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An insight into physiochemical property, bioavailability 

and pharmacology of Quercetin: A bioflavonoid 

 
Arushi Bisht, Dr. Parul Sharma and Garvita Agarwal 

 
Abstract 
Fruits, plants, vegetables, tea, bark, bulbs, stem, roots and wine all contain a class of natural compounds 

called flavonoids. Polyphenolic chemicals is also found in the blooms of Smith's Rhododendron 

arboreum. There have been numerous attempts to segregate these natural compounds, which are valued 

for their positive effects on health. Today, flavonoids are recognised as a crucial ingredient in a variety of 

cosmetic, pharmacological, and therapeutic compositions. The primary polyphenolic flavonoid, quercetin 

is widely distributed among plants is frequently present in foods and consumed on a daily basis, 

especially fruits and vegetables. Quercetin has long been used to treat a various conditions, including 

arthritis, cardiovascular diseases, cancer, eye and viral infections. It has been tested pharmacologically 

against a variety of microbes and parasites, including viruses and dangerous bacteria. Due to its 

inhibitory impact against acetylcholinesterase, it has also demonstrated therapeutic effects against 

Alzheimer's disease (AD). Additionally, it has been shown to have antioxidant, anti-fungal, anti-

carcinogenic, and cardioprotective properties. According to research, quercetin is excreted by the 

respiratory, renal, and faecal systems and amasses in the liver, lungs, small intestine and kidneys with 

lower quantities in the spleen, heart and brain. 
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Introduction 

R. arboreum Smith (Ericaceae) is the Uttarakhand’s state flower and Nepal’s national flower. 

It is dispersed across the Himalayan and mountainous region at a height of 1500-3300 m. It 

has strong medical, profitable and sprititual values. In temples, flowers are presented to gods 

and goddesses. The flowers are used to treat diarrhoea and bloody dysentery in traditional 

Nepalese medicine. Jam, local brew, jelly and squash are all made from flowers that have a 

sweet and sour flavour. To make pickles, jellies, and sharbat, fresh petals are used. Although 

the young leaves are thought to be deadly, they are applied to the forehead as a headache 

remedy [1]. R. arboreum is one of the essential components of the Ayurvedic drug "Asoka 

Aristha," which exhibits estrogenic, oxytocic, and prostaglandin synthetase-inhibitory activity 
[2]. According to reports, R. arboreum's different sections contain a wide variety of bioactive 

phytochemical components. Quercetin-3-rhamnoside, rutin, coumaric acid, and quercetin are 

all said to be present in flowers [3]. Quercetin is a yellow, crystalline powder with a density of 

1,799 g/cm3, a molar mass of 302,236 g/mol and a melting point of 316 °C [4]. It is prevalent in 

plants in the natural world. Figure 1 depicts the chemical structure formula and has the 

molecular formula C15H10O7. The first carbon of the quercetin molecule contains a basic 

oxygen atom and a ketocarbonyl group that enable it to form salts with potent acids. Four 

active groups are present in the compound's molecular structure: a 4-carbonyl group, a double 

bond between the C2 and C3 locations, an o-dihydroxy group in the B ring, and a dihydroxy 

group between the A and C rings. Quercetin has a potent antioxidant effect because it contains 

double bonds and a phenolic hydroxyl group. Its anti-inflammatory and antioxidant effects are 

strongly associated to the prevention and treatment of cancer and cardiovascular illnesses [5]. 

The bioactive phytochemicals known as polyphenols are those that are most frequently found 

in plants, such as red wine, chocolate, fruit juices, cereals, dry legumes, fruits, vegetables, and 

cereal-based foods. The natural antioxidant properties of polyphenols, which are particularly 

significant in the prevention of cancer and cardiovascular disease, are well established. Studies 

have shown that dietary sources of quercetin and its derivatives are widespread to reduce the 

risk of cancer and coronary heart disease by chelating transition metal ions and free radicals 

that lead to the oxidation of low-density lipoproteins (LDL) [6]. 
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Physicochemical properties of quercetin 

One of the six flavonoid chemical subclasses are called 

flavonols, and quercetin belongs to this group. The name, 

which was inspired by the Quercus tree and has been in use 

since 1857, originates from the Latin term quercetum, which 

means "oak forest." It is an organic polar auxin transport 

inhibitor [7]. Quercetin's scientific name is 3,31,41,5,7-

pentahydroxyflvanone according to the International Union of 

Pure and Applied Chemistry (IUPAC) (or its synonym 3, 31, 

41, 5, 7-pentahydroxy-2-phenylchromen-4-one). This 

indicates that the OH groups are joined to quercetin at 

locations 3, 5, 7, 31, and 41. Figure 1 depicts the typical types 

of quercetin. 

