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ABSTRACT:
	 Since ancient times, many plant species have been used to treat diseases, and this practice 
continues today. In recent years, interest in natural and herbal treatments has increased in both developed 
and developing countries. Traditional herbal medicines have become a preferred choice for disease 
treatment due to their greater availability and lower cost compared to synthetic products. For this 
purpose, compounds with various biological and pharmacological properties have been isolated from 
many different plants. Among these herbal sources, quercetin stands out as a highly popular compound. 
The name “quercetin” is derived from the Latin word "Quercetum," meaning "oak forest." It is a 
flavonoid compound abundantly found in plants, especially in vegetables and fruits. Extensive studies 
have demonstrated that quercetin exhibits a wide range of biological activities, including antioxidant, 
antibacterial, antimicrobial, antiviral, antifungal, anti-inflammatory, antihypertensive, anticancer, 
antiobesity effects, and protection against testicular damage. Recent developments have confirmed its 
safety; however, the lack of clear understanding of its mechanism of action limits its clinical application. 
Therefore, further scientific investigations are necessary to elucidate the mechanisms and address the 
unresolved aspects of this important compound.
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INTRODUCTION

	 Quercetin is derived from the Latin word "Quercetum," 
meaning "oak forest." It belongs to one of the six subcategories 
of flavonoid compounds and is commonly found in higher 
plants as a glycoside, primarily in the forms of isoquercetin, 
rutin, and hyperin [1]. The compound was first isolated and 
identified by Szent-Györgyi in 1935 [2]. Quercetin is present 
in various fruits such as apples, plums, mangoes, blueberries, 
cranberries, red grapes, and green leafy vegetables, as well 
as in many seeds, buckwheat, nuts, olive oil, honey, beans, 
lettuce, onions, broccoli, coriander, dill, and green tea. Onions 
are considered the most abundant source of quercetin and are 
widely used both as a food and medicinal plant [3].

	 Quercetin supplementation may prevent many 
chronic dhas been reported to beeases as well as antioxidant 
activity, anti-inflammatory, immunoprotective effects, 

anticarcinogenic, antidiabetic activities, lipid peroxidation, 
ability to inhibit platelets, as well as stimulate aggregation, 
capillary permeability and mitochondrial bio-geneshas been 
reported to be. Due to its high solubility and bioavailability, 
quercetin has been reported to be increasingly used in new 
preparations for human health. [4].

	 Quercetin supplementation may prevent many 
chronic diseases due to its antioxidant, anti-inflammatory, 
immunoprotective, anticarcinogenic, and antidiabetic 
activities. Additionally, it influences lipid peroxidation, inhibits 
platelet aggregation, and modulates capillary permeability 
and mitochondrial biogenesis. Due to its high solubility and 
bioavailability, quercetin is increasingly being incorporated 
into novel preparations aimed at improving human health [4].

Onions (Allium cepa L.), known for their high quercetin content 
(Figure 1), are among the oldest and most widely cultivated 
crops worldwide. They have been extensively used both as 
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a vegetable and for medicinal purposes. The most common 
varieties are purple, white, and yellow onions [5].

	 Garlic (Allium sativum); Allium sativum L. (figure 2), a 
member of the Alliacea family, has been reported to be a cultivated 
plant 25-100 cm high, with greenhas been reported to beh-white 
or pink flowers, conshas been reported to beting of herbaceous 
roots, stems, leaves, teeth and flower parts. Thhas been reported 
to be plant, whose homeland has been reported to be said to be the 
steppes of Central and Western Asia, grows almost everywhere in 
the world.

	 Two primary chemical groups are present in the 
onion structure: flavonoids and alkenylcysteine sulfoxides. 
Anthocyanins, a subgroup of flavonoids, are responsible for the 
red-purple coloration in certain onion types, while flavonols 
such as quercetin and its derivatives contribute to the yellow 
and brown hues. Alkenylcysteine sulfates are the compounds 
that give onions their characteristic pungent odor and taste. 
Among approximately 20 flavonols identified in onion species, 
two quercetin derivatives—quercetin-3,4-O-diglucoside and 
quercetin-4-O-monoglucoside—account for 80–85% of the total 
flavonoid content. In onions, quercetin is found in three forms: 
the aglycone and two glucosides (quercetin 4‐O‐glucoside and 
quercetin‐3,4‐O‐diglucoside)[5].

	 Garlic (Allium sativum L.), a member of the Alliaceae 
family (Figure 2), is a cultivated plant typically growing 25–100 
cm tall. It features greenish-white or pink flowers and consists of 
herbaceous roots, stems, leaves, cloves, and flower parts. Native 
to the steppes of Central and Western Asia, garlic is now cultivated 

worldwide. Beyond its culinary use, garlic has been valued for 
its medicinal properties since the Middle Ages. Historically, it 
was used to combat epidemics; for instance, during World War 
II, Russian soldiers applied crushed garlic to wounds to prevent 
infections. Garlic can be consumed raw or in the form of pills, 
capsules, and extracts. It is generally considered safe when used 
in moderate amounts, although excessive consumption may cause 
stomach irritation [6].

