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Abstract: 

 

Phytochemicals are emerging as a key factor in their Value in both the management and 

prevention of a variety of diseases. Among them, quercetin, an organic plant-based flavonoid 

abundant integrated within plant-derived foods, has emerged as a promising agent due to its 

antioxidant strength and diverse pharmacological benefits confirmed by both preclinical and 

clinical settings. Despite its promising therapeutic potential, quercetin’s practical application 

is hindered by limitations due to challenges like low solubility and suboptimal bioavailability, 

poor physicochemical stability, and reduced biological persistence. To address these 

challenges, nanoparticle-based delivery systems have emerged as effective strategies for 

enhancing the solubility and targeted delivery of hydrophobic compounds like quercetin. These 

nanoformulations have proved effective in enhancing encapsulation efficiency, stability, slow 

and steady drug release performance, extended circulation times, and enhanced therapeutic 

outcomes. Recent advancements indicate that nanotechnology can significantly enhance the 

stability and quercetin absorption by cells under both laboratory and animal testing conditions. 

The current review outlines key developments and insights into various nanocarrier systems—

encompassing various carriers like liposomes, nanogels, micelles, and SLNs, polymeric 

nanoparticles, gold nanoparticles, and cyclodextrin complexes—for the effective delivery of 

quercetin in a range of pharmacological applications. 

 

Keywords: Flavanoids, quercetin, nanoformulation, therapeutic efficacy, bioavailability, 

Pharmacological activities. 
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 Graphical Abstract: 

 
 

1.      Introduction:  

 

1.1  Therapeutic Potential of Quercetin 

 

In modern medicine, natural compounds are gaining significant attention for their therapeutic 

potential. Historically, plants have served not only aesthetic and nutritional purposes but also 

medicinal ones. The rising demand for natural substitutes to synthetic pharmaceuticals has 

brought increased attention to plant-based extracts and their bioactive compounds. These 

naturally occurring constituents, particularly flavonoids, are recognized for their broad 

extensive biofunctional properties, including anti-inflammatory, antimicrobial, and potential 

anticancer effects. Found abundantly in fruits, vegetables, and medicinal herbs, flavonoids 

contribute significantly to health promotion and disease prevention. Found in forms Among 

their various types—flavones, isoflavones, flavanones, and chalcones—flavonoids exhibit a 

central roles in plant defence and offer various biological activities beneficial to human health 

[2]. 

 

Among flavonoids, quercetin stands out as a promising therapeutic agent. Quercetin, 

chemically identified as 3,3′,4′,5,7-pentahydroxyflavone and named stemming from the Latin 

language term Quercetum, is a flavonoid present in nutrient-rich foods like apples, onions, 

berries, broccoli, and tea. It is well known for its diverse therapeutic properties, including 

antioxidant, anti-inflammatory, and anticancer effects. [3,4]. Notably, its strong antioxidant 

properties help neutralize free radicals, thereby reducing oxidative stress, a major factor in the 

development of metabolic and chronic diseases [5,6]. Furthermore, quercetin’s ability to due 

to its immunomodulatory effects holds promise for managing various disorders like asthma and 

allergies [7,8]. 

 

Although quercetin offers numerous health advantages, its clinical application is restricted due 

to its low affinity for water-based dissolution and limited bioavailability. Upon oral intake, it 
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is rapidly biotransformed within the liver during the first-pass effect, leading to quick 

elimination and reduced therapeutic efficacy. [ 9, 10,11]. To overcome this, researchers are 

exploring advanced delivery systems to enhance their bioavailability. Traditional formulations 

often require high doses to be effective, which can amplify the risk of negative outcomes. For 

example, while NSAIDs and corticosteroids are effective, they would provoke adverse effects 

on the gastrointestinal tract, nervousness, and allergic manifestations. In contrast, improved 

delivery of natural compounds like quercetin offers a potentially safer and more effective 

therapeutic alternative. 

 

Progress in drug delivery systems has enabled the formulation of quercetin-loaded 

nanocarriers. Nanotechnology provides promising approaches for improving solubility 

characteristics, enhancing compound stability, and promoting bioavailability of quercetin. 

Encapsulating quercetin in nanoparticles enhances its targeted delivery, protects it from 

degradation, and supports sustained release. These improvements boost therapeutic efficacy 

while reducing required dosages and associated side effects. Studies have demonstrated that 

nanoformulated quercetin shows improved antioxidant activity and greater effectiveness in 

treating inflammation and cancer [12, 13, 14]. 