 

 
 

Fig 1: Molecular structure of quercetin glycoside, quercetin, quercetin sulphate, quercetin glucuronide and dimethyl quercetin 

 

The aglycone quercetin (C15H10O7) is devoid of an 

associated sugar. It is a bright citron yellow needle crystal that 

dissolves reasonably well in lipids and alcohol but utterly 

refuses to mix with ice-cold water. A quercetin glycoside is 

produced when one of the OH groups is swapped out for a 

glycosyl group, which can be a sugar like glucose, rhamnose, 

or rutinose (commonly at position 3). The glycosyl group that 

is connected can have an impact on solubility, absorption, and 

in vivo effects. In general, quercetin glycoside is more water 

soluble than quercetin aglycone because it has a glycosyl 

group [8, 9]. 

The glycosyl group that is joined to a quercetin glycoside 

makes it distinctive. While the term "quercetin" should 

typically be used to refer to the aglycone, it is occasionally 

used in studies and the supplement business to refer to 

molecules of the quercetin family, including its glycosides. 

 

Dietary Sources 

Since 1857, quercetin has been known by this name. It is a 

translation of the Latin word Quercetum, named for the 

Quercus tree (oak) [10]. It is a flavonoid that is most frequently 

found in higher plants and in the glycosidal form, including 

hyperin, rutin and isoquercetin (quercetin-3-O-glucoside) 

(quercetin-3-O-galactoside). The most prevalent flavonoid 

molecules, quercetin-type flavonols, are found in a wide 

variety of plants, primarily as quercetin glycosides. In 

addition to various flowers, seeds, barks, nuts and leaves, they 

are present in a wide range of foods such as grapes, apples, 

Brassica vegetables, onions, tomatoes, tea, shallots and 

berries. Sambucus canadensis, Ginkgo biloba, and Hypericum 

perforatum are a few therapeutic plants that contain quercetin 
[11, 12]. The area closest to the root of red onions has the largest 

concentration of quercetin, while the outermost rings of red 

onions contain the most of it. Quercitin can be found in a 

variety of honeys made from diverse plant sources [13]. 

Quercetin is found in foods like fruits, vegetables, nuts, 

drinks, berries and other items of plant origin [14]. 

 

Absorption, bioavailablity and metabolism of quercetin 

Absorption  

Quercetin glycosides may absorb differently depending on the 

type of sugar linked [15]. Quercetin glucosides, which are 

mostly present in onion or shallot flesh, are thought to be 

more easily absorbed than their rutinoside counterparts (the 

major quercetin glycoside in tea). In the small intestine, beta-

glucosidases efficiently hydrolyze glucosides to the aglycone 

form, which is then mainly absorbed [16]. The quercetin 

glycosides such as, quercetin glucoside, quercetin galactoside 

and quercetin arabinoside, present in foods (like onions), are 

deglycosylated to quercetin aglycone before being passively 

absorbed in the small intestine [17]. This initial response is 

thought to be mediated by either a beta-glucosidase from the 

gut microbiota or the enzyme lactase phlorizin hydrolase (a 

beta-glucosidase), depending on the kind of glycoside [18]. A 

significant and extensive biotransformation reaction results in 

the creation of glucuronidated, sulfated, and methylated 
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metabolites from the quercetin aglycone, and this suggests 

that the phase II enzymes UGT (uridine 5' -diphospho-

glucuronosyltransferase), SULT (sulfotransferase), and 

COMT are involved (catechol-O-methyltransferase). 

