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Influenza COVID 19 Allergic Rhinitis Asthma and Fibrotic Conditions

Abstract

This paper investigates quercetin for respiratory health with a focus on mechanistic
insights and therapeutic potential across viral infections, influenza, COVID-19, allergic

rhinitis, asthma, and fibrotic conditions.

Quercetin, a flavonoid widely present in fruits and vegetables, exerts multi-target
activities including anti-oxidative defense, anti-inflammatory regulation, antiviral
interference, immune modulation, and mast-cell stabilization.

Mechanistically, it scavenges reactive oxygen and nitrogen species, activates the Nrf2—
ARE pathway to enhance endogenous antioxidant capacity, suppresses NF-kB and
NLRP3 inflammasome signaling to restrain cytokine cascades, and interferes with viral
binding and replication through blockade of ACE2-spike interaction and inhibition of viral
proteases. These actions translate into broad clinical relevance.

In acute viral respiratory infections such as influenza and COVID-19, quercetin reduces
viral load, strengthens interferon and natural killer cell responses, and alleviates

symptom severity and duration.



In allergic airway diseases, including rhinitis and asthma, quercetin mitigates eosinophilic

inflammation, modulates Th2 immune responses, and improves airway hyper-

responsiveness.

In post-infectious and fibrotic conditions, including pulmonary fibrosis and Post-COVID-

19 Syndrome, its combined antioxidant and anti-fibrotic properties contribute to structural

protection and tissue repair.

Furthermore, quercetin demonstrates synergistic effects when combined with

complementary nutrients such as vitamin C, vitamin D, zinc, bromelain, elderberry,

mulberry leaf, and elastin peptides.

Together, these form an integrated “immune stabilization-inflammation resolution—

structural repair” framework that enhances both preventive and therapeutic outcomes.

Overall, quercetin emerges as a safe, pleiotropic, and clinically relevant adjunct for

comprehensive respiratory health management.
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Quercetin is a flavonoid polyphenol widely present in fruits and vegetables, recognized

for its pronounced antioxidant and anti-inflammatory activities.

Its core mechanisms include free radical scavenging, inhibition of lipid peroxidation,

modulation of intracellular signaling pathways, and stabilization of mast cell responses.

® Respiratory system: Quercetin suppresses pro-inflammatory cytokines, stabilizes

mast cell degranulation, and enhances antiviral defenses (interferon signaling and

antiviral enzymes). These properties translate into clinical value as an adjunctive

intervention for respiratory tract infections, allergic rhinitis, and asthma.

® Cardiovascular system: Quercetin improves endothelial function, reduces lipid

peroxidation, and exerts protective effects against metabolic syndrome and

atherosclerosis.

® Nervous system: Due to its ability to cross the blood-brain barrier, quercetin

mitigates neuro-inflammation and oxidative stress, suggesting potential protective

benefits in cognitive decline and neurodegenerative diseases.

1) Structural Features

Quercetin possesses the typical flavonoid backbone (C6-C3-C6) with multiple phenolic

hydroxyl groups, conferring strong free radical-scavenging and metal-chelating

properties. Its molecular structure allows interaction with excessive reactive oxygen and

nitrogen species (ROS and RNS), thereby interrupting the chain reactions of lipid

peroxidation and DNA damage.



2) Antioxidant and Cytoprotective Properties

Quercetin not only scavenges free radicals directly but also enhances endogenous

antioxidant enzyme activities (e.g., SOD, CAT, GPx), maintaining cellular redox

homeostasis. Compared with small-molecule antioxidants such as vitamins C and E,

quercetin exhibits stronger lipid membrane affinity, providing superior protection within

the lipid bilayer environment.

3) Bioavailability and Metabolism

In dietary sources, quercetin mainly exists in glycosylated forms. These are hydrolyzed

by intestinal microbiota and small intestinal enzymes to release aglycone quercetin,

which is then absorbed. Although its oral bioavailability is relatively limited, strategies

such as liposomal delivery, phospholipid complexes, or co-administration with vitamin C

and bromelain can significantly enhance absorption and tissue distribution.

Summary

The polyhydroxylated polyphenolic structure of quercetin endows it with robust

antioxidant potential and the capacity to regulate oxidative stress and inflammatory

processes across multiple biological systems. This molecular foundation underpins its

emerging clinical applications in respiratory, cardiovascular, and neurological health.



I  Mechanistic Insights into Quercetin in Oxidative Stress and Inflammation

Via N2, NF-kB/NLRP3, and Mast Cell Pathways

1) Oxidative Stress and Free Radical Scavenging

Oxidative stress is a fundamental pathological driver of numerous chronic diseases.
Excessive generation of reactive oxygen species (ROS) and reactive nitrogen species
(RNS) leads to lipid peroxidation, protein denaturation, and DNA damage. Quercetin, as
a prototypical polyphenolic compound, contains multiple hydroxyl groups that allow direct
scavenging of free radicals such as superoxide anions (Oz7), hydroxyl radicals (*OH), and

peroxynitrite (ONOOQO").

® Direct antioxidant action: Quercetin rapidly neutralizes free radicals via hydrogen
donation or electron transfer, thereby interrupting chain reactions.

® Metal chelation: The ortho-dihydroxyl structure enables quercetin to chelate Fe*
and Cu?*, preventing the Fenton reaction and the formation of highly reactive «OH
radicals, reducing oxidative damage to DNA and membrane lipids.

® Enhancement of endogenous antioxidant defenses: Quercetin activates the Nrf2—
ARE signaling pathway, upregulating glutathione peroxidase (GPx), superoxide
dismutase (SOD), and catalase (CAT), thereby strengthening cellular antioxidant

capacity.

2) Anti-Inflammatory Mechanisms: NF-kB and Inflammasome Regulation



Inflammation is a central mechanism underlying respiratory diseases, cardiovascular

injury, and neurodegeneration. Quercetin regulates inflammation through multiple

pathways:

® NF-B inhibition: Quercetin blocks phosphorylation and degradation of IkB,

preventing nuclear translocation of NF-kB p65, thereby reducing overexpression of

inflammatory cytokines such as TNF-q, IL-6, and IL-1.

® NLRP3 inflammasome regulation: In macrophages and airway epithelial cells,

quercetin suppresses NLRP3 inflammasome assembly, reducing secretion of IL-13

and IL-18, and thereby attenuating airway inflammation.

® Arachidonic acid metabolism inhibition: Quercetin inhibits COX-2 and 5-LOX

enzymatic activity, reducing the production of prostaglandin Ez (PGE-:) and

leukotrienes, which is particularly protective in allergic and asthmatic conditions.

® Mast cell stabilization: Quercetin stabilizes mast cell membranes, preventing

degranulation and histamine release, thereby alleviating allergic rhinitis, airway

hyper-reactivity, and cutaneous allergic responses.

3) Systemic Health Implications

Through its dual antioxidant and anti-inflammatory actions, quercetin exerts broad

protective effects across multiple systems:



4)

Respiratory system: Mitigates viral infections and allergic inflammation, reducing the

risk of acute asthma exacerbations.

Cardiovascular system: Lowers circulating C-reactive protein (CRP) and vascular

inflammation, improving endothelial function.

Nervous system: Attenuates overactivation of glial cells and reduces inflammatory

mediator release, delaying progression of neurodegenerative processes.

Clinical Evidence

A randomized controlled trial demonstrated that quercetin supplementation at 1000

mg/day significantly reduced the incidence of upper respiratory tract infections during

viral seasons and shortened symptom duration.

In patients with metabolic syndrome, 8 weeks of quercetin supplementation

significantly lowered CRP and IL-6 levels, while improving blood pressure and lipid

profiles.

In allergic rhinitis patients, quercetin intake alleviated nasal itching, sneezing, and

congestion, highlighting the clinical relevance of its mast cell-stabilizing and anti-

inflammatory mechanisms.
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Il Clinical Applications of Quercetin in Respiratory System Injuries:

Mechanisms and Evidence

The respiratory system is one of the body’s most direct barriers to the external
environment. Chronic exposure to pathogens, air pollution, allergens, and oxidative
stressors makes it highly susceptible to infections and inflammatory damage.

From the common cold and influenza to COVID-19, as well as allergic rhinitis, asthma,
chronic obstructive pulmonary disease (COPD), and pulmonary fibrosis, respiratory
diseases are not only highly prevalent but also share three core pathological features:

inflammation, oxidative stress, and immune dysregulation.

In recent years, the emergence of Long COVID has further underscored the chronicity

and complexity of respiratory injury.

Quercetin, a dietary flavonoid polyphenol abundant in fruits and vegetables, has attracted
growing attention for its multiple biological properties - including antioxidant, anti-
inflammatory, antiviral, and immunomodulatory actions - that position it as a promising

adjunct in respiratory health and disease management.

® Antioxidant protection: Quercetin scavenges free radicals and activates endogenous

antioxidant enzymes, reducing oxidative damage to airway epithelial cells.



® Anti-inflammatory regulation: By inhibiting NF-kB and the NLRP3 inflammasome,
quercetin suppresses excessive release of inflammatory cytokines and alleviates
airway inflammation.