 

As research expands our understanding of quercetin’s health benefits, nanotechnology-based 

delivery systems show great promise for future therapies. Current studies aim to optimize 

formulations, enhance stability, and explore synergistic effects with other phytochemicals and 

drugs. Utilizing nanoformulated quercetin improves individual health outcomes and supports 

a shift toward reducing dependence on conventional pharmaceuticals. Emphasizing natural 

compounds promotes safer, more holistic treatment approaches [15]. 

 

In summary, quercetin's therapeutic potential, coupled with advancements in nanoformulation 

technology, heralds a new era in the application of natural compounds in medicine. With its 

robust biological activities and ability to enhance health outcomes, quercetin stands as a beacon 

of hope in the search for effective, safe, and sustainable treatment options. As research 

progresses, it is essential to continue exploring the vast potential of plant-based therapies, 

ensuring that nature’s bounty is harnessed to improve human health and well-being. 
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Figure 1. Illustration of Quercetin -delivery nanosystems. 

 

2. Pharmacokinetics of Quercetin –Because of its strong hydrophobic nature, quercetin 

is capable of permeating phospholipid bilayers, allowing it to be passes through the epithelial 

barrier of the small intestine which are cellular membranes, via a straightforward diffusion 

process [16]. Absorption studies in Sprague-Dawley rats by Chen et al. (2005) revealed that 

more than 60% of orally administered quercetin was absorbed. Supporting evidence was 

provided by Walle et al. (2001), investigators responsible for observing an absorption rate of 

approximately 53% [18]. To give hydrophilicity, phase II enzymes called 

glucuronosyltransferases and sulfotransferases glucuronidate and sulfidate the molecule at one 

of its hydroxyl groups inside the enterocytes [19,20,21,22]. Moreover, quercetin undergoes O-

methylation, primarily producing 3′-O-methylquercetin (isorhamnetin) and, to a lesser extent, 

4′-O-methylquercetin (tamaraxetin) [23,24]. Upon administration of quercetin present in 

glycosylated form, enzymes such as β-glucosidase—located in intestinal microflora and 

enterocytes—must first cleave the sugar moiety to enable subsequent conjugation 

processes.[25]. Nevertheless, certain quercetin molecules may enter the bloodstream 

unconjugated. Through the portal vein, these compounds will enter the liver where they will 

be metabolised by the highly expressed enzymes glucuronosyl transferases and 

sulfotransferases [26]. Furthermore, quercetin can be methylated by the liver and kidneys' 

catechol-O-methyltransferase (COMT) enzymes [27,28]. When quercetin conjugates are 

following biliary excretion, they move along the small intestine toward the hindgut, where 

enzymes such as β-glucuronidase and sulfatase produced by the gut microbiota can hydrolyze 

them. This facilitates enterohepatic cycling and lengthens the period that blood is circulated 

[29]. 90 percent of the ingested quercetin was metabolized in the gut, despite the liver being 

the essential organ for this process [30]. Due to all of these enzymatic modifications, quercetin 

YMER || ISSN : 0044-0477

VOLUME 24 : ISSUE 06 (June) - 2025

http://ymerdigital.com

Page No:1347



becomes a more soluble substance that can either be attached to blood proteins like albumin or 

circulated freely in the blood [31]. The distribution of quercetin in tissues is caused by its entry 

into the bloodstream. It's also critical to note that quercetin can enter the lymphatic system from 

the gastrointestinal tract [32]. With regular intake, quercetin tends to localize within various 

organs, covering vital organs like the lungs, kidneys, thymus, and heart and liver. Among these, 

the lungs typically contain the highest concentrations of quercetin and its methylated forms 

like isorhamnetin.[33]. Owing to its enterohepatic recirculation, quercetin can persist in the 

body for an extended duration, typically ranging from 20 to 72 hours post-ingestion [34]. 

