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Summary 

 
Medical plants have become more popular in the last decades due to their low price, natural origin, and fewer side effects. 

Researchers are attributing quercetin as one of the well-known types of plants metabolites. It is found naturally in many fruits, 

vegetables, flowers, bark, and leaves, but is not made in the human body. Food sources with a high content of quercetin include 

onions and citrus. This review article highlights quercetin’s potential health benefits, anti-inflammatory and neuroprotective 

properties. Quercetin is widely used for its health-promoting properties. When taken as a dietary supplement or in food, it is used 

to improve various health conditions such as cardiovascular disease, allergies, diabetes, high blood pressure, cancer, and to help 

boost the immune system. Most studies look at the impact of flavonoids such as quercetin within the diet rather than as a 

supplement. Quercetin is also an antioxidant, which means it helps fight off free radicals that can cause oxidative stress. 

According to these data, quercetin could play a significant role in the exacerbation period of these diseases and have a therapeutic 

effect in treating the symptoms of the diseases. 
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Introduction 
 

In recent times, there has been a significant increase in 

the utilization of natural bioactives for managing 

chronic ailments owing to their low toxicity and 

environmentally friendly characteristics. Quercetin 

(Figure 1), a bioactive molecule, has been the subject 

of extensive research due to its diverse 

pharmacological activities, including antioxidant, 

neuroprotective, immune-modulatory, and anticancer 

activity with a low toxicity profile (Aghababaei et al., 

2023). Quercetin (3,3′,4′,5,7-pentahydroxyflavone) is 

one of the most abundant dietary flavonoids and 

belongs to the flavonols subgroup. Flavonols (C6-C3-

C6 polyphenols) have two hydroxylated benzene 

rings, A and B. Flavonols differ in the number and 

type of substitution in the B ring, where quercetin is 

dihydroxylated in positions 3′ and 4′. 

 

 
 

Figure 1. Chemical structure of quercetin  

 

 

Quercetin is found in some fruits and vegetables, 

including onions, capers, apples, berries, tea, 

tomatoes, grapes, shallots, broccoli as well as pepper 

and many nuts, seeds, barks, flowers, and leaves 

(Wiczkowski et al., 2008). Quercetin has a broad 

pharmacological activity (Figure 2). 
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Figure 2. Pharmacological activity of quercetin (Salvamani et al., 2014) 

 

 

Onions are thus qualitatively and quantitatively the 

most important source of quercetin. Among the 

investigated foods, it has been discovered that onions 

contain the highest amount of quercetin 

(approximately 300 mg/kg). According to the part of 

onions and shallots that is consumed, entirely various 

amounts and forms of quercetin are ingested. The 

quercetin forms of onion flesh include especially 

glucosides, with only minimal amounts of quercetin 

aglycone. Other vegetables, including broccoli, 

asparagus, green peppers, tomatoes, and red-leaf 

lettuce, could be great sources of ubiquitous quercetin, 

especially in the summer. Fruits (apples as well as 

berry crops, such as strawberries, red raspberries, 

blueberries, cranberries, and black currants), green tea, 

and wine could also be considered abundant dietary 

sources (Mlcek et al., 2016). In apples, another great 

quercetin source, there are well-studied antioxidant 

compounds such as quercetin-3-galactoside, 

quercetin-3-glucoside, and quercetin-3-arabinoside in 

the content range of 21–72 mg/kg; quercetin-3-

rhamnoside; and quercetin-3-rutinoside. Quercetin 

conjugates are present entirely in the apple peels. 

Berry crops are rich in quercetin glycosides, with 

various types found across different berries. 

Strawberries and red raspberries contain quercetin-3-

glucoside and quercetin-3-glucuronide, while these 

compounds, along with quercetin-3-rutinoside, are 

also present in blueberries. Additionally, quercetin-3-

rhamnoside is found in red raspberries, black currants, 

blueberries, and cranberries, whereas quercetin-3-

galactoside appears in blueberries, cranberries, and 

black currants, and quercetin-3-arabinose is specific to 

cranberries (Mlcek et al., 2016). 