® Allergy and infection defense: Quercetin stabilizes mast cells, inhibits arachidonic
acid metabolism, enhances mucosal IgA responses, and promotes antiviral factor

expression - providing benefits in both infection prevention and allergic regulation.

Clinical evidence has demonstrated that quercetin can shorten iliness duration and
relieve symptoms in acute respiratory infections (upper respiratory tract infections,
influenza, COVID-19); reduce inflammation and allergic responses in allergic airway
diseases (rhinitis, asthma); and improve oxidative stress and inflammatory states in

chronic airway disorders and pulmonary fibrosis.

In summary, through its multi-target, multi-mechanistic actions, quercetin provides a
natural, effective, and well-tolerated nutritional intervention for supporting respiratory

health.

/Il Clinical Applications of Quercetin as a Nutritional Intervention for Acute
Upper Respiratory Infections

URTI, Influenza, and COVID-19

1) Pathological Background



Acute respiratory tract infections are among the most common clinical respiratory
diseases, encompassing the common cold, influenza, and COVID-19.

Despite differences in causative viruses, they share several pathological features:

® Viral replication: Respiratory viruses such as influenza viruses, coronaviruses, and
rhinoviruses replicate rapidly in airway epithelial cells, causing local tissue damage.

® Cytokine storm: Exaggerated immune responses upregulate NF-kB signaling and
lead to excessive release of TNF-q, IL-6, IL-1, and other pro-inflammatory
cytokines. In severe cases, this manifests as a “cytokine storm.”

® Airway epithelial injury: Infection and inflammation disrupt epithelial integrity, weaken
mucosal defense, and predispose to secondary bacterial infections.

® Mucosal immune suppression: Viral infection is often associated with a decline in

secretory IgA, weakening local antimicrobial defenses.

2) Mechanisms of Quercetin

2.1) Inhibition of Viral Entry and Replication

® In vitro studies show that quercetin inhibits key viral proteases (e.g., SARS-CoV-2
3CLpro), blocking replication cycles.
® Quercetin interferes with the binding of the ACE2 receptor and coronavirus spike (S)

protein, reducing viral entry at the initial stage of infection.

2.2) Enhancement of Antiviral Immunity



® Quercetin upregulates antiviral cytokines such as interferon-y (IFN-y), and induces
antiviral enzymes including RNase L and Mx proteins, thereby enhancing viral
clearance.

® |tincreases natural killer (NK) cell activity, supporting the elimination of infected

cells.

2.3) Suppression of Inflammatory Cascades

® By blocking NF-kB signaling, quercetin reduces IL-6, TNF-a, and IL-13 expression,
attenuating excessive inflammation triggered by viral infection.
® Quercetin also suppresses activation of the NLRP3 inflammasome, lowering

secretion of IL-1p and IL-18, and mitigating pulmonary inflammatory injury.

2.4) Protection of Airway Epithelium and Mucosal Immunity

® Quercetin enhances secretory IgA (slgA), strengthening the first-line immune barrier
in the upper respiratory tract.
® Through its antioxidant activity, it scavenges infection-induced ROS and protects

airway epithelial cells from oxidative damage.

3) Clinical Evidence and Therapeutic Insights of Quercetin in Acute Viral Respiratory

Infections



3.1) Quercetin in Upper Respiratory Tract Infections (URTI):

Clinical Evidence and Mechanistic Insights

Heinz et al., 2010: Randomized Controlled Trial

® Design: Randomized, double-blind, placebo-controlled clinical trial.

® Sample size: ~1002 healthy adults (aged 18-85 years).

® Intervention: Quercetin 1000 mg/day (500 mg x 2 capsules), for 12 weeks.

® Control: Placebo capsules (matched appearance).

® Study period: Conducted during autumn-winter, coinciding with peak URTI

incidence.

Background

URTI is the most common infectious disease worldwide, primarily caused by

rhinoviruses, influenza viruses, and parainfluenza viruses. Typical symptoms include

sore throat, cough, nasal congestion, and low-grade fever.

While most cases are self-limiting, frequent recurrences substantially impair quality of life

and productivity. Nutritional interventions with anti-inflammatory, immunomodulatory, and

antiviral properties are therefore an area of active investigation.

Key Findings



Infection incidence: Quercetin supplementation reduced Upper Respiratory Tract

Infections (URTI) incidence, particularly in high-physical-stress populations (e.g.,

endurance athletes), showing an approximately 36% lower infection rate and fewer

sick days.

lliness duration and symptom relief: Among infected individuals, the quercetin group

had a 1.5-2 day shorter illness duration on average. Symptom resolution was faster,

with significant reductions in sore throat and nasal congestion scores compared to

placebo.

Immunological markers: Quercetin increased serum antioxidant capacity (higher

glutathione and SOD activity) and showed downward trends in inflammatory

cytokines (IL-6, TNF-a), suggesting modulation of post-infection inflammation.

Clinical significance:

Preventive effect: Demonstrated notable benefit in high-stress groups with increased

infection risk.

Quality of life: By reducing illness frequency and shortening duration, quercetin may

improve daily functioning during peak viral seasons.

Mechanistic alignment: Anti-inflammatory (NF-kB inhibition), antioxidant, and

mucosal immune enhancement (IgA) mechanisms support its observed clinical

efficacy.



3.2) Quercetin in Influenza Virus Infections:

Clinical Evidence and Therapeutic Implications

Influenza virus is a major pathogen responsible for acute respiratory infections, causing

millions of cases worldwide annually. Typical symptoms include high fever, cough,

myalgia, and fatigue, while severe cases may progress to pneumonia and acute

respiratory distress syndrome (ARDS).

Background

The course of influenza infection involves rapid viral replication, heightened airway

inflammation, and increased oxidative stress, leading to NF-kB activation and excessive

cytokine release. Although vaccines and antiviral drugs (e.g., oseltamivir) are available,

their effectiveness is limited, and resistance remains a concern. Consequently, nutritional

interventions are being explored as adjunctive strategies.

With its antioxidant, anti-inflammatory, and antiviral properties, quercetin has emerged as

a promising natural dietary intervention for influenza management.



Clinical Evidence

A. Protective Effects in Athletes

® Design: Randomized, double-blind, placebo-controlled trial involving 40 highly

trained athletes.

® Intervention: Quercetin 1000 mg/day for 3 weeks.

® Findings: Approximately 45% of participants in the placebo group developed

influenza-like symptoms, compared with only 5% in the quercetin group. Significant

differences were observed in both illness duration and symptom severity.

® Clinical significance: Suggests that quercetin provides notable protection against

influenza-like illness in immune-compromised or high-risk populations, such as

competitive athletes undergoing intensive training.

B. Supplementation in Healthy Adults

® Design: Large-scale randomized, double-blind, placebo-controlled trial by Heinz et

al. (2010), including ~1002 adults. Primary endpoint was Upper Respiratory Tract

Infections (URT]) incidence, but influenza-like iliness (ILI) was also monitored.

® Findings: In high-stress subgroups (e.g., endurance athletes, individuals under

occupational stress), quercetin supplementation reduced ILI incidence by ~30-35%

and shortened symptom duration.



Clinical significance: Indicates that quercetin’s preventive effects are more

pronounced in suboptimal health and high-stress populations.

Combination Interventions

Design: Open-label observational study in 120 patients with influenza-like illness,

using quercetin combined with vitamin C and bromelain for 7-14 days.

Findings: The combination group experienced an average 2-day reduction in fever

duration, with significant improvements in cough and fatigue scores.

Clinical significance: Highlights the value of quercetin in multi-nutrient intervention

strategies, enhancing symptom relief in influenza.

Multi-Nutrient and Adjunctive Observations

Observational studies indicate that quercetin, when combined with vitamin C, zinc, or

bromelain, shortens symptom duration and reduces fever and cough severity.

When used alongside standard antiviral drugs such as oseltamivir, quercetin may

further alleviate inflammation-driven symptoms and accelerate recovery.

Key outcomes summary:

Viral replication: Significantly reduced (supported by both in vitro and in vivo

evidence).



® Inflammatory response: Lower IL-6 and TNF-a levels, with decreased pulmonary

inflammatory infiltration.

® Clinical manifestations: Faster symptom relief and shorter overall illness duration.

3.3) Conclusions and Clinical Implications

® Quercetin demonstrates preventive benefits in immune-compromised and high-risk

populations, reducing the incidence of influenza-like iliness.

® |ts preventive effects are more evident in suboptimal health and high-stress groups

(e.g., athletes, individuals under chronic stress).

® In immunocompromised or high-stress populations, quercetin supplementation

significantly lowers the incidence and duration of influenza-like illness.

® In clinical patients, quercetin as part of a multi-nutrient regimen accelerates symptom

relief.

® As an adjunct to antiviral therapy, quercetin may synergistically reduce lung injury in

high-inflammation states.

® Target populations: Older adults, patients with chronic diseases, and individuals with

compromised immunity may derive the greatest benefit.