Nevertheless, gut microbiota in the colon can degrade quercetin into phenolic acids, with 

carbon dioxide as a byproduct that is eventually exhaled [35]. On the other hand, phenolic acids 

can pass through the stools. Furthermore, a portion of quercetin may also be excreted in urine 

[36]. For the removal of quercetin, all of these methods work. According to Ueno et al., 

following oral administration, quercetin was primarily excreted as carbon dioxide via 

respiration (35%), while the remaining portion was eliminated through feces (45%) and urine 

(10%) under conjugated forms with glucuronide and sulfate groups [37]. In contrast, a more 

recent investigation found that just a tiny percentage of absorbed quercetin was excreted in 

faeces (0.21–4.6%) and urine (3.3–5.7%) [38]. Under carbon dioxide, quercetin was mostly 

removed (41.8–63.9%)  

 

3. Therapeutic potential of quercetin 

 

3.1 Anti -Arthritis Activity 

 

RA is a prolonged autoimmune condition defined by ongoing joint inflammation, known as 

synovitis, which can progressively damage cartilage and bone, leading to joint deformities, 

physical disability, and decreased life expectancy [39]. Various factors increase the risk of RA, 

such as aging, being female, obesity, prior joint injuries, certain skeletal features, and a genetic 

predisposition [40]. Additionally, mutations in genes responsible for coding collagens—

specifically types II, IV, V, and VI—have been linked to the disease's advancement [41]. 

 

Rheumatoid arthritis (RA) is commonly managed with pharmacological agents, particularly 

agents like aspirin, naproxen, ibuprofen, and other NSAIDs. These medications work by 

blocking cyclooxygenase (COX) enzymes, which leads to a decreased synthesis of 

prostaglandins and other pro-inflammatory mediators. While effective at high doses, NSAIDs 

can cause side effects like tinnitus, hearing loss, gastric discomfort, ulcers, and gastrointestinal 

bleeding [42]. Their reduced dosing frequency can make them preferable despite these risks. 

Corticosteroids, though more potent, are reserved for short-term, low-dose use during RA flare-

ups due to their notable adverse effects, underscoring the need for safer, effective anti-

inflammatory alternatives for long-term RA management.[43] Quercetin, a naturally occurring 

flavonoid molecule prevalent naturally occurring in diverse fruits and vegetables, has attracted 

considerable interest for its therapeutic potential in rheumatoid arthritis. Its role in mitigating 

inflammation and neutralizing oxidative species mechanisms contributes to symptom 

amelioration as a result of downregulating pro-inflammatory cytokines and diminishing COX-

2 expression triggered by lipopolysaccharides. Furthermore, quercetin supports bone health by 
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blocking the activation of transcription factors like NF-κB and AP-1, which are central to 

inflammatory responses and bone degradation [44]. Additionally, it limits macrophage and 

neutrophil recruitment and inhibits synoviocyte proliferation, thereby reducing synovial 

inflammation [45,46,47]. Several studies have reported improved anti-arthritic efficacy of 

quercetin when delivered at the nanoscale (Table 1). 

 
 

Figure 2: The Anti-Arthritic Effect of Quercetin (QUE) on Rheumatoid Arthritis (RA) in 

preclinical studies:(1) Rheumatoid Arthritis Joint: 

 

  RA is marked by chronic inflammation of the joints, synovial hyperplasia, and progressive 

cartilage and bone damage. (2) Immunoregulatory Effects of QUE on RA: 

Quercetin modulates the immune response by restoring the Th17/Treg cell balance. It reduces 

Th17-associated cytokines (IL-17A, IL-21, and IL-23), enhances Treg-associated cytokines 

(IL-10 and TGF-β), and lowers the levels of circulating autoantibodies, thereby mitigating 

autoimmune joint damage. (3). Bone Protective Effects: Quercetin suppresses the expression 

of RANKL in fibroblast-like synoviocytes by regulating signaling cascades such as mTOR, 

ERK, IκB-α, and AMPK. It also downregulates MMP-1 and MMP-3 levels by interfering with 

the activation of MAPK and NF-κB signaling mechanisms 

 

Table 1:   Various Nanoformulations' activity against arthritis. 