Figure 2. Allium sativum (garlic) plant

	 Buckwheat (Fagopyrum esculentum) (Figure 3) was 
historically neglected in Western countries during the 20th century 
due to competition from wheat, despite being a popular food during 
the 17th and 19th centuries. Buckwheat is native to Central Asia 
and later spread to regions with cold climates. Its ability to grow 
under harsh climatic conditions and its rich nutritional profile 
have led to increased use in both food and traditional medicine 
over time [7]. Four flavonol glycosides have been identified in 
buckwheat extracts, including rutin, quercetin, kaempferol-3-
rutinoside, and a small amount of flavonol tri-glycoside. Rutin, 
the primary flavonoid in buckwheat, is a quercetin aglycone bound 
to the disaccharide rutinose. Buckwheat is unique among pseudo-
cereals as a significant source of rutin; indeed, studies have not 
found rutin as a dietary source in any other grain or pseudo-grain 
besides buckwheat [8].

IUPAC Name: 3,3',4',5,6-Pentahydroxyflavone
Molecular Formula: C₁₅H₁₀O₇ (Figure 4)
Molecular Weight: 302.24 g/mol

Density: 1.799 g/cm³
Appearance: Pure crystalline powder
Melting Point: 316 °C (601 °F, 589 K)
Storage Conditions: Store at room temperature, protected from 
sunlight
Solubility: Nearly insoluble in water; soluble in alkaline solutions 
[9].

Derivatives of Quercetin: Quercetin (2-(3,4-dihydroxyphenyl)-
3,5,7-trihydroxy-4H-chromene-4-one) [10], an important 

Figure1. Allium cepa L. (onion) plant



flavonoid, contains five hydroxyl groups located at positions 3, 5, 
7, 3′, and 4′. Some of these hydroxyl groups undergo glycosylation 
to form various quercetin glycosides, which represent the main 
quercetin derivatives.

Figure 3. Buckwheat (Fagopyrum esculentum)

	 Structurally, quercetin-3-O-glucoside (isoquercetin) 
contains a glucose moiety bound to quercetin. Similarly, the 
binding of galactose to the 3-OH position produces hyperoside 
(quercetin 3-O-galactoside). The addition of a rhamnosyl group 
to either the 3-OH or 7-OH positions leads to the synthesis 
of quercetin 3-O-rhamnoside and quercetin 7-O-rhamnoside, 
respectively. Some quercetin derivatives also contain disaccharides 
such as rutinose, which consists of rhamnose and glucose linked as 
α-L-rhamnopyranosyl-(1→6)-β-D-glucopyranose. The attachment 
of this disaccharide to the 3-OH position results in rutin, an 
important quercetin derivative. Other derivatives include quercetin 
with arabinofuranose bound at the 3-OH position. Some quercetin 
glycosides contain more than two sugar residues; examples include 
enzymatically modified isoquercetin (EMIQ), which contains up 
to 10 glucose residues attached to the 3-OH of quercetin, and 
oligoglycosylated rutin, with up to five additional glucose residues 
attached to rutin’s glucose moiety.

4′ position. Rhamnetin (7-O-methylquercetin) contains a methyl 
group at the 7-OH position. Dimethylated quercetin, known as 
rhamnazin, possesses methyl groups at both the 3′- and 7-OH 
positions. Isorhamnetin, also called 3-methylquercetin or 
rhamnetol, is another methylated flavonol. It can be glycosylated 
to form isorhamnetin 3-O-rutinoside (narcissin), isorhamnetin 
3-O-rutinoside-7-O-glucoside, and isorhamnetin 3-O-rutinoside-
4′-O-glucoside. There is significant structural diversity in quercetin 
derivatives, combining both glycosylation and methylation at 
various hydroxyl groups. For example, tamarixetin 3-O-β-D-
glucoside contains a methyl group at the 4′ position and a glucose 
moiety at the 3′ position (Table 2) [11].

Bioavailability and Pharmacokinetics of Quercetin: Initial 
research on the pharmacokinetics of quercetin in humans 
indicated that its oral bioavailability is very low, with only about 
~2% absorbed after a single oral dose. The estimated absorption 
rate of quercetin glucosides—the naturally occurring form of 
quercetin—ranged from 3% to 17% in healthy individuals who 
received a 100 mg dose [12]. Quercetin and its derivatives have 
been found to be stable in gastric acid; however, there is no clear 
evidence regarding their absorption in the stomach. Studies suggest 
that quercetin is primarily absorbed in the upper segment of the 
small intestine [13].

	 Among the derivatives of quercetin, the conjugated 
glycoside forms have been shown to exhibit better absorption 
than quercetin aglycone. Purified quercetin glycosides have the 
ability to interact with sodium-dependent glucose transporters in 
the intestinal mucosa and may therefore be absorbed in the small 
intestine in vivo. The absorption efficiency of quercetin glycosides 
can vary depending on the type of sugar moiety attached [14]. 
Current evidence suggests that quercetin glycosides—particularly 
those found in onions and shallots—are absorbed more efficiently 
than rutinosides, which are the predominant quercetin glycosides 
in tea. These glycosides are effectively hydrolyzed in the small 
intestine by β-glucosidases into aglycone forms, which are then 
readily absorbed. Additionally, glucuronic acid and sulfuric acid 
conjugates of quercetin have demonstrated superior absorption 
compared to the aglycone [15].

	 The absorption of quercetin is further influenced by 
factors such as the specific glycosylation pattern, the food matrix in 
which quercetin is consumed, and the co-administration of dietary 
components such as fiber and fat [16]. Therefore, the type of sugar 
and its conjugation site significantly affect quercetin absorption. 
Once absorbed, quercetin undergoes metabolism in various organs 
including the small intestine, colon, liver, and kidneys. Metabolites 
formed by biotransformation enzymes in the small intestine and 
liver include methylated, sulfated, and glucuronidated forms. A 
distribution study conducted in rats and pigs revealed that the 
highest concentrations of quercetin and its metabolites were found 
in the lungs (rats) and in the liver and kidneys (pigs) [17].

