Table 1S. Comprehensive summary of quercetin-loaded nanocomposite formulations with their key physicochemical attributes, formulation variables, and biological performance data, including drug loading and encapsulation efficiencies.
	Drug
	Type of nanocomposite
	NP Shape
	Normal cell line
	Cancer cell line
	Size of nanocarriers(nm)
	Zeta Potential (mV)
	Normal cell Cytotoxicity
	Loading Efficiency (%)
	Encapsulation Efficiency (%)
	Surface Area to Volume Ratio
	Thermodynamic Stability
	Biocompatibility-biodegradable
	Drug Release Profile
	pH/Temperature Sensitivity
	Cellular Uptake and Mechanism
	Selective Toxicity including ROS/Apoptosis
	Ref

	Quercetin
	ZnO nanoparticles loaded with quercetin, coated with chitosan-alginate
	 --- 
	HUVEC
	MCF-7, MDA-MB-231 (breast cancer)
	 ---
	 ---
	Reduced cytotoxicity compared to uncoated ZnO@Qc
	 ---
	 ---
	 ---
	 ---
	Yes (chitosan-alginate coating)
	Controlled, dose-dependent release
	Yes, pH-sensitive
	Enhanced uptake demonstrated; mechanism includes apoptosis induction
	Selective toxicity via apoptosis induction; upregulation of CASP3, CASP8, CASP9; reduced normal cell toxicity
	(1)

	Quercetin
	Gelatin-agarose-iron oxide (G-Aga-Fe₂O₃) hybrid nanocarriers loaded with quercetin
	Spherical
	L929
	MCF-7
	152
	−40
	High biocompatibility (96% viability)
	43.75
	85.25
	 ---
	Stable
	Yes
	Controlled, sustained release
	pH-sensitive (95% release at pH 5.4, 60% at pH 7.4)
	Enhanced uptake implied; mechanism not detailed
	Selective toxicity to cancer cells (46% mortality in MCF-7), sparing normal cells
	(2)

	Quercetin
	Dual-responsive disulfide-linked core–shell alginate-coated mesoporous silica nanohybrid
	Monodispersed, <50 nm
	 ---
	HT29
	<50
	−30.71 ± 0.71
	 ---
	20.49
	 ---
	>700 m²/g (high surface area)
	 ---
	Yes
	Enhanced release in intestinal fluid
	Dual-sensitive (responsive to pH and redox)
	Targeted colon delivery implied; improved uptake assumed
	Superior anticancer effect vs free polyphenols on HT29 cells
	(3)

	Quercetin
	Magnetic iron oxide nanoparticles coated with PEG loaded with quercetin (MAG@PEG@QUE)
	 ---
	 ---
	MCF-7
	 ---
	 ---
	 ---
	 ---
	 ---
	 ---
	 ---
	Yes (PEG coating)
	Controlled, enhanced delivery
	 ---
	Clustered uptake in vesicles; enhanced by static magnetic field
	Apoptosis induction; selective cell death in targeted regions
	(4)

	Quercetin
	Quercetin-conjugated nanocrystalline cellulose/cetyltrimethylammonium bromide/folic acid (NCC/CTAB/FA) nanoparticles
	Rod and spherical
	HDF cells
	AGS, A2780
	354.4 ± 65.37 nm
	-27.05 ± 1.64
	Higher viability vs cancer cells
	 ---
	81.17
	 ---
	 ---
	 ---
	 ---
	 ---
	Cellular uptake suitable; induced apoptosis by flow cytometry
	Dose-dependent apoptosis induction; antioxidant activity with free radical scavenging (ABTS and DPPH assays)
	(5)

	Quercetin
	Chitosan (CS) and folate-chitosan (FA-CS)-coated magnetic nanoparticles loaded with quercetin (MNP-CS-Q, MNP-FA-CS-Q)
	round nanoparticles
	 ---
	HCT-116
	122.32 ± 8.56
	+30.78 ± 0.8
	cell viability was lower
	80.45 (MNP-CS), 54.4 (MNP-FA-CS)
	 
	 ---
	 ---
	Yes
	Controlled, low release (~6.4–7.7% in 24h at tumor pH)
	Tumor pH-sensitive implied
	Targeting via folate coating; uptake enhanced by magnetic properties
	Enhanced dose-dependent antitumor effect with IC50 of 1.46 & 1.30 µg/mL vs free drug; apoptosis inferred
	(6)

	Quercetin
	Chitosan, alumina (γ-Al2O3), graphene quantum dots hydrogel nanocarriers loaded with quercetin (CS/γAl2O3/GQDs/QUE)
	 ---
	 ---
	Lung cancer cells
	453.23
	+11.06
	 ---
	 ---
	87
	 ---
	Stable
	 ---
	Controlled, sustained over 96 h
	pH-dependent sustained release
	Not explicitly detailed, assumed cellular uptake via nanocarriers
	Cell death due to slow controlled release effect
	(7)