 

S.N0. Nanoformulation

s 

Method Activity Findings References 

1 Quercetin-loaded 

chitosan 

nanoparticles 

Solvent 

evaporation 

Anti-

inflammatory 

Reduced ankle 

diameter, oxidative 

stress, TNF-α, IL-6; 

effective in RA rats 

48 
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2 Quercetin 

nanoemulsion gel 

Spontaneous 

emulsification 

TNF-α 

inhibition 

QCT-NE gel 

promising for 

topical RA 

treatment 

 49 

3 Quercetin 

nanoformulation 

Emulsification Anti-

inflammatory 

and analgesic 

Effective in vitro/in 

vivo; enhances 

bioavailability; 

transdermal 

potential 

50 

4 Flavonoid-based 

nanoparticles 

Emulsification Inhibits COX 

and LOX 

enzymes 

High-dose (20 

mg/kg) Q-NPs 

reduce ankle 

swelling 

51 

5 Stearic acid 

nanoparticles 

Hot melt 

homogenizatio

n 

COX and LOX 

inhibition 

SLNs (~200 nm) 

reduce swelling and 

inflammatory 

biomarkers 

52 

6 Quercetin 

nanoparticle gel 

Emulsification Immunomodul

atory (TNF-α 

inhibition) 

n vitro, suppresses 

LPS-induced TNF-

α in macrophages 

53 

 

3.2 ANTIDIABETIC ACTIVITY 

 

Diabetes mellitus represents a significant worldwide health issue, exhibiting persistently high 

blood sugar levels arising from impaired insulin synthesis or resistance to its action [54,55]. As 

one of the most widespread endocrine and metabolic disorders, its prevalence is increasing 

across various age groups. According to the International Diabetes Federation (IDF), an 

estimated 537 million adults aged 20 to 79 are currently living with diabetes, with Type 2 

diabetes mellitus (T2DM) comprising approximately 90% of all cases 85–95% of all cases. 

These statistics underscore the critical need for improved preventive and therapeutic 

approaches [56]. 

 

Flavonoids show promise in managing diabetes and its complications by regulating glucose 

metabolism, modulating hepatic enzyme activity, and improving lipid profiles, supporting the 

development of flavonoid-based hypoglycemic agents [57]. Among them, quercetin has gained 

attention for its potential to control hyperglycemia. Conventional diabetes treatments often 

require high doses of oral agents or insulin, which may cause toxicity with long-term use. This 

has prompted interest in naturally derived alternatives like quercetin [58]. 

 

Flavonoids have shown potential in managing diabetes and its complications by regulating 

glucose metabolism, modulating hepatic enzyme activity, and improving lipid profiles, thus 

paving the way for flavonoid-based hypoglycemic agents [59]. Quercetin, in particular, has 

gained attention for its ability to control hyperglycemia. Traditional diabetes treatments often 

YMER || ISSN : 0044-0477

VOLUME 24 : ISSUE 06 (June) - 2025

http://ymerdigital.com

Page No:1350



necessitate high doses of oral medications or insulin, which can lead to toxicity with prolonged 

use. This has spurred interest in naturally derived alternatives like quercetin [60]. 

 
 

Figure 3. The molecular mechanism of quercetin in improving diabetic complications. 

 

Table 2: Various nanoformulations' activity against diabetes. 

 

S.N0. Nanoformulations Method Activity Findings References 

1 Hydrogel 

incorporating 

quercetin-loaded 

silver nanoparticles 

Emulsification Antimicrobial, 

Dermal 

restoration 

Enhanced re-

epithelialization, 

reduced wound 

gap vs. marketed 

gel 

61 

2 Nanopolyphenols Emulsification ↓ 

Hyperglycemia/o

xidative stress, ↑ 

SOD/CAT 

NF-κB inhibition 

reduces cytokines, 

improves 

oxidative balance 

62 

3 Plant-based 

antidiabetic 

nanoformulations 

Emulsification Inhibit carb 

digestion, ↓ 

glucose 

absorption 

improved 

glycemic control; 

reduced 

inflammation, 

fibrosis, and 

apoptosis 

63 

4 Quercetin 

nanoformulation 

(STZ-induced 

diabetic rats) 

