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Abstract

Polyphenolic antioxidants are a diverse class of plant-derived secondary me-
tabolites ubiquitously found in plant-based foods, highly promising for thera-
peutic intervention of various diseases. This review systematically covers die-
tary polyphenols from common food sources, purified compounds, polyphe-
nol-rich plant extracts, and emerging delivery systems for bioavailability en-
hancement, with a core focus on their molecular mechanisms of action and
therapeutic potential in neurodegenerative diseases, cardiovascular diseases,
and malignancies. The review details diverse molecular mechanisms underpin-
ning polyphenol efficacy, extending beyond direct antioxidant activity to in-
clude modulation of signaling pathways, enzyme inhibition, and gene expres-
sion regulation. Evidence demonstrates their potential in mitigating oxidative
stress, inflammation, and specific pathological processes characteristic of Alz-
heimer’s disease, Parkinson’s disease, atherosclerosis, hypertension, and vari-
ous cancers. However, significant challenges in pharmacokinetics, particularly
poor bioavailability and extensive metabolism, hinder clinical translation.
While preclinical evidence is compelling, overcoming bioavailability limita-
tions via novel delivery systems or structural optimization is crucial for clinical
advancement.
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1. Introduction

Polyphenolic compounds are diverse plant-derived natural products with multi-
ple phenolic hydroxyl groups attached to aromatic rings. They exhibit potent an-
tioxidant effects through three main mechanisms: direct free radical scavenging,
transition metal ion chelation, and modulation of endogenous cellular redox and
antioxidant systems, along with a broad spectrum of other biological activities.
Structurally, they are classified into subclasses, including flavonoids, phenolic ac-
ids, tannins, lignans, stilbenes, and coumarins, existing in both monomeric and
polymeric forms. These structural features underpin their antioxidant properties.
Well-studied examples such as tea catechins, wine resveratrol, and turmeric cur-
cumin can neutralize reactive oxygen species (ROS) and reactive nitrogen species
(RNS), thereby alleviating oxidative stress and its harmful effects on cellular com-
ponents [1] [2]. Additionally, their ability to chelate transition metals like iron
and copper is particularly important, as these metals catalyze the formation of
highly reactive hydroxyl radicals that worsen oxidative damage [3] [4].

Recent studies have elucidated that polyphenols modulate key cellular signaling
pathways. They upregulate endogenous antioxidant enzymes (e.g., SOD, GPx) to
enhance the body’s intrinsic defense against oxidative insults [4]. Additionally,
they inhibit pro-oxidant enzyme activation, downregulate pro-inflammatory cy-
tokines, and modulate matrix metalloproteinase (MMP) activity involved in tissue
remodeling and chronic inflammatory disease pathogenesis [5]. Polyphenol-gut
microbiota interactions further amplify health benefits, as microbial metabolism
converts them into more bioactive and bioavailable metabolites [6] [7]. Moreover,
they exert cardioprotective effects by regulating lipid metabolism, inhibiting
platelet hyperactivity, and preserving endothelial function [8] [9]. Collectively,
these mechanisms underscore polyphenols’ central role in defending against oxi-
dative stress and inflammation, positioning them as promising agents for prevent-
ing and managing major chronic diseases [10] [11]. This review systematically
summarizes the latest advances in polyphenol classification, structural character-
istics, molecular mechanisms and clinical translational potential, aiming to pro-
vide a theoretical basis for developing polyphenol-based functional foods and

pharmaceuticals.

2. Classification and Structural Characteristics of
Polyphenol Antioxidants

2.1. Major Classifications of Polyphenols

Polyphenols are broadly classified into five main categories based on their chem-
ical structures and natural sources: flavonoids, phenolic acids, tannins, lignans,
and coumarins. Flavonoids, the largest and most extensively studied group (in-
cluding isoflavones and anthocyanins), are abundant in fruits, vegetables, tea and
wine with diverse biological activities [12] [13]. Phenolic acids are subdivided into

hydroxybenzoic acids (e.g., gallic acid) and hydroxycinnamic acids (e.g., ferulic
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acid, caffeic acid), which are widely distributed in coffee, berries and whole grains
[14]. Notably, ellagic acid is a hydrolytic metabolite of hydrolyzable tannins (e.g.,
ellagitannins) rather than a hydrolyzable tannin itself. Tannins, comprising hy-
drolyzable tannins (e.g., ellagitannins) and condensed tannins (proanthocya-
nidins), are present in tea, wine and certain fruits [15]. Each polyphenol class has
unique chemical features and biological activities, contributing to their diverse
health benefits and therapeutic potential [16].

2.2. Relationship between Structure and Antioxidant Activity

Polyphenols’ antioxidant activity is closely associated with their molecular struc-
ture, primarily determined by the number and position of hydroxyl groups, gly-
cosylation/methylation modifications, and polymerization degree. Ortho-dihy-
droxy (catechol) structures on aromatic rings significantly enhance free radical
scavenging capacity; flavonoids with multiple adjacent hydroxyl groups are more
potent in donating hydrogen and stabilizing radicals [17] [18]. Glycosylation in-
creases water solubility and stability but reduces immediate antioxidant activity
by masking free hydroxyls, while enzymatic/microbial deglycosylation in the gut
or during fermentation regenerates active aglycones to restore or even enhance
activity [19]. Methylation improves membrane permeability and metabolic stabil-
ity but decreases available free hydroxyls for radical scavenging [20]. Additionally,
polymerization degree is positively correlated with antioxidant capacity: highly
polymerized polyphenols (e.g., tannins, proanthocyanidins) show stronger radical
scavenging and metal-chelating abilities than monomers [21] [22]. In conclusion,
polyphenols’ antioxidant efficacy is governed by their hydroxylation patterns,

chemical modifications, and molecular size.

2.3. Main Sources and Content Distribution

Polyphenols are widely distributed in the plant kingdom, with their abundance
varying greatly among different food sources and even different parts of the same
plant. Grapes, blueberries and apples are rich sources of polyphenols, and studies
have confirmed that polyphenol concentrations in grape skins and seeds, as well
as apple peels, are often higher than those in the edible pulp [23]-[25]. Berries
(e.g., blue honeysuckle, strawberries) are also rich in polyphenols, and the leaves
of some berry plants (e.g., strawberry) have polyphenol concentrations many
times higher than their fruits, showing significant variation across plant parts [26]
[27]. Vegetables (onions, spinach) and legumes (soybeans, mung beans) are im-
portant dietary polyphenol sources, whose contents are affected by cultivation
methods, genotype and processing [28] [29].

Tea leaves are rich in polyphenols, with catechins and theaflavins driving their
potent antioxidant activity. Spices and medicinal herbs are also major polyphenol
sources, valued for their health benefits. Polyphenol content varies markedly
across plant parts: pomegranate and grape peels/seeds have higher concentrations

than edible pulp, and fruit/vegetable processing by-products (pomace, seed waste)
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are valuable extraction sources [30] [31]. Similarly, grain processing such as malt-
ing significantly alters polyphenol content and antioxidant activity, demonstrat-
ing that plant variety and post-harvest processing affect their distribution [32]
[33]. Polyphenol distribution and content are highly variable, influenced by spe-
cies, cultivar, cultivation conditions, plant part and processing, highlighting the
need for comprehensive profiling to maximize their dietary and therapeutic ben-
efits [34] [35].

3. Molecular Mechanisms of Polyphenol Antioxidants

3.1. Free Radical Scavenging and Metal Ion Chelation

Polyphenols, especially flavonoids, exert antioxidant effects via two principal
mechanisms: direct ROS scavenging and transition metal ion chelation. Direct
scavenging relies on their ability to donate hydrogen atoms or electrons to neu-
tralize free radicals. Recent kinetic studies show polyphenol-radical reactions pro-
ceed up to 1,000 times faster than previously thought, significantly enhancing cel-
lular antioxidant protection [36]. The presence and position of hydroxyl groups
are critical for efficient hydrogen transfer and radical quenching; flavonoids and
catechins exhibit robust activity against DPPH, ABTS and hydroxyl radicals in in
vitro models [17] [37]-[39]. Additionally, polyphenols chelate Fe** and Cu**—key
mediators of the Fenton reaction, which generates highly reactive hydroxyl radi-
cals from hydrogen peroxide and amplifies oxidative damage—thus disrupting
this reaction and reducing hydroxyl radical formation [3] [40]-[42]. Furthermore,
the antioxidant and metal-chelating properties of polyphenols are being utilized
to develop metal-polyphenol nanomaterials and coordination complexes, which
show promising therapeutic efficacy against inflammation, neurodegeneration
and microbial infections [43]-[45] (Figure 1).
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Figure 1. Two mechanisms of Polyphenol Antioxidant Activity: (1) Donate hydrogen at-
oms or electrons to neutralize reactive substances such as ROS; (2) Block the Fenton reac-
tion by binding to transition metal ions, and reduce the formation of hydroxyl radicals.
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3.2. Regulation of Antioxidant Enzyme Systems

Polyphenolic compounds play a pivotal role in modulating endogenous antioxi-
dant enzyme systems including SOD, catalase (CAT) and GPx, which form the
primary defense against ROS and oxidative stress involved in multiple disease
pathogeneses. Polyphenols upregulate the expression and activity of these en-
zymes to enhance cellular antioxidative capacity. Dietary polyphenols have been
shown to increase SOD, CAT and GPx activities in cell and animal models, im-
proving redox balance and protecting against oxidative damage [46] [47]. This
upregulation occurs across diverse contexts, including neurodegenerative dis-
eases, metabolic disorders, and environmental or pharmacological stress condi-
tions [48]-[50]. The underlying molecular mechanism mainly involves activation
of the nuclear factor erythroid 2-related factor 2 (Nrf2)/antioxidant response ele-
ment (ARE) pathway. Polyphenol-activated Nrf2 translocates to the nucleus,
binds to AREs in target gene promoters, and transcriptionally upregulates antiox-
idant enzymes including SOD, CAT, GPx, heme oxygenase-1 (HO-1) and
NAD(P)H quinone oxidoreductase 1 (NQO1) [46] [51]-[53] (Figure 2).
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Figure 2. Regulation of Antioxidant Enzyme Systems. Entry of polyphenols into the cell,
where they modify and change the conformation of Keap1 protein, and releasing and acti-
vating Nrf2. Nrf2 translocates into the nucleus and upregulates the expression of antioxi-
dant enzymes. By Figdraw.

