIVES

QT, a natural antihistamine, prevents allergic reactions by
blocking the release of histamine from mast cells, making it
a promising therapeutic option for conditions like bronchitis
and asthma. Mast cell membranes act as immunological entry
points to the brain, with environmental stressors playing a
key role in this process. Asthma, a common allergy-related
disease, is triggered by the IgE-allergen interaction, leading
to constricted bronchioles and increased mucus production.
Various mast cell-preformed mediators, including PAF
(platelet-activating factor), leukotrienes, and other mast cell-
derived substances, play significant roles in asthma. Botani-
cal components like QT are involved in these reactions,
which are sustained by lipid-derived mediators that attract eo-
sinophils to the lungs, further triggering PAF release. Addi-
tionally, bilobide B from ginkgo biloba has been found to pre-
vent the production or action of PAF. Furthermore, by stabi-
lizing mast cell membranes and inhibiting the synthesis and
release of histamine and other inflammatory chemicals, QT
may offer relief for allergies, including hay fever and hives
[85, 86].

36. ANTI -INFLAMMATORY ACTIVITY

A derivative of hydrogen peroxide (H20>) has been found
to inhibit the expression of Graves' disease, possibly by mod-
ulating leukotrienes, which are involved in inflammatory pro-
cesses like migraines. QT reduces inflammation both in the
skin and in vivo. It exhibits a range of anti-inflammatory
properties and suppresses infection-related signaling. The de-
velopment of QT triggers cells like nitric oxide, which can
penetrate and eliminate inflammatory cells, basophils, and
those involved in asthma. Studies have shown that QT can
alleviate pain in the skin and leukocytes. Furthermore, it may
offer therapeutic potential for treating neoplasms and inflam-
mation in mice and in vivo.

37. ANTI-DIABETIC ACTIVITY

According to Braga's expanded maternal-fetal natural
study and therapeutic sorbitol islet research, QT has been
shown to promote retinal repair and improve diabetes effi-
cacy in rats. Plant-based QT has been demonstrated to reduce
oxidative triglycerides and inhibit glucokinase activity in di-
abetic blood. Studies suggest that sorbitol can help prevent
neuropathy in rats and lower cholesterol levels. Furthermore,
it has been shown that plant-based compounds can influence
the application of QT, affecting cellular function and nerve
health [87].

38. ANTI-HYPERTENSIVE ACTIVITY

QT components and phenolics, especially the antifungal
agent C, can significantly improve cardiovascular health by



12 Current Drug Therapy, XXXX, Vol. XX, No. XX

preventing bacterial growth. Fungal nitric intake has been
shown to produce the Yukiko effect, a rapid nitric and meta-
bolic response. ROS levels, which are almost antihyperten-
sive, also inhibit the growth of certain bacteria, as observed
with antifungal treatments. Antioxidant-rich QT has been
demonstrated to support heart health and improve antioxidant
properties. However, its efficacy has been linked to various
diseases and biofilm-related therapies [88]. As a therapeutic
drug, QT has been shown to reduce antifungal trial dosages
and may be associated with a negative interaction involving
Munoz glucuronide.

QT has been shown to treat conditions like Botrytis, lipo-
philic syndrome, and other related disorders [89]. It influ-
ences macrophages and possesses antifungal properties. QT
also demonstrates antibiofilm activity and enhances cell bio-
availability [90]. According to a study on amphiphilicity,
pregnancy, Candida, and the processing of chemical oxida-
tive biofilms, QT can reduce medication levels and improve
fruit metabolism [91]. Additionally, it highlights its therapeu-
tic impact and the ability to detect significant infections and
their effects across various species, including Vitis vinifera
(grapes) and rats [92].

39. PHARMACOKINETICS

Over the past decade, extensive research has been con-
ducted on the metabolism and pharmacokinetics of flavo-
noids, with approximately 100 studies focusing on the phar-
macokinetics of specific flavonoids in healthy volunteers
[93]. Interestingly, the flavonoids most prevalent in the diet
do not always result in the highest in vivo concentrations. The
elimination half-life of these compounds ranges from 2 to 28
hours, and the absorption in the small intestine can be be-
tween 0 and 60% of the dose. Although QT typically exhibits
poor absorption, recent studies suggest that humans may ab-
sorb a significant amount of it, likely due to its fat content and
metabolites. Additionally, the pineapple enzyme bromelain
has been shown to enhance the absorption of QT [94].

Ferry and colleagues studied the pharmacokinetic charac-
teristics of QT in cancer patients, determining a safety dose
of 945 mg/m2. At higher doses, nephrotoxicity, emesis,
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hypertension, and decreased serum potassium were observed.
In healthy individuals, Erlund et al. explored the pharmaco-
kinetics of oral QT aglycone doses of 8, 20, and 500 mg.
When Graefe et al. examined the pharmacokinetic profile of
QT at a 200 mg dose, they found that its Tmax was 0.7 + 0.3
hours and its Cmax was 2.3 = 1.5 pg/mL [95].