More readily absorbed than quercetin were its derivatives of 

sulfuric acid and quercetin glucuronic acid. The food chain 

from which it is consumed, variations in its glycosylation, and 

the simultaneous delivery of dietary components like fibre 

and fat all have an impact on how well it is absorbed after that 
[17]. As a result, the levels of absorption will differ based on 

the kinds of sugar and the locations where sugar groups can 

conjugate. 

 

Transformation and Transportation 

Following absorption, quercetin is processed in the liver, 

kidney, small intestine and colon. Biotransformation enzymes 

in the small intestine and liver create the sulfo-substituted, 

methylated, and glucuronidated forms of metabolites [19, 20]. 

According to a study on the distribution of quercetin in rat 

and pig tissues, the lungs, liver, and kidneys of both species 

contain the highest concentrations of quercetin and its 

metabolites [21]. 

In intestinal mucosal epithelial cells, enteric bacteria and 

enzymes convert quercetin and its derivatives into a variety of 

metabolites (phenolic acid). These metabolites are later 

ingested, changed, or eliminated. In addition, bacteria in the 

colon and small intestine break down the aglycon's ring 

structure, which causes quercetin to lose its backbone 

structure and produce smaller phenolics [22]. The liver have 

less quercetin derivatives than the plasma did, and the hepatic 

metabolites had a high level of methylation (90%–95%), 

according to an analysis of the metabolites found in the two 

samples of blood and liver [23]. A few researches indicate that 

the liver is where quercetin undergoes methylation, 

vulcanization, and glucuronidation. 

When quercetin was consumed regularly, it gets accumulated 

in the blood and there is a considerable increase in the 

concentration of plasma, and this was highly correlated with 

the nutritious components of the diet [24]. 

Human blood contains quercetin in a conjugated form, with 

glycoside being the main structural variant. In addition to its 

isorhamnetin and glucoside acid-sulfated derivatives, 

quercetin also has glucuronoside and methylated forms as 

metabolites. Boulton also discovered that quercetin reduced 

the bioavailability of plasma protein in cells (albumin 

accounts for 99.4% of plasma protein) [25]. 

 

Excretion  

The researchers discovered that quercetin and its metabolites 

tend to build up in the organs responsible for its metabolism 

and excretion. Additionally, mitochondria may contain 

quercetin in some cells, the kidney is a major excretory organ. 

Possible frequent metabolites of quercetin include benzoic 

acid derivatives [26]. Quercetin can be absorbed significantly 

by human subjects from food or supplements, and its half-life 

has been observed in range from 11 to 28 hours [27]. Quercetin 

typically has a 3.5-hour terminal half-life [28]. Depending on 

the person, the total recovery of C-quercetin in exhaled air, 

urine and faeces varies greatly [29]. The lungs eventually 

remove a significant amount of the extensively digested 

quercetin that was ingested [30]. Later studies revealed that 

quercetin in the aglycone form is less completely absorbed 

than quercetin that has been glycosylated, and quercetin's 

bioavailability is boosted when it is eaten alongside vitamin 

C, folate, and other flavonoids [31, 32]. All of these 

investigations show that quercetin glucosides are taken up in 

the upper small intestine, followed by biotransformation 

enzymes in the small intestine and liver, and then kidneys, 

which eventually is excreted in urine. 

 

Pharmacological properties of quercitin 

Anti-Inflammatory 

Inflammation is a biological reaction that occurs when areas 

of the human body are subjected to unpleasant or harmful 

stimuli. This reaction serves as a form of self- defense and 

aims to eliminate damaged cells, infections, or any unpleasant 

stimuli while also kicking off the healing process. Infection 

does not always signify inflammation. In most circumstances, 

a virus, bacteria, or fungus causes an infection, whereas an 

inflammatory process is the body's attempt to repair itself. 

The capacity of quercetin to control inflammation is one of 

the substance's most outstanding fundamental characteristics. 