	Quercetin
	PLA-PEG-FA/PLA-chitosan polymeric nanoparticles loaded with Moringa oleifera extracts and quercetin
	Spherical
	 ---
	MCF-7, BT-549
	230 ± 0.92
	+6.4 ± 0.82
	Low toxicity (biocompatible)
	 ---
	 ---
	 ---
	 ---
	Yes
	Higher release at acidic pH
	pH-sensitive (favors acidic tumor microenvironment)
	Targeted delivery via folate receptor-mediated uptake
	Increased apoptosis in BT-549 cells (31.2% pre-apoptotic; 7.15% post-apoptotic)
	(8)

	Quercetin
	Branched cationic triblock micelles (PEG)13-(P4VP+140-PCL3)75% loaded with quercetin (QR)
	Micellar
	 ---
	 ---
	 ---
	Controlled by charge density
	Low acute toxicity
	 ---
	88
	 ---
	Stable
	Yes
	Sustained release; polymer degradation in acidic conditions
	Acidic pH enhances degradation
	Cellular uptake supported by optimized charge balance
	Genotoxicity inversely related to charge density; antioxidant activity >94% retained
	(9)

	Quercetin
	Quercetin-loaded electrospun fibrous mats based on PLA and PLA/PEG
	Cylindrical fibers
	 ---
	HeLa cervical cancer cells
	PLA: 768 ± 138; PLA/PEG: 671 ± 137; PLA+QUE: 807 ± 159; PLA/PEG+QUE: 713 ± 143
	 ---
	Lower toxicity vs cancer cells
	 ---
	96%
	 ---
	 ---
	Yes (PLA and PEG are biodegradable)
	Faster QUE release from PLA/PEG vs PLA mats
	 ---
	Uptake via fibrous mat release mechanism
	High anticancer activity with lower toxicity to normal cells
	(10)

	Quercetin
	aphene oxide sol-gel (SJ-go) nanoparticles
	 ---
	BEAS-2B human bronchial epithelial (normal)
	 ---
	 ---
	 ---
	IC50 318.86 μg/mL; cytotoxic at higher doses
	Not applicable
	Not applicable
	 ---
	 ---
	Likely biocompatible
	 ---
	 ---
	Not detailed
	Cytotoxicity linked to decreased GSH-Px activity; curcumin showed stronger antioxidant and anti-inflammatory effects compared to quercetin
	(11)

	Quercetin
	Magnetic bacterial bots: Lactobacillus rhamnosus decorated with gold nanoclusters and quercetin-loaded magnetic nanoparticles
	 ---
	 ---
	HeLa cervical cancer cells
	 ---
	 ---
	 ---
	 ---
	 ---
	 ---
	 ---
	Yes (human-friendly bacteria)
	Controlled via external magnetic field
	Magnetically responsive
	Bacteria-mediated targeted delivery, enhanced by magnetic field
	High cytotoxicity (up to 91% with magnet); ROS generation increased 1.8-2.3-fold; necroptosis induction in 74% cells
	(12)

	Quercetin
	pH-sensitive hydrogel nanocomposite: polyacrylamide, starch, graphene quantum dots loaded with quercetin
	Semi-globular
	L929 (normal)
	U-87 MG (brain carcinoma)
	42.68–58
	+53.3
	13% reduced cytotoxicity vs free QC
	48
	89
	 ---
	Stable
	Yes
	Targeted release; 46% higher release in tumor-like pH
	pH-sensitive (tumor microenvironment)
	Stable dispersion; effective BBB transport assumed
	Significant biocompatibility; targeted cytotoxic effects on tumor cells
	(13)

	Quercetin
	Cyclodextrin-Zein-TiO2 nanoparticle-based nanoemulsion loaded with quercetin
	Spherical
	L929
	A549
	80–120
	~−50
	Biocompatible
	47.5
	87.75
	 ---
	Stable
	Yes
	Controlled, sustained release
	pH-sensitive (7.4 vs 5.4)
	Uptake likely via endocytosis; stable blood circulation
	Selective toxicity with higher inhibition in A549 lung cancer cells
	(14)

	Quercetin
	Folic acid-functionalized oxidized carbon nanotubes (FA-OMC) loaded with curcumin and quercetin
	Layered, nano-sized
	NIH/3T3 (normal fibroblasts)
	 ---
	Nano scale, low PDI
	Negative
	High biocompatibility
	High (exact %  ---)
	High (exact %  ---)
	 ---
	High thermal stability
	 ---
	Extended, controlled release
	 ---
	Likely endocytosis-supported
	Enhanced bactericidal efficacy vs MDR Gram-positive bacteria; morphological disruption confirmed
	(15)

	Quercetin
	Chitosan nanoparticles from Hermetia illucens larvae (CSlarvae) and crustaceans (CScrustac) loaded with quercetin
	particles are surrounded by a network of organic matter 
	 ---
	 ---
	100–150 nm
	+7.5 to +39.3
	 ---
	 ---
	77 ± 7% 
	 ---
	 ---
	Yes
	Faster release from CSlarvae than CScrustac; sustained release
	 ---
	Likely endocytosis-mediated; antibacterial assay positive
	Synergistic antimicrobial effect; superior against E. coli and M. flavus with CSlarvae NPs
	(16)