Quercetin and its derivatives have been shown to be metabolized 
into various phenolic acid derivatives by intestinal microbiota 
and by enzymes present in the epithelial cells of the intestinal 

Figure 4. Chemical structure of quercetin

	 Methylated quercetin derivatives also exist. For example, 
tamarixetin (quercetin 4′-methyl ether) has a methyl group at the 



mucosa. These metabolites may then undergo further absorption, 
conversion, or excretion. Additionally, microbial ring fission of 
the aglycone structure occurs in both the small intestine and the 
colon, leading to the breakdown of quercetin’s backbone and the 
formation of smaller phenolic compounds [18].

	 Plasma and liver analyses have shown that the 
concentration of quercetin derivatives is lower in the liver than 
in the plasma, with hepatic metabolites being predominantly 
methylated (90–95%) [19]. Limited studies suggest that quercetin 

undergoes methylation, sulfation, and glucuronidation in the liver 
[20]. Continuous dietary intake of quercetin has been found to 
result in its accumulation in the blood, significantly increasing 
its plasma concentration in correlation with the dietary dose [21]. 
In human blood, quercetin is primarily present in conjugated 
forms, mainly as glycosides. Conjugated metabolites such as 
isorhamnetin (3′-methylquercetin) and sulfated glycosides 
account for approximately 91.5% of total quercetin metabolites, 
while minor metabolites include glucuronides and methylated 
derivatives [22].
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			   Modifications of quercetin in

Selected Quercetin Derivatives	 Ring A	 Ring B	 Ring C
Quercetin-3-O-glucoside(isoquercetrin)	       _ 	       _	 3-OH to 3-O-glucoside
Quercetin-3-O-galactoside(hyperoside)	       _	      _	 3-OH to 3-O-galactoside
Quercetin-3-O-rhamnoside(Quercitrin)	       _ 	       _	 3-OH to 3-O-rhamnoside
Quercetin-7-O-glucoside	 7-OH to
7-O-glucoside	      _	      _
Quercetin-3-O-rutinoside	        _	      _	 3-OH to 3-O-rutinoside
Quercetin-3-methyl ether(Isorhamnetin)	        _	       _	 3-OH to 3-O-methyl ether
Quercetin 3,3'-dimethyl ether	       _	 3'-OH to
3'-O-methyl ether	         _
Quercetin-4'-glucoside
Spiracoside	       _	 4'-OH to
4'-O-glucoside	         _

Table 1. Derivatives of Quarcetin

	 Boulton further reported that the fractionation of 
quercetin reduced its binding to plasma proteins—99.4% of which 
is albumin—thus potentially enhancing its cellular bioavailability 
[23]. Limited research suggests that quercetin and its metabolites 
tend to accumulate in organs involved in its metabolism and 
excretion, and mitochondria may serve as potential intracellular 
sites of quercetin accumulation [24]. The kidney has been reported 
to be an important excretory organ. In humans, the concentration of 
quercetin in urine increases with both the dose and the duration of 
intake, particularly after consuming quercetin-rich juice. Benzoic 
acid derivatives have been proposed as common metabolites of 
quercetin [25].

	 Human subjects may absorb significant amounts of 
quercetin from foods or dietary supplements, and its elimination 
is relatively slow. The reported elimination half-life ranges from 
11 to 28 hours, although some studies have also cited a mean 
terminal half-life of approximately 3.5 hours [26,27]. Total 
recovery of carbon-labeled quercetin (^14C-quercetin) in urine, 
feces, and exhaled air has been found to vary considerably between 
individuals (Ay et al., 2008) [28].

	 Further studies suggest that glycosylated quercetin 

(quercetin glycosides) is absorbed more efficiently than its 
aglycone form. Moreover, the co-administration of quercetin 
with vitamin C, folate, and other flavonoids has been reported to 
enhance its bioavailability [24]. Additionally, quercetin absorbed 
in high amounts has been shown to be extensively metabolized 
and ultimately eliminated through the lungs [29]. All these studies 
indicate that quercetin glycosides are absorbed in the upper 
segment of the small intestine, where they undergo methylation 
by biotransformation enzymes, followed by sulfo-substitution and 
glucuronidation in both the small intestine and liver. Ultimately, 
these metabolites are excreted via the kidneys in the urine.

Antimicrobial Activity of Quercetin : The antimicrobial 
mechanisms of action of various phytochemicals are currently 
being extensively investigated to enhance their potential in drug 
development. Among them, quercetin has been demonstrated to 
be a promising natural antimicrobial agent effective against a wide 
range of pathogenic microorganisms [30].

	 Quercetin exhibits antibacterial activity against multiple 
bacterial strains, particularly those affecting the gastrointestinal, 
respiratory, urinary, and intestinal tracts [31]. Its antibacterial 
efficacy is attributed to its solubility and its interaction with 
bacterial cell membranes. It has shown effectiveness against 



both Gram-positive and Gram-negative bacteria; however, Gram-
negative bacteria tend to be more resistant to the bactericidal 
effects of quercetin compared to Gram-positive bacteria [32]. 
This difference in resistance is likely due to variations in the 
composition and structure of the bacterial cell membranes.