3.3. Inhibition of Lipid Peroxidation and Protein/Nucleic Acid
Damage

Polyphenolic antioxidants alleviate oxidative stress-induced cellular damage by
inhibiting lipid peroxidation (triggered by ROS attacking membrane PUFAs, gen-
erating MDA that disrupts membrane integrity) and protecting proteins and nu-
cleic acids, largely via radical scavenging. Supplementation reduces MDA levels
and preserves membrane structure; polyphenol-rich fractions significantly atten-
uate lipid peroxidation and boost antioxidant enzyme activities in pro-oxidant-

exposed human skin cells [54]. Chlorogenic acid and other polyphenols interact
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with membrane lipids to delay peroxidation and maintain vesicle integrity even
with cholesterol present [55]. Animal studies further confirm that chia leaf and
Acacia nilotica polyphenolic extracts restore glutathione levels, reduce lipid pe-
roxidation and ameliorate oxidative tissue damage [56] [57]. Beyond lipid protec-
tion, polyphenols prevent oxidative protein and DNA modifications, lowering
mutagenesis and apoptosis risk. Tea polyphenols attenuate DNA damage and pro-
mote DNA repair in neurons under oxidative insults such as methamphetamine-
induced neurotoxicity [58]. They also inhibit the formation of protein carbonyls
and advanced glycation end-products (oxidative protein damage markers), as
shown in muscle and testicular tissue studies [59]. Conjugating polyphenols with
proteins or polysaccharides (e.g., chitosan) further enhances their antioxidant ca-
pacity, providing synergistic protection against lipid and protein oxidative dam-
age [60] [61] (Figure 3).
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Figure 3. Polyphenols Inhibit Lipid Peroxidation and Protein/Nucleic Acid Damage. ROS attack three major classes of biological
macromolecules simultaneously: lipids, proteins, and DNA, triggering respective oxidative damage chain reactions (such as lipid
peroxidation producing MDA, protein carbonyl and AGEs formation, and DNA damage). By scavenging free radicals, polyphenols
block the attack of ROS at its source, effectively suppressing oxidative damage along each pathway. This results in multiple protective
effects, including maintaining cellular structural integrity, reducing oxidative marker levels, and alleviating tissue damage.

3.4. Anti-Inflammatory Effects and Regulation of Cellular
Signaling Pathways

Polyphenols modulate inflammatory responses and disease-related signaling
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pathways primarily by inhibiting NF-xB and MAPK cascades; e.g., jujube peel
and Punica granatum L. peel polyphenols suppress NF-kB/MAPK activation in
LPS-stimulated macrophages, reducing pro-inflammatory cytokines (TNF-a, IL-
15, IL-6) and iNOS/COX-2 expression [62] [63]. They also target the TLR4/NF-
kB pathway, central to intestinal inflammation and IBD [64]. Additionally, poly-
phenols regulate cell survival and repair via PI3K/Akt and AMPK pathways:
PI3K/Akt activation promotes cell survival and tissue repair, while AMPK stimu-
lation improves metabolic health and alleviates inflammation [65] [66]. This in-
terplay attenuates inflammatory responses and enhances cellular resilience to
stress and injury (Figure 4), underpinning their therapeutic potential in chronic
inflammatory diseases, metabolic disorders, and tissue repair, and warranting fur-

ther mechanistic and clinical research [67] [68].
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Figure 4. Anti-inflammatory effects and regulation of Cellular Signaling Pathways. Poly-
phenols suppress the activation of NF-kB and MAPK in LPS-stimulated macrophages,
leading to decreased production of pro-inflammatory cytokines such as TNF-q, IL-143, and
IL-6, as well as downregulation of inducible nitric oxide synthase (iNOS) and cyclooxygen-
ase-2 (COX-2). Moreover, polyphenols activate the PI3K/Akt and AMPK signaling path-
way promoting cell survival and tissue repair, and improved metabolic health and reduced
inflammation.

4. Advances in the Application of Polyphenolic Antioxidants
in Neurodegenerative Diseases

4.1. Mechanisms of Polyphenols in Alzheimer’s Disease (AD)
The mechanistic findings in this subsection are mainly derived from in vitro cell

culture, in vivo animal model studies, and preliminary human observational stud-

ies. Polyphenols including quercetin, resveratrol, curcumin and catechins show
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multifaceted neuroprotective effects against Alzheimer’s disease (AD). They di-
rectly inhibit amyloid-/5 (Ap) aggregation and tau hyperphosphorylation, the two
hallmark pathologies of AD, thus reducing neurotoxicity and neuronal damage.
Specifically, curcumin inhibits Af aggregation, promotes disaggregation of exist-
ing amyloid plaques and prevents tau hyperphosphorylation to attenuate neuro-
fibrillary tangle formation [69]. Quercetin and its derivatives from ginger leaf pol-
yphenols mitigate A/ toxicity by activating antioxidative signaling pathways such
as JNK/FOXO, enhancing antioxidase gene expression and reducing neuronal ox-
idative stress [70].
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Figure 5. Six core pathways of Polyphenols in Combating Alzheimer’s Disease (AD): (1) Directly targeting core pathology. Poly-
phenols directly intervene in two key hallmarks of AD: Af plaques and tau tangles, and reduce the accumulation of toxic proteins
at the source. (2) Potent antioxidant effects. Through both direct (scavenging ROS) and indirect (activating pathways such as Nrf2
and JNK/FOXO) mechanisms, polyphenols comprehensively enhance the antioxidant defense capacity of neurons. (3) Suppressing
neuroinflammation. Polyphenols inhibit the overactivation of microglia and reduce the damage caused by inflammatory factors to
neurons by the NF-«xB pathway. (4) Improving neurotransmission. Inhibiting acetylcholinesterase, increasing acetylcholine levels,
and benefiting cognitive function. (5) Supporting wellbeing of neurons. Polyphenols modulate key cellular signaling pathways such
as PI3K/Akt to promote neuronal survival, plasticity, and regeneration. (6) Regulating the gut-brain axis. As an emerging field of
research, polyphenols indirectly protect on the brain through improve gut health.

Beyond direct effects on protein pathology, polyphenols exert potent antioxi-
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dant effects by scavenging ROS, chelating redox-active metal ions and upregulat-
ing endogenous antioxidant enzymes via the Nrf2 pathway, thus protecting neu-
rons from oxidative damage [3] [71]. Their anti-inflammatory properties are also
crucial: they suppress the NF-«B signaling pathway, reduce pro-inflammatory cy-
tokine production and modulate microglial activation, alleviating neuroinflam-
mation that accelerates AD progression [72] [73]. Furthermore, polyphenols in-
hibit acetylcholinesterase activity to enhance cholinergic neurotransmission and
improve cognitive function [74] [75], and regulate key pathways (PI3K/Akt, MAPK,
CREB) involved in neuronal survival, synaptic plasticity and neurogenesis, which
are essential for cognitive health [76]. Emerging evidence shows that polyphenols
modulate the gut-brain axis by fostering beneficial microbiota composition and
promoting neuroprotective metabolite production, further enhancing cognitive
resilience [77] [78]. (Figure 5)

4.2. In Vitro and Animal Model Studies

All evidence in this subsection is derived from controlled in vitro cellular and in
vivo animal model studies of neurodegenerative diseases. Accumulating experi-
mental evidence demonstrates that polyphenols exert potent antioxidant and neu-
roprotective effects against neurodegenerative diseases such as AD. In AD mouse
models, administration of polyphenol-rich extracts or specific polyphenolic com-
pounds significantly reduces brain oxidative stress markers, correlating with im-
proved cognitive performance and learning-memory abilities. Specifically, marine
polyphenols from macroalgae slow neurodegeneration and limit neuronal loss in
animal models primarily via antioxidant activity that mitigates oxidative stress-
driven AD pathology [79]. Furthermore, polyphenols can modulate neuroinflam-
matory pathways and increase glutathione (GSH) levels, further supporting neu-

ronal survival under oxidative stress [80].