Emulsion 

diffusion–

evaporation 

Controlled in vitro 

release 

Qu-NP every 5 

days matched 

effect of daily oral 

dose; improved 

SOD and catalase 

in 

pancreas/kidney 

64 
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5 Quercetin-loaded 

advanced 

nanoformulations 

Emulsification Antioxidant, anti-

inflammatory, ↑ 

collagen synthesis 

Nanogels, 

liposomes protect 

tissue and 

promote wound 

healing 

65 

6 Quercetin-loaded 

Eudragit L-100 NPs 

Sonication-

assisted 

emulsification

–evaporation 

Hypoglycemic, 

regenerates the 

islet 

Comparable to 

Glibenclamide; 

effective oral 

delivery with 

lower dose & 

improved 

compliance 

66 

7 Insulin & 

quercetin-loaded 

liquid crystalline 

NPs 

Emulsification ↓Oxidative stress, 

↑oral 

bioavailability 

Combination 

strategy improves 

delivery and 

mitigates 

diabetes-related 

oxidative damage 

67 

8 Polyphenol 

nanoformulations 

Emulsification Improve glucose 

control, insulin 

sensitivity 

Suppress TGF-

β1/CTGF; restore 

kidney function in 

diabetic 

nephropathy 

68 

9 Herbal-based 

antidiabetic 

lipid/inorganic NPs 

Emulsification Stimulate 

GLUT4, inhibit 

lipid peroxidation 

Enhance 

bioavailability, 

protect drug, mask 

taste, and ensure 

targeted delivery 

69 

 

 

3.3 ANTIPROLIFERATIVE ACTIVITY  

 

Cancer, the second leading as identified globally by WHO in 2020 [70], poses a major health 

and economic burden [71,72]. Characterized by uncontrolled cell growth and metastasis, it 

presents challenges such as treatment resistance, high costs, and limited new drug options. This 

has driven a shift toward natural product-based therapies, with around 80% of approved 

chemotherapeutics and 50% of current drugs derived from natural sources, valued for their 

safety, effectiveness, and multi-target action [73]. 

 

Research into natural products, including those from marine organisms, holds great potential 

for discovering new anticancer compounds. Quercetin, in particular, has gained attention for 

its significant tumor-suppressing potential. Research has shown that quercetin can induce 

programmed cell death and arrest cellular proliferation, growth suppression in several 
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malignant cell lines, including breast, prostate, lung, and colon cancers [74]. These findings 

highlight quercetin’s promise as a candidate for developing effective anticancer curative 

methods, suggesting a call for continued research into its modes of action and therapeutic 

applications [75]. Additionally, nanotechnology has been shown to enhance quercetin's efficacy 

in cancer treatment (Table 3). 

 

 
 

Figure 4. Quercetin activity in different cancer types. 

 

Table 3: Various nanoformulations activity against cancer. 

 

S. N0 Nanoformulations Method Activity Findings References 

1 Quercetin for tumor 

therapy 

Emulsification Induces apoptosis, 

autophagy, reverses 

MDR, and reduces 

angiogenesis 

Nanoparticles 

improved targeting, 

encapsulation, 

circulation, and 

tumor inhibition 

 

76 

2 Quercetin–chitosan 

against DOX-

induced 

cardiotoxicity 

Ionotropic 

Gelation 
Lowers cardiac 

biomarkers, oxidative 

stress, and inflammation 

QU-CHSNPs 

strongly prevented 

DOX-induced 

cardiac toxicity 

77 

3 Quercetin against 

MCF7 & CAL51 

Emulsion–

Diffusion 

Induces apoptosis Q-PLGA-NPs 

showed in vitro 

cytotoxicity against 

breast cancer cells 

and in vivo 

biocompatibility 

78 
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4 Modified QURnp 

in cancer 

Nanoprecipitat

ion 

Inhibits IL-6/STAT3 

signalling and triggers 

cell cycle halt along 

with programmed cell 

death. 

QURnp inhibited 

tumour progression 

via p27 

upregulation, Bcl-2 

reduction 

 