By blocking the inflammatory enzymes cyclooxygenase 

(COX) and lipooxygenase, quercetin lowers inflammatory 

mediators such as prostaglandins and leukotrienes [33, 34]. It 

has been shown that quercetin has strong anti-inflammatory 

properties and a lengthy half-life. Quercetin can exhibit strong 

anti-inflammatory potential in numerous cell types in both 

animal and human studies [35]. Many possible antiallergic 

medications use quercetin, a plant extract, as their primary 

active ingredient. Its capacity to inhibit IL-8 is greater than 

that of Cromolin (the antiallergenic medication disodium 

cromoglycate), and it also has the ability to inhibit IL-6 and 

raise cytosolic calcium levels [36]. Respiratory and food 

allergies have been successfully treated using its anti-

inflammatory and anti-allergic characteristics [37]. 

 

Anti-Microbial Activity 

Nearly all bacterial strains are known to be susceptible to 

quercetin's antibacterial activities, which primarily affect the 

gastrointestinal, respiratory, urinary, and cutaneous systems. 

Strong bacteriostatic activity has been demonstrated for 

quercetin against a variety of bacterial strains, including S. 

aureus, Pseudomonas aeruginosa, P. fluorescens, Salmonella 

enterica serotype Typhimurium, Staphylococcus epidermidis, 

Yersinia enterocolitica, Helicobacter pylori, Micrococcus 

luteus, Campylobacter jejuni [38]. Surprisingly, quercetin 

derivatives, such as quercetin 40,40,3,5,7-pentaphosphate 

(QPP), quercetin 50-sulfonic acid (QSA), and 40,40,3,5,7-

diphosphate (QDP), resulted in highly soluble, biocompatible 

and potent antibacterial activity with 100 percent inhibition of 

Listeria monocytogenes [39]. In addition, quercetin 

demonstrated the most potent antifungal effects against 

Candida albicans, Cryptococcus neoformans, and Aspergillus 

niger [40]. 

 

Antiviral Activity 

A variety of viruses have been demonstrated to be susceptible 

to quercetin's antiviral effects. For example, studies have 

demonstrated quercetin's potency against the human T-

lymphotropic virus 1 and the Japanese encephalitis virus 

(JEV), which causes the mosquito-borne illness Japanese 

encephalitis [41, 42]. Quercetin has also been shown to inhibit 

the nonstructural protein 3 protease, which is a key player in 

the spread of the hepatitis C and type-2 dengue viruses [43, 44]. 

It has been found that other quercetin formulations are 
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effective against the influenza A virus and the porcine 

epidemic diarrhoea virus, respectively. These compounds 

include quercetin-3-O-D-glucuronide, formulations with 

lecithin that has been enhanced, and quercetin 7-rhamnoside 
[45]. 

 

Antioxidant Activity 

The body produces free radicals throughout metabolism, and 

they are one of the factors in many disorders. They can 

disrupt cell membranes, alter genes, hasten the ageing 

process, and cause a number of illnesses, including diabetes, 

heart disease, and liver damage [46, 47]. According to 

researchers quercetin is the flavonoid family's top free radical 

scavenger [48]. Because the benzo-dihydropyran ring of 

quercetin's polyphenol has four hydroxyl groups, It can 

combat the body's production of free radicals, has a potent 

antioxidant potential, and can help keep the body stable, 

researchers also additionally noted that by preventing lipid 

peroxidation, methylated quercetin metabolites, such as 

tamarixetin and isorhamnetin, demonstrated more antioxidant 

activity than quercetin [49]. Because it may neutralise reactive 

oxygen species, as quercetin has been shown to have 

antioxidant properties [50]. To stop the spread of many 

malignancies, including liver, lung, breast, prostate and 

cervical cancers, quercetin modulates oxidative stress factors 

and antioxidant enzymes. 

 

Antiprotozoal Activity 

Numerous studies have been reprted that quercetin slows the 

growth of a variety of protozoan parasites, including 

Theileria, Toxoplasma, Babesia, Leishmania and 

Trypanosoma. Interestingly, T. brucei brucei, T. cruzi, 

Trypanosoma brucei rhodesiense and Leishmania donovani 

parasites are all susceptible to the growth inhibitory effects of 

quercetin both in vitro and in vivo [51]. With an IC50 of 1.0 

g/mL and 8.3 g/mL, respectively, it produced significant 

leishmanicidal and trypanocidal action in vitro. However, in 

an in vivo trial, only the flavonoid quercetin demonstrated in 

vivo efficacy by preventing the growth of L. donovani. 