4.3. Clinical Research and Prospects for Application

The findings in this subsection are derived from human clinical trials, epidemiolog-
ical studies and translational clinical research on polyphenol interventions for neu-
rodegenerative diseases. Recent studies increasingly highlight the potential of poly-
phenol-based supplements (e.g., grape polyphenols, green tea extracts) in managing
neurodegenerative diseases such as AD, with their multi-targeted neuroprotective,
antioxidant and anti-inflammatory effects underlying the benefits in cognitive func-
tion and disease progression. Specifically, grape polyphenols can cross the blood-
brain barrier, modulate neuroinflammation and reduce oxidative stress, providing
a mechanistic basis for their neuroprotective properties [81]-[83]. Polyphenol sup-
plements also have a favorable safety profile, being generally well tolerated with a
low incidence of adverse effects according to human trials and nutritional studies
[83] [84]. Future research should focus on optimizing polyphenol delivery and bio-
availability, elucidating clinical molecular mechanisms, and conducting high-qual-

ity RCTs to establish standardized dosing regimens and long-term safety profiles.
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5. The Role of Polyphenol Antioxidants in Cardiovascular
Diseases, Tumors, and Other Chronic Diseases

5.1. Mechanisms of Cardiovascular Disease Prevention and
Treatment

Supported primarily by preclinical studies and corroborated by epidemiological
evidence and small clinical trials, polyphenols protect against cardiovascular dis-
eases (CVD) via multiple mechanisms: they reduce LDL oxidation by directly
scavenging ROS, thereby slowing atherosclerosis progression and lowering plaque
rupture/event risk [85]-[87]; enhance endothelial NO bioavailability to improve
vascular tone, lower blood pressure, and maintain integrity [88] [89]; inhibit
platelet aggregation to reduce thrombus risk [90] [91]; and modulate signaling
pathways to upregulate endogenous antioxidant enzymes and anti-inflammatory
mediators [91] [92]. Meta-analyses and epidemiological studies consistently asso-
ciate polyphenol-rich diets with improved lipid profiles, reduced blood pressure,
and lower vascular inflammation markers, supporting cardiovascular risk reduc-
tion [93] [94].

5.2. Antioxidant and Anti-Inflammatory Effects in Tumorigenesis
and Tumor Progression

The anticancer mechanistic findings here are mainly based on in vitro cancer cell
line and in vivo xenograft/genetically modified animal tumor models. Polyphe-
nols exert significant protective effects against tumorigenesis and progression by
targeting oxidative stress and inflammation—the two key drivers of cancer. As
potent free radical scavengers, they neutralize ROS-induced DNA/protein/lipid
damage to reduce mutagenic and carcinogenic events. Additionally, polyphenols
modulate key inflammatory pathways including the NF-kB cascade, which is fre-
quently upregulated in cancer and drives pro-inflammatory cytokine/mediator
expression that promotes tumor growth, angiogenesis and metastasis [95] [96].
Inhibiting NF-kB suppresses TNF-q, IL-15, IL-6 and COX-2 production, attenu-
ating the tumor-promoting chronic inflammatory microenvironment [97] [98].
Furthermore, polyphenols induce tumor cell apoptosis via modulating mito-
chondrial pathways, upregulating pro-apoptotic proteins and downregulating
anti-apoptotic factors, thus inhibiting tumor cell proliferation and survival [99]
[100]. Across various tumor models, they have been shown to inhibit cancer cell
growth, prevent metastasis and enhance chemosensitivity [99] [101], mediated
also by epigenetic regulation and modulation of cell cycle/apoptosis-related gene

expression [102].

5.3. Application in Other Chronic Diseases

Preclinical and clinical evidence demonstrates polyphenols exert therapeutic ef-
fects on diabetes, obesity, and metabolic syndrome by improving insulin re-
sistance, reducing inflammation, and protecting pancreatic f-cells, partly via Nrf2

pathway modulation to mitigate oxidative stress and inflammation—the core
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drivers of diabetic complications. While preclinical studies confirm Nrf2 activa-
tion reduces ROS and improves insulin sensitivity, resveratrol clinical trials show
inconsistent glycemic benefits, attributed to bioavailability limitations and indi-
vidual response differences [103].

Epidemiological studies indicate an inverse relationship between polyphenol
intake and metabolic syndrome incidence, mediated by antioxidant/anti-inflam-
matory effects and regulation of glucose and lipid metabolism [104]; polyphenol-
rich dietary interventions enhance plasma antioxidant capacity and reduce oxida-
tive stress markers in obesity, diabetes, and related disorders [105]. Polyphenols
also have recognized pharmacological potential for cardiovascular and renal
health, with emerging evidence supporting their use as adjunct or alternative ther-

apies for chronic organ dysfunction [106].

5.4. Clinical Applications and Functional Food Development

Based on human clinical research, product development and formulation trials
(supported by preclinical delivery system efficacy data), polyphenols’ clinical ap-
plications have expanded as health-promoting food ingredients and pharmaceu-
tical adjuncts [107] [108]. Abundant in fruits, vegetables, teas and grains, their
antioxidant, anti-inflammatory and antimicrobial activities underpin disease pre-
vention, driving incorporation into functional foods, beverages and supplements
[109] [110]. The food industry develops innovative polyphenol-based products to
enhance nutritional value, antioxidant stability, glycemic modulation and natural
preservation [111]. Advances in extraction, purification and encapsulation im-
prove bioavailability and stability by overcoming solubility and degradation limi-
tations [112] [113]; e.g., hydrogels and nanocarriers for targeted drug delivery and
tissue regeneration, and polyphenol-protein/polysaccharide complexes for func-
tional food matrices and nutraceuticals [114] [115]. Despite challenges in stand-
ardization, dosing and clinical validation, polyphenol-based products have broad
market prospects driven by demand for natural, science-backed interventions, po-
sitioning them at the forefront of functional food and nutraceutical industries
[109] [116].

6. Conclusions

Polyphenolic antioxidants have emerged as a prominent area of research in recent
years, owing to their remarkable structural diversity and multifaceted mecha-
nisms of action. As highlighted throughout this review, their capacity to counter-
act oxidative stress, modulate enzymatic antioxidant systems, suppress inflamma-
tion, and regulate cellular signaling pathways underpins their therapeutic poten-
tial across a spectrum of chronic diseases, including neurodegenerative disorders,
cardiovascular diseases, and cancer. Additionally, the bioavailability of polyphe-
nolic compounds remains a significant obstacle, as many exhibit limited absorp-
tion and rapid metabolism in vivo, which may attenuate their therapeutic efficacy.

Addressing these challenges requires a balanced approach that integrates findings
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from basic science with insights gained from clinical research.

Beyond the well-documented challenge of poor bioavailability, several critical
and interconnected hurdles significantly impede the clinical translation of these
bioactive agents. First, the biological activity of metabolites generated in vivo often
proves inconsistent, creating uncertainty regarding therapeutic efficacy [12] [13].
Second, the field suffers from a notable absence of standardized protocols govern-
ing dosage, purity, and pharmaceutical formulation [12] [83]. Third, substantial
interindividual variation in gut microbial metabolism introduces unpredictable
elements into drug processing [6] [7]. Finally, there exists a risk of significant
pharmacokinetic interactions when these agents are co-administered with con-
ventional medications, particularly anticoagulants, antidiabetics, and chemother-
apeutic drugs [107] [108].

The safety profile of polyphenols, as established by numerous preclinical and
clinical investigations, provides a solid foundation for their further development.
Future research should prioritize the optimization of polyphenol structures
through chemical modifications aimed at enhancing their stability, bioavailability,
and target specificity. Advances in formulation technologies, offer promising av-
enues to improve the delivery and efficacy of these compounds in clinical settings.
Ultimately, overcoming the identified translational barriers through interdiscipli-
nary collaboration will be essential to unlock the full therapeutic and public health
potential of polyphenolic antioxidants.

Funding

This work was supported by Shanxi Provincial Basic Research Program, No.
202303021211136. Central Fund for Guiding Local Science and Technology De-
velopment in Shanxi Province, No. YDZ]SX20231A052.

Acknowledgements

All authors thank anonymous reviewers for their careful reading and valuable

comments to improve our manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] Ashraf, M.V, Khan, S., Misri, S., Gaira, K.S., Rawat, S., Rawat, B., et al. (2024) High-
altitude Medicinal Plants as Promising Source of Phytochemical Antioxidants to
Combat Lifestyle-Associated Oxidative Stress-Induced Disorders. Pharmaceuticals,
17, Article No. 975. https://doi.org/10.3390/ph17080975

[2] Rudrapal, M., Khairnar, S.J., Khan, J., Dukhyil, A.B., Ansari, M.A., Alomary, M.N.,
et al. (2022) Dietary Polyphenols and Their Role in Oxidative Stress-Induced Human
Diseases: Insights into Protective Effects, Antioxidant Potentials and Mechanism(s)
of Action. Frontiers in Pharmacology, 13, Article ID: 806470.
https://doi.org/10.3389/fphar.2022.806470

DOI: 10.4236/0alib.1115302

12 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.3390/ph17080975
https://doi.org/10.3389/fphar.2022.806470

L. H. Yang et al.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

Kola, A., Valensin, D. and Dudek, D. (2021) Metal Complexation Mechanisms of
Polyphenols Associated to Alzheimer’s Disease. Current Medicinal Chemistry, 28,
7278-7294. https://doi.org/10.2174/0929867328666210729120242

Bouchab, H., Essadek, S., El Kamouni, S., Moustaid, K., Essamadi, A., Andreoletti, P.,
et al. (2023) Antioxidant Effects of Argan Oil and Olive Oil against Iron-Induced
Oxidative Stress: In Vivo and in Vitro Approaches. Molecules, 28, Article No. 5924.
https://doi.org/10.3390/molecules28155924

Suzuki, T., Ohishi, T., Tanabe, H., Miyoshi, N. and Nakamura, Y. (2023) Anti-in-
flammatory Effects of Dietary Polyphenols through Inhibitory Activity against Met-
alloproteinases. Molecules, 28, Article No. 5426.
https://doi.org/10.3390/molecules28145426