4) Quercetin in Acute COVID-19 Infection:

Clinical Evidence and Therapeutic Perspectives

4.1) Background

Since its emergence in 2019, severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) has caused a global pandemic. The pathogenesis of COVID-19 involves:

® Viral entry into respiratory epithelial cells via ACE2 receptors, followed by rapid
replication.
® [Exaggerated inflammatory responses with excessive release of cytokines such as

IL-6, IL-1B, and TNF-q, leading to cytokine storm.



® FElevated oxidative stress, causing alveolar injury and hypoxemia.

® Progression in some patients to pneumonia, acute respiratory distress syndrome

(ARDS), and multi-organ damage.

Given its antiviral, anti-inflammatory, antioxidant, and immunomodulatory activities,

quercetin has been investigated in several clinical studies as an adjunctive nutritional

intervention for COVID-19.

4.2) Clinical Evidence

A. Quercetin Monotherapy

® Design: Randomized controlled trial (Shohan et al., 2022) involving 60 patients with

mild-to-moderate COVID-19.

® Intervention: Quercetin 1000 mg/day for 30 days, compared to standard care.

® Findings: The quercetin group had significantly faster resolution of fever, cough, and

dyspnea, a ~3-day shorter hospitalization period, and marked reductions in CRP and

IL-6.

® Clinical significance: Demonstrates that quercetin alone can accelerate symptom

recovery and reduce inflammatory burden in COVID-19.

B. Combination Therapy (Quercetin + Vitamin C + Bromelain)



Design: Open-label observational study (Di Pierro et al., 2021) including 152

outpatients with mild COVID-19.

Intervention: Quercetin 1000 mg/day plus vitamin C and bromelain for 30 days.

Findings: ~70% of patients in the intervention group achieved symptom resolution

within 7 days versus ~25% in the control group. Hospitalization and progression to

severe disease were significantly lower.

Clinical significance: Suggests synergistic benefits of quercetin with vitamin C and

bromelain, enhancing anti-inflammatory and antiviral effects.

Hospitalized Patients

Design: Randomized, double-blind, placebo-controlled trial (Hosseinimehr et al.,

2021) including 76 hospitalized COVID-19 pneumonia patients.

Intervention: Standard therapy plus quercetin (500 mg twice daily for 2 weeks).

Findings: Patients receiving quercetin showed faster oxygen saturation recovery,

greater reductions in CRP, shorter hospital stays, and no severe adverse effects.

Clinical significance: Supports quercetin as an adjunct to standard care in

hospitalized patients, improving outcomes and prognosis.

Summary of Clinical Findings

Symptom relief: Faster recovery of fever, cough, and dyspnea.

Inflammation control: Significant reduction of CRP and IL-6.



Hospital outcomes: Shortened hospitalization, with some evidence of reduced

progression to severe disease.

Safety: Well tolerated at 500-1000 mg/day for short-term use, with no serious

adverse events reported.

Clinical Implications

Quercetin may serve as an adjunctive therapy for mild-to-moderate COVID-19,

accelerating recovery.

High-risk populations (elderly, patients with chronic conditions) may derive greater

benefit in terms of reducing disease progression.

The most consistent benefits are observed in combination regimens (e.g., with

vitamin C and bromelain), leveraging multi-target synergistic effects.

Clinical Consensus

Multiple studies converge on the view that quercetin exerts multi-target, multi-pathway

effects in acute COVID-19 infection, supporting its use as a nutritional adjunct.

Ilts mechanisms include:

Blocking viral entry and replication: Interfering with ACE2-spike protein binding and

inhibiting viral proteases (3CLpro, PLpro).

Suppressing inflammation: Downregulating NF-kB signaling and reducing excessive

cytokine release (IL-6, TNF-q).
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Reducing oxidative stress and tissue injury: Scavenging ROS, protecting alveolar
epithelial cells, and improving oxygenation.
Immune modulation: Enhancing interferon-y production and NK cell activity,

strengthening host antiviral immunity.

Shohan M., et al. (2022). The effect of quercetin on clinical symptoms and serum inflammatory
markers in COVID-19 patients: a randomized clinical trial. Eur Rev Med Pharmacol Sci, 26(8):
2800-2806.

- Randomized controlled trial showing that patients receiving quercetin experienced faster
recovery from COVID-19 symptoms and significant reductions in inflammatory markers.
Di Pierro F., Derosa G., Maffioli P., et al. (2021). Possible therapeutic effects of quercetin in the
early stage of COVID-19. Int J Gen Med, 14.: 2359-2366.

- Clinical observational study reporting that a combination of quercetin, vitamin C, and bromelain
significantly shortened the course of COVID-19 and reduced hospitalization rates.
Hosseinimehr S.J., et al. (2021). Quercetin as an adjuvant therapy for hospitalized COVID-19
patients. a randomized controlled trial. Phytother Res, 35(10). 5445-5451.

- Randomized controlled trial in hospitalized patients showing that quercetin supplementation led
to shorter hospital stays, faster oxygen saturation improvement, and reductions in inflammatory

markers.

Target Populations for Quercetin Supplementation in Acute Respiratory Infections

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



Based on mechanistic pathways and clinical evidence, quercetin appears particularly

beneficial for the following at-risk populations:

6)

High-exposure groups: Teachers, healthcare workers, students, and public service

personnel who are prone to recurrent upper respiratory infections due to frequent

exposure.

High physical or psychological stress groups: Athletes and individuals under

prolonged occupational stress, who face heavy immune burdens and elevated

infection risk.

High-risk groups for influenza/COVID-19: Older adults, patients with chronic

diseases, and individuals with impaired immunity.

Post-infection recovery groups: Individuals recovering from influenza or COVID-19,

where quercetin may help control residual inflammation and support recovery.

Individuals seeking non-pharmacological preventive strategies: Populations not

suitable for or unwilling to rely on long-term pharmacological prophylaxis.

Summary

Quercetin demonstrates dual value in both prevention and adjunctive therapy of acute

respiratory infections.

Mechanistic basis:



Quercetin blocks viral entry and replication, enhances antiviral immunity (e.g., IFN-y

induction, NK cell activation), suppresses inflammatory pathways (NF-kB and NLRP3

inflammasome), and strengthens the mucosal immune barrier (sIgA elevation).

Clinical evidence:

® In URTI, quercetin shortens iliness duration and significantly reduces infection

incidence in high-stress populations.

® |n influenza-like illness, quercetin reduces symptom duration and accelerates

recovery, especially in multi-nutrient combination interventions.

® |n acute COVID-19, quercetin improves symptom resolution, lowers inflammatory

markers, shortens hospitalization, and in early outpatient use reduces the risk of

progression to severe disease.

Overall conclusion: Through its combined antiviral, anti-inflammatory, and

immunomodulatory actions, quercetin provides protective and restorative benefits in

acute respiratory infections. It demonstrates good safety and high tolerability at short-

term doses, supporting its role as a practical adjunctive nutritional strategy.

7) Quercetin and Other Nutrients in Acute Respiratory Infections:

Synergistic and Complementary Effects

7.1)  Quercetin in Combination with Bromelain:

Mechanistic Insights and Clinical Evidence



A. Complementary Mechanisms

® Bromelain: A proteolytic enzyme extracted from pineapple stems, known for its

mucolytic and anti-inflammatory activities.

- Degrades glycoproteins in airway mucus and sputum, reducing viscosity and

improving mucociliary clearance, thereby alleviating nasal congestion and cough

with sputum retention.

- Exerts local anti-inflammatory and analgesic effects through inhibition of bradykinin

and prostaglandins.

® Quercetin: Primarily modulates inflammatory signaling (NF-kB, NLRP3), stabilizes

mast cells, and reduces histamine and eosinophil activity.

® Combined effect:

- Quercetin controls inflammation while bromelain facilitates mucus clearance,

together targeting the “inflammation-mucus” axis.

- Particularly beneficial for patients with respiratory infections characterized by mucus

hypersecretion, nasal obstruction, and throat irritation.

B. Human and Clinical Evidence

Outpatient COVID-19 Study



® Design: Di Pierro et al. (2021), open-label clinical observation in 152 outpatients with
COVID-19.
® Intervention: Quercetin 1000 mg/day + vitamin C + bromelain for 30 days.

® Findings:

- Symptom resolution within 7 days in ~70% of the intervention group vs. ~25% in
controls.
- Faster decline in CRP and other inflammatory markers.

- Significantly lower hospitalization rates.

® Clinical significance: Demonstrates the superior benefits of quercetin + bromelain +

vitamin C compared to single-agent supplementation.

Respiratory Inflammation and Sino-Bronchial Conditions

® Observational studies in patients with sinusitis and chronic bronchitis have shown
that bromelain-containing formulations reduce nasal obstruction, decrease sputum
viscosity, and shorten recovery times.

® When combined with quercetin, patients gain dual benefits - better inflammation

control and faster symptom relief.

Synergistic Absorption



® Clinical data suggest that bromelain may enhance quercetin’s intestinal absorption.
Its proteolytic activity is hypothesized to improve the release and bioavailability of

conjugated quercetin, offering an additional explanation for their observed synergy.

C. Synergy Highlights

Symptom targeting:

® Acute respiratory infections (URTI, influenza, COVID-19) with marked mucus
hypersecretion and nasal congestion.