	 Some derivatives of quercetin have demonstrated greater 
antibacterial activity against Gram-negative bacteria than against 
Gram-positive ones. Factors influencing this include the solubility 
of quercetin, as well as the phosphorylation and sulfation of its 
hydroxyl groups, which may alter its antimicrobial potential [33]. 
Studies have reported varying minimum inhibitory concentrations 
(MIC) for quercetin's antimicrobial effects. Notably, quercetin 
has exhibited a synergistic effect when combined with certain 
chemotherapeutic agents and antibiotics, enhancing bacterial 
growth inhibition [34, 35].

	 When Pseudomonas fluorescens, a bacterium commonly 
associated with food spoilage, was treated with quercetin in 
combination with lactoferrin and hydroxyapatite, the minimum 
inhibitory concentration (MIC) was significantly reduced 
compared to treatment with quercetin alone [34]. Furthermore, 
quercetin demonstrated notable antibacterial efficacy when used 
in combination with other antibiotics against methicillin-resistant 
Staphylococcus aureus (MRSA), indicating its potential as an 
adjunct therapeutic agent to combat antibiotic-resistant bacterial 
strains [36].

Anticancer Activity of Quercetin: Quercetin has been recognized 
as a potential natural anticancer agent due to its wide range of 
biological activities, including antioxidant, anti-inflammatory, 
antiproliferative, proapoptotic, and antiangiogenic effects. These 
properties have prompted increasing interest in its application 
for cancer treatment. Studies have demonstrated that quercetin, 
whether used alone or in combination with other agents, can exert 
significant anticancer effects by inducing cell death in cancer cells. 
However, there is also evidence indicating that quercetin may 
exhibit toxic and genotoxic effects under certain conditions. For 
example, in vivo studies in rats have shown that oral administration 
of quercetin at daily doses ranging from 0.2% to 0.5% can cause 
measurable toxic and genotoxic effects detectable in urine and 
fecal samples [37].

	 Nevertheless, a comprehensive evaluation of the 
existing studies suggests that quercetin is selectively cytotoxic 
to cancer cells while being less toxic or non-toxic to healthy 
cells, highlighting its promise as an alternative candidate for 
cancer therapy [10]. Furthermore, with the advancement of 
research and its widespread use, quercetin has been granted 
GRAS (Generally Recognized as Safe) status by the U.S. Food 
and Drug Administration (FDA) [30]. Extensive research in 
recent years has explored the therapeutic potential of quercetin, 
revealing a broad spectrum of biological activities beyond its 
well-known antioxidant properties. Quercetin, either alone or in 
combination with other compounds, has been shown to induce 
apoptosis in malignant cells (Chien et al., 2009) [38]. Interestingly, 
quercetin exhibits a dual role, acting as both an antioxidant and a 

prooxidant—it protects healthy cells while selectively targeting 
and eliminating cancerous cells [39]. Moreover, several studies 
have confirmed its efficacy against multidrug-resistant cancer 
types [40].

	 In vitro studies have demonstrated quercetin’s 
anticancer effects across various malignancies, including glioma, 
osteosarcoma, cervical cancer, prostate cancer, breast cancer, 
colorectal xenografts, myeloid leukemia, and oral cavity cancers 
[9].

Anti-Alzheimer's Activity of Quercetin: Currently, no widely 
effective drug treatment exists to delay, slow, or cure the onset 
of Alzheimer’s disease; most approved therapies only provide 
temporary symptomatic relief. Moreover, many synthetic 
drugs with antioxidant, anti-inflammatory, hypoglycemic, or 
hypolipidemic effects often cause side effects that limit their 
clinical application. In this context, the use of natural compounds 
for the treatment of neurodegenerative diseases such as 
Alzheimer’s disease, and metabolic disorders like Type 2 Diabetes 
Mellitus, presents a promising alternative. These agents are often 
inexpensive, easily isolated from natural sources, and have well-
documented mechanisms of action and safety profiles. Quercetin, 
a dietary phytochemical, has emerged as a significant candidate 
in this regard [41].

	 Quercetin has demonstrated therapeutic efficacy 
in Alzheimer’s disease by improving learning, memory, and 
cognitive performance [42]. A study by [43] showed that quercetin 
administration inhibited acetylcholinesterase (AchE) and secretase 
enzymes in vitro, thus preventing acetylcholine degradation and 
reducing amyloid-beta (Aβ) production. Furthermore, Sabogal-
Guáqueta et al. (2015) [44] reported that quercetin administration 
reversed extracellular β-amyloidosis and reduced tauopathies 
in the hippocampus and amygdala, as well as astrogliosis and 
microgliosis. These findings suggest that quercetin may help 
preserve cognitive and emotional functions in transgenic mouse 
models of Alzheimer’s disease. [45] investigated the effects of 
long-term quercetin administration on cognition and mitochondrial 
dysfunction in a mouse model of Alzheimer’s disease. 

	 They observed that quercetin improved mitochondrial 
dysfunction by restoring mitochondrial membrane potential, 
reducing reactive oxygen species (ROS) production, and restoring 
ATP synthesis. Additionally, quercetin increased the expression 
of AMP-activated protein kinase (AMPK), a key regulator of 
cellular energy metabolism. Activated AMPK may reduce ROS 
formation by inhibiting NADPH oxidase activity or by enhancing 
the antioxidant activity of enzymes such as superoxide dismutase-2 
and protein degradation pathways. Moreover, AMPK activation 
decreased amyloid-beta (Aβ) accumulation, regulated amyloid 
precursor protein (APP) processing, and promoted Aβ clearance. 
These mechanisms likely explain some of the therapeutic benefits 
of quercetin on cognitive function and the reduction of Aβ-induced 
neurotoxicity. Furthermore, quercetin and its glycoside rutin have 
been reported to act as memory enhancers in scopolamine-induced 
memory impairment models in zebrafish, possibly by increasing 
cholinergic neurotransmission [46].