Flavonols present in red wine include aglycons, such 

as quercetin, myricetin, and kaempferol, as well as 

their glycosides (glucosides, galactosides, 

glucuronides and diglycosides). Quercetin is one of 

the most abundant flavonoids present in red wines. 

Among the flavonoid groups, these compounds are 

recognized as the main active compounds due to their 

wide range of biological activities (Castaldo et al., 

2019). 

The antioxidant and antimicrobial capacity of 

polyphenols has attracted increasing interest. The 

primary phenolic compounds found in tomato by-

products are flavonols and phenolic acids with 

quercetin, naringenin, and rutin being the predominant 

molecules. These compounds have the ability to 

scavenge free radicals and reactive oxygen species, 

which are known to be involved in the development of 

cardiovascular diseases and several cancers. 

 

Quercetin: chemical properties and health 

benefits 
 

Quercetin is one of the most potent antioxidants of 

plant origin and is one of the predominant flavonoids 

found more commonly in edible plants. It belongs to 

the flavonols class of flavonoids, representing a major 

class of polyphenols. The dietary intake of total 

flavonoids is estimated to be 200–350 mg/day, and the 

intake of quercetin is 10–16 mg/day. The 

recommended dosage of quercetin aglycone as a 

dietary supplement is 1 g/day (the absorption is up to 

60%) (Kim et al., 2019). 

Quercetin is largely metabolized in the intestine and 

liver. The plasma level of quercetin is normally in low 

ranges, but after consuming foods that are highly rich 

in it, the plasma level increases to different ranges 

(Lakhanpal et al., 2007). 

Quercetin is a potent molecule that can be used to cure 

various health-related issues. It is known to be used in 

the treatment of cancer, allergic reactions, 

inflammation, skin disorders and cardiovascular 

disorders (Batiha et al., 2020). 
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Experiments show that quercetin intake also has a 

positive impact in preventing and treating the 

occurrence of diabetes mellitus (Zu et al., 2021). 

Even though quercetin has low bioavailability, it can 

pass through the blood-brain barrier (BBB) due to its 

lipophilic nature and functions as a neuroprotective. 

Administration of quercetin has been shown to 

enhance learning and memory performance while also 

reducing acetylcholinesterase (AChE) (Amanzadeh et 

al., 2019). 

Quercetin is known for its antioxidant activity through 

free radical scavenging and its anti-allergic properties. 

These properties include immune system stimulation, 

antiviral activity, inhibition of histamine release, 

decrease in pro-inflammatory cytokines, leukotriene 

production, and especially suppression of interleukin 

IL-4 production, so it can help with diseases such as 

allergic asthma, allergic rhinitis (AR), and atopic 

dermatitis (AD) (Mlcek et al., 2016). 

 

Neuroprotective effects  
 

Neuroprotection by quercetin has been reported in 

several in vitro studies.  

Quercetin has been shown to have anti-inflammatory 

properties and has been studied in various 

neurodegenerative diseases such as Alzheimer's 

disease, Parkinson's disease, and stroke. Some studies 

suggest that quercetin may have protective effects 

against neuroinflammation and potentially slow the 

progression of these diseases (Islam et al., 2021). 

 

Alzheimer’s disease 

 

Alzheimer’s disease (AD) contributes to 60–80% of 

total dementia cases, and it mostly affects elderly 

people (65 years of age or older). The pathogenesis of 

AD is typically associated with the accumulation of 

amyloid-β (Aβ) aggregates and the 

hyperphosphorylation of tau proteins, leading to 

neurofibrillary tangles (NFTs) and synaptic 

dysfunction. It has been shown that quercetin protects 

neurons from oxidative damage while reducing lipid 

peroxidation. In addition to its antioxidant properties, 

it inhibits the fibril formation of amyloid-β proteins, 

counteracting cell lyses and inflammatory cascade 

pathways (Khan et al., 2019). 

Quercetin has also shown therapeutic efficacy, 

improving learning, memory, and cognitive functions 

in AD. Khan et al. (2009) and Shimmyo et al. (2008) 

concluded that quercetin administration resulted in the 

inhibition of AChE and secretase enzymes using in 

vitro models, thus preventing the degradation of 

acetylcholine, and decreasing Aβ production, 

respectively. 