40. CLINICAL EFFECTS OF QUERCETIN

QT is known to help prevent various illnesses, including
lung cancer, cardiovascular disease, and osteoporosis. High
flavonoid intake has been shown to lower the risk of cardio-
vascular disease. Chronic obstructive pulmonary disease
(COPD), the third-leading cause of death in the United States,
may benefit from QT supplementation. Preclinical research
indicates that QT reduces lung inflammation and may slow
the progression of the disease. In vivo studies have shown that
QT-enriched diets lower the expression of inflammatory
genes. A 12-week clinical trial found that a daily dose of 1000
mg of QT reduced the incidence of upper respiratory tract in-
fections in middle-aged and older adults [96].

QT has shown promise in the treatment of neurodegener-
ative diseases and has been demonstrated to provide neuro-
protection in the rat brain when combined with fish oil [93].
Due to its radical-scavenging properties, QT is believed to
help prevent oxidative stress-induced cancer. It lowers blood
pressure in obese individuals with certain genotypes and re-
duces cholesterol levels in apoe4 carriers, without affecting
fasting serum cholesterol levels [97].

Research on overweight and obese individuals indicates
that QT supplementation can reduce ambulatory blood pres-
sure in patients with prehypertension and Stage | hyperten-
sion. In women with Type 2 diabetes, a daily dose of 500 mg
of QT has been shown to lower systolic blood pressure. A
study evaluated the effectiveness of curcumin (480 mg) and
QT (20 mg) against familial adenomatous polyposis (FAP)
involving five patients. While a separate clinical trial found
that 250 mg of QT did not significantly reduce oral lichen
planus, the combination of QT and curcumin showed positive
results in cadaveric kidney recipients (Fig. 7) [98].

Anti-
inflammatory

Anti- adoptpsis

Fig. (7). Clinical effects of Quercetin. (A higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (8). Pharmacological effects of Quercetin. (A higher resolution / colour version of this figure is available in the electronic copy of the

article).

41. PHARMACOLOGICAL
QUERCETIN

Quercetin is one of the most important bioflavonoid com-
pounds found in over 20 plant species, including vegetables,
grains, and fruits, namely, Foeniculum vulgare, Curcuma do-
mestica valeton, Santalum album, Cuscuta reflexa, Withania
somnifera, Emblica officinalis, Mangifera indica, Daucus
carota, Momordica charantia, Ocimum sanctum, Psoralea
corylifolia, Swertia chirayita, Solanum nigrum, and Glycyr-
rhiza glabra, Morua alba [99], Camellia sinensis, Allium fis-
tulosum, A. cepa, Calamus scipionum, Moringa oleifera,
Centella asiatica, Hypericum hircinum, H. perforatum,
Apium graveolens, Brassica oleracea var. italica, B.
oleracea var [100]. sabellica, Coriandrum sativum, Lactuca
sativa, Nasturtium officinale, Asparagus officinalis, Cap-
paris spinosa, Prunus domestica, P. avium, Malus domestica,
Vaccinium oxycoccus, and Solanum Lycopersicum. It phar-
macologically exhibits anti-obesity, anti-inflammatory, and
vasodilatory effects, along with antioxidant, immunostimu-
lant, anti-diabetic, antihypertensive, anti-atherosclerotic, and
antihypercholesterolemic activities (Fig. 8) [101].

ACTIVITY OF

CONCLUSION

Quercetin is an antioxidant flavonoid that may help pre-
vent diseases like cardiovascular disease, lung cancer, and os-
teoporosis. Consuming a lot of flavonoids has been shown to
reduce the risk of heart disease. Quercetin, as the most often
consumed flavonol in fruits and vegetables, is a vital compo-
nent of the human diet. This review examined the beneficial
and detrimental qualities of QT. Numerous pharmacological
activities of quercetin have been demonstrated, including its
potential for treating cancer, ophthalmic and cardiovascular
diseases, as well as inflammatory, allergic, and metabolic dis-
orders. Earlier research indicated that macronutrients can im-
pair QT's absorption, leading to reduced oral bioavailability
after a single intake. Quercetin is widely known for its ability
to suppress AChE, making it useful in the treatment of Alz-
heimer's disease. It has both neurotoxic and neuroprotective
properties, and when combined with ascorbic acid and fish
oil, it has shown beneficial effects against neurodegenerative

diseases. Therefore, a diet rich in quercetin could help pre-
vent several diseases prevalent in modern society, while also
contributing to the improvement of overall health in the cur-
rent population.

FUTURE DIRECTIONS

Quercetin has a wide range of applications, including
anti-inflammatory, antioxidant, and therapeutic effects for
conditions such as osteoarthritis and polycystic ovarian syn-
drome (PCOS), among others. Future studies should focus on
developing efficient drug delivery systems to enhance the
oral bioavailability of QT. One promising approach for treat-
ing localized cutaneous infections is the incorporation of QT
into various nanocarrier systems. Hence, it will be essential
to evaluate the future potential of quercetin nanoparticle for-
mulations.
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