Antihypertensive Activity of Quercetin: Studies have shown 
that quercetin plays a role in preventing cardiovascular diseases 
and exhibits antihypertensive effects (Hollman et al., 2010) [47]. 
However, evidence regarding its effects on endothelial function, 
atherosclerosis, and insulin resistance remains insufficient [48]. 
The antihypertensive effect of quercetin in humans appears to 
be independent of the origin of hypertension, renin-angiotensin 
system status, oxidative stress, and other related factors (Rivera et 
al., 2008) [49]. The blood pressure-lowering effects of flavonols, 
including quercetin, have been demonstrated in several human 
studies (Hollman et al., 2010) [47]. For instance, a clinical trial 
by Edwards et al. (2007) [50] showed that quercetin significantly 
reduced both systolic and diastolic blood pressure in patients with 
stage 1 hypertension. Another study demonstrated that the systolic 
blood pressure-lowering effect of quercetin was significant in 
patients with the ApoE3 genotype, while no significant change 
was observed in those with the ApoE4 genotype among patients 
with metabolic syndrome. These findings suggest that although 
flavonols have antihypertensive effects, the response to quercetin 
may vary depending on the genetic background of the individual 
[51].

	 Oral ingestion of quercetin at doses ranging from 150 
to 730 mg/day for four to ten weeks in humans has demonstrated 
antihypertensive effects. A randomized, double-blind, placebo-
controlled, crossover study showed that daily intake of 730 mg 
quercetin for four weeks reduced both systolic and diastolic 
blood pressure in patients with stage 1 hypertension, but had no 
significant effect on those with prehypertension. In individuals 
with metabolic syndrome, intake of 150 mg quercetin per day 
for five weeks was reported to lower systolic blood pressure [52]. 
Furthermore, a double-blind, randomized clinical trial conducted 
on 72 women with type 2 diabetes found that daily intake of 500 
mg quercetin for 10 weeks significantly reduced systolic blood 
pressure, although diastolic pressure was not significantly affected. 
Meta-analyses of several randomized controlled trials summarize 
that quercetin supplementation at doses greater than 500 mg/day 
for eight weeks significantly lowers both systolic and diastolic 
blood pressures [53].

Protective Activity Against Testicular Damage: Numerous 
studies over the past decade have confirmed that various 
congenital and pathological causes of testicular damage and 
impaired spermatogenesis contribute significantly to male 
infertility. Quercetin has been reported to play a protective role 
against testicular damage induced by diverse factors, including 
chemotherapeutic drugs, heavy metal exposure, environmental 
pollutants, and diabetes. Quercetin’s beneficial effects in 
diabetes-induced testicular damage are primarily attributed to 
its antioxidant, anti-apoptotic, and anti-inflammatory properties. 
For example, quercetin treatment at 20 mg/kg/day for six 
weeks alleviated diabetes-induced reductions in testicular total 
antioxidant capacity (TAC), superoxide dismutase (SOD), and 
catalase (CAT) levels, as well as the elevation of malondialdehyde 
(MDA), in Zucker Diabetic Fatty rats [54].

Anti-inflammatory and anti-allergic Activity: Quercetin, 
a flavonoid, has been confirmed as a potent and long-acting 
anti-inflammatory agent. Both animal and human studies have 
demonstrated its significant anti-inflammatory potential across 
various cell types [55]. Extracts containing quercetin have been 
utilized as key ingredients in several promising antiallergic drugs. 
Compared to cromolyn sodium (a known antiallergic drug), 
quercetin has shown a stronger ability to inhibit interleukin-8 
(IL-8), as well as inhibiting interleukin-6 (IL-6) and increasing 
cytosolic calcium levels [56]. Its anti-inflammatory and anti-
allergic properties have been validated in treating respiratory and 
food allergies [57].

	 Quercetin has repeatedly demonstrated anti-inflammatory 
effects on endothelial cells and monocyte/macrophage systems in 
vitro [58]. For instance, Li et al. [12] showed that quercetin inhibits 
lipopolysaccharide (LPS)-induced tumor necrosis factor-alpha 
(TNF-α) production in macrophages and lung A549 cells, and 
also suppresses LPS-induced IL-8 production in lung A549 cells. 
Furthermore, quercetin was shown to reduce LPS-induced TNF-α 
and interleukin-1 alpha (IL-1α) mRNA levels in glial cells, which 
also contributed to decreased neuronal cell death [59].

Quercetin may exert its anti-inflammatory effects by inhibiting 
enzymes such as cyclooxygenase (COX) and lipoxygenase (LOX), 
which play key roles in inflammation [60]. Additionally, studies 
have indicated that quercetin modulates immune responses, 
potentially reducing post-exercise illness. Nieman et al. found 
that supplementation with quercetin and epigallocatechin-3-
gallate (Q-EGCG) for two weeks in well-trained cyclists increased 
granulocyte counts and reduced inflammation after strenuous 
exercise [60]. Moreover, clinical studies have found that quercetin, 
along with resveratrol, EGCG, and genistein, can enhance both 
cellular and humoral immune functions [61].