	Quercetin
	MIL-100 metal-organic framework (MOF) modified with quercetin and loaded with lenalidomide derivative (MIL-100@QC@L1)
	 ---
	 ---
	MDA-MB-231 (triple-negative breast cancer)
	 ---
	 ---
	 ---
	 ---
	95.18
	 ---
	 ---
	 ---
	Controlled
	 ---
	 ---
	Reduced viability to 47.8% at 10 µg/mL after 24h, superior to free drugs
	(17)

	Quercetin
	Ti3C2Tx MXene nanosheets loaded with quercetin (MX-Que)
	Mono- and few-layer nanosheets
	L929 (normal)
	AGS, gastric cancer
	~ 40–60
	–22.14 ± 2.04 mV
	13% reduced cytotoxicity vs free QC
	 ---
	89
	 ---
	Stable
	Yes
	55.22% release in 72 h under acidic pH and mild hyperthermia
	pH 5.5 and 42 °C (mild hyperthermia) responsive
	Uptake enhanced by nanosheet morphology; photothermal-assisted release
	Induces ROS, apoptosis, ferroptosis; 55.5% cytotoxicity under NIR; tumor growth inhibited in vivo
	(18)

	Quercetin
	Hyaluronic acid-coated quercetin nanoparticles (HBQ NPs) modified with phenylboric acid, integrated in multifunctional microneedle (GHCQ) patch
	Nanoparticles; microneedles
	 ---
	A375 melanoma
	 ---
	 --- (stable under physiological pH)
	Excellent biocompatibility, low toxicity
	 ---
	 ---
	 ---
	Stable
	Yes
	Sustained release: ~62% quercetin over 21 days at pH 5.0
	pH-sensitive (acidic tumor microenvironment)
	Targeted uptake via CD44 receptor (HA ligand) on A375 cells
	83% inhibition of melanoma cells, ROS scavenging, antibacterial, promotes wound healing and angiogenesis
	(19)

	Quercetin
	Beta-cyclodextrin-based inclusion complex loaded with quercetin and doxorubicin (β-CD@QD IC)
	 ---
	MCF-7/DOX
	MCF-7/DOX (multidrug-resistant breast cancer)
	 ---
	 ---
	 ---
	 ---
	 ---
	 ---
	 ---
	Yes (cyclodextrin-based)
	Sustained, controlled release per Higuchi kinetics
	 ---
	Enhanced uptake via efflux pump inhibition
	Overcomes doxorubicin resistance by inhibiting ABCG2 pump; increased ROS, apoptosis, nuclear condensation
	(20)

	Quercetin
	Mesoporous silica-encapsulated cerium oxide nanozymes loaded with quercetin ((CeO2/Que)@mSiO2)
	Core-shell spherical
	A549 (normal lung)
	Inflammatory/cancer models
	Not explicitly specified (mesopores ~11 nm; CeO2 cores ~4 nm)
	Not explicitly specified
	Excellent biocompatibility
	Enhanced Que loading due to large pore size (~11 nm)
	Not explicitly specified, high implied
	High surface area by BET (~1000 m²/g range)
	Stable crystalline CeO2 core
	Yes (mesoporous silica)
	Sustained controlled release; enhanced ROS scavenging; anti-inflammatory
	 --- pH sensitivity; sustained drug release
	Uptake via endocytosis; nanozyme catalytic activity enhances ROS modulation
	Significant ROS scavenging; downregulation of inflammatory cytokines (IL-1β, IL-6, TNF-α)
	(21)

	Quercetin
	MIL-101(Fe) metal-organic framework loaded with quercetin (Que@MIL-101(Fe))
	Octahedral MOF
	MCF-10A (normal breast cells)
	MCF-7 breast cancer
	 --- (typically 100–300 nm MOF size range)
	 ---
	Low toxicity to normal cells
	54.9
	 ---
	High surface area typical MOF
	Stable
	Yes
	Controlled release, 56.7% at pH 5 over 9 days
	pH-sensitive (faster release at acidic pH)
	Cellular uptake via endocytosis; selective cytotoxicity
	Significant inhibition of MCF-7 cells with low effect on MCF-10A, enhanced anticancer effect
	(22)

	Quercetin
	Thermosensitive liposomes containing IR-MnO2 (IR820 conjugated to BSA-MnO2) and quercetin (IRQL), with cell-penetrating peptide (IRQL/CPP)
	Liposomal ~160-180 nm
	 ---
	U87 glioblastoma
	~160 nm (IRQL); ~180 nm (IRQL/CPP)
	 ---
	 ---
	IR-MnO2: 83.1%; Que: 65.5%
	 ---
	 ---
	Stable
	Yes
	NIR light-triggered release
	Temperature and NIR-responsive
	Enhanced uptake by CPP-mediated delivery
	Inhibits tumor growth under NIR irradiation; sensitizes cells via HSP70 downregulation; enhanced photothermal and chemo effects
	(23)