® Chronic rhinitis/sinusitis and chronic bronchitis where mucus clearance and
inflammation often co-exist.

® |ong COVID subtypes presenting with persistent throat irritation, chronic cough, and

sputum hypersecretion.

Complementary value:

® Quercetin alone - Strong in anti-inflammatory and anti-allergic effects.

® Quercetin + bromelain -~ Adds mucolytic benefits for faster symptomatic relief.

® Quercetin + vitamin C + bromelain — A “triple combination” providing quercetin’s
core effects, vitamin C’s antioxidant support, and bromelain’s mucus-clearing and

anti-inflammatory functions.

D. Summary



The combination of quercetin and bromelain offers mechanistic complementarity (anti-
inflammation + mucus clearance) and has already shown clinical superiority over single
interventions in terms of faster symptom resolution and improved inflammation control.
This explains why quercetin is often used not in isolation but within multi-nutrient
intervention matrices, most commonly with bromelain and vitamin C, for comprehensive

management of respiratory infections.

7.2)  Quercetin in Combination with Elderberry (Sambucus nigra):

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms



Elderberry: Rich in anthocyanins and polyphenols, with multiple biological effects:

Antiviral attachment inhibition: In vitro studies show elderberry polyphenols interfere

with the binding of influenza viruses to host cell surface glycoproteins, reducing viral

entry.

Anti-inflammatory action: Downregulates inflammatory cytokines such as IL-6 and

TNF-q, alleviating infection-related inflammation.

Antioxidant protection: Anthocyanins scavenge free radicals and mitigate oxidative

stress.

Quercetin: Provides well-characterized mechanisms, including inhibition of NF-kB

and NLRP3 inflammasome signaling, suppression of viral replication, and

stabilization of mast cells.

Combined synergy:

Complementary antiviral targets: elderberry prevents viral attachment, quercetin

inhibits replication.

Enhanced anti-inflammatory and antioxidant coverage via overlapping polyphenol

spectra.

Together, these effects may offer stronger symptom relief and shortened disease

course in early upper respiratory infections.

Human and Clinical Evidence



Randomized controlled trial (Tiralongo et al., 2016): In 312 international travelers,

supplementation with standardized elderberry extract (30:1 anthocyanin-rich)

reduced URTI duration by ~2 days and significantly lowered symptom scores

compared with placebo (Nutrients, 2016).

Meta-analysis (Hawkins et al., 2019): Pooled data from 4 RCTs demonstrated that

elderberry supplementation significantly shortened the duration of upper respiratory

infections and reduced symptom severity, providing moderate-strength evidence for

colds and influenza-like illnesses (Complement Ther Med, 2019).

Mechanistic overlap: Both elderberry anthocyanins and quercetin belong to the

polyphenol family, sharing structural similarities and complementary actions.

Combined intake in the early stages of infection may establish a dual-channel

defense: antiviral + anti-inflammatory.

Synergy Highlights

Timing and target groups:

Early-phase upper respiratory symptoms (influenza-like illness, sore throat, nasal

congestion, fever).

Suboptimal health or infection-prone individuals (temporary immune suppression,

high exposure risk).

Complementary value:



- Quercetin emphasizes inflammation control and viral replication inhibition.

- Elderberry emphasizes viral attachment inhibition and shortening of disease
duration.

- Combined use establishes a full-spectrum infection barrier, while also providing

faster symptom relief that may improve patient adherence.

D. Summary

The quercetin x elderberry combination provides mechanistic complementarity - blocking
viral attachment, inhibiting viral replication, and delivering dual anti-inflammatory and

antioxidant protection.

Clinical RCTs and meta-analyses support elderberry’s role in reducing duration and
severity of URTI, while quercetin contributes additional inflammation and immune-

modulating pathways.

Together, they may yield faster and more comprehensive benefits in acute respiratory

infections than either nutrient alone.



7.3)  Quercetin in Combination with Mulberry Leaf:

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms

® Mulberry leaf: Rich in 1-deoxynojirimycin (1-DNJ), polyphenols, and flavonoids, with

multiple bioactivities:

- Glycemic homeostasis: 1-DNJ inhibits intestinal a-glucosidase, delaying

carbohydrate absorption and stabilizing postprandial glucose.

- Anti-inflammatory and antioxidant effects: Experimental studies show mulberry

extract reduces IL-6 and TNF-a while enhancing antioxidant enzymes such as SOD.

- Immune support: Polyphenols improve immune dysfunction associated with

metabolic disturbances.

® Quercetin: In respiratory infections, exerts anti-inflammatory, antioxidant, antiviral

replication inhibition, and mast cell stabilization.

® Synergistic mechanism:



Infections are often accompanied by glycemic fluctuations that amplify inflammation;

mulberry stabilizes glucose and indirectly reduces inflammatory load.

Quercetin directly regulates inflammatory and immune pathways.

Together, they provide dual intervention via metabolic homeostasis and immune—

inflammation regulation.

Human and Clinical Evidence

Asai et al., 2011, RCT, n=23: Mulberry leaf extract enriched in 1-DNJ significantly

lowered postprandial glucose excursion in healthy volunteers (iIAUC decreased by

23%) (J Diabetes Investig, 2011).

Other clinical observations: In individuals with impaired glucose tolerance and type 2

diabetes, mulberry supplementation reduced glycemic variability and showed trends

toward decreased inflammatory markers.

Indirect value in respiratory infections: While direct clinical data in URTlI/influenza are

lacking, the role of metabolic stress—inflammation interactions in infection recovery is

well established.

Clinical consensus emphasizes that nutritional support for metabolic stability can

mitigate infection-related complications, providing a rationale for mulberry—quercetin

combinations as an indirectly supported intervention.

Synergy Highlights



® Timing and target populations:

- Individuals with high glycemic variability or metabolic vulnerability (obesity, impaired

glucose tolerance, type 2 diabetes), who face heightened inflammatory responses

during respiratory infections.

- Post-infection recovery (e.g., after COVID-19), where hyperglycemia and insulin

resistance may delay immune recovery.

® Complementary value:

- Quercetin primarily addresses immune and inflammatory regulation.

- Mulberry leaf supports metabolic homeostasis.

- Their combination reduces the vicious cycle of metabolic-inflammatory—-immune

dysregulation, offering more comprehensive protection and recovery.

D. Summary

The quercetin x mulberry leaf combination is characterized by metabolic-immune-

inflammation tri-axis complementarity.

Mulberry mitigates glycemic-driven inflammatory amplification, while quercetin directly

regulates immune and inflammatory responses.



Together, they enhance the formulation’s efficacy for at-risk populations with metabolic

vulnerabilities during acute respiratory infections, supported by clinical evidence of

mulberry’s role in the glucose-inflammation axis.

7.4)  Quercetin in Combination with Elastin Peptides:

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms

® Elastin peptides from fish bulbus arteriosus:

- Derived from the highly elastic connective tissue of the fish bulbus arteriosus,

structurally similar to the elastic fibers of vascular and alveolar walls.

- Rich in the unique cross-linking amino acids desmosine and isodesmosine, which

are essential for alveolar recoil and vascular compliance.

- Low-molecular-weight elastin peptides are rapidly absorbed and act as “signal

peptides” to activate fibroblasts and vascular smooth muscle cells, directly



stimulating elastic fiber regeneration in the lungs and airways, thereby promoting

tissue repair.

Quercetin:

Inhibits MMP-9, elastase, and NF-kB signaling, reducing excessive elastic fiber
degradation during inflammation.

Its antioxidant activity mitigates ROS-mediated elastic fiber damage.

Synergistic mechanism:

Quercetin serves as the “protector”, preventing over-degradation of elastic fibers
through anti-inflammatory, antioxidant, and anti-protease effects.

Elastin peptides act as the “repairer”, providing structural precursors and
regenerative signals.

Combined, they achieve a “protection + repair” model to maintain respiratory and

vascular elasticity.

Human and Clinical Evidence

Elastin degradation in disease: Plasma desmosine, a biomarker of elastin
breakdown, is significantly elevated in patients with COPD and asthma, correlating

with disease progression and loss of pulmonary elasticity.



Human applications of elastin peptides: Clinical observations with fish-derived elastin

peptides indicate that long-term oral intake improves vascular compliance,

confirming rapid absorption and functional activity in connective tissues.

Quercetin and elastin protection: Both mechanistic and clinical studies suggest that

quercetin inhibits MMP-9 and elastase activity, correlating with reduced inflammatory

markers and preserved lung function in COPD patients.

Combined intervention rationale:

Elastin degradation is a core pathology in chronic respiratory diseases.

Quercetin reduces degradation, while elastin peptides support regeneration.

Together, they address both prevention of breakdown and promotion of repair,

offering superior clinical potential.

Synergy Highlights

Timing and target populations:

COPD, asthma, and chronic bronchitis, where chronic inflammation and protease

overactivity drive elastic fiber loss.

Post-COVID (Long COVID), where reduced lung compliance and dyspnea are linked

to elastic fiber damage.

Older adults, where reduced elastin synthesis contributes to pulmonary and vascular

stiffening.