79 

5 PLGA-QNPs in cancer 
 

Solvent 

Evaporation Apoptosis via PI3K/Akt 

suppression, caspase 

activation 

QNPs reduced 

tumors, induced G2 

arrest, and 

increased latency 

period 

80 

6 Quercetin micelles 

for ovarian cancer 

Emulsification Induces mitochondrial 

apoptosis 

Suppressed 

xenograft tumor 

growth and 

downregulated 

MAPK, Akt 

pathways 

81 

7 QURnp + APnp 

combination 

Nanoprecipitat

ion 

Inhibits STAT3/HIF-1α, 

induces G0/G1 arrest 

and apoptosis 

Combo reduced 

tumors, improved 

antioxidants, 

reduced Ki-67 and 

Bcl-2 

82 

8  Quercetin–

curcumin 

nanoemulsion 

Emulsification

–Solvent 

Evaporation 

Reduces oxidative stress Enhanced uptake 

and cytotoxicity in 

breast cancer cells 

83 

9 QCT-CS NPs Ionic Gelation Targets the tumor via the 

EPR effect 

More effective than 

free QCT in 

reducing lung and 

breast tumor size 

84 

10 5-FU-QCT chitosan 

NPs in HCT116 

 Ionic Gelation 

Modulates p53/p21 

axis, induces apoptosis 

Triggered ROS, 

G0/G1 arrest, 

regulated 

apoptosis-related 

proteins 

85 

11 QC-SLN in MDA-

MB231 

Emulsification 
Activates Bax, caspases, PARP 

 

Improved drug 

release, reduced 

viability and 

angiogenesis, 

increased apoptosis 

86 

12 Modified QURnp 

in EAC 

Nanoprecipitat

ion 

Inhibits IL6/STAT3, 

promotes apoptosis 

Increased p27, 

reduced Bcl-2, 

effectively 

suppressed tumor 

growth 

87 
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3.4 ANTIASTHMATIC ACTIVITY  

 

Asthma is a long-term inflammatory condition marked by heightened airway sensitivity, 

resulting in recurring bouts of presenting with wheezing, shortness of breath, chest tightness, 

and coughing. The degree of these symptoms tends to fluctuate and is often linked to 

inconsistent airflow restriction that is typically reversible with time or appropriate treatment, 

such as fast-acting bronchodilators [88]. 

 

Asthma’s mechanisms involve an intricate interplay of hereditary and environmental 

influences, leading to chronic airway inflammation. This is characterized by increased 

eosinophils, airway edema, excess mucus production, and smooth muscle hypertrophy. The T-

helper (Th) cell response, particularly activation of the Th2 response constitutes a significant 

mediator in the inflammatory process, with cytokines like cytokines IL-4, IL-5, and IL-13 

enhance IgE generation and eosinophilic infiltration. Mast cells also release inflammatory 

mediators during allergen exposure, contributing to bronchoconstriction and airway 

inflammation [89,90]. According to the U.S. National Heart, Lung, and Blood Institute and the 

Global Initiative for Asthma (GINA), asthma is classified into four categories: intermittent, 

mild persistent, moderate persistent, and severe persistent. This classification system assists 

healthcare providers in determining the most suitable treatment options [91,92,93]. 

 

Conventional asthma treatment mainly includes bronchodilators like β2-agonists and systemic 

corticosteroids [94]. Short-acting β2-agonists, such as salbutamol, are often first-line due to 

their quick bronchodilatory effects. However, long-term use of corticosteroids carries 

significant risks, including Cushing’s syndrome, osteoporosis, susceptibility to infections, and 

psychiatric complications, which can limit their prolonged use [95,96]. 

 

Given the limitations of traditional treatments, the exploration of alternative healing methods 

is expanding. Organic phytoconstituents with minimal negative outcomes present a promising 

option for asthma management, either as alternatives or complements to conventional 

medications. Research continues to explore bioactive plant-derived products with 

pharmacological potential. Numerous studies have identified plant extracts and metabolites 

with therapeutic effects in asthma, demonstrating their ability to alleviate symptoms and 

support the development of safer treatments [97,98,99,100]. Additionally, quercetin has shown 

improved efficacy in nanotechnology-based asthma therapies (Table 4). 
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Figure 5. Quercetin has demonstrated multiple beneficial effects in asthma management, 

acting through various mechanisms. Studies suggest it may help prevent disease progression 

by reducing collagen accumulation [A], limiting mucus secretion [B, C], and lowering the 

infiltration of eosinophils and neutrophils [D]. Additionally, quercetin modulates the balance 

of Th1/Th2 cytokines [E], exhibits anti-fibrotic properties [F], and inhibits mast cell 

degranulation [G]. These therapeutic outcomes are believed to be associated with the 

downregulation of fundamental signaling networks, notably PI3K, Akt, and NF-κB[H]. 

 

Table 4: Various nanoformulations have activity against Asthma. 