Parkinson's disease 

 

Quercetin has been shown to have potentially 

beneficial effects on Parkinson's disease (PD) by 

targeting various mechanisms involved in the 

pathogenesis of the disease (Jung et al., 2018). 

Here are some of the results and molecular 

mechanisms of quercetin in PD. Quercetin has been 

shown to have anti-inflammatory effects by inhibiting 

the production of pro-inflammatory cytokines and 

other inflammatory molecules. Chronic inflammation 

in the brain is believed to contribute to the 

development and progression of PD, and reducing 

inflammation may help slow down the disease (Table 

1). Alpha-synuclein is a protein that forms aggregates 

in the brains of individuals with PD. Quercetin has 

been shown to inhibit alpha-synuclein aggregation and 

reduce the formation of these aggregates, which may 

help slow down the progression of the disease. It has 

been shown to have neuroprotective effects by 

protecting against neuronal damage and death in the 

brain. This may help slow the progression of PD and 

improve motor function (Chiang et al., 2023). 

Inflammation plays a crucial role in the development 

and progression of a stroke, and reducing 

inflammation may help protect against neuronal 

damage. Guo et al. showed that quercetin has anti-

inflammatory effects by inhibiting the production of 

pro-inflammatory cytokines and other inflammatory 

molecules in stroke (Guo et al., 2022). 

These studies have shown that quercetin has potent 

anti-inflammatory and antioxidant properties, making 

it a potential candidate for neuroprotection and 

neuroinflammation. 

 

Anti-allergic effects 
 

Allergic rhinitis  

 

Allergic rhinitis (AR) is a chronic disease with high 

prevalence worldwide, resulting in a huge health and 

economic burden. AR usually occurs in combination 

with asthma, conjunctivitis, and sinusitis (Bousquet et 

al., 2020). 

The imbalance of innate and adaptive immunity is an 

important pathogenesis that induces AR, involving 

antigen-presenting cells, lymphocytes, and specific T 

cells. The imbalance between type 1 helper T (Th1) 

and Th2 cells is the immunological basis of AR. Th2 

cells are the drivers of IgE-mediated allergic reactions 

that facilitate the release of IgE, IL-4, and IL-5. In 

addition, the dysfunction of regulatory T cells 

(Treg)/Th17 cells is also involved in the pathogenesis 

of AR (Table 1). Th17 cells regulate the pro-
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inflammatory response, while Treg regulates the anti-

inflammatory response (Ke et al., 2023). 

Ke et al. (2023) considered quercetin to attenuate the 

inflammatory reactions of AR by improving the 

imbalance of Th1/Th2 and Treg/Th17 and inhibiting 

the increase of inflammatory cells, including epithelial 

cells, eosinophils, neutrophils, lymphocytes, and 

macrophages. They established the AR mice model 

and used multiple differentiations of quercetin to treat 

it. First, the nasal symptoms were assessed. The results 

illustrated that quercetin reduced the number of 

rubbing and sneezing in mice in a dose-dependent 

way. 

 

Asthma 

 

Asthma is a disease of the airways with various 

clinical and pathophysiological features, such as 

increased mucus secretion, reversible bronchial 

obstruction, airway hyperresponsiveness and 

narrowing, goblet cell hyperplasia, and inflammation. 

About 315 million people worldwide have asthma. 

This rate increases by 50% every decade and 

negatively affects public health (Huang et al., 2020). 

CD4⁺ T cells play a central role in mediating immune 

responses in allergic asthma. T helper (Th) 1 and Th17 

cells contribute to the recruitment of neutrophils and 

are linked to more severe forms of asthma that may not 

respond to steroids. Th9 cells play roles in stimulating 

mucus secretion, attracting mast cells, and enhancing 

IgE levels. Other immune cells like CD8⁺ T cells, NKT 

cells and gamma delta T cells also influence 

inflammation and airway hyperresponsiveness (AHR) 

in asthma. On the other hand, regulatory T (Treg) cells 

work to reduce both innate and adaptive immune 

activity, thereby lowering inflammation. While 

research has expanded our understanding of various T 

cell subsets in asthma, Th2-type immune responses 

remain the most closely tied to the asthma’s 

underlying mechanisms (Lloyd et al., 2010). 