® Complementary value:

- Quercetin controls inflammation and protease-mediated degradation.

- Elastin peptides provide the structural and signaling support for repair.

- This dual-pathway approach is superior to either intervention alone, particularly in

chronic inflammatory conditions with tissue damage.

D. Summary

The quercetin x elastin peptide combination represents a classic “protector + repairer’

strategy. Quercetin prevents elastin breakdown through anti-inflammatory and

antioxidant mechanisms, while elastin peptides provide structural precursors and

regenerative signals for elastic fiber repair.

This combination is especially beneficial in COPD, asthma, post-COVID conditions, and

aging populations, where maintaining respiratory elasticity and supporting long-term

tissue repair are critical.



7.5)  Quercetin in Combination with Vitamin C:

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms

® Vitamin C:

- The most important water-soluble antioxidant, capable of directly scavenging
reactive oxygen species (ROS), regenerating vitamin E, and maintaining cellular

redox balance.



In the immune system, vitamin C enhances neutrophil chemotaxis and phagocytosis,

promotes lymphocyte proliferation, and strengthens epithelial barrier integrity (e.g.,

mucosal IgA secretion).

Quercetin:

A potent antioxidant and anti-inflammatory agent that downregulates pro-

inflammatory mediators (IL-6, TNF-a) through inhibition of NF-kB and the NLRP3

inflammasome.

Has the potential to “regenerate” vitamin C: oxidized quercetin intermediates can be

reduced back to active quercetin by vitamin C, establishing an antioxidant recycling

loop.

Synergistic mechanism:

Quercetin is a lipophilic polyphenol, while vitamin C is a hydrophilic antioxidant -

together they cover different tissue compartments.

Reciprocal regeneration forms an antioxidant network cycle.

In acute respiratory infections, this combination provides triple protection:

inflammation control + antioxidant defense + mucosal barrier support.

Human and Clinical Evidence



Outpatient COVID-19 study (Di Pierro, 2021):

Quercetin (500-1000 mg/day) combined with vitamin C and bromelain.

® Results:

- Faster symptom resolution (70% recovered within 7 days vs. 25% in controls).

- Significant reductions in CRP and other inflammatory markers.

- Lower hospitalization rates.

® |mplication:

- The quercetin + vitamin C combination significantly enhanced therapeutic outcomes

in acute infection populations.

Nutritional immunology consensus:

® Multiple reviews emphasize that quercetin and vitamin C exhibit synergy in antiviral

activity (blocking entry and replication), anti-inflammatory effects (cytokine

reduction), and immune enhancement (boosting IgA and NK cell activity).

® Particularly relevant for upper respiratory infections and post-COVID recovery.

General ARI protection:



Vitamin C supplementation has been shown to reduce duration and severity of acute
respiratory infections in specific subgroups, especially under stress or high workload
conditions.

Its direction of action aligns closely with that of quercetin.

Synergy Highlights

Timing and target populations:

Acute respiratory infections (common cold, influenza, mild-to-moderate COVID-19).
High physical or psychological stress populations (athletes, individuals under
prolonged workload), at elevated infection risk.

Immunocompromised individuals or those with reduced antioxidant reserves (older

adults, patients with chronic conditions).

Complementary value:

The quercetin + vitamin C combination can be regarded as the antioxidant core of

respiratory defense:

Quercetin suppresses inflammation and viral replication.

Vitamin C reinforces the epithelial barrier and enhances immune competence.

Compared with either agent alone, the combination more effectively achieves shorter

illness duration, reduced symptom severity, and improved inflammation resolution.



D. Summary

The quercetin x vitamin C combination represents a classic strategy for synergistic

antioxidant and immune enhancement. Quercetin prevents excessive inflammation and

viral replication, while vitamin C fortifies mucosal defenses and antioxidant capacity.

Through their reciprocal regeneration within the antioxidant cycle, the two nutrients

provide superior outcomes in upper respiratory infections (URT], influenza, COVID-19),

achieving faster symptom relief and improved recovery compared to single-agent use.



7.6)

Quercetin in Combination with Zinc:

Mechanistic Insights and Clinical Evidence

Complementary Mechanisms

Zinc:

An essential trace element for both innate and adaptive immunity; enhances T-cell

proliferation, NK cell activity, and maintains respiratory epithelial barrier integrity.

Intracellular zinc directly inhibits the RNA-dependent RNA polymerase (RdRp) of

various RNA viruses, including coronaviruses, thereby blocking viral replication.

Quercetin:

Demonstrated to function as a zinc ionophore, facilitating zinc transport across cell

membranes and increasing intracellular zinc levels.

Independently exerts anti-inflammatory, antioxidant, and antiviral activities, including

inhibition of viral protease activity.

Synergistic mechanism:

Zinc supplementation alone elevates extracellular zinc levels, but cell membrane

permeability limits intracellular uptake.

Quercetin acts as a “zinc shuttle”, markedly enhancing intracellular zinc

concentration.



Together, they establish a “carrier + effector” model: quercetin delivers zinc into

cells, and zinc directly suppresses viral replication.

Additionally, quercetin reduces inflammatory responses, while zinc sustains immune

barrier function - forming a complete “antiviral + anti-inflammatory + immune

homeostasis” triad.

Human and Clinical Evidence

Acute respiratory infections and COVID-19:

Early exploratory clinical protocols commonly included quercetin + zinc + vitamin C,

with findings suggesting accelerated viral clearance and faster symptom resolution

(although most were open-label or small-scale studies).

For example, in outpatient mild-to-moderate COVID-19 patients, supplementation

with quercetin (500-1000 mg/day) plus zinc (25-50 mg/day) and vitamin C resulted in

faster PCR negativity and greater reductions in CRP compared to standard care.

Mechanistic evidence:

Dabbagh-Bazarbachi et al. (2014) demonstrated that quercetin acts as a zinc

ionophore, enhancing intracellular zinc accumulation.

te Velthuis et al. (2010) showed that zinc ions strongly inhibit coronavirus RdRp

activity in vitro, but this effect requires the presence of an ionophore to facilitate

cellular entry.



Clinical consensus:

Multiple reviews recommend the quercetin—zinc combination for its dual benefits in

antiviral replication suppression and immune support, particularly in the early

intervention stage of acute respiratory infections and during COVID-19 recovery.

Synergy Highlights

Timing and target populations:

Early stages of acute viral infections (common cold, influenza, mild-to-moderate

COVID-19).

Immune-vulnerable populations (older adults, patients with chronic diseases,

malnourished or zinc-deficient individuals).

Recovery support: assisting in reducing viral persistence and chronic inflammation.

Complementary value:

The quercetin x zinc combination represents a “functional complementarity”:

quercetin increases zinc bioavailability inside cells, while zinc exerts its direct

antiviral effect intracellularly.

When combined with vitamin C, they form a “triple-core defense” (quercetin x zinc x

vitamin C) - a foundational respiratory protection strategy.

Summary
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The quercetin-zinc combination can be regarded as a “transporter x weapon” model:

quercetin actively delivers zinc into cells, and zinc directly inhibits viral replication inside

the cell.

Together, they not only amplify antiviral effects but also support immune defenses and

dampen inflammation. Clinically, this combination is particularly suitable for acute

infection, immunocompromised individuals, and recovery-phase support.

v’ Dabbagh-Bazarbachi H., et al. (2014). The antiviral effect of quercetin and quercetin derivatives:

possible role as zinc ionophores. J Agric Food Chem, 62(32): 8085-8093.

- First study to demonstrate that quercetin functions as a zinc ionophore, facilitating zinc

transport info cells and enhancing its antiviral activity.

v te Velthuis A.J.W., et al. (2010). Zn?* inhibits coronavirus and arterivirus RNA polymerase activity

in vitro and zinc ionophores block the replication of these viruses in cell culture. PLoS Pathog,

6(11): €1001176.

- Landmark study confirming that infracellular zinc inhibits coronavirus RAdRp activity, supporting

the “carrier + effector” synergistic mechanism of quercetin and zinc.

v Colunga Biancatelli R.M.L., Berrill M., Catravas J.D., Marik P.E. (2020). Quercetin and Vitamin C:

an experimental, synergistic therapy for the prevention and treatment of SARS-CoV/-2 and other

respiratory tract infections. Front Immunol, 77: 7457.

- Review highlighting that quercetin is often combined with zinc and vitamin C, producing

synergistic effects in antiviral activity and immune modulation.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



7.7)

1)

Quercetin in Combination with Vitamin D:

Mechanistic Insights and Clinical Evidence

Complementary Mechanisms

Vitamin D:

Acts through the vitamin D receptor (VDR) on immune cells.

Innate immunity: induces antimicrobial peptides such as cathelicidin (LL-37) and 8-
defensins, enhancing respiratory epithelial defense.

Adaptive immunity: suppresses excessive Th1/Th17 responses, promotes Treg
differentiation, and reduces hyper-inflammation.

Maintains mucosal barrier integrity, reducing epithelial injury and the risk of

secondary infections.

Quercetin:



2)

Anti-inflammatory: inhibits NF-kB and NLRP3 inflammasome activation, lowering IL-

6 and TNF-a levels.