Nemzer, B.V., Al-Taher, F., Kalita, D., Yashin, A.Y. and Yashin, Y.I. (2025) Health-
improving Effects of Polyphenols on the Human Intestinal Microbiota: A Review.
International Journal of Molecular Sciences, 26, Article No. 1335.
https://doi.org/10.3390/ijms26031335

Zhao, Y. and Jiang, Q. (2021) Roles of the Polyphenol-Gut Microbiota Interaction in
Alleviating Colitis and Preventing Colitis-Associated Colorectal Cancer. Advances in
Nutrition, 12, 546-565. https://doi.org/10.1093/advances/nmaal04

Wei, H., Rui, J., Yan, X., Xu, R,, Chen, S., Zhang, B., et al (2025) Plant Polyphenols
as Natural Bioactives for Alleviating Lipid Metabolism Disorder: Mechanisms and
Application Challenges. Food Research International, 203, Article ID: 115682.
https://doi.org/10.1016/j.foodres.2025.115682

Duttaroy, A.K. (2024) Functional Foods in Preventing Human Blood Platelet Hyper-
activity-Mediated Diseases—An Updated Review. Nutrients, 16, Article No. 3717.
https://doi.org/10.3390/nu16213717

Wu, W., Mi, Y., Meng, Q., Li, N., Li, W., Wang, P., et al (2025) Natural Polyphenols

as Novel Interventions for Aging and Age-Related Diseases: Exploring Efficacy,
Mechanisms of Action and Implications for Future Research. Chinese Herbal Medi-

cines, 17, 279-291. https://doi.org/10.1016/j.chmed.2024.09.001

Morales-Gonzalez, J., Soriano-Ursta, M., Rodriguez-Vera, D., Abad-Garcia, A., Var-
gas-Mendoza, N, Pinto-Almazan, R., et al (2022) Polyphenols as Potential Enhanc-

ers of Stem Cell Therapy against Neurodegeneration. Neural Regeneration Research,
17, 2093-2101. https://doi.org/10.4103/1673-5374.335826

Ciupei, D, Colisar, A., Leopold, L., Stanila, A. and Diaconeasa, Z.M. (2024) Polyphe-
nols: From Classification to Therapeutic Potential and Bioavailability. Foods, 13, Ar-
ticle No. 4131. https://doi.org/10.3390/foods13244131

Zhang, L., Han, Z. and Granato, D. (2021) Polyphenols in Foods: Classification,
Methods of Identification, and Nutritional Aspects in Human Health. In: Advances
in Food and Nutrition Research, Elsevier, 1-33.
https://doi.org/10.1016/bs.afnr.2021.02.004

Jantip, P.A., Singh, C.K., Klu, Y.A.K., Ahmad, N. and Bolling, B.W. (2025) Peanut
Skin Polyphenols Inhibit Proliferation of Leukemia Cells in Vitro, and Its A-Type

Procyanidins Selectively Pass through a Caco-2 Intestinal Barrier. Journal of Food
Science, 90, €70018. https://doi.org/10.1111/1750-3841.70018

Takemori, K., Akaho, K., Iwase, M., Okano, M. and Kometani, T. (2022) Effects of
Persimmon Fruit Polyphenols on Postprandial Plasma Glucose Elevation in Rats and
Humans. Journal of Nutritional Science and Vitaminology, 68, 331-341.

https://doi.org/10.3177/jnsv.68.331
Davidova, S., Galabov, A.S. and Satchanska, G. (2024) Antibacterial, Antifungal, An-

DOI: 10.4236/0alib.1115302

13 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.2174/0929867328666210729120242
https://doi.org/10.3390/molecules28155924
https://doi.org/10.3390/molecules28145426
https://doi.org/10.3390/ijms26031335
https://doi.org/10.1093/advances/nmaa104
https://doi.org/10.1016/j.foodres.2025.115682
https://doi.org/10.3390/nu16213717
https://doi.org/10.1016/j.chmed.2024.09.001
https://doi.org/10.4103/1673-5374.335826
https://doi.org/10.3390/foods13244131
https://doi.org/10.1016/bs.afnr.2021.02.004
https://doi.org/10.1111/1750-3841.70018
https://doi.org/10.3177/jnsv.68.331

L. H. Yang et al.

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

tiviral Activity, and Mechanisms of Action of Plant Polyphenols. Microorganisms,
12, Article No. 2502. https://doi.org/10.3390/microorganisms12122502

Hassanpour, S.H. and Doroudi, A. (2023) Review of the Antioxidant Potential of Fla-
vonoids as a Subgroup of Polyphenols and Partial Substitute for Synthetic Antioxi-
dants. Avicenna Journal of Phytomedicine, 13, 354-376.

Truong, V. and Jeong, W. (2021) Cellular Defensive Mechanisms of Tea Polyphenols:
Structure-Activity Relationship. International Journal of Molecular Sciences, 22, Ar-
ticle No. 9109. https://doi.org/10.3390/ijms22179109

Wang, Y., Wang, C,, Shi, . and Zhang, Y. (2024) Effects of Derivatization and Probi-
otic Transformation on the Antioxidative Activity of Fruit Polyphenols. Food Chem-
istry: X, 23, Article ID: 101776. https://doi.org/10.1016/j.fochx.2024.101776

Zhu, G, Ye, D., Chen, X., Wu, Y., Yang, Z., Mai, Y., et al (2023) Lignin-Derived
Polyphenols with Enhanced Antioxidant Activities by Chemical Demethylation and
Their Structure-Activity Relationship. International Journal of Biological Macromol-
ecules, 237, Article ID: 124030. https://doi.org/10.1016/j.ijbiomac.2023.124030
Dufour, C., Villa-Rodriguez, J.A., Furger, C., Lessard-Lord, J., Gironde, C., Rigal, M.,
et al. (2022) Cellular Antioxidant Effect of an Aronia Extract and Its Polyphenolic
Fractions Enriched in Proanthocyanidins, Phenolic Acids, and Anthocyanins. Anti-
oxidants, 11, Article No. 1561. https://doi.org/10.3390/antiox11081561

Bergrath, J., Williams, M.B., Kling, H. and Schulze, M. (2025) Polyphenolic Extracts
from Vine Biomass: An Antioxidant Interjection. ACS Omega, 10, 22382-22396.
https://doi.org/10.1021/acsomega.5c02749

Szabd, E., Marosvolgyi, T., Szilagyi, G., K6rosi, L., Schmidt, J., Csepregi, K., et al
(2021) Correlations between Total Antioxidant Capacity, Polyphenol and Fatty Acid
Content of Native Grape Seed and Pomace of Four Different Grape Varieties in Hun-
gary. Antioxidants, 10, Article No. 1101.

https://doi.org/10.3390/antiox10071101

Skoko, A.G., garkanj, B., Lores, M., Celeiro, M., Babojeli¢, M.S., Kamenjak, D., et al.
(2022) Identification and Quantification of Polyphenols in Croatian Traditional Ap-
ple Varieties. Plants, 11, Article No. 3540. https://doi.org/10.3390/plants11243540

Wang, M., Bai, Z., Zhu, H., Zheng, T., Chen, X., Li, P., et al (2022) A New Strategy
Based on LC-Q TRAP-MS for Determining the Distribution of Polyphenols in Dif-
ferent Apple Varieties. Foods, 11, Article No. 3390.
https://doi.org/10.3390/foods11213390

Salas-Arias, K., Irias-Mata, A., Sanchez-Kopper, A., Hernandez-Moncada, R., Salas-
Morgan, B., Villalta-Romero, F., et al (2023) Strawberry Fragaria X Ananassa Cv.
Festival: A Polyphenol-Based Phytochemical Characterization in Fruit and Leaf Ex-
tracts. Molecules, 28, Article No. 1865. https://doi.org/10.3390/molecules28041865

Ponder, A., Najman, K., Aninowski, M., Leszczynska, J., Glowacka, A., Bielarska,
A.M,, et al. (2022) Polyphenols Content, Antioxidant Properties and Allergenic Po-
tency of Organic and Conventional Blue Honeysuckle Berries. Molecules, 27, Article
No. 6083. https://doi.org/10.3390/molecules27186083

Klari¢, D.A., Mornar, A., Kovadi¢, J., Jeli¢i¢, M., Brusa¢, E., Brletié, 1., et al (2022)
Polyphenol Content and Antioxidant Activity of Phytoestrogen Containing Food and
Dietary Supplements: DPPH Free Radical Scavenging Activity by HPLC. Acta Phar-
maceutica, 72, 375-388. https://doi.org/10.2478/acph-2022-0031

Doniec, J., Florkiewicz, A., Dziadek, K. and Filipiak-Florkiewicz, A. (2022) Hydro-
thermal Treatment Effect on Antioxidant Activity and Polyphenols Concentration
and Profile of Brussels Sprouts ( Brassica oleraceavar. Gemmifera) in an in Vitro Sim-

DOI: 10.4236/0alib.1115302

14 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.3390/microorganisms12122502
https://doi.org/10.3390/ijms22179109
https://doi.org/10.1016/j.fochx.2024.101776
https://doi.org/10.1016/j.ijbiomac.2023.124030
https://doi.org/10.3390/antiox11081561
https://doi.org/10.1021/acsomega.5c02749
https://doi.org/10.3390/antiox10071101
https://doi.org/10.3390/plants11243540
https://doi.org/10.3390/foods11213390
https://doi.org/10.3390/molecules28041865
https://doi.org/10.3390/molecules27186083
https://doi.org/10.2478/acph-2022-0031