In 2017, the effects of several herbs were investigated 

by Luo et al. (2018). The study shows that quercetin 

could be used to develop new bronchodilators to treat 

obstructive lung diseases such as asthma and chronic 

obstructive pulmonary disease. Different effects of 

quercetin, such as inhibitory effect on mast cell 

activation, eosinophil activation, relaxation of tracheal 

ring, reduction in IL-4 and IgE serum, blocking airway 

epithelial cell IL-8 and MCP-1 expression, suggest a 

valuable role of quercetin for allergic asthma. It is also 

suggested that quercetin might be a therapeutic 

candidate for allergic asthma and provide new insight 

into the immunopharmacological role of quercetin. 

Oliveira et al. (2015) investigated the effect of onion 

extract and quercetin on cytokines and on smooth 

muscle contraction in vitro and its effectiveness in a 

murine model of asthma. After a treatment with onion 

extract or quercetin, they examined a decrease in pro-

inflammatory cytokines creation, a release of tracheal 

rings, and a lowering of cell quantity in 

bronchoalveolar lavage and eosinophil peroxidase in 

the lungs. 

As the plant-derived flavonoid quercetin is part of 

many foods and seems to be safe despite long-term use 

in animals and humans, therefore, its microemulsion 

would form an interesting and practical formulation to 

increase its oral bioavailability and, in turn, to evaluate 

its potential clinical advantage for treating certain 

inflammatory and allergic diseases (Rogerio et al., 

2010). 

 

Skin benefits  
 

Because of its beneficial health effects and the fact that 

it is easily available from plants and food industry 

byproducts, quercetin has the potential to be used in 

medicine, particularly in the treatment of skin 

diseases. 

The presented studies focus on the role of quercetin in 

the prevention and treatment of dermatological 

diseases analyzing its effect at a molecular level, its 

signal transduction, and metabolism. Aspects of 

quercetin's potential for skin treatment include 

protection against anti-aging and UV radiation, wound 

healing stimulation, and therapeutic effects on atopic 

dermatitis (Zaborowski et al., 2024). 

 

Atopic dermatitis 

 

The number of atopic dermatitis (AD) patients has 

been increasing steadily worldwide. AD is a 

dangerous disorder because it not only 

causes chronic inflammation but also leads to 

bacterial and viral skin infections. Quercetin has a 

therapeutic effect on AD through suppression of 

angiogenesis and Th2-related cytokine expression, 

including TSLP and TARC, in an AD-like Nc/Nga 

mouse model. Jung et at. suggest that quercetin 

might be an effective and improved therapeutic 

strategy that should be investigated further for the 

treatment of AD (Jung et al., 2010). 

The results of testing the anti-inflammatory effects 

of quercetin in a mouse model showed that 

quercetin reduced the severity of dermatitis, mast 

cell infiltration, and epidermis thickness. Quecetin 

can also reduce the expression levels of TNF-α, 

CCL17, CCL22, IFN-γ, IL-4, and IL-6 (Hou et al., 

2019). 

 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/chronic-inflammation
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UV radiation 

 

When it comes to UV radiation, quercetin prevents the 

degradation of collagen due to UV radiation in human 

skin and inhibits MMP-1 and COX-2 expression. 

Quercetin inhibits UV-induced AP-1 activity and NF-

κB. Additionally, quercetin may reduce 

phosphorylation of ERK, JNK, and AKT, and STAT3. 

Kinase assays using purified protein demonstrated 

quercetin’s ability to directly inhibit the activity of 

PKCδ and JAK2. This suggests its possible direct 

interaction with PKCδ and JAK2 in the skin, 

counteracting UV-induced aging (Shin et al., 2019). 

Research by Vicentini et al. (2011) confirmed 

reduction in skin irritation due to UV radiation by 

inhibition of NF-κB and such inflammatory cytokines 

as IL-1β, IL-6, IL-8, and TNF-α. 

Kim et al. (2020) point to the fact that quercetin in 

propolis reduces PDK-1 and AKT phosphorylation, 

which suggests its efficacy in preventing UV-induced 

photoaging. Furthermore, when combined with caffeic 

acid ester and apigenin, quercetin reduces PI3K 

activity, further enhancing its protective effect. 