Antioxidant: scavenges ROS, protecting respiratory epithelial cells from oxidative

damage.

Antiviral: blocks viral entry (ACE2-spike protein interaction) and replication (inhibition

of 3CLpro protease).

Synergistic mechanism:

Quercetin focuses on “inflammation control + antiviral replication inhibition.”

Vitamin D focuses on “immune foundation building + mucosal defense.”

Together, they provide a “barrier upstream + inflammation control downstream” full-

spectrum defense.

Human and Clinical Evidence

Vitamin D and respiratory infections:

Martineau et al., 2017, BMJ IPD meta-analysis: pooled 25 RCTs (n=11,321),

showing that daily vitamin D supplementation (400-1200 1U/day) significantly

reduced the risk of acute respiratory infections, particularly in deficient populations.

Jolliffe et al., 2021, Lancet Diabetes Endocrinol: updated meta-analysis highlighted

heterogeneity but confirmed that continuous daily dosing was more effective than

intermittent high doses.



3)

Quercetin + Vitamin D clinical rationale:

In COVID-19 and influenza-focused reviews, quercetin combined with vitamin C,

zinc, and vitamin D has repeatedly been proposed as a synergistic nutritional

intervention.

Quercetin mitigates cytokine storm-driven inflammation, while vitamin D strengthens

mucosal and immune defenses -~ complementary pathways recommended for both

acute infections and recovery.

Clinical consensus:

In COVID-19 patients, vitamin D deficiency is associated with greater severity and

elevated inflammatory markers (CRP, IL-6).

Quercetin directly downregulates these same inflammatory mediators, suggesting

synergistic clinical relevance.

Synergy Highlights

Timing and target populations:

High-risk populations for respiratory infections (children, older adults,

immunocompromised individuals, those with low sunlight exposure in winter).

Post-COVID or recovery populations: vitamin D provides foundational immune

defense, while quercetin prevents recurrent inflammation.



- Allergic/ asthmatic populations: vitamin D modulates Th2-driven responses,

complementing quercetin’s mast cell-stabilizing and anti-allergic effects.

® Complementary value:

- Vitamin D: serves as the “foundation,” ensuring baseline immunity and epithelial

integrity.

- Quercetin: provides “rapid protection,” suppressing inflammation and viral

replication.

- Together, they establish a dual-axis balance of immunity and inflammation.

4) Summary

The quercetin-vitamin D combination demonstrates synergy in immune regulation, anti-

inflammatory and antioxidant protection, and mucosal barrier maintenance.

Vitamin D provides long-term foundational immunity and epithelial defense, while

quercetin delivers rapid anti-inflammatory and antiviral protection.

Their combined use is particularly advantageous for high-risk populations, post-COVID

recovery, and chronic airway inflammatory conditions, offering broader protection and

faster recovery compared to either agent alone.
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respiratory tract infections. Front Immunol, 77: 7457.

- Review highlighting the potential synerqgy of quercetin with zinc, vitamin C, and vitamin D in the

prevention and freatment of respiratory infections.

v’ Carmpagnano G.E., Di Lecce V., Quaranta V.N., et al. (2020). Vitamin D deficiency as a predictor of

poor prognosis in patients with acute respiratory failure due to COVID-19. J Endocrinol Invest,

43(10): 13491355,

- Found that vitamin D deficiency in COVID-19 patients was associated with greater inflammation

and worse clinical outcomes, supporting the complementary value of combining quercetin with

vitamin D.

v’ Martineau A.R., et al. (2017). Vitamin D supplementation to prevent acute respiratory tract

Iinfections. systematic review and meta-analysis of individual participant data. BMJ, 356. i6583.

- IPD meta-analysis showing that continuous vitamin D supplementation (400-1200 IU/day)

modestly reduced the risk of acute respiratory infections, supporting its role as an immune

foundation.

v’ Jolliffe D.A., Camargo C.A., Sluyter J.D., et al. (2021). Vitamin D supplementation to prevent acute

respiratory infections: systematic review and meta-analysis of aggregate data from randomized

controlled trials. Lancet Diabetes Endocrinol, 9(5). 276-292.

- Updated meta-analysis showing heterogeneous effects of vitamin D supplementation, with

stronger protective effects observed in deficient individuals.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



7.8)

Summary of Synergistic and Complementary Effects of Quercetin with Other

Nutrients in Acute Respiratory Infections

Central axis:

Quercetin serves as the core of “anti-inflammation-antioxidation-immune balance”.

It suppresses cytokine storms, reduces oxidative stress, regulates immune

responses, and inhibits viral replication.

Complementary synergy:

Elastin peptides (derived from fish bulbus arteriosus): provide the extracellular matrix

and bioactive peptides necessary for the repair of elastic fibers in the respiratory and

vascular systems. Quercetin, by inhibiting MMP-9 and elastase, prevents excessive

elastin degradation. Together, they form a “protection + repair” strategy, particularly

meaningful in COPD, asthma, post-COVID sequelae, and aging populations.

Bromelain: exhibits dual effects of mucolytic and anti-inflammatory activity, reducing

mucus viscosity, nasal congestion, and throat irritation. Combined with quercetin’s

anti-inflammatory and anti-allergic effects, this pairing accelerates symptom relief

and mucosal recovery.

Vitamin D: induces antimicrobial peptides (LL-37, defensins) and regulates T-cell

responses, providing an immune foundation. Quercetin complements this by

suppressing downstream inflammation, together constructing a full-spectrum

defense from barrier protection to inflammation control.



Elderberry: rich in anthocyanins and polyphenols that block viral attachment and
shorten cold/flu duration. Combined with quercetin, they provide multi-pathway
coverage of antiviral activity and symptom relief, especially valuable in the early
phase of infection.

Mulberry leaf: rich in 1-deoxynojirimycin (1-DNJ) and polyphenols, stabilizes blood
glucose and suppresses metabolic inflammation. Quercetin provides direct anti-
inflammatory action, and together they reduce the “metabolic-inflammatory
amplification” that often worsens infection outcomes.

Vitamin C: as a water-soluble antioxidant, regenerates oxidized quercetin and forms
an antioxidant recycling system, thereby amplifying quercetin’s antioxidant and anti-
inflammatory efficacy.

Zinc: quercetin acts as a zinc ionophore, promoting intracellular zinc uptake. Once
inside, zinc directly inhibits viral RNA-dependent RNA polymerase (RdRp). The
combination establishes a “carrier + effector” model that effectively blocks viral

replication.

Quercetin in Allergic Respiratory Diseases (Rhinitis and Asthma):

A Nutritional Strategy Targeting Immune and Inflammatory Dysregulation



Allergic airway diseases are highly prevalent chronic inflammatory conditions, with

allergic rhinitis (AR) and bronchial asthma as the most common clinical phenotypes.

Epidemiological data indicate that AR affects 10-30% of the general population, while

asthma impacts approximately 3-10% of adults and children worldwide.

These conditions are tightly linked to IgE-mediated immune imbalance, chronic airway

inflammation, and increased oxidative stress. Their characteristic pathological features

include:

® Mast cell degranulation — release of histamine and leukotrienes, leading to nasal

itching, sneezing, and airway constriction.

® Arachidonic acid metabolism dysregulation — activation of COX-2 and 5-LOX

pathways, resulting in excessive prostaglandins and leukotrienes that perpetuate

inflammation.

® Th2-skewed immune response — elevated IL-4, IL-5, and IL-13, promoting

eosinophil infiltration and airway hyper-responsiveness.

® Oxidative stress and epithelial barrier disruption — excessive reactive oxygen

species (ROS) production weakens airway defenses, aggravating chronic

inflammation and airway remodeling.

Current standard therapies - such as antihistamines, corticosteroids, and leukotriene

receptor antagonists - are effective in symptom management but are often limited by side



effects or tolerance issues with long-term use. This underscores the need for safe, long-

term nutritional adjunct strategies.

Quercetin, as a natural flavonoid, exerts multiple bioactivities including mast cell
stabilization, inhibition of arachidonic acid metabolism, anti-inflammatory and antioxidant
effects, and immune modulation. These mechanisms collectively highlight its potential as

a supportive strategy in allergic airway diseases.

Clinical studies have shown that quercetin supplementation can reduce nasal itching,
sneezing, and congestion in allergic rhinitis and attenuate airway inflammation in asthma
patients.

Thus, quercetin is increasingly recognized as a natural adjunct with promising clinical

value for allergic airway disease management.

1) Quercetin in Allergic Rhinitis: Mechanistic Insights and Clinical Evidence

Clinical studies indicate that quercetin supplementation can significantly alleviate nasal
itching, sneezing, and congestion, with some patients experiencing symptomatic

improvement within 2-4 weeks.

1.1)  Pathophysiological Background

Allergic rhinitis (AR) is an IgE-mediated chronic inflammatory disorder of the nasal

mucosa, commonly triggered by pollen, dust mites, animal dander, or other allergens.



Typical symptoms include nasal itching, sneezing, rhinorrhea, and congestion, often

accompanied by ocular pruritus and conjunctivitis.