Additionally, by inhibiting the production of heat shock 

proteins 90 (hsp90), 70 (hsp70), and 27, quercetin has been 

shown to have exceptional inhibitory effects against 

Toxoplasma gondii. This suppresses the induction of 

bradyzoite growth [52]. Quercetin's antiplasmodial efficacy 

against a chloroquine-sensitive (3D7) and chloroquine-

resistant (7G8) strain of Plasmodium falciparum was first 

reported by some researchers [53]. 

 

Anti-Cancer Activity 
A lower risk of cancer has been associated with eating more 

fruits and vegetables, according to epidemiological research. 

Quercetin may be effective for cancer treatment due to its 

antiproliferative, growth factor-suppressive, and antioxidant 

characteristics [54]. Numerous tumour in vivo and in vitro 

models have demonstrated quercetin's capacity to fight cancer 

in a number of different ways. Quercetin greatly slows down 

the cell cycle, encourages cell death, and stops the growth and 

spread of blood vessels. It has been proven that quercetin has 

anticancer properties both in vitro and in vivo. The inhibition 

of angiogenesis in tamoxifen-resistant cancer was used in in 

vitro trials to determine quercetin's anticancer efficacy against 

various cell lines, while its antioxidant activity was used to 

explain its effectiveness in vivo [55, 56]. Experts consider 

quercetin to be a good candidate for an anticancer drug due to 

its ability to prevent metastasis and induce apoptosis in 

tumour cell lines [57]. Several malignancies, including lung, 

breast, liver, cervical, prostate and colon cancer, are prevented 

from spreading by quercetin, and it works via a variety of 

mechanisms, inhibiting enzymes that activate carcinogens, 

binding to cellular receptors, proteins and including cellular 

signalling [58]. Quercetin has recently been shown to boost 

breast cancer cells' chemosensitivity to the chemotherapy 

drug doxorubicin by lowering cell invasion and proliferation, 

which encourage cell death. Additionally, via modifying the 

expression of miR-146a, cell apoptosis induction, Caspase 3 

activation, and mitochondrial pathways, quercetin reduced the 

proliferation of the human breast cancer cell lines MCF-7 and 

MDA-MB-231 [59]. It was found that quercetin blocked the 

NF-B pathway, negatively regulated B-cell lymphoma 2, and 

upregulated Bcl-2-associated X protein in the CACO-2 and 

SW-620 cells, significantly inhibiting the growth of human 

colon cancer cells. Along with TLR4 and NF-B-mediated 

signalling, quercetin also has properties that are anti-colon 

cancer [60]. 

 

Neurodegenerative Disorders 

The most frequent cause of dementia is thought to be 

Alzheimer's disease (AD), a chronic neurodegenerative 

disorder that causes memory loss and cognitive abnormalities 

like aphasia, agnosia, and apraxia and is connected to neuro-

inflammatory processes in the central nervous system [61, 

62].There are various memory types, including verbal, 

olfactory, episodic, and visual. These are separated into 

explicit memory (active or passive retention of facts) and 

implicit memory (nonverbal habitual memory) [63]. The 

development of neurodegenerative illnesses involving AD 

also includes oxidative stress, which is brought on by an 

imbalance of free radicals in the body. Quercetin is one of 

several flavonoids with distinct vascular system activities that 

can change the cerebrovascular blood flow and, in turn, the 

neuronal morphology that results in neurogenesis and 

angiogenesis. Additionally, it can shield neurons from 

damage brought on by neurotoxins. Flavonoids, which are 

abundant in foods, prevent neurodegeneration and reverse 

age-related declines in cognitive function [64]. The 

effectiveness of quercetin's inhibitory activities against 

acetylcholinesterase (AChE) is attributed to its therapeutic 

benefits against AD [65]. 