L. H. Yang et al.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

ulated Gastrointestinal Digestion Model. Antioxidants, 11, Article No. 446.
https://doi.org/10.3390/antiox11030446

Benchagra, L., Berrougui, H., Islam, M.O., Ramchoun, M., Boulbaroud, S., Hajjaji,
A., et al. (2021) Antioxidant Effect of Moroccan Pomegranate (Punica granatum L.
Sefri Variety) Extracts Rich in Punicalagin against the Oxidative Stress Process.
Foods, 10, Article No. 2219. https://doi.org/10.3390/foods10092219

Gavarié, A., Pastor, K., Nastié, N., Vidovi¢, S., Zivanovié, N., Simin, N., et al (2023)
Recovery of Polyphenols from Rosehip Seed Waste Using Natural Deep Eutectic Sol-
vents and Ultrasonic Waves Simultaneously. Foods, 12, Article No. 3655.
https://doi.org/10.3390/foods12193655

Vingrys, K., Mathai, M., Ashton, J.F., Stojanovska, L., Vasiljevic, T., McAinch, A.].,
et al. (2022) The Effect of Malting on Phenolic Compounds and Radical Scavenging
Activity in Grains and Breakfast Cereals. Journal of Food Science, 87, 4188-4202.
https://doi.org/10.1111/1750-3841.16271

Podloucka, P., Polisenska, I., Jirsa, O. and Vaculova, K. (2025) Effect of Domestic
Cooking of Hull-Less Barley Genotypes on Total Polyphenol Content and Antioxi-
dant Activity. Foods, 14, Article No. 2578. https://doi.org/10.3390/foods14152578

Jumat, M., Duodu, K.G. and van Graan, A. (2023) Systematic Review of the Literature
to Inform the Development of a South African Dietary Polyphenol Composition Da-
tabase. Nutrients, 15, Article No. 2426. https://doi.org/10.3390/nul5112426

Li, Y., He, Z., Bao, Y., Zhu, Q., Ning, Y., Tian, Z., ef al (2022) Simultaneous Deter-
mination of Fifteen Polyphenols in Fruit Juice Using Ultrahigh-Performance Liquid
Chromatography-Tandem Mass Spectrometry Combining Dispersive Liquid-Liquid
Microextraction. International Journal of Analytical Chemistry, 2022, Article ID:
5486290. https://doi.org/10.1155/2022/5486290

Gebicki, J.M. and Nauser, T. (2021) Fast Antioxidant Reaction of Polyphenols and
Their Metabolites. Antioxidants, 10, Article No. 1297.
https://doi.org/10.3390/antiox10081297

Kumari, A., Kumar, D., Gulati, A. and Maurya, S.K. (2022) Mechanistic Studies on
Polyphenol Rich Fractions of Kangra Tea by HPTLC and NMR for Their Antioxidant
Activities. Journal of Food Science and Technology, 59, 2751-2763.
https://doi.org/10.1007/s13197-021-05297-w

Mare, R., Pujia, R., Maurotti, S., Greco, S., Cardamone, A., Coppoletta, A.R., et al
(2023) Assessment of Mediterranean Citrus Peel Flavonoids and Their Antioxidant
Capacity Using an Innovative Uv-Vis Spectrophotometric Approach. Plants, 12, Ar-
ticle No. 4046. https://doi.org/10.3390/plants12234046

Chen, B., Zhang, W, Lin, C. and Zhang, L. (2022) A Comprehensive Review on Ben-
eficial Effects of Catechins on Secondary Mitochondrial Diseases. International Jour-
nal of Molecular Sciences, 23, Article No. 11569.
https://doi.org/10.3390/ijms231911569

William Raja, T.R., Duraipandiyan, V., Ignacimuthu, S., Janakiraman, U. and Pack-
iam, S.M. (2023) Role of Polyphenols in Alleviating Alzheimer’s Disease: A Review.
Current Medicinal Chemistry, 30, 4032-4047.
https://doi.org/10.2174/0929867330666221202152540

Cui, J., Li, H., Zhang, T., Lin, F., Chen, M., Zhang, G., et al. (2025) Research Progress
on the Mechanism of Curcumin Anti-Oxidative Stress Based on Signaling Pathway.
Frontiers in Pharmacology; 16, Article ID: 1548073.

https://doi.org/l0.3389/fphar.2025. 1548073
Lakey-Beitia, J., Burillo, A.M., La Penna, G., Hegde, M.L. and Rao, K.S. (2021) Poly-

DOI: 10.4236/0alib.1115302

15 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.3390/antiox11030446
https://doi.org/10.3390/foods10092219
https://doi.org/10.3390/foods12193655
https://doi.org/10.1111/1750-3841.16271
https://doi.org/10.3390/foods14152578
https://doi.org/10.3390/nu15112426
https://doi.org/10.1155/2022/5486290
https://doi.org/10.3390/antiox10081297
https://doi.org/10.1007/s13197-021-05297-w
https://doi.org/10.3390/plants12234046
https://doi.org/10.3390/ijms231911569
https://doi.org/10.2174/0929867330666221202152540
https://doi.org/10.3389/fphar.2025.1548073

L. H. Yang et al.

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

phenols as Potential Metal Chelation Compounds against Alzheimer’s Disease. Jour-
nal of Alzheimer s Disease, 82, S335-S357. https://doi.org/10.3233/jad-200185

Wan, L., Li, S., Du, J,, Li, A,, Zhan, Y., Zhu, W., et al. (2025) Review of Metal-Poly-
phenol Self-Assembled Nanoparticles: Synthesis, Properties, and Biological Applica-
tions in Inflammatory Diseases. ACS Biomaterials Science & Engineering, 11, 2502-
2527. https://doi.org/10.1021/acsbiomaterials.4c02366

Yao, T., Zeng, X, Li, H., Luo, T., Tao, X. and Xu, H. (2024) Metal-Polyphenol Coor-
dination Nanosheets with Synergistic Peroxidase-Like and Photothermal Properties
for Efficient Antibacterial Treatment. International Journal of Biological Macromol-
ecules, 269, Article ID: 132115. https://doi.org/10.1016/j.ijbiomac.2024.132115
Zangade, S.B., Dhulshette, B.S. and Patil, P.B. (2024) Flavonoid-Metal Ion Complexes
as Potent Anticancer Metallodrugs: A Comprehensive Review. Mini- Reviews in Me-
dicinal Chemistry, 24, 1046-1060.
https://doi.org/10.2174/0113895575273658231012040250

Obeme-Nmom, ].I., Abioye, R.O., Reyes Flores, S.S. and Udenigwe, C.C. (2024) Reg-
ulation of Redox Enzymes by Nutraceuticals: A Review of the Roles of Antioxidant
Polyphenols and Peptides. Food & Function, 15, 10956-10980.
https://doi.org/10.1039/d4f003549f

Fu, M., Yoon, K., Ha, J., Kang, I. and Choe, W. (2025) Crosstalk between Antioxi-
dants and Adipogenesis: Mechanistic Pathways and Their Roles in Metabolic Health.
Antioxidants, 14, Article No. 203. https://doi.org/10.3390/antiox14020203

Ji, X, Chai, J., Zhao, S. and Zhao, Y. (2025) Plant-Derived Polyphenolic Compounds
for Managing Schizophrenia: Mechanisms and Therapeutic Potential. Frontiers in
Pharmacology, 16, Article ID: 1605027. https://doi.org/10.3389/fphar.2025.1605027

Kung, H.C,, Lin, K.J., Kung, C.T. and Lin, T.K. (2021) Oxidative Stress, Mitochon-
drial Dysfunction, and Neuroprotection of Polyphenols with Respect to Resveratrol
in Parkinson’s Disease. Biomedicines, 9, Article No. 918.
https://doi.org/10.3390/biomedicines9080918

Wang, T.E., Lai, Y.H., Yang, K.C,, et al (2020) Counteracting Cisplatin-Induced Tes-
ticular Damages by Natural Polyphenol Constituent Honokiol. Antioxidants, 9, Ar-
ticle No. 723. https://doi.org/10.3390/antiox9080723

Li, X., Zhang, Y., Zhao, W., Ren, T., Wang, X. and Hu, X. (2024) Extracts from Tar-
tary Buckwheat Sprouts Restricts Oxidative Injury Induced by Hydrogen Peroxide in
HepG2 by Upregulating the Redox System. Foods, 13, Article No. 3726.
https://doi.org/10.3390/foods13233726

Khan, I.M., Gul, H., Khan, S., Nassar, N., Khalid, A., Swelum, A.A., et al. (2025) Green
Tea Polyphenol Epigallocatechin-3-Gallate Mediates an Antioxidant Response via
Nrf2 Pathway in Heat-Stressed Poultry: A Review. Poultry Science, 104, Article ID:
105071. https://doi.org/10.1016/j.psj.2025.105071

Tung, Y.C,, Sung, P.H., Chen, P.C,, et al (2023) Chemoprevention of Lotus Leaf Eth-
anolic Extract through Epigenetic Activation of the NRF2-Mediated Pathway in Mu-
rine Skin JB6 P+ Cell Neoplastic Transformation. Journal of Traditional and Com-
plementary Medicine, 13, 337-344. https://doi.org/10.1016/j.jtcme.2023.02.002