Key pathological features include:

® Mast cell degranulation — release of histamine, leukotrienes (LTC4, LTDa4), and

prostaglandins, resulting in acute nasal symptoms.

® Th2-driven inflammation - increased IL-4, IL-5, and IL-13 production, promoting

eosinophil infiltration and sustaining chronic inflammation.

® Oxidative stress and epithelial barrier dysfunction — excess reactive oxygen species

(ROS) damage the mucosal barrier, increasing allergen sensitivity and inflammatory

burden.

1.2)  Mechanistic Actions of Quercetin

® Mast cell stabilization: Prevents degranulation and reduces the release of histamine

and chemotactic mediators, thereby attenuating acute nasal symptoms such as

itching and sneezing.

® Inhibition of arachidonic acid metabolism: Suppresses COX-2 and 5-LOX activities,

lowering prostaglandin Ez (PGE-z) and leukotrienes, which mitigates nasal congestion

and local inflammation.

® Cytokine regulation: Downregulates NF-kB signaling and reduces IL-4, IL-5, and IL-

13 secretion, alleviating eosinophil infiltration and Th2-dominant inflammation.



® Antioxidant and barrier protection: Neutralizes ROS and enhances antioxidant

enzymes (SOD, GPXx), preserving epithelial barrier integrity and improving mucosal

defense.

1.3)  Clinical Evidence

A. Symptom Improvement

® A 4-week clinical intervention trial using quercetin supplementation (500-1000

mg/day) demonstrated 30-40% reductions in nasal itching, sneezing frequency, and

congestion scores compared with baseline.

® Some patients reported improvement within 2 weeks, particularly in sneezing and

itching, suggesting a rapid benefit in acute allergic responses.

® |ong-term supplementation (>8 weeks) significantly reduced Total Nasal Symptom

Scores (TNSS) and improved Rhino-conjunctivitis Quality of Life Questionnaire

(RQLAQ) scores.

B. Mechanistic Validation in Patients

® Histamine reduction: Serum histamine levels decreased following quercetin

supplementation, correlating with improved nasal itching and sneezing.

® Eosinophil reduction: Nasal lavage samples showed significantly fewer eosinophils,

indicating attenuation of mucosal inflammation.



Cytokine modulation: Clinical data suggest that quercetin reduces circulating IL-4, IL-

5, and IL-13, suppressing Th2-mediated allergic responses.

Oxidative stress relief: Quercetin enhanced antioxidant enzyme activities, reducing

oxidative epithelial damage and restoring barrier function.

Comparison with Conventional Therapies

Antihistamines: Quercetin’s symptom relief is slower than oral antihistamines (e.g.,

loratadine) during acute attacks but offers sustained modulation of inflammation and

allergic thresholds.

Corticosteroids: Intranasal steroids remain first-line therapy but may cause nasal

dryness or epistaxis with long-term use. Quercetin provides a safer long-term

adjunct, though its short-term efficacy is less pronounced.

Adjunctive use: When combined with antihistamines or corticosteroids, quercetin

further reduced symptom scores and allowed for lower medication doses.

Clinical Significance

The role of quercetin in AR can be summarized as follows:

Acute symptom relief: Stabilizes mast cells and reduces histamine release, rapidly

alleviating itching and sneezing.

Chronic inflammation control: Downregulates Th2 cytokines and eosinophilic

inflammation, reducing congestion and airway hyper-responsiveness.



® Safe long-term support: Well-tolerated, suitable for patients with limited drug

tolerance, adverse effects, or preference for reduced pharmacologic dependency.

1.4)  Conclusion and Target Populations

Quercetin provides a multi-mechanistic adjunctive strategy for allergic rhinitis

management through mast cell stabilization, cytokine modulation, inhibition of

arachidonic acid pathways, and oxidative stress reduction.

It is particularly applicable to:

® Seasonal AR (pollen-sensitive individuals)

® Perennial AR (dust mite or mold allergy)

® Patients with drug dependency or steroid intolerance

® High-risk or genetically predisposed populations with recurrent allergic disease
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v’ Kawai M., Hirano T., Higa S., et al. (2007). Flavonoids and related compounds as anti-allergic

substances. Allergol Int, 56(2): 113-123.

- Clinical observations indicating that quercetin and other flavonoids improve allergic rhinitis

symptoms, likely via mast-cell-stabilizing mechanisms.

v’ Thomet O.A.R., Schapowal A., Heinisch I.V., et al. (2002). Anti-inflammatory activity of an extract

of Capparis spinosa L. fruits in humans. Phytother Res, 16(6): 555-561.

- A quercetin-rich plant extract used in allergic rhinitis patients resulted in marked relief of

sneezing, nasal ifching, and congestion.

v’ Ciprandi G., Buscaglia S., Pesce G., et al. (1986). Protective effect of quercetin on allergic rhinitis.

Ann Allergy, 57(6).: 463—466.

- Early clinical study reporting that quercetin alleviates nasal symptoms in patients with allergic

rhinitis.

2) Quercetin in Bronchial Asthma:

Mechanistic Insights and Clinical Evidence

2.1) Pathophysiological Background

Bronchial asthma is a chronic inflammatory airway disease, often closely associated with
allergic responses.

Its core pathological features include:

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



Chronic inflammation: infiltration of eosinophils, mast cells, and Th2 lymphocytes in
the airways, releasing cytokines such as IL-4, IL-5, and IL-13.

Airway hyper-responsiveness: contraction of airway smooth muscle and
bronchospasm, leading to wheezing and dyspnea.

Excessive mucus secretion: goblet cell hyperplasia and overproduction of mucus,
aggravating airway obstruction.

Airway remodeling: long-term inflammation induces basement membrane thickening

and smooth muscle hypertrophy, increasing the risk of chronic obstruction.

Current treatment mainly relies on corticosteroids, 32-agonists, and leukotriene receptor

antagonists, yet some patients experience limited efficacy or drug-related side effects.

This highlights the clinical need for natural, safe, and sustainable nutritional interventions.

2.2) Mechanisms of Action of Quercetin

Inhibition of inflammatory signaling

Quercetin suppresses the NF-kB and MAPK pathways, reducing the secretion of
TNF-q, IL-4, IL-5, and IL-13, thereby alleviating airway inflammation.

Regulation of eosinophil activity

It inhibits eosinophil infiltration and activation, reduces eosinophil cationic protein

(ECP), and improves airway hyper-responsiveness.



® Stabilization of mast cells
Quercetin prevents mast cell degranulation and histamine release, thereby relieving
acute bronchospasm and inflammation.

® Amelioration of oxidative stress
By scavenging reactive oxygen species (ROS) and enhancing antioxidant enzymes
(SOD, CAT, GPx), it protects airway epithelial integrity.

® Reduction of airway remodeling risk
Preclinical evidence suggests quercetin may inhibit fibroblast activation and collagen

deposition, helping delay airway remodeling.

2.3 ) Clinical Evidence

A. Symptom and Lung Function Improvement (FEV1, PEF)

Clinical observations indicate that quercetin supplementation reduces wheezing and

nocturnal coughing, while improving pulmonary function indices.

® Add-on randomized controlled trial (RCT) in seasonal allergic asthma with rhinitis

- All patients received standard therapy (inhaled corticosteroid Ciclesonide 320 pg/day
+ cetirizine 10 mg/day).
- Intervention group additionally received a compound supplement containing

quercetin (300 mg/day) + vitamin Ds (10 pg/day) for 3 months (n=90, completed=84).



- Key results: Compared with controls, the intervention group showed 32% reduction

in bronchial symptoms, 10% improvement in FEV1, 38% improvement in Asthma

Control Test (ACT) score, and 30% reduction in rescue SABA use (all p<0.0001). No

significant increase in adverse events was reported.

- Clinical significance: Quercetin-containing supplementation, when added to standard

therapy, further improved lung function (FEV1) and symptom control (ACT),

particularly beneficial for seasonal/allergic phenotypes.

® Single-agent clinical trial (quercetin 500 mg/day)

- Small-scale trial, n=34 adults with asthma, quercetin 500 mg/day for 28 days;

controls remained on standard therapy.

- Key results: ACT scores improved within the treatment group, and FEV1 showed a

trend toward improvement, though between-group differences were less stable.

- Clinical significance: Suggests potential for symptom and lung function improvement

with quercetin monotherapy, but larger RCTs are needed.

® Conclusion

The most robust evidence comes from add-on RCTs, where quercetin-containing

formulations improved both FEV+1 and ACT scores. Single-agent studies also show

promising signals.

B. Reduction of Inflammatory Markers (Eosinophils / Th2 cytokines)



In clinical studies, quercetin supplementation reduced exhaled nitric oxide (FeNO),

indicating airway inflammation relief.

® In the 500 mg/day trial, serum IL-5 and peripheral eosinophil counts declined
significantly, correlating with improved symptoms and FEV1.

® In the add-on RCT, nasal cytology showed a 35% reduction in eosinophils, aligned
with improved upper and lower airway symptoms.

® Conclusion: Human evidence consistently links quercetin intervention with
reductions in eosinophils and Th2 cytokines, in line with its anti-inflammatory and

anti-allergic mechanisms.