Conversely, studies by Chondrogianni et al. (2010) on 

quercetin and its derivative, quercetin caprylate, 

showed that both compounds induce changes in the 

physiological characteristics of cells, including a 

localized whitening effect. 

 

Wound healing 

 

Wound healing is a natural restorative response that 

involves cell migration in tissue damage. Quercetin 

can accelerate wound healing by downregulating pro-

inflammatory cytokines and supporting antioxidant 

capacity. The mechanism of quercetin impact on the 

improvement in wound healing quality was 

investigated by Baken et al. (2020). They performed a 

cell migration assay to investigate the effect of 

quercetin on tissue repair. AD-stimulating agents 

significantly delayed wound closure compared to the 

control group, indicating that tissue repair is impaired 

in AD. On the contrary, the single application of 

quercetin or its coadministration with AD-inducing 

agents was significantly effective in closing the wound 

gap. 

Gopalakrishnan et al. (2016) also emphasized the 

significant role of TGF-β1 and VEGF activation by 

quercetin in the wound healing acceleration process. 

Two groups of rats: a control group and a Que-treated 

group were subject to evaluation for 14 days. The 

quercetin-treated group exhibited a faster rate of 

wound closure compared to the control group. In 

addition to activating the above-mentioned 

compounds, quercetin significantly attenuated TNF-α 

activity, supported fibroblast proliferation processes 

and collagen activity, and induced IL-10 levels. 

 

Cardiovascular protection  
 

More and more studies have found that quercetin has 

great potential utilization value in cardiovascular 

diseases (CVD), such as antioxidant, antiplatelet 

aggregation, antibacterial, cholesterol lowering, 

endothelial cell protection, etc. 

With the accelerating global population aging, the 

prevalence of hypertension in developing countries is 

also increasing each year, and most cases are of 

unknown etiology. Hypertension is a chronic disease 

associated with endothelial dysfunction, smooth 

muscle cell contraction, and hyperlipidemia. 

Kim et al. (2018) found that quercetin can inhibit the 

contraction of vascular smooth muscle through AMPK 

signaling pathway, thereby playing a role in reducing 

blood pressure (Table 1). 

Another randomized, double-blind, crossover clinical 

study found that 41 hypertensive patients had a 

significant decrease in blood pressure after 28 days of 

continuous administration of 730 mg quercetin 

(Edwards et al., 2007). 

Quercetin (25mg/kg) can inhibit myocardial fibrosis 

by modulating the TGF-β/Smads pathway, thereby 

helping to treat arrhythmia (Wang et al., 2021). 

There is also evidence that quercetin suppresses the 

progression of atherosclerosis in animal studies, and 

several anti-atherosclerotic mechanisms have been 

proposed (Garelnabi et al., 2014). 

 

Diabetes mellitus  
 

Natural substances are inexpensive and easily 

obtained. Therefore, they can be used as an alternative 

to treat diabetes and other pathologies. Quercetin, due 

to its antioxidant, anti-inflammatory, hypoglycemic, 

and hypolipidemic activities, is known to be involved 

in the treatment of type 2 diabetes mellitus. Quercetin 

reduces blood glucose levels and preserves both the 

function of islets cells and the number of β cells in 

model rats and mice with diabetes (Table 1). 

Experiments show that quercetin intake has a positive 

effect on preventing and treating diabetes mellitus 

(Hosseini et al., 2021).  

Quercetin is regarded as a very important flavonoid 

with beneficiary metabolic functions. Studies 

performed by Mahabady et al. (2021) showed that the 

oral administration of 75 mg/kg of quercetin to 

diabetic rats reduced the number of placental glycogen 

cells as compared to the control group. The plant 

compound acts as an oxygen scavenger and is known 

to protect against lipid peroxidation when present in 
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circulation. The antioxidant property of quercetin 

prevents the in vivo and in vitro oxidation of 

biomolecules. Quercetin is known to prevent 

embryonic malformations in pregnant diabetic mice 

(Mahabady et al., 2021). 