 

S.NO. Nanoformulation Method Activity  Finding References 

1 LCN & sm-LCN Ultrasonicati

on 

lowers the 

extent of 

inflammatory 

cytokines 

such as IL-1β, 

IL-6, and IL-

8, 

contributing 

to its anti-

inflammatory 

properties 

Encapsulation enhanced 

anti-inflammatory effect, 

effective in asthma-

related cytokine 

suppression 

101 
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2 Quercetin–

chitosan NPs 

Ion 

crosslinking 

Lowered IgE, 

IL-17, TNF-

α, IL-6 

QCS nasal delivery 

improved encapsulation, 

stability, and nasal 

mucosa recovery 

102 

3 Quercetin 

nanocrystals 

Ultrasonicati

on 

Lowered 

sIgE, IL-4, 

IL-5; 

inhibited 

mast cell 

mediators 

Reduced FcR1, Syk, PI-3 

pathway markers; 

suppressed Th2 cytokines 

and transcription factors 

103 

4 Quercetin 

glycosides 

Emusificatio

n 

Decreased 

leukocytes, 

TNF-α, IL-6, 

NO 

Significant reduction in 

inflammatory markers; 

protective in neonatal 

asthma model 

104 

5 Quercetin 

liposomes 

Thin-film 

dispersion 

Inhibited β-

hexosaminida

se, histamine, 

IL-4, IL-8 

Liposomes more effective 

than free quercetin in 

anti-allergic activity 

105 

6 Quercetin vs 

DENPs 

Emusificatio

n 

Anti-

inflammatory 

and 

antioxidant in 

lung tissues 

Reduced collagen fibers, 

inflammation; protected 

against DENP-induced 

pulmonary damage 

106 

7 Quercetin-loaded 

microparticles 

Hot solvent 

diffusion/ho

mogenization 

— 

 

— 
 

107 

8 Dexamethasone/q

uercetin polyP 

NPs 

Emulsificatio Induced 

MUC5AC 

gene 

expression 

 

PolyP NPs enhanced 

MUC5AC expression 

more than free drugs 

108 

9 Quercetin solid 

lipid MPs 

Emulsificatio

n 

Reduced 

oxidative 

stress 

Microparticles improved 

cellular delivery, 

prolonged release, and 

minimized degradation 

109 

10 
Quercetin 

nanoemulsion 
 

Homogenizat

ion 

Optimized for 

pulmonary 

delivery 

High FPF, sustained 

release, >80% inhaled, 

inhibited A549 cell 

growth 

110 
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3.5 ANTIMICROBIAL ACTIVITY  

 

Infectious diseases pose a significant threat to human health, arising from pathogenic agents 

such as viruses, bacteria, fungi, and protozoa. These conditions are characterized by a distinct 

set of signs and symptoms that reflect the body's response to infection. The increasing incidence 

of infections, coupled with the alarming rise in antimicrobial resistance, has gained attention 

as a pressing issue impacting both healthcare systems and communities globally. The 

proliferation of resistant bacterial strains complicates treatment strategies, highlighting the 

urgent need for alternative or supplementary therapeutic compounds to traditional antibiotics 

[111]. 

 

Quercetin, a plant-derived flavonoid commonly present in apples, berries, onions, and tea, 

exhibits potent antibacterial and antifungal activity across a wide range of pathogens [112]. 

Research shows quercetin effectively inhibits Bacterial replication of microorganisms, 

including bacteria like Pseudomonas aeruginosa, Salmonella enteritidis, Staphylococcus 

aureus, Escherichia coli, Proteus, and fungi such as Aspergillus flavus [113,114]. Its 

antibacterial mechanisms include disrupting bacterial cell walls, modifying membrane 

integrity, and suppressing protein and Polynucleotide chain creation. Transmission electron 

microscopy (TEM) studies reveal that quercetin damages the cell walls and membranes of S. 

aureus and induces cell death in E. coli. Additionally, quercetin-rich extracts from sugarcane 

bagasse show bacteriostatic activity against S. aureus, L. monocytogenes, E. coli, and S. 

typhimurium [115,116,117,118]. 

 

Quercetin also shows antibacterial activity against oral pathogens, including Streptococcus 

mutans and Lactobacillus acidophilus, with minimum inhibitory concentrations values varying 

from 1 to 8 mg/mL. Despite this potency, antifungal properties are limited, showing no activity 

against Clostridium neospora—its efficacy improves significantly when combined with 

amphotericin B (AmB), suggesting that quercetin could be a useful adjuvant in antifungal 

therapies. 