The benefits of quercetin and ascorbic acid include preventing 

neuronal damage and decreasing the frequency of oxidative 

damage to human lymphocytes and neurovascular structures 

in the skin. It is well recognised to shield brain tissue from 

oxidative stress, which harms cells and causes Alzheimer's 

and other neurological diseases [66]. Thy have believed to be 

necessary for preventing neuronal damage [67]. Flavonoid has 

neuroprotective effects on the brain and has the capacity to 

shield neurons from damage brought on by neurotoxins. It 

also enhances memory, learning, and cognitive abilities while 

suppressing neuroinflammation. Additionally, it has been 

discovered that flavonoids have protective properties that can 

stop more severe degenerative diseases, as well as many types 

of cerebrovascular disease connected to dementia and stroke 

that primarily affect elderly people. By boosting existing 

neural function or by encouraging neuronal regeneration, 

flavonoid-rich plant or dietary supplements improve cognition 

functions and safeguard fragile neurons [68]. 

https://www.thepharmajournal.com/


 
 

~ 1258 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Ulcer and Gastritis: According to studies, quercetin acts as a 

gastro protective agent by preventing stomach acid secretion 

and lipid peroxidation of gastric cells in addition to the 

infection with Helicobacter pylori is also prevented [69]. A 

group of researchers investigated the antioxidant and antiulcer 

impact of quercetin 50 and 100 mg/kg against an ethanol-

induced model of gastric mucosal injury in rats, and the 

results indicate towards quercetin's potentially beneficial 

antiulcer activity [70]. Because of its capacity to scavenge free 

radicals or because it causes an increase in stomach mucus 

production, quercetin has anti-ulcer capabilities [71]. 

 

Cardiovascular Protection 

According to researchers, quercetin has positive benefits on 

cardiovascular conditions such as atherosclerosis, ischemia-

reperfusion injury, hypertensionor cardiotoxicity [72, 73]. These 

conditions are strongly related to quercetin's anti-

inflammatory and antioxidant capabilities. Systolic, diastolic, 

and mean arterial pressure are all decreased as part of 

quercetin's protective mechanism for the cardiovascular 

system. In addition, there were decreased levels of total free 

fatty acids, cholesterol, triglycerides, phospholipids, lipid 

peroxidation in the heart and blood, and ST segment in the 

serum. Both blood vessels and blood sugar can be healed by 

it. It can significantly lessen the aortic wall's thickness. 

Researchers discovered that stage 1 hypertension patients who 

consumed 730 mg of quercetin daily for 28 days saw a 

reduction in their systolic, diastolic, and mean arterial 

pressure [74]. In addition to its heart-inhibitory effects on LDL 

oxidation and endothelium-dependent vasodilation, research 

has shown that quercetin significantly reduces the influence of 

adhesion molecules and other inflammatory indicators. 

Additionally, 93 overweight or obese participants in a 

research who took 150 mg of quercetin daily for six weeks 

saw a significant reduction in the quantity of LDL in their 

blood that was being oxidised by systolic blood pressure and 

atherosclerosis [75]. These participants were at high risk for 

metabolic syndrome [76]. The term "protective effect" 

describes how nitrogen oxide (NO) affects endothelial 

function, how it prevents oxidative inflammation from 

damaging neurons, and how platelets have an anti-aggregation 

impact. 

 

Conclusion 
However, the paper focused on different portions of R. 

arboreum as a source of high-value phenolics and flavonoids 

that could be used in preventative medications and 

nutraceuticals. The flavonoid quercetin has antioxidant 

qualities. Numerous positive impacts on health are attributed 

to quercetin's power, including defence against conditions like 

lung cancer, osteoporosis, and cardiovascular disease. 

According to the studies, people who consumed a lot of 

flavonoids had a lower risk of cardiovascular disease. 

Quercetin has demonstrated effective therapeutic effects 

against a number of illnesses. It is anticipated that quercetin 

will develop into a novel medication through ongoing 

research that can both prevent and treat a number of disorders. 

Its potent antioxidant, anti-inflammatory and anti-tumor 

activities have promising clinical applications; in addition, it 

can enhance bodily processes and lessen stress responses. 

Consuming rhododendron flowers is therefore advantageous 

for preventing diseases like cancer, cardiovascular, 

neurodegenerative, and others. 
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