Antioxidant Activity: Free radicals are naturally produced in 
the body during metabolism and are known to contribute to the 
development of many diseases. They can cause damage to cell 
membranes, induce gene mutations, accelerate aging, and lead to 
various conditions such as cardiovascular disease, liver damage, 
and diabetes. Hanasaki et al. (1994) [62] identified quercetin as the 
most effective free radical scavenger within the flavonoid family. 
The chemical structure of quercetin reveals four hydroxyl groups 
in the benzodihydropyrane ring. This polyphenolic structure 
endows quercetin with strong antioxidant capacity, enabling it to 
eliminate free radicals produced in the body and help maintain 
cellular stability.

The in vitro antioxidant mechanisms of quercetin mainly 
include: 1. Direct scavenging of free radicals: Quercetin has 
demonstrated potent antioxidant activity, exhibiting the highest 
antioxidant effect among tested samples [63]. Additionally, Manca 
et al. [64] found that quercetin, when combined with liposomes 
and glycerol nanoparticles, effectively scavenged free radicals and 
protected human keratinocytes from hydrogen peroxide-induced 
damage in vitro.



2. Chelation of metal ions: Studies have shown that quercetin 
can chelate metal ions such as Cu²⁺ and Fe²⁺ through the catechol 
group in its structure, enhancing its antioxidant function. Tang et 
al. (2014) [65] modeled alcoholic liver disease by administering 
quercetin to adult male C57BL/6J mice and demonstrated that 
quercetin inhibited Fe²⁺-induced lipid peroxidation by binding 
Fe²⁺, thereby preventing iron overload and oxidative damage in 
alcoholic liver disease. Similarly, Babenkova et al. [66] showed 
through chemiluminescence studies that Fe²⁺ in dihydroquercetin-
containing compounds becomes inactive, losing its ability to 
catalyze hydrogen peroxide decomposition and inhibit further 
hydroxyl radical formation. Thus, quercetin’s antioxidant role is 
partly attributed to its metal ion chelating properties.

Inhibition of lipid peroxidation: Inhibition of lipid peroxidation: 
Lim et al. [67] demonstrated that quercetin inhibits oxidative 
modification of low-density lipoprotein (LDL) by observing 
changes in the fluorescence intensity of thiobarbituric acid 
reactive substances, phosphatidylcholine hydroperoxides, and 
oxidized LDL. This inhibition prevents oxidative damage to 
LDL. Additionally, Mbikay et al. [68] confirmed that at low 
concentrations, quercetin increases LDL receptor (LDLR) 
expression, decreases PCSK9 secretion, stimulates LDL uptake, 
and thereby helps prevent oxidative damage to LDL.

Neuroprotective activity: Neurodegenerative disorders are 
typically late-onset, progressive, age-related brain diseases 
clinically characterized by reduced cognitive control, impaired 
motor activity, dyskinetic movements, and persistent changes in 
behavior and personality. The pathological features of disorders 
such as Parkinson’s disease (PD), Alzheimer’s disease (AD), and 
Huntington’s disease (HD) include the accumulation of mutant 
proteins—α-synuclein, amyloid-β (Aβ), and mutant Huntingtin 
(Htt), respectively—in the affected brain regions [69].

	 Aβ aggregation is a hallmark feature of Alzheimer’s 
disease [69]. Quercetin has demonstrated therapeutic efficacy 
in improving memory and learning in AD models [42]. Studies 
have shown that quercetin administration inhibits secretase 
and acetylcholinesterase (AChE) enzymes, thereby preventing 
acetylcholine degradation and reducing Aβ production [70]. 
Sabogal-Guaqueta et al. reported that quercetin administration 
reversed extracellular amyloidosis, reduced tauopathy, microgliosis, 
and astrogliosis in the amygdala and hippocampus, preserving 
cognitive and emotional functions in triple-transgenic AD mice 
[44].

	 Moreover, quercetin inhibits the formation of fibrillar Aβ 
proteins, likely due to its antioxidant properties that counteract cell 
lysis and the associated inflammatory cascade [71]. It has also been 
reported to reduce amyloid precursor protein (APP) maturation, 
thus altering Aβ synthesis and aggregation [72]. Several studies 
confirm that quercetin acts as an antioxidant, inhibits inducible 
nitric oxide synthase (iNOS), and modulates cyclooxygenase-2 
(COX-2) expression, contributing to its anti-inflammatory effects. 

The glucuronidated, sulfated, and methylated metabolites of 
quercetin are well absorbed and also exhibit neuroprotective effects 
[73].

	 Sriraksa et al. assessed acetylcholinesterase levels as 
an indirect measure of cholinergic system activity and memory, 
finding that quercetin significantly reduced AChE levels in 
hippocampal neuron homogenates. This reduction increased 
acetylcholine concentration at synaptic terminals, improving 
cognitive outcomes in animals [74]. Parkinson’s disease (PD) 
is an age-related neurodegenerative disorder characterized by 
the loss of dopaminergic neurons in the substantia nigra pars 
compacta (SNpc), with clinical symptoms including bradykinesia, 
tremor, and rigidity [75]. Cognitive impairment in PD has been 
strongly linked to cholinergic deficiency, and quercetin has been 
shown to significantly improve cognitive deficits induced by 
6-hydroxydopamine (6-OHDA) administration [76].

	 Quercetin also protects against mitochondrial 
dysfunction and the progressive degeneration of dopaminergic 
neurons in transgenic mouse models of PD. In a study by 
Haleagrahara et al., oral administration of quercetin in the same 
model reduced striatal dopamine loss and decreased markers of 
oxidative stress, exerting neuroprotective effects [77]. Quercetin 
has been demonstrated to reduce the dose-dependent degradation 
of striatal dopamine [78], which was associated with a significant 
reduction in lipid peroxidation markers and a significant increase 
in striatal dopamine levels.