Wojcik-Borowska, K., Wéjciak, W., Zuk, M., Luchowski, P., Skalska-Kaminska, A.,
Pacula, W., et al (2025) Oxidative Stress Protection and Anti-Inflammatory Activity
of Polyphenolic Fraction from Urtica Dioica: /n Vitro Study Using Human Skin Cells.
Molecules, 30, Article No. 2515. https://doi.org/10.3390/molecules30122515

Cejas, J.d.P., Disalvo, E.A. and Frias, M.d.1.A. (2025) Effect of Cholesterol on the An-
tioxidant Action of Chlorogenic Acid in Lipid Membranes. Archives of Biochemistry

DOI: 10.4236/0alib.1115302

16 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.3233/jad-200185
https://doi.org/10.1021/acsbiomaterials.4c02366
https://doi.org/10.1016/j.ijbiomac.2024.132115
https://doi.org/10.2174/0113895575273658231012040250
https://doi.org/10.1039/d4fo03549f
https://doi.org/10.3390/antiox14020203
https://doi.org/10.3389/fphar.2025.1605027
https://doi.org/10.3390/biomedicines9080918
https://doi.org/10.3390/antiox9080723
https://doi.org/10.3390/foods13233726
https://doi.org/10.1016/j.psj.2025.105071
https://doi.org/10.1016/j.jtcme.2023.02.002
https://doi.org/10.3390/molecules30122515

L. H. Yang et al.

(56]

(571

(58]

(59]

(60]

(61]

(62]

(63]

[64]

(65]

[66]

(67]

and Biophysics, 767, Article ID: 110346. https://doi.org/10.1016/j.abb.2025.110346

Maturana, G., Segovia, J., Olea-Azar, C., Uribe-Oporto, E., Espinosa, A. and Zuniga-
Lépez, M.C. (2023) Evaluation of the Effects of Chia (Sa/via hispanical.) Leaves Eth-
anolic Extracts Supplementation on Biochemical and Hepatic Markers on Diet-In-
duced Obese Mice. Antioxidants, 12, Article No. 1108.
https://doi.org/10.3390/antiox12051108

Foyzun, T., Mahmud, A.A., Ahammed, M.S., Manik, M.L.N., Hasan, M.K., Islam,
K.M.,, et al. (2022) Polyphenolics with Strong Antioxidant Activity from Acacia Ni-
lotica Ameliorate Some Biochemical Signs of Arsenic-Induced Neurotoxicity and Ox-
idative Stress in Mice. Molecules, 27, Article No. 1037.
https://doi.org/10.3390/molecules27031037

Ru, Q., Xiong, Q., Tian, X., Chen, L., Zhou, M., Li, Y., et al (2019) Tea Polyphenols
Attenuate Methamphetamine-Induced Neuronal Damage in PC12 Cells by Alleviat-
ing Oxidative Stress and Promoting DNA Repair. Frontiers in Physiology, 10, Article
No. 1450. https://doi.org/10.3389/fphys.2019.01450

Foudah, A.L, Salkini, M.A., Yusufoglu, H.S., Alkreathy, H.M. and Khan, R.A. (2023)
Protective Effects of a Polyphenolic Phytochemical Quercetin against Oxidative Dys-
functions in Rats. Evidence- Based Complementary and Alternative Medicine, 2023,
Article ID: 7858718. https://doi.org/10.1155/2023/7858718

Pattnaik, A., Pati, S. and Samal, S.K. (2022) Chitosan-Polyphenol Conjugates for Hu-
man Health. Zife, 12, Article No. 1768. https://doi.org/10.3390/1ife12111768
Feng,Y.,Jin, C, Lv, S., Zhang, H., Ren, F. and Wang, J. (2023) Molecular Mechanisms
and Applications of Polyphenol-Protein Complexes with Antioxidant Properties: A
Review. Antioxidants, 12, Article No. 1577. https://doi.org/10.3390/antiox12081577

Shen, D., Wu, C,, Fan, G, Li, T., Dou, J., Zhu, J., et al (2022) Jujube Peel Polyphenols
Synergistically Inhibit Lipopolysaccharide-Induced Inflammation through Multiple
Signaling Pathways in RAW 264.7 Cells. Food and Chemical Toxicology, 164, Article
ID: 113062. https://doi.org/10.1016/j.fct.2022.113062

Li, H., Kouye, O., Yang, D., Zhang, Y., Ruan, J., Han, L., ef al (2022) Polyphenols
from the Peels of Punica granatum L. and Their Bioactivity of Suppressing Lipopol-
ysaccharide-Stimulated Inflammatory Cytokines and Mediators in RAW 264.7 Cells
via Activating P38 MAPK and NF-«B Signaling Pathways. Molecules, 27, Article No.
4622. https://doi.org/10.3390/molecules27144622

Yu, C,, Wang, D, Yang, Z. and Wang, T. (2022) Pharmacological Effects of Polyphe-
nol Phytochemicals on the Intestinal Inflammation via Targeting TLR4/NF-xB Sig-
naling Pathway. International Journal of Molecular Sciences, 23, Article No. 6939.
https://doi.org/10.3390/ijms23136939

Ruskovska, T., Budi¢-Leto, I., Corral-Jara, K.F., AjdZzanovi¢, V., Arola-Arnal, A.,
Bravo, E.I,, et al (2021) Systematic Bioinformatic Analyses of Nutrigenomic Modifi-
cations by Polyphenols Associated with Cardiometabolic Health in Humans—Evi-
dence from Targeted Nutrigenomic Studies. Nutrients, 13, Article No. 2326.
https://doi.org/10.3390/nu13072326

Lambert, K., Demion, M., Lagacé, J., Hokayem, M., Dass, M., Virsolvy, A., et al.
(2021) Grape Polyphenols and Exercise Training Have Distinct Molecular Effects on
Cardiac Hypertrophy in a Model of Obese Insulin-Resistant Rats. The Journal of Nu-
tritional Biochemistry, 87, Article ID: 108522.
https://doi.org/10.1016/j.jnutbio.2020.108522

Jantan, I., Haque, M. A., Arshad, L., Harikrishnan, H., Septama, A.W. and Mohamed-
Hussein, Z. (2021) Dietary Polyphenols Suppress Chronic Inflammation by Modula-

DOI: 10.4236/0alib.1115302

17 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.1016/j.abb.2025.110346
https://doi.org/10.3390/antiox12051108
https://doi.org/10.3390/molecules27031037
https://doi.org/10.3389/fphys.2019.01450
https://doi.org/10.1155/2023/7858718
https://doi.org/10.3390/life12111768
https://doi.org/10.3390/antiox12081577
https://doi.org/10.1016/j.fct.2022.113062
https://doi.org/10.3390/molecules27144622
https://doi.org/10.3390/ijms23136939
https://doi.org/10.3390/nu13072326
https://doi.org/10.1016/j.jnutbio.2020.108522

L. H. Yang et al.

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

[76]

(77]

(78]

(79]

(80]

tion of Multiple Inflammation-Associated Cell Signaling Pathways. The Journal of
Nutritional Biochemistry, 93, Article ID: 108634.
https://doi.org/10.1016/j.jnutbio.2021.108634

Serreli, G. and Deiana, M. (2020) Extra Virgin Olive Oil Polyphenols: Modulation of
Cellular Pathways Related to Oxidant Species and Inflammation in Aging. Cells, 9,
Article No. 478. https://doi.org/10.3390/cells9020478

Panda, P., Mohanty, S., Gouda, S.R., Baral, T.C., Mohanty, A., Nayak, J., et al. (2025)
Advanced Strategies for Enhancing the Neuroprotective Potential of Curcumin: De-

livery Systems and Mechanistic Insights in Neurodegenerative Disorders. Nutritional
Neuroscience, 28, 1151-1176. https://doi.org/10.1080/1028415x.2025.2472773

Gao, T., Yan, N., Pu, Y., Zhang, Z., Duan, Z., Tang, Z., et al. (2025) Ginger Leaf Pol-
yphenols Mitigate B-Amyloid Toxicity viaJNK/FOXO Pathway Activation in Caeno-
rhabditis elegans. Food & Function, 16, 1072-1085.
https://doi.org/10.1039/d4f003238a

Abbas, K., Mustafa, M., Alam, M., Habib, S., Ahmad, W., Adnan, M., et al. (2025)
Multi-Target Approach to Alzheimer’s Disease Prevention and Treatment: Antioxi-

dant, Anti-Inflammatory, and Amyloid-Modulating Mechanisms. Neurogenetics, 26,
Article No. 39. https://doi.org/10.1007/s10048-025-00821-y

Jalouli, M., Rahman, M.A., Biswas, P., Rahman, H., Harrath, A.H., Lee, I, et al. (2025)
Targeting Natural Antioxidant Polyphenols to Protect Neuroinflammation and Neu-

rodegenerative Diseases: A Comprehensive Review. Frontiers in Pharmacology, 16,
Article ID: 1492517. https://doi.org/10.3389/fphar.2025.1492517

Papadopoulou, P., Polissidis, A., Kythreoti, G., Sagnou, M., Stefanatou, A. and Theo-
harides, T.C. (2024) Anti-Inflammatory and Neuroprotective Polyphenols Derived
from the European Olive Tree, Olea europaea L., in Long COVID and Other Condi-
tions Involving Cognitive Impairment. /nternational Journal of Molecular Sciences,
25, Article No. 11040. https://doi.org/10.3390/ijms252011040