	Quercetin
	Polylactic acid microspheres surface-modified with carboxymethyl cellulose (PPC microspheres) loaded with alendronate-hydroxyapatite-quercetin nanoparticles (AHQ)
	Microspheres
	 ---
	Relevant to osteoarthritis
	5.5–10 µm
	−12.47 ± 3.24 mV to −49.53 ± 4.85 mV
	>98% biocompatibility
	2.90 ± 0.54 % to 7.12 ± 0.58 %.
	98.51 ± 1.03 % to 59.37 ± 0.62 % 
	 ---
	Stable
	Yes
	Sustained, controlled release; designed for intra-articular injection
	pH-sensitive (acidic microenvironment)
	Cell adhesion enhanced by CMC surface modification; retention in joint cavity
	Antioxidant activity (DPPH 87.36%; ABTS 90.7%); reduces ROS overproduction in OA
	(24)

	Quercetin
	Dy3+-doped Fe3O4 nanoparticles encapsulated in multilamellar liposomes co-loaded with quercetin and functionalized with cell-penetrating peptide (IRQL/CPP)
	Small multilamellar vesicles (~160-180 nm)
	HEK293 (normal human embryonic kidney cells)
	U87 glioblastoma cells
	~160 nm (IRQL); ~180 nm (IRQL/CPP)
	 ---
	Negligible cytotoxicity
	IR-MnO2: 83.1; Quercetin: 65.5
	 ---
	 ---
	Stable
	Yes
	NIR-triggered release of IR-MnO2 and quercetin
	Temperature and NIR light-responsive
	Enhanced intracellular uptake via CPP-mediated endocytosis
	Enhanced photothermal therapy; HSP70 downregulation sensitizes cancer cells; tumor growth prevented in vivo
	(25)

	Quercetin
	Quercetin-loaded nanostructured lipid carriers (QUE-NLCs) incorporated into Carbopol 934 gel (QUE-NLC-GEL)
	Spherical
	 ---
	AGA mice model
	335
	−24
	Non-irritant skin profile
	 ---
	~94.56
	 ---
	Stable
	Yes
	Sustained release ~76.75% in 72 h
	 ---
	Superior skin penetrability shown by CLSM
	Comparable efficacy to marketed 2% Minoxidil in AGA mice
	(26)

	Quercetin
	Lignin/chitosan conjugated nanoparticles (LCNPs) prepared by green interfacial co-assembly loaded with quercetin (Q-LCNPs)
	Spherical, polymeric with 60-200 nm size by TEM
	 ---
	 ---
	60-200
	Approximately +30 mV (positive surface charge)
	High biocompatibility in initial tests
	 ---
	95.75
	 ---
	Stable polymeric network
	Yes (biopolymers)
	pH-responsive release: 21.9% at pH 1.2, 68.5% at 7.4, 99.8% at 6.8
	pH-sensitive (gastric to intestinal pH)
	Uptake likely via endocytosis; controlled release via diffusion and polymer relaxation
	High encapsulation efficiency; sustained release; anticipated antioxidant activity
	(27)

	Quercetin
	Sodium alginate microspheres loaded with quercetin/magnesium nanoparticles for osteoarthritis therapy (Que/Mg-SA microspheres)
	Microspheres
	 ---
	Chondrocytes or OA cells likely
	 ---
	 ---
	 ---
	 ---
	 ---
	 ---
	Stable
	Yes
	Sustained release; kinetics follow Weibull model
	 ---
	Cellular uptake likely via endocytosis; mucoadhesion enhances retention
	Anti-inflammatory; promotes osteogenesis via macrophage immunomodulation; ROS scavenging
	(28)

	Quercetin
	Stem cell-derived exosome co-loaded with hydroxyl-terminated phosphorus dendrimers (AK76) and quercetin (QAE NPs) for Parkinson’s disease treatment
	Spherical
	 ---
	Neurodegeneration model (PD mice)
	~269.7
	 ---
	Favorable cytocompatibility
	 ---
	 ---
	 ---
	Stable
	Yes
	Controlled drug release; pharmacokinetics suited for nasal delivery
	 ---
	Nasal mucosa penetration; accumulates in brain without BBB crossing
	Scavenges ROS, promotes M2 microglial polarization, reduces inflammation, induces autophagy; improves motor and non-motor symptoms in PD mice
	(29)

	Quercetin
	BSA-coated MnFe2O4 nanoparticles loaded with quercetin (Qu-BSA@MnFe2O4 NPs)
	Spherical, ~7 nm core size; 85 nm hydrodynamic size
	 ---
	4T1 murine breast cancer
	85.27 ± 0.26
	Not explicitly detailed
	High biocompatibility (minimal hemolysis <5%)
	27.5
	Not specifically stated
	 ---
	Stable
	Yes
	62% release at pH 5.7 after 120h; 41% at pH 7.4
	pH-sensitive (acidic favors release)
	Favorable binding with BSA and MnFe2O4 surface; endocytosis-mediated uptake
	Dose-dependent cytotoxicity on 4T1 tumor cells; improves quercetin stability and bioavailability
	(30)