	 Oral administration of quercetin moderately but 
significantly attenuated striatal dopamine loss, behavioral 
disturbances, and nigrostriatal degeneration. The quercetin 
glycoside rutin was also tested in the 6-OHDA rat model, showing 
partial improvement in motor deficits. This effect correlated with 
a moderate but significant increase in striatal dopamine and brain 
glutathione (GSH) levels, along with reduced markers of lipid and 
protein oxidation. Zhang and colleagues investigated quercetin’s 
neuroprotective effects on PC12 cells and zebrafish models. They 
found that quercetin inhibited the overexpression of nitric oxide 
(NO) and inducible nitric oxide synthase (iNOS) in PC12 cells 
and reduced the expression of pro-inflammatory genes such as 
IL-1β, COX-2, and TNF-α in zebrafish [79].

Huntington’s Disease (HD): The beneficial effects of quercetin 
on Huntington’s disease (HD) have been investigated. Studies 
examined pathological changes such as mitochondrial swelling, 
mitochondrial bioenergetics, oxidative stress, and neurobehavioral 
deficits following quercetin treatment. It was found that quercetin 
supplementation inhibited the respiratory chain reaction cascade, 
restored ATP levels, and reduced mitochondrial oxidative stress, 
as measured by lipid peroxidation [80].

Quercetin and Cardiovascular Protection: Quercetin 
exerts beneficial effects on cardiovascular diseases such as 
hypertension, atherosclerosis, ischemia-reperfusion injury, and 
cardiotoxicity [81]. These protective effects are closely related to 
the anti-inflammatory and antioxidant properties of quercetin. The 
cardiovascular protective mechanisms of quercetin include:



1.	 Reduction of systolic blood pressure, diastolic blood pressure, 
and mean arterial pressure.

2.	 Decrease in lipid peroxidation, free fatty acids, phospholipids, 
total cholesterol, and triglyceride levels in serum, plasma, and 
heart tissue.

3.	 Promotion of blood vessel regeneration and reduction of 
blood glucose levels.

4.	 Effective reduction in the thickness of the aortic wall.

[82] reported that patients with stage 1 hypertension who received 
730 mg of quercetin daily for 28 days experienced significant 
reductions in systolic, diastolic, and mean arterial pressure. 
Quercetin also demonstrates notable effects in inhibiting LDL 
oxidation and improving endothelium-dependent vasodilation 
[83], while reducing adhesion molecules and other inflammatory 
markers. In a study involving 93 overweight or obese subjects 
with a high risk of metabolic syndrome, a daily dose of 150 
mg of quercetin for six weeks significantly reduced plasma 
concentrations of oxidized LDL, systolic blood pressure, and 
atherosclerosis markers [84].

	 Quercetin's protective effects also involve modulation 
of nitric oxide (NO) levels, improvement of endothelial function, 
prevention of oxidative and inflammatory damage to neurons, and 
antiplatelet aggregation effects. Wei et al. [85] demonstrated that 
quercetin treatment reduced lipopolysaccharide (LPS)-induced 
cardiac abnormalities in mice, suggesting potential therapeutic 
applications for heart diseases.

Antiobesity Effects: Obesity is defined as the unhealthy expansion 
and accumulation of adipose tissue, which stores excess energy 
intake and impairs both physical and psychosocial health. It 
is closely associated with metabolic syndromes such as type 2 
diabetes, insulin resistance, and cardiovascular diseases [86]. 
Leptin, a satiety and anti-obesity hormone secreted by adipocytes 
in response to insulin, prevents overfeeding by inhibiting AMP-
activated protein kinase (AMPK) in the hypothalamus, thereby 
suppressing appetite. However, in obese individuals, leptin 
resistance occurs, leading to decreased levels of SOCS3 protein 
and a reduced AMP/ATP ratio, which ultimately diminishes 
AMPK activation.

	 Various strategies for obesity management include the 
use of bioactive polyphenols. These compounds can reduce energy 
and food intake, inhibit lipogenesis, and suppress preadipocyte 
differentiation and proliferation. Additionally, they promote 
energy expenditure by stimulating lipolysis and β-oxidation [87]. 
For example, 3T3-L1 preadipocytes have been linked to obesity-
induced inflammation in both zebrafish and mouse models [88].
Quercetin has been shown to exert a direct and rapid downregulatory 
effect on sterol regulatory element-binding proteins (SREBP-1 
and SREBP-2), which are key transcription factors regulating de 
novo fatty acid and cholesterol synthesis. Furthermore, quercetin 
reduces the activity of carbohydrate response element-binding 
protein (ChREBP), which is involved in regulating lipogenic 
genes [89].

Antidiabetic Effects: Diabetes mellitus is a chronic metabolic 
disorder characterized by abnormalities in carbohydrate, protein, 
and lipid metabolism, along with persistent hyperglycemia 
associated with oxidative stress. It is one of the top five leading 
causes of death worldwide [86]. Dysregulation of AMP-activated 
protein kinase (AMPK), a key regulator of various metabolic 
and physiological processes, contributes to chronic diseases 
such as obesity, inflammation, diabetes, and cancer. In diabetes 
treatment, AMPK activation is often targeted by synthetic drugs. 
In addition to pharmaceuticals, numerous natural phytochemicals, 
particularly polyphenols, have been shown to activate AMPK. 
Quercetin, a prominent polyphenol, has been demonstrated to 
activate AMPK and alleviate complications associated with Type 
2 diabetes [90].