Kundo, N.K., Manik, M.LN., Biswas, K., Khatun, R., Al-Amin, M.Y., Alam,
AHM.K, et al (2021) Identification of Polyphenolics from Loranthus globosus as
Potential Inhibitors of Cholinesterase and Oxidative Stress for Alzheimer’s Disease
Treatment. BioMed Research International, 2021, Article ID: 9154406.
https://doi.org/10.1155/2021/9154406

Rebas, E., Rzajew, J., Radzik, T. and Zylinska, L. (2020) Neuroprotective Polyphenols:
A Modulatory Action on Neurotransmitter Pathways. Current Neuropharmacology,
18, 431-445. https://doi.org/10.2174/1570159x18666200106155127

Kaluza, M., Ksiazek-Winiarek, D., Szpakowski, P., Czpakowska, J., Fijalkowska, J. and
Glabinski, A. (2025) Polyphenols in the Central Nervous System: Cellular Effects and
Liposomal Delivery Approaches. International Journal of Molecular Sciences, 26, Ar-
ticle No. 6477. https://doi.org/10.3390/ijms26136477

Reddy, V.P., Aryal, P., Robinson, S., Rafiu, R., Obrenovich, M. and Perry, G. (2020)
Polyphenols in Alzheimer’s Disease and in the Gut-Brain Axis. Microorganisms, 8,
Article No. 199. https://doi.org/10.3390/microorganisms8020199

Zhang, Y., Yu, W., Zhang, L., Wang, M. and Chang, W. (2022) The Interaction of
Polyphenols and the Gut Microbiota in Neurodegenerative Diseases. Nutrients, 14,
Article No. 5373. https://doi.org/10.3390/nu14245373

Lomartire, S. and Gongalves, A.M.M. (2023) Marine Macroalgae Polyphenols as Po-
tential Neuroprotective Antioxidants in Neurodegenerative Diseases. Marine Drugs,

21, Article No. 261. https://doi.org/10.3390/md21050261
Niu, C., Dong, M. and Niu, Y. (2024) Role of Glutathione in Parkinson’s Disease

DOI: 10.4236/0alib.1115302

18 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.1016/j.jnutbio.2021.108634
https://doi.org/10.3390/cells9020478
https://doi.org/10.1080/1028415x.2025.2472773
https://doi.org/10.1039/d4fo03238a
https://doi.org/10.1007/s10048-025-00821-y
https://doi.org/10.3389/fphar.2025.1492517
https://doi.org/10.3390/ijms252011040
https://doi.org/10.1155/2021/9154406
https://doi.org/10.2174/1570159x18666200106155127
https://doi.org/10.3390/ijms26136477
https://doi.org/10.3390/microorganisms8020199
https://doi.org/10.3390/nu14245373
https://doi.org/10.3390/md21050261

L. H. Yang et al.

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

(94]

Pathophysiology and Therapeutic Potential of Polyphenols. Phytotherapy Research,
38, 5567-5582. https://doi.org/10.1002/ptr.8342

Magrone, T., Magrone, M., Russo, M.A. and Jirillo, E. (2019) Recent Advances on the
Anti-Inflammatory and Antioxidant Properties of Red Grape Polyphenols: /n Vitro
and In Vivo Studies. Antioxidants, 9, Article No. 35.
https://doi.org/10.3390/antiox9010035

Li, Z., Zhao, T., Shi, M., Wei, Y., Huang, X., Shen, J., et al (2023) Polyphenols: Natural
Food Grade Biomolecules for Treating Neurodegenerative Diseases from a Multi-
Target Perspective. Frontiers in Nutrition, 10, Article ID: 1139558.
https://doi.org/10.3389/fnut.2023.1139558

Wu, X,, Zhou, Y., Xi, Y., Zhou, H., Tang, Z., Xiong, L., et al (2024) Polyphenols:
Natural Food-Grade Biomolecules for the Treatment of Nervous System Diseases

from a Multi-Target Perspective. Pharmaceuticals, 17, Article No. 775.
https://doi.org/10.3390/ph17060775

El Oirdi, M. (2024) Harnessing the Power of Polyphenols: A New Frontier in Disease
Prevention and Therapy. Pharmaceuticals, 17, Article No. 692.
https://doi.org/10.3390/ph17060692

Ahmadi, A., Jamialahmadi, T. and Sahebkar, A. (2022) Polyphenols and Atheroscle-
rosis: A Critical Review of Clinical Effects on LDL Oxidation. Pharmacological Re-
search, 184, Article ID: 106414. https://doi.org/10.1016/j.phrs.2022.106414

Garcia, C. and Blesso, C.N. (2021) Antioxidant Properties of Anthocyanins and Their
Mechanism of Action in Atherosclerosis. Free Radical Biology and Medicine, 172,
152-166. https://doi.org/10.1016/j.freeradbiomed.2021.05.040

Sun, P., Zhao, L., Zhang, N., Zhou, J., Zhang, L., Wu, W., et al. (2021) Bioactivity of
Dietary Polyphenols: The Role in LDL-C Lowering. Foods, 10, Article No. 2666.
https://doi.org/10.3390/foods10112666

Pechanova, O., Dayar, E. and Cebova, M. (2020) Therapeutic Potential of Polyphe-
nols-Loaded Polymeric Nanoparticles in Cardiovascular System. Molecules, 25, Ar-
ticle No. 3322. https://doi.org/10.3390/molecules25153322

Trindade, L.R., da Silva, D.V.T., Baido, D.d.S. and Paschoalin, V.M.F. (2021) Increas-
ing the Power of Polyphenols through Nanoencapsulation for Adjuvant Therapy
against Cardiovascular Diseases. Molecules, 26, Article No. 4621.

https://doi.org/10.3390/molecules26154621

Behl, T., Bungau, S., Kumar, K., Zengin, G., Khan, F., Kumar, A., et al (2020) Pleo-
tropic Effects of Polyphenols in Cardiovascular System. Biomedicine & Pharma-
cotherapy, 130, Article ID: 110714. https://doi.org/10.1016/j.biopha.2020.110714

Alotaibi, B.S., Ijaz, M., Buabeid, M., Kharaba, Z.]., Yaseen, H.S. and Murtaza, G.
(2021) Therapeutic Effects and Safe Uses of Plant-Derived Polyphenolic Compounds

in Cardiovascular Diseases: A Review. Drug Design, Development and Therapy, 15,
4713-4732. https://doi.org/10.2147/dddt.s327238

Otreba, M., Kosmider, L. and Rzepecka-Stojko, A. (2021) Polyphenols’ Cardiopro-
tective Potential: Review of Rat Fibroblasts as Well as Rat and Human Cardiomyocyte
Cell Lines Research. Molecules, 26, Article No. 774.

https://doi.org/10.3390/molecules26040774

Wan, S., Luo, J., Zhu, Y., An, P., Luo, Y. and Xing, Q. (2024) The Effect of Antioxidant
Polyphenol Supplementation on Cardiometabolic Risk Factors: A Systematic Review
and Meta-Analysis. Nutrients, 16, Article No. 4206.
https://doi.org/10.3390/nu16234206

Alsharif, S.N. (2024) High-Polyphenol Fruit and Vegetable Consumption and Cardi-

DOI: 10.4236/0alib.1115302

19 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.1002/ptr.8342
https://doi.org/10.3390/antiox9010035
https://doi.org/10.3389/fnut.2023.1139558
https://doi.org/10.3390/ph17060775
https://doi.org/10.3390/ph17060692
https://doi.org/10.1016/j.phrs.2022.106414
https://doi.org/10.1016/j.freeradbiomed.2021.05.040
https://doi.org/10.3390/foods10112666
https://doi.org/10.3390/molecules25153322
https://doi.org/10.3390/molecules26154621
https://doi.org/10.1016/j.biopha.2020.110714
https://doi.org/10.2147/dddt.s327238
https://doi.org/10.3390/molecules26040774
https://doi.org/10.3390/nu16234206

L. H. Yang et al.

[95]

[96]

(97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

ovascular Disease (CVD) Risk Factors among Adults in Jeddah, Saudi Arabia. Cu-
reus, 16, e66863. https://doi.org/10.7759/cureus.66863

Guan, C,, Zhou, X,, Li, H., Ma, X. and Zhuang, J. (2022) NF-«B Inhibitors Gifted by
Nature: The Anticancer Promise of Polyphenol Compounds. Biomedicine & Phar-
macotherapy, 156, Article ID: 113951. https://doi.org/10.1016/j.biopha.2022.113951
Lorente-Cebrian, S., Costa, A.G.V., Castillo-Rivas, J.A., Castro, M., Arbonés-Mainar,
J.M., Gonii, S., et al. (2025) Phenolic Compounds and Epigenetic Mechanisms Regu-
lating Gene Expression: Effects on Human Health. Journal of Physiology and Bio-
chemistry, 81, 1257-1274. https://doi.org/10.1007/s13105-025-01105-7

Rashidi, R., Rezaee, R., Shakeri, A., Hayes, A.W. and Karimi, G. (2022) A Review of
the Protective Effects of Chlorogenic Acid against Different Chemicals. Journal of
Food Biochemistry, 46, e14254. https://doi.org/10.1111/jfbc.14254

Tamburini, B., Di Liberto, D., Pratelli, G., Rizzo, C., Barbera, L.L., Lauricella, M., et
al. (2025) Extra Virgin Olive Oil Polyphenol-Enriched Extracts Exert Antioxidant
and Anti-Inflammatory Effects on Peripheral Blood Mononuclear Cells from Rheu-
matoid Arthritis Patients. Antioxidants, 14, Article No. 171.
https://doi.org/10.3390/antiox14020171