 

Cancer  
 

Quercetin is a potent flavonoid known for its 

chemoprotective activities in various in vivo and in 

vitro models. The various anti-cancerous properties 

such as reduced proliferation, the ability for induction 

of apoptosis, inhibition of mitotic events, causing cell 

cycle arrest makes it a reliable molecule in the therapy 

for cancer. Quercetin can be used as a potent 

therapeutic but it has poor solubility, poor 

permeability, and low bioavailability. 

Treatment with appropriate dose makes quercetin non-

toxic and shows inhibitory effects on the formation of 

tumors. Various in vivo and in vitro studies show that 

quercetin promotes apoptosis, inhibits metastasis, and 

regulates the cell cycle. In colorectal cancer quercetin 

arrests the cell cycle, modulates receptors of estrogen, 

regulates signaling pathways, and hence exhibits its 

chemo-protective functions (Ullah et al., 2020). 

It has been studied that in leukemia in the case of 

humans, quercetin arrests the cell cycle at G2. 

Quercetin is also known to regulate p53 related 

pathways in cancerous cells. It regulates the release of 

p53 and hence inhibits the activities of cyclin A, cyclin 

B, CDK2, and therefore stagnates the MCF-7 cells of 

breast cancer in the S phase of the cell cycle. Quercetin 

affects the apoptotic pathways of the cancerous cells 

and therefore induces the death of cancer cells (Table 

1). Treatment with an appropriate dose of quercetin 

increases the apoptosis-inducing protein expression 

and reduces the expression of the apoptosis-inhibiting 

protein. Studies on human metastatic ovarian cancer 

PA-1 cell lines show that quercetin induces the 

apoptotic pathway that is mitochondrial-mediated and 

thus inhibits the growth of metastatic ovarian cancer 

cells (Yang et al., 2020). 

 
Table 1. The various properties and the mechanism of action of quercetin 

 

No. Properties Mechanism of Action References 

1 Neuroprotective effects 
reduces neuronal oxidative damage and neuroinflammation by inhibiting 

the production of pro-inflammatory cytokines 
Chiang et al. (2023) 

2 
Anti-allergic 

effects 

improves the imbalance of Th1/Th2 and Treg/Th17 and inhibits the 

increase of epithelial cells, eosinophils, neutrophils,  

lymphocytes, and macrophages 

Ke et al. (2023) 

3 Skin benefits 
reduces the expression levels of TNF-α, CCL17, CCL22,  

IFN-γ, IL-4, IL-6 
Hou et al. (2019) 

4 Cardiovascular protection 
inhibits the contraction of vascular smooth muscle through the AMPK 

signaling pathway and modulates the TGF-β/Smads pathway 

Kim et al. (2018) 

Wang et al. (2021) 

5 
Anti-diabetic 

effects 

reduces the number of placental glycogen cells and protects  

against lipid peroxidation 
Hosseini et al. (2021) 

6 
Anti-cancer 

effects 

promotes apoptosis, inhibits metastasis and mitotic events  

causing cell arrest 
Ullah et al. (2020) 

 

 

Conclusion 
 

Flavonoid polyphenols are most beneficial for down-

regulating or suppressing inflammatory pathways and 

functions. Quercetin is considered one of the most 

widely distributed and well-known naturally derived 

flavonols, showing strong effects on immunity and 

inflammation mediated by leukocytes and other 

intracellular signals. Quercetin can play a significant 

role in different diseases. This flavonoid has various 

biological activities, which are mainly related to its 

ability to inhibit enzymes and its effects on immune 

responses. Quercetin is known to possess antioxidant 

properties and has a protective function against aging. 

It exerts a protective role against neurodegeneration. 

The molecule is known to lower blood glucose levels 

and preserve the function of β cells in diabetic rats and 

mice. It shows a positive impact on treating and 

preventing diabetes. Various in vitro and in vivo 

studies have shown that quercetin has anti-cancerous 

activities and can be a reliable drug in cancer therapy. 

It has been shown that quercetin has anti-

inflammatory and neuroprotective effects, partly 

through its ability to modulate the activity of specific 

signaling pathways. All this explains why many 

experts recommend regularly consuming food sources 

that contain quercetin. 

 

https://draxe.com/nutrition/polyphenols/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9100260/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9100260/
https://www.sciencedirect.com/science/article/abs/pii/S0223523418305440
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