	Quercetin
	Quercetin-loaded ginkgo-derived starch nanoparticles (SNPs/Qc)
	Spherical
	 ---
	3LL murine lung cancer
	166.25 nm
	 ---
	Excellent biocompatibility
	26.62%
	 ---
	 ---
	Stable
	Yes
	Significant early apoptosis (33% at 25 µg/mL); dose-dependent inhibition; tumor volume reduced by 49.4% in mice after 15 days
	 ---
	Tumor-targeted penetration enhanced over free quercetin
	Antitumor efficacy: induced apoptosis, cell cycle arrest, improved survival by 20% in mice
	(31)

	Quercetin
	Cationic polymer micelles carrying bioactive sesquiterpene lactones (e.g., alantolactone, isoalantolactone) from Inula helenium L. for antibacterial biofilm treatment
	Micelles
	 ---
	Bacterial biofilms (e.g., Staphylococcus aureus)
	83 ± 6 nm
	21.2 mV
	 ---
	 ---
	72%
	 ---
	Stable
	Yes
	Controlled release sustained over time
	 ---
	Enhanced penetration of biofilms via cationic charge and nanosize
	Potent anti-biofilm and antibacterial properties, including MRSA strains inhibition
	(32)

	Quercetin
	Supramolecular co-assembled Fmoc-FRGDF peptide and hyaluronic acid hydrogel loaded with quercetin (Que)
	Hydrogel network
	 ---
	 ---
	12-31 nm
	 ---
	High biocompatibility
	15.5% to 16.8%
	85.8% to 90.3%
	Not applicable
	Physically stable
	Yes
	Sustained release; modulated by hydrogel network
	pH-responsive; sustained over days
	Cellular uptake modulated by HA-CD44 receptor targeting and peptide interactions
	Antioxidant, anti-inflammatory effects; supports tissue regeneration
	(33)

	Quercetin
	Supramolecular co-assembled Fmoc-FRGDF peptide and hyaluronic acid hydrogel loaded with quercetin (Que)
	Hydrogel matrix
	normal oral epithelial cells 
	 ---
	Hydrogel form ( 12.8  to 20.1 nm)
	 ---
	High biocompatibility
	16.8%
	90.3%
	Not applicable
	Physically stable with enhanced modulus upon Que loading
	Yes
	Controlled, sustained release following Korsmeyer-Peppas kinetics
	pH-responsive; sustained over days
	Uptake likely by HA receptor-mediated endocytosis and peptide affinity
	Antioxidant and anti-inflammatory activity; potential for tissue regeneration and bioactive delivery
	(33)

	Quercetin
	Pluronic® F127/chitosan-myristic acid copolymer mixed micelles (QTN MM) loaded with quercetin
	Spherical
	Albino rats (in vivo)
	 ---
	~34.08
	+36.24
	Demonstrated safety
	~95.10
	~12.28
	 ---
	Physically stable
	Yes
	Enhanced dissolution, ex vivo permeation; improved bioavailability
	Not explicitly pH sensitive
	Improved permeation shown ex vivo; likely endocytosis
	Improved antioxidant and hepatoprotective activity vs. free quercetin in CCL4 rat liver injury model
	(34)

	Quercetin
	Glycethosomes and Allanthosomes loaded with Rosa canina extract, incorporated into Spanish broom wound dressings
	Spherical vesicles
	Human fibroblasts
	Not applicable
	Allanthosomes: 237.3 ± 14.9; Glycethosomes: 146.6 ± 3.2
	Allanthosomes: −37.21 ± 2.62; Glycethosomes: −33.40 ± 2.74
	Non-cytotoxic
	
	>70 (Allanthosomes: 72.9 ± 4.8)
	 ---
	Stable
	Yes
	Sustained release consistent with wound healing requirements
	pH 4.18–4.9 (optimal for wound environment)
	Facilitates bioadhesion and local delivery
	Promotes fibroblast proliferation and migration; complete scratch closure ~30 h
	(35)

	Quercetin
	Biodegradable nanoemulsion-based edible film containing vitamin D3 and Cordia myxa mucilage
	Film with dispersed nanoparticles
	 ---
	Not applicable
	3231.7 ± 0.10 nm
	− 75.50 ± 0.10 mV
	Yes (biocompatible)
	 
	91.5%
	 ---
	Improved thermal stability
	Yes
	Sustained vitamin D3 retention over 14 days
	 ---
	Mucoadhesion and antimicrobial effects enhance function
	Antimicrobial activity against Gram-positive bacteria; 67.4% antioxidant activity; flavonoid content 218.2 µg/g
	(36)

	Quercetin
	pH-responsive chitosan/halloysite nanotubes/graphene quantum dots nanocomposite loaded with quercetin (CS/HNTs/GQDs@QC)
	Nanotube/nanoparticle hybrid
	L929 fibroblast cells
	A549 lung carcinoma cells
	 ---
	 ---
	Low toxicity on L929
	44.25
	85.5
	 ---
	Stable
	Yes
	Higher release with GQDs: 97.5% at pH 5.4, 67% at pH 7.4
	pH-sensitive release, first-order kinetics
	Endocytosis likely; enhanced uptake with GQDs and HNTs
	Highest cytotoxicity on A549 cells; apoptosis induction early (74.4%) and late (5.15%) stages
	(37)