	 Polyphenolic compounds may exert antidiabetic effects 
by inhibiting amylin aggregation and modulating oxidative 
stress and inflammation, thereby promoting β-cell survival and 
enhancing whole-body insulin sensitivity. These compounds 
inhibit and destabilize amylin self-assembly by binding to folding 
monomers or oligomers through aromatic molecular structures 
combined with adjacent hydroxyl groups on single phenyl rings 
[91].

	 Recent in vitro and in vivo studies have demonstrated 
quercetin’s antidiabetic potential by maintaining whole-body 
glucose homeostasis. Quercetin inhibits glucose absorption, 
stimulates insulin secretion, and sensitizes insulin activity in the gut 
through interactions with molecular targets in the small intestine, 
pancreas, skeletal muscle, adipose tissue, and liver, improving 
glucose utilization in peripheral tissues [92].i Consumption of 
both low and high doses of quercetin improved hyperglycemia 
and hypertriglyceridemia, and enhanced antioxidant status by 
reducing thiobarbituric acid reactive substances (TBARS) and 
increasing antioxidant enzymes such as superoxide dismutase 
(SOD), catalase, and glutathione peroxidase (GPx) in the liver 
[93].

	 Moreover, both curcumin and quercetin modulate 
lysosomal enzymes (N-acetyl-β-D-glucosaminidase, β-D-
glucuronidase, β-D-galactosidase, and acid phosphatase) in 
various tissues of streptozotocin-induced diabetic rats [94]. Due 
to curcumin’s low bioavailability, combining it with quercetin 
enhances therapeutic efficacy significantly compared to curcumin 
alone. Oral administration of curcumin extract combined with 
piperine and quercetin (100 mg/kg/day) for 28 days markedly 
reduced plasma glucose levels in streptozotocin- and nicotinamide-
induced diabetic rats [95].

Antiviral Activity of Quercetin and COVID-19: Multiple 
studies have demonstrated the antiviral potential of quercetin, 
largely due to its inhibitory properties against various viruses. 
Khachatoorian et al. (2012) evaluated quercetin’s antiviral effects 
using an HCV cell culture system, where treatment initiated 3 
hours post-infection markedly inhibited viral translation. Quercetin 
also showed antiviral activity against human cytomegalovirus 



(HCMV)-infected cells; at a concentration of 4.8 μM, it partially 
inhibited Immediate Early Protein production and strongly 
suppressed Early Protein production [96].

	 Both quercetin and its glycoside quercitrin exhibited 
potent antiviral activities against varicella-zoster virus (VZV) and 
HCMV by strongly suppressing the expression of lytic immediate-
early genes (IEGs) [97]. In vitro studies have also revealed the anti-
influenza efficacy of quercetin and its derivatives. For example, 
when cells were inoculated with influenza virus at a multiplicity 
of infection (MOI) of 0.05 or 5 and incubated with quercetin, 
significant inhibition of viral replication was observed over time. 
Notably, quercetin derivatives such as quercetin-7-O-glucoside 
(Q7G) demonstrated strong inhibitory activity by blocking viral 
RNA [98].

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
the causative agent of COVID-19, has led to severe pneumonia, 
extreme inflammatory reactions, acute lung injury, and multiple 
organ dysfunction syndrome, which are primarily responsible for 
the disease severity. As an anti-inflammatory agent, quercetin may 
be effective in treating severe inflammation—a key life-threatening 
condition in COVID-19—by suppressing the production of pro-
IL-1β and modulating the NLR family pyrin domain-containing 
3 (NLRP3) inflammasome through its regulators such as TXNIP, 
SIRT1, and Nrf2 [99]. Available evidence also suggests that 
synergistic therapy combining quercetin with vitamin C exhibits 
antiviral and immunomodulatory properties, which may aid in the 
prevention and treatment of COVID-19 [100].

CONCLUSION 

	 Quercetin is a significant flavonoid found abundantly 
in many commonly consumed foods, renowned for its potent and 
versatile biological activities. Extensive research has demonstrated 
that quercetin possesses a broad spectrum of pharmacological 
effects, including antioxidant, antimicrobial, antidiabetic, 
antibacterial, anti-inflammatory, anticancer, anti-Alzheimer’s, 
antihypertensive, anti-allergic, anti-obesity, and antiviral 
properties. Thanks to these multifaceted benefits, quercetin 
is gaining increasing attention as a natural and cost-effective 
therapeutic alternative in the health field.

	 Its effectiveness against numerous chronic and 
degenerative diseases has positioned quercetin as a promising 
molecule in complementary and alternative medicine. 
However, significant gaps remain regarding its bioavailability, 
pharmacokinetics, and interactions with other drugs, which 
must be addressed to optimize its clinical application. Advanced 
and multidisciplinary studies are therefore critical to maximize 
quercetin’s therapeutic potential and ensure its safe use. In 
conclusion, quercetin stands out as a strong candidate to become one 
of the most important natural therapeutic agents of the future, due 
to its scientific reliability, affordability, and broad pharmacological 
efficacy. To fully realize this potential, however, it is essential to 
deepen the scientific evidence through comprehensive research 

supported by clinical trials and collaborative interdisciplinary 
efforts. Harnessing the healing power of nature, quercetin could 
play a transformative role in the future of modern medicine.
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