 

Recent studies highlight quercetin’s potential in managing Candida infections, particularly 

Candida albicans biofilms responsible for Candida vaginitis. When used with fluconazole, 

quercetin enhances the drug’s effectiveness by promoting apoptosis in fluconazole-resistant 

strains through quorum sensing regulation [119,120]. Several studies have also reported 

improved efficacy of quercetin in nanotechnology-based treatments for microbial infections 

(Table 5). 
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Figure 6. Antimicrobial mechanism of quercetin 

 

Table 5. Various nanoformulations have activity against Bacterial infection 

 

S.NO. Nanoformulation Method Activity  Finding Reference

s 

1 Curcumin & 

quercetin with 

AgNPs 

Fabrication Antibacterial, 

antioxidant 

Synergistic effect; 82.3% 

antioxidant activity at 400 

ppm; reduced bacteremia 

in mice 

121 

2 Quercetin-capped 

gold NPs 

(AuNPsQct) 

Emulsification Antifungal Effective against A. 

fumigatus; potential 

treatment for aspergillosis 

122 

3 Quercetin-loaded 

melanin NPs 

(Q@MNPs) 

Emulsification Antibacterial, 

photothermal 

Strong activity against S. 

aureus and E. coli; suitable 

for food processing 

123 

4 Quercetin-loaded 

Prunus armeniaca 

gum NPs 

Centrifugation Antibacterial 
 

Green carrier enhanced 

quercetin's efficacy 

124 

5 Quercetin-loaded 

PLGA NPs 

Emulsion-

solvent 

evaporation 

Antibacterial 
 

Stronger effect on E. coli; 

no organ damage in vivo 

125 

6 Quercetin-loaded 

microspheres 

(CAQ-Ms) 

Complex 

coacervation 
Antibacterial 

 

Enhances permeability and 

DNA interference; 

increased inhibition zones 

126 
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7 Quercetin-loaded 

chitosan NPs 

Ionic gelation Antiadhesion, 

antimicrobial 

Reduced adhesion and 

exopolysaccharide in MDR 

isolates 

127 

8 Quercetin against 

S. marcescens 

Emulsification Antibacterial MIC/MBC at low 

concentrations; effective in 

vitro and in vivo 

128 

9 Phenyl boronic 

acid–quercetin 

NPs 

Emulsification Antibacterial, 

wound 

healing 

Promising for diabetic 

wound healing and 

antibacterial efficacy 

129 

10 Quercetin-

alginate/chitosan NPs 
 

Ionic gelation Antibacterial Stronger inhibition than 

pure quercetin; tested on S. 

aureus and E. coli 

130 

11 Quercetin-loaded 

PLGA NPs (Q31 

NPs) 

O/W emulsion-

solvent 

evaporation 

Antibacterial Disruption of bacterial 

integrity observed via SEM 

131 

12 Besifloxacin + 

quercetin with 

AuNPs 

Centrifugation Antibacterial Quercetin synergized 

besifloxacin's effect 

against pathogens 

132 

 

4. Conclusion and future prospects: 

 

This study draws attention to the notable therapeutic promise of the potential of quercetin, 

particularly given its wide array of pharmacological properties demonstrated in preclinical and 

clinical studies. Although quercetin shows significant therapeutic promise clinical efficacy is 

hindered by inadequate solubility, low bioavailability, and instability. Recent progress in 

nanoparticle-based delivery systems presents a promising approach to overcome these 

limitations. The diverse nanoformulations, including liposomes, micelles, and Studies indicate 

that solid lipid nanoparticles can enhance the solubility and therapeutic efficiency of quercetin, 

making it a more viable option for disease prevention and treatment. 

 

Looking ahead, continued research into nanoparticle technologies holds great promise for 

revolutionizing the incorporation of quercetin into clinical protocols. Future research should 

focus on optimizing these nanoformulations to further improve their pharmacokinetic profiles 

and target specificity. Additionally, exploring combination therapies that utilize quercetin with 

other therapeutic agents could amplify its efficacy. Extensive clinical studies are essential to 

confirm he tolerability and clinical effectiveness of these nanoformulations in human subjects. 

As research progresses, the integration of quercetin into nutraceuticals and pharmaceuticals 

could significantly enhance therapeutic outcomes, ultimately contributing to more effective 

strategies in disease management and prevention. 
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