	Quercetin
	Corn starch-coated quercetin nanoliposomes (QT-NLs) optimized by central composite design
	Spherical
	VERO cells
	MCF-7 breast cancer
	39.5
	-41.2
	Demonstrated safety
	>80
	>80
	 ---
	Stable
	Yes
	Sustained and controlled release
	 ---
	Enhanced uptake demonstrated
	IC50 5.8 μM vs 7.9 μM for free QT; induces apoptosis and necrosis; causes cell cycle arrest
	(38)

	Quercetin
	pH-responsive starch/polyvinyl alcohol/halloysite nanotube double nanoemulsion loaded with quercetin (S/PVA/HNT/QUE)
	Semi-spherical
	 ---
	MCF-7 breast cancer
	171.25
	 ---
	 ---
	46.25
	87
	 ---
	Stable
	Yes
	Sustained release, control by pH; release models indicate diffusion/dissolution mechanisms
	pH-sensitive release, higher at acidic pH (5.4) than neutral pH (7.4)
	Likely endocytosis; enhanced intracellular delivery
	Significant cytotoxicity; increased apoptosis in MCF-7 cells compared to free drug
	(39)

	Quercetin
	Quercetin-loaded nickel ferrite (NiFe2O4) magnetoliposomes (QC-MLs)
	Spherical
	 ---
	MCF-7 breast cancer
	~329.5
	 ---
	 ---
	7.3 ± 0.1
	83.5 ± 1.4
	 ---
	Stable
	Yes
	62.3% release at pH 5.1; 44% at pH 7.4 after 24 h
	pH-sensitive release
	Magnetic field-assisted targeting and cellular internalization
	Enhanced cytotoxicity vs free QC; tested via MTT on MCF-7 cells
	(40)

	Quercetin
	Alginate-modified quercetin-loaded ZIF-8 (Alg@Qc@ZIF-8)
	Spherical
	 ---
	4T1 breast cancer
	~50 (SEM), 154.9 ± 7.25 (DLS)
	−23.8 ± 5.33
	Not separately detailed
	10.40 ± 0.02
	 ---
	 ---
	Stable
	Yes
	pH-sensitive release; ~3.6 times more Qc released at pH 5.4 than pH 7.4 after 24 h
	pH-responsive release
	Likely endocytosis and intracellular release
	IC50 2.16 times lower than free Qc; enhanced tumor growth inhibition and metastasis reduction in vivo
	(41)

	Quercetin
	Chitosan/starch/graphene quantum dots/titanium dioxide nanocomposite loaded with quercetin (CS/Starch/GQDs/TiO2@QC)
	Mixed nanoparticle/hydrogel
	 ---
	A549 lung carcinoma
	 ---
	 ---
	Biocompatible
	 ---
	 ---
	Porous structure
	Stable
	Yes
	Fickian diffusion-controlled release; stimuli-responsive to pH and temperature
	Responsive to pH 5.4/7.4, 37 °C/42 °C
	Endocytosis likely facilitated by GQDs and polymer matrix
	Enhanced cytotoxicity vs free QC; MTT assay results against A549 model
	(42)

	Quercetin
	Agarose-Graphene Quantum Dots-α-Fe2O3 hydrogel nanocomposite loaded with quercetin
	Spherical
	L929 (normal fibroblasts)
	HepG2 liver carcinoma
	~279.04
	+52.8
	Non-toxic
	47
	86.25
	 ---
	Stable
	Yes
	Sustained and enhanced QC retention and release
	pH-responsive; enhanced with Span 80 surfactant
	Likely endocytosis; enhanced delivery with magnetic component
	Enhanced anticancer activity on HepG2 cells; potential safety toward normal cells
	(43)

	Quercetin
	Quercetin-loaded mesoporous silica SBA-15 modified with APTES, carbon quantum dots, PVP, folic acid
	Porous nanoparticles
	MCF-10A (normal breast epithelial)
	MCF-7 breast cancer
	 ---
	 ---
	Less toxic on MCF-10A
	 ---
	 ---
	High surface area (mesoporous)
	Stable
	Yes
	pH 5.3 optimal release; controlled and sustained release
	pH-sensitive release
	Folate receptor-mediated targeting likely
	Higher toxicity on cancer cells (IC50 13.4 μM) vs normal cells (IC50 53.6 μM)
	(44)

	Quercetin
	Hydrogel nanocomposite composed of gelatin/polyvinyl alcohol/titanium dioxide loaded with quercetin (G/PVA/TiO2/QC)
	Porous network
	 ---
	MCF-7 breast cancer
	 ---
	+23.6
	Biocompatible
	45.7
	88.25
	Porous
	Stable
	Yes
	pH-responsive release with higher QC release at acidic pH
	pH-sensitive (higher release at tumor pH)
	Endocytosis and cellular uptake likely
	Higher apoptosis and cytotoxicity vs free quercetin indicated by MTT and flow cytometry
	(45)