Cecerska-Hery¢, E., Wisniewska, Z., Serwin, N., Polikowska, A., Goszka, M.,
Engwert, W., et al. (2024) Can Compounds of Natural Origin Be Important in Chem-
oprevention? Anticancer Properties of Quercetin, Resveratrol, and Curcumin—A

Comprehensive Review. International Journal of Molecular Sciences, 25, Article No.
4505. https://doi.org/lO.3390/i]’m825084505

Patra, S., Pradhan, B., Nayak, R., Behera, C,, Das, S., Patra, S.K,, et al (2021) Dietary
Polyphenols in Chemoprevention and Synergistic Effect in Cancer: Clinical Evi-
dences and Molecular Mechanisms of Action. Phytomedicine, 90, Article ID: 153554.
https://doi.org/10.1016/j.phymed.2021.153554

Justyniska, W., Grabarczyk, M., Smoliniska, E., Szychowska, A., Glabinski, A. and
Szpakowski, P. (2025) Dietary Polyphenols: Luteolin, Quercetin, and Apigenin as Po-

tential Therapeutic Agents in the Treatment of Gliomas. Nutrients, 17, Article No.
2202. https://doi.org/10.3390/nul7132202

Liu, D. and Liu, X. (2025) Polyphenols as microRNA Modulator in Endometrial Can-
cer: Implications for Apoptosis Induction. Molecular Genetics and Genomics, 300,
Article No. 34. https://doi.org/10.1007/s00438-025-02238-6

Ebrahimi, R., Mohammadpour, A., Medoro, A., Davinelli, S., Saso, L. and Miroliaei,
M. (2025) Exploring the Links between Polyphenols, Nrf2, and Diabetes: A Review.
Biomedicine & Pharmacotherapy, 186, Article ID: 118020.
https://doi.org/10.1016/j.biopha.2025.118020

Zhang, S., Xu, M., Zhang, W., Liu, C. and Chen, S. (2021) Natural Polyphenols in
Metabolic Syndrome: Protective Mechanisms and Clinical Applications. Interna-
tional Journal of Molecular Sciences, 22, Article No. 6110.
https://doi.org/10.3390/ijms22116110

Avila-Escalante, M.L., Coop-Gamas, F., Cervantes-Rodriguez, M., Méndez-Iturbide,
D. and Aranda-Gonziélez, I.I. (2020) The Effect of Diet on Oxidative Stress and Met-
abolic Diseases—Clinically Controlled Trials. Journal of Food Biochemistry, 44,
e13191. https://doi.org/10.1111/jfbc.13191

Rajput, A., Sharma, P., Singh, D., Singh, S., Kaur, P., Attri, S., et al (2023) Role of
Polyphenolic Compounds and Their Nanoformulations: A Comprehensive Review
on Cross-Talk between Chronic Kidney and Cardiovascular Diseases. Naunyn-
Schmiedeberg s Archives of Pharmacology; 396, 901-924.

DOI: 10.4236/0alib.1115302

20 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.7759/cureus.66863
https://doi.org/10.1016/j.biopha.2022.113951
https://doi.org/10.1007/s13105-025-01105-7
https://doi.org/10.1111/jfbc.14254
https://doi.org/10.3390/antiox14020171
https://doi.org/10.3390/ijms25084505
https://doi.org/10.1016/j.phymed.2021.153554
https://doi.org/10.3390/nu17132202
https://doi.org/10.1007/s00438-025-02238-6
https://doi.org/10.1016/j.biopha.2025.118020
https://doi.org/10.3390/ijms22116110
https://doi.org/10.1111/jfbc.13191

L. H. Yang et al.

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

https://doi.org/10.1007/s00210-023-02410-y

Purgatorio, R., Boccarelli, A., Pisani, L., de Candia, M., Catto, M. and Altomare, C.
(2024) A Critical Appraisal of the Protective Activity of Polyphenolic Antioxidants
against Iatrogenic Effects of Anticancer Chemotherapeutics. Antioxidants, 13, Article
No. 133, https://doi.org/10.3390/antiox13010133

Ahmed, Z.5.0., Khan, E., Elias, N., Elshebiny, A. and Dou, Q. (2025) Updated Review
on Natural Polyphenols: Molecular Mechanisms, Biological Effects, and Clinical Ap-
plications for Cancer Management. Biomolecules, 15, Article No. 629.
https://doi.org/10.3390/biom15050629

Zhang, Z., Li, X,, Sang, S., McClements, D.]., Chen, L., Long, J., et al. (2022) Polyphe-
nols as Plant-Based Nutraceuticals: Health Effects, Encapsulation, Nano-Delivery,
and Application. Foods, 11, Article No. 2189. https://doi.org/10.3390/foods11152189
He, J., Chen, S., Yao, X., Zhu, X., Zhou, Y., Ren, F., et al (2025) Progress of Grain
Polyphenols: Biological Activities, Enrichment Methods, and Applications. Molecu-
lar Nutrition & Food Research, 69, e70041. https://doi.org/10.1002/mnfr.70041

Wu, Q. and Zhou, J. (2021) The Application of Polyphenols in Food Preservation. In:
Advances in Food and Nutrition Research, Elsevier, 35-99.
https://doi.org/10.1016/bs.afnr.2021.02.005

Li, C., Chen, L., McClements, D.J., Peng, X., Xu, Z., Meng, M., et al. (2024) Encapsu-
lation of Polyphenols in Protein-Based Nanoparticles: Preparation, Properties, and
Applications. Critical Reviews in Food Science and Nutrition, 64, 11341-11355.
https://doi.org/10.1080/10408398.2023.2237126

Rudrapal, M., Maji, S., Prajapati, S.K., Kesharwani, P., Deb, P.K., Khan, J., et al. (2022)
Protective Effects of Diets Rich in Polyphenols in Cigarette Smoke (CS)-Induced Ox-
idative Damages and Associated Health Implications. Antioxidants, 11, Article No.
1217. https://doi.org/10.3390/antiox11071217

Charles, A.P.R., Rajasekaran, B., Awasti, N., Choudhary, P., Khanashyam, A.C., Ma-
jumder, K., ef al. (2025) Emerging Chitosan Systems Incorporated with Polyphenols:
Their Applications in Intelligent Packaging, Active Packaging, and Nutraceutical Sys-

tems—A Comprehensive Review. International Journal of Biological Macromole-
cules, 308, Article ID: 142714. https://doi.org/10.1016/j.ijbiomac.2025.142714

Xv, D., Cao, Y., Hou, Y., Hu, Y., Li, M., Xie, C., et al. (2025) Polyphenols and Func-
tionalized Hydrogels for Osteoporotic Bone Regeneration. Macromolecular Rapid
Communications, 46, €2400653. https://doi.org/10.1002/marc.202400653

Xue, H., Gao, Y., Shi, Z., Gao, H., Xie, K. and Tan, J. (2025) Interactions between
Polyphenols and Polysaccharides/Proteins: Mechanisms, Effect Factors, and Physi-

cochemical and Functional Properties: A Review. International Journal of Biological
Macromolecules, 309, Article ID: 142793.

https://doi.org/10.1016/j.ijbiomac.2025.142793

DOI: 10.4236/0alib.1115302

21 Open Access Library Journal


https://doi.org/10.4236/oalib.1115302
https://doi.org/10.1007/s00210-023-02410-y
https://doi.org/10.3390/antiox13010133
https://doi.org/10.3390/biom15050629
https://doi.org/10.3390/foods11152189
https://doi.org/10.1002/mnfr.70041
https://doi.org/10.1016/bs.afnr.2021.02.005
https://doi.org/10.1080/10408398.2023.2237126
https://doi.org/10.3390/antiox11071217
https://doi.org/10.1016/j.ijbiomac.2025.142714
https://doi.org/10.1002/marc.202400653
https://doi.org/10.1016/j.ijbiomac.2025.142793

	Research Progress of Polyphenolic Antioxidants in Disease Therapy: Molecular Mechanisms and Clinical Applications
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Classification and Structural Characteristics of Polyphenol Antioxidants
	2.1. Major Classifications of Polyphenols
	2.2. Relationship between Structure and Antioxidant Activity
	2.3. Main Sources and Content Distribution

	3. Molecular Mechanisms of Polyphenol Antioxidants
	3.1. Free Radical Scavenging and Metal Ion Chelation
	3.2. Regulation of Antioxidant Enzyme Systems
	3.3. Inhibition of Lipid Peroxidation and Protein/Nucleic Acid Damage
	3.4. Anti-Inflammatory Effects and Regulation of Cellular Signaling Pathways

	4. Advances in the Application of Polyphenolic Antioxidants in Neurodegenerative Diseases
	4.1. Mechanisms of Polyphenols in Alzheimer’s Disease (AD)
	4.2. In Vitro and Animal Model Studies
	4.3. Clinical Research and Prospects for Application

	5. The Role of Polyphenol Antioxidants in Cardiovascular Diseases, Tumors, and Other Chronic Diseases
	5.1. Mechanisms of Cardiovascular Disease Prevention and Treatment
	5.2. Antioxidant and Anti-Inflammatory Effects in Tumorigenesis and Tumor Progression
	5.3. Application in Other Chronic Diseases
	5.4. Clinical Applications and Functional Food Development

	6. Conclusions
	Funding
	Acknowledgements
	Conflicts of Interest
	References