	Quercetin
	Hydrogel nanocomposite of polyvinylpyrrolidone (PVP), agarose, and hydroxyapatite (HAp) loaded with quercetin
	Spherical
	 ---
	 ---
	440-536
	 ---
	 ---
	 ---
	 ---
	High (due to HAp nanoparticles)
	Stable
	Yes
	Controlled, pH-responsive release; less burst effect
	Acidic pH enhances release
	Likely endocytosis
	Enhanced apoptotic induction due to sustained release of QC
	(46)

	Quercetin
	Quercetin-conjugated magnetite nanoparticles (QMNPs)
	Spherical
	 ---
	MCF-7 breast cancer
	~40
	 ---
	Non-toxic in vivo
	 ---
	 ---
	 ---
	Stable
	Yes
	pH-sensitive controlled release; enhances radiosensitivity and apoptosis induction
	pH-sensitive
	Endocytosis; magnetic field enhances targeting
	Significant inhibition of cancer proliferation; radiosensitization benefits
	(47)

	Quercetin
	Polyethylene imine (PEI)-coated Fe3O4 nanoparticles with quercetin
	Spherical
	 ---
	MCF-7 breast cancer
	91.2
	+65.1
	Biocompatible
	74
	 ---
	 ---
	Stable
	Yes
	Controlled release at 37°C and 42°C
	Temperature and pH sensitive
	Endocytosis
	Enhanced cytotoxicity and morphological alterations in MCF-7 cells
	(48)

	Quercetin
	Carboxymethyl cellulose (CMC), agarose (AG), carbon quantum dots (CQDs) nanocarrier loaded with quercetin (CMC/AG/CQDs@QC)
	Spherical
	 ---
	A549 lung cancer
	 ---
	 ---
	 ---
	Enhanced (vs CMC/AG)
	Enhanced (vs CMC/AG)
	 ---
	Stable
	Yes
	Controlled and sustained release; pH-sensitive increase at pH 5.4
	pH-responsive, higher release at acidic pH 5.4
	Endocytosis likely
	Highest apoptosis in A549 cells; superior antitumor efficacy
	(49)

	Quercetin
	Chitosan nanoparticles loaded with Quercetin (Que) and Valproic Acid (VPA)
	Spherical
	SH-SY5Y human neuroblastoma
	SH-SY5Y human neuroblastoma
	180.5 ± 8.23 nm 
	27.2 ± 3.67
	Sustained cell viability protection against oxidative stress (H2O2-induced)
	62.22%
	>95%
	 ---
	Stable
	Yes
	 ---
	 ---
	Endocytosis likely
	Enhanced antioxidant activity; cytoprotective effects against oxidative stress in SH-SY5Y cells
	(50)

	Quercetin
	Starch/zein/montmorillonite (MMT) nanocomposite loaded with quercetin
	Spherical
	L929 (normal)
	A549 lung cancer
	50–100
	 ---
	Biocompatible
	 ---
	 ---
	 ---
	Stable
	Yes
	pH-dependent, 29% release in first 12h, sustained release
	pH-sensitive (pH 5.4 and 7.4 studied)
	Endocytosis likely
	Enhanced cytotoxicity on A549; minimal toxicity on L929 cells
	(51)

	Quercetin
	Alginate-Chitosan nanocomposite with eugenol-loaded silver nanoparticles
	Varied morphology
	Mouse fibroblast
	 ---
	~30 (Ag NPs)
	−25 (Ag NPs eugenol)
	High biocompatibility, low cytotoxicity
	 ---
	Not applicable
	 ---
	Stable
	Yes
	Sustained release with prevented burst effect
	pH-responsive
	Endocytosis and gradual release
	High antimicrobial and antioxidant effects; enhanced wound healing; reduced toxicity
	(52)

	Quercetin
	Polyacrylic acid (PAA)-agarose/Fe3O4@SiO2 hydrogel nanocomposite loaded with quercetin
	Spherical
	 ---
	U-87 MG glioma cancer
	~193
	+38
	 ---
	86
	48
	 ---
	Stable
	Yes
	Controlled, pH-responsive release best fit Korsmeyer-Peppas model
	pH 5.4 and 7.4
	Endocytosis and magnetic interaction likely
	Enhanced apoptosis compared to free QC; elevated ROS generation
	(53)

	Quercetin
	Fe3O4 nanoparticles coated with PEI and loaded with quercetin
	Spherical
	 ---
	MCF-7 breast cancer
	90-100
	 ---
	Biocompatible
	Enhanced drug loading
	 ---
	 ---
	Stable
	Yes
	Increased drug release in cancer microenvironment
	Acidic pH and temperature sensitive
	Receptor-mediated endocytosis
	Higher cytotoxic impact on cancer cells vs free quercetin
	(53)

	Quercetin
	Gelatin-oxidized alginate hydrogel with chitosan-coated zein nanoparticles (quercetin) and doxorubicin loaded hydrogel
	Porous, flexible
	 ---
	MCF-7 breast cancer
	218.8 ± 2.77
	52.5 ± 3.80
	safe
	2.22 to 5.89%
	67.32 ± 0.06%
	High porosity
	Stable
	Yes
	Distinct release for DOX (81.2%), QC (9.7%) at pH 6.8
	pH 6.8
	Endocytosis likely
	20.7 fold enhanced cytotoxicity for DOX+QC hydrogel over DOX alone; increased apoptosis confirmed
	(54)

	Quercetin
	Cu-based metal-organic frameworks (MOFs): Cu2(BDC)2(DABCO) and Cu2(F4BDC)2(DABCO) loaded with quercetin
	Spherical
	HEK-293 human embryonic kidney
	HeLa cervical cancer
	 ---
	 ---
	Low cytotoxicity
	49.5 (Cu2(BDC)2(DABCO)), 41.3 (Cu2(F4BDC)2(DABCO))
	 ---
	High surface area
	Stable
	Yes
	Sustained release up to 15 days; pH-controlled release
	pH-sensitive
	Endocytosis likely
	Induced apoptosis; excellent anticancer efficacy against HeLa cells
	(55)

	Quercetin
	Carboxymethyl cellulose (CMC) and starch-based hydrogel nanocomposite with copper-carbon quantum dots (Cu-CQDs) loaded with quercetin
	Spherical
	L929 (normal)
	U87-MG glioma
	151.57 ± 37
	+38.8
	High viability (92%)
	47.00 ± 0.45
	86.25 ± 0.75
	High surface area (due to hydrogel matrix)
	High
	Yes
	Sustained, pH-sensitive release; enhanced solubility/stability
	pH-sensitive (acidic pH favored)
	Endocytosis likely
	Significant selective cytotoxicity; reduced cancer cell viability (48%); ROS induction noted
	(56)

	Quercetin
	Carboxymethyl cellulose/polyvinyl pyrrolidone/graphitic carbon nitride (g-C3N4) nanocomposite loaded with quercetin
	Spherical
	 ---
	MCF-7 breast cancer
	160
	−38.7
	 ---
	95
	 ---
	High surface area
	Stable
	Yes
	Controlled, pH-sensitive release; 97% release at pH 5.4, 54% at pH 7.4
	pH-sensitive
	Endocytosis likely
	Significant cytotoxicity and apoptosis enhanced by g-C3N4 presence
	(57)

	Quercetin
	Polyacrylic acid (PAA), polyethylene glycol (PEG), carbon quantum dots (CQDs) nanocomposite loaded with quercetin
	Spherical
	 ---
	MCF-7 breast cancer
	 ---
	 ---
	 ---
	47
	89
	High
	Stable
	Yes
	Sustained acidic pH release; selective drug release
	pH-sensitive with tumor acidity
	Endocytosis likely
	Higher cytotoxicity and apoptotic death vs free drug; synergistic with CQDs
	(58)

	Quercetin
	Quercetin fullerene conjugate (QFC), chitosan-coated QFC
	Spherical
	SH-SY5Y neuroblastoma
	SH-SY5Y neuroblastoma
	QFC: 179.2 ± 1.10, CC-QFC: 293.4 ± 2.757
	QFC: -5.28 ± 1.43, CC-QFC: +11.6 ± 0.4
	High viability (80.69% at 50 μg/ml)
	42.77 (loading)
	85.55 (entrapment)
	 ---
	Stable
	Yes
	Controlled release due to ester bond degradation
	 ---
	Mucoadhesive properties enhanced by chitosan coating
	Low ciliotoxicity; promising nose-to-brain delivery for Alzheimer's
	(59)

	Quercetin
	Agarose (AGA) modified with polyethylene glycol (PEG) hydrogel coated with ferric oxide (Fe2O3) loaded with 5-fluorouracil (5-Fu)
	Spherical
	 ---
	Breast cancer
	223
	−47.6
	Biocompatible
	 ---
	 ---
	 ---
	Stable
	Yes
	pH-sensitive controlled release; sustained release at pH 5.4 and 7.4
	Responsive to pH (tumor acidic environment)
	Endocytosis and magnetic targeting likely
	No deleterious effects observed on normal cells; targeted toxicity on tumor cells
	(60)

	Quercetin
	Carboxymethyl cellulose/agarose/cerium oxide (CMC/Aga/CeO2) nanocomposite loaded with quercetin
	Spherical
	L929 (normal)
	HepG2 hepatocellular carcinoma
	193.48
	−61.6
	High viability (94%)
	51
	88.25
	High
	High
	Yes
	Sustained, tumor pH-selective release (98% at pH 5.4, 64% at pH 7.4)
	pH-sensitive
	Endocytosis likely
	Selective cytotoxicity in HepG2; reduced normal cell toxicity; ROS induction noted
	(61)

	Quercetin
	Polyacrylic acid (PAA), polyvinyl pyrrolidone (PVP), MoS2 nanocomposite loaded with 5-Fluorouracil (5-FU)
	Spherical
	L929 (normal)
	A549 lung cancer
	~315
	−33.5
	Low toxicity
	46
	87.25
	High due to microemulsion
	Stable
	Yes
	Controlled, sustained release
	pH-sensitive
	Endocytosis; sustained retention by niosomal microemulsion
	Enhanced anticancer activity in A549 cells; biocompatible to normal cells
	(62)
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