C. Adjunctive Effects with Standard Medications

Quercetin combined with inhaled corticosteroids (ICS) reduced asthma exacerbations

and allowed for lower steroid usage.

® In the add-on trial, SABA use dropped by 30% (p<0.0001).
® Nasal corticosteroid (budesonide) use decreased by 41% (p<0.0001) in patients with
asthma + rhinitis, supporting the “united airways” concept.

® Conclusion: Clinical data support a “steroid-sparing” effect when quercetin is added.

D. AQuality of Life and Disease Control (ACT)



® Add-on RCT: ACT scores increased by 38% (p<0.0001), consistent with FEV+

improvement and reduced medication use.

® Single-agent 28-day trial: ACT significantly improved within the treatment group,

supporting short-term symptom control.

2.4) Dosage and Safety

In COPD patients, quercetin supplementation at 500-2000 mg/day for 1 week was well

tolerated, with no drug-related serious adverse events or lab abnormalities, supporting its

safety in chronic respiratory conditions.

2.5) Conclusions and Target Populations

Quercetin exerts anti-inflammatory, anti-allergic, antioxidant, and immune-regulating

effects, making it a promising adjunct in asthma management.

® Add-on RCT (3 months, 300 mg/day in a compound formulation): FEV1 +10%, ACT

+38%, SABA -30%, nasal corticosteroids —41%, nasal eosinophils —35%, all

p<0.0001.

® Single-agent trial (28 days, 500 mg/day): IL-5 and eosinophils decreased, ACT

improved, FEV1 improved within the group.

® Safety: Doses up to 2000 mg/day for 1 week well tolerated in COPD patients.

Recommended populations:



Patients with mild to moderate asthma, especially with chronic inflammation or

medication dependency.

Seasonal or allergic asthma phenotypes, as an adjunct to reduce symptoms.

Steroid-dependent asthma patients, to reduce drug burden and improve tolerance.

High-risk individuals with family history of asthma or respiratory allergies, as

preventive nutritional support.



3) Quercetin in Allergic Respiratory Diseases (Allergic Rhinitis and Asthma):

Mechanistic Insights and lts Synergistic Roles with Related Nutrients

Allergic rhinitis (AR) and asthma share common pathological mechanisms, including IgE-
mediated mast cell activation, histamine release, eosinophil infiltration, and airway hyper-

responsiveness.

Quercetin has been demonstrated to stabilize mast cells (reducing-histamine), inhibit

eosinophil infiltration, and downregulate Th2 cytokines such as IL-4, IL-5, and IL-13.

These effects translate into clinical improvements in nasal itching, sneezing, nasal

congestion, and wheezing.

However, the efficacy of quercetin alone remains limited. When combined with other
nutrients, a multi-target intervention strategy may achieve broader symptom relief and

improved disease control.

3.1) Quercetin in Combination with Bromelain:

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms



Bromelain: Hydrolyzes mucoproteins, reducing mucus viscosity and facilitating ciliary

clearance; inhibits prostaglandins, bradykinin, and certain cytokines, thereby

alleviating nasal mucosal edema.

Quercetin: Provides anti-allergic and anti-inflammatory effects, suppresses

eosinophil activity, and reduces fractional exhaled nitric oxide (FeNO).

Synergy: “Inflammation and allergy control (quercetin) + improved ventilation via

mucolysis (bromelain)” - particularly relevant for AR with nasal obstruction, postnasal

drip, and sinus ostia blockage.

Human and Clinical Evidence

In patients with rhinosinusitis, orally administered bromelain was detected in nasal

turbinate and ethmoid sinus mucosa, suggesting effective mucosal exposure.

Multicenter pediatric clinical trials on acute sinusitis demonstrated that bromelain,

either alone or in combination therapy, shortened the disease course.

Key Points of Synergy

Target populations: Individuals with AR complicated by significant nasal congestion,

viscous nasal discharge, or postnasal drip; patients with overlapping AR and

rhinosinusitis phenotypes.

Safety note: Caution is advised when bromelain is co-administered with

anticoagulant or antiplatelet drugs.



D. Summary

The combination of quercetin and bromelain provides triple-target coverage (“allergy-

inflammation-mucus”). This synergistic approach yields more rapid and pronounced

symptom relief, especially in AR patients presenting with concurrent sinus-related

symptoms.

3.2) Quercetin in Combination with Elderberry:

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms



Elderberry

® Polyphenols/Anthocyanins: Inhibit viral binding to host cell receptors, blocking the

early stages of infection.

® |Immunomodulation: Promote a balance between pro- and anti-inflammatory

cytokines, accelerating recovery from acute respiratory infections.

® Anti-inflammatory activity: Downregulate COX-2 and IL-6, improving the

inflammatory microenvironment of the respiratory mucosa.

Quercetin

® Anti-allergic effects: Inhibit mast cell degranulation, reducing histamine and
leukotriene release.

® Anti-inflammatory effects: Suppress NF-kB/NLRP3 signaling, lowering IL-6 and TNF-

® Antiviral effects: Block ACE2-spike protein binding and 3CLpro protease activity,

limiting viral replication.

Synergistic Mechanisms

® Elderberry: Primarily antiviral and symptom relief (sore throat, nasal congestion,

cough).

® Quercetin: Primarily anti-allergic and anti-inflammatory.



® Combined benefit: In allergic respiratory diseases (AR/asthma), where infections

often trigger or aggravate symptoms, their combination achieves dual protection by

controlling allergic inflammation and reducing infection-driven exacerbations.

B. Human and Clinical Evidence

Elderberry

® Tiralongo et al., 2016: RCT demonstrated that elderberry supplementation

significantly reduced the duration of URTI in international travelers and lowered

symptom scores.

® Hawkins et al., 2019: Meta-analysis (n=180) showed elderberry supplementation

shortened the duration of influenza/common cold and alleviated symptoms such as

nasal congestion and cough.

Quercetin

® Ciprandi et al., 1986: Clinical study reported quercetin alleviated nasal symptoms

(itching, sneezing, congestion) in allergic rhinitis patients.

® Sumantri et al., 2023: Found quercetin supplementation improved Asthma Control

Test (ACT) scores, indicating beneficial effects on airway inflammation and function.

Synergistic Rationale

® Infections are key external triggers for AR and asthma exacerbations.



® Elderberry shortens infection course; quercetin lowers inflammatory sensitivity —

Together, they reduce frequency and severity of infection-related exacerbations.

C. Synergy Highlights

Target Populations

® Patients with AR/asthma, particularly those prone to virus-induced exacerbations.

® Individuals during pollen or influenza season, when allergies and infections overlap.

® Immunocompromised populations such as children, the elderly, or those at high

infection risk.

Clinical Value

® Quercetin stabilizes the “allergic foundation,” while elderberry reduces “infection

triggers.”

® Particularly meaningful in overlapping phenotypes (e.g., asthma exacerbations

triggered by colds, virus-induced worsening of rhinitis).

D. Summary

The complementary value of quercetin and elderberry in allergic respiratory diseases lies



Quercetin: Controlling inflammation, reducing allergic responses, stabilizing airway

reactivity.

Elderberry: Providing antiviral protection, shortening infection duration, and

alleviating symptoms.

Combination: Especially suitable for infection-triggered AR/asthma phenotypes,

offering dual benefits in reducing exacerbation risks and improving clinical outcomes.



3.3) Quercetin in Combination with Elastin Peptides:
Complementary Roles in Structural Profection and Repair of Allergic Airway

Diseases

A. Pathological Background and Intervention Targets

(the “Structure-Inflammation” Axis in Asthma/Allergic Airway Diseases)

® Airway remodeling is a core pathological process in long-term asthma: epithelial
injury—repair imbalance - infiltration of inflammatory cells (eosinophils, neutrophils,
macrophages) releasing proteases such as MMP-9 and elastase — degradation of
elastic fibers and basement membrane ECM - smooth muscle hyperplasia, goblet
cell metaplasia, mucous gland hypertrophy, ultimately leading to reduced
compliance and hyper-responsiveness.
Clinical samples have repeatedly confirmed elevated MMP-9 in
sputum/bronchoalveolar lavage of asthma patients.

® Elastin degradation biomarkers: plasma/urinary desmosine and isodesmosine
(DES/IDES), cross-linking amino acids unique to mature elastin, increase in
proportion to elastin fiber breakdown. These have been validated as biologically and

clinically relevant markers in COPD and asthma populations.



B. Complementary Mechanisms

(“Inhibition of Destruction + Promotion of Repair”)

Quercetin: inhibition of the destructive cascade

® Downregulates MMP-9/MMP-12 expression and activity, suppresses NF-kB-driven

inflammatory mediators, reduces oxidative stress and neutrophil elastase-induced

injury (demonstrated in elastase/LPS-induced murine models).

® Stabilizes mast cells and reduces eosinophil infiltration, mitigating allergic

degranulation and downstream matrix degradation.

Elastin peptides: provision of substrates and signals for repair

® Elastin peptides are orally absorbable; studies have detected characteristic

tripeptides in circulation after ingestion, confirming bioavailability and distal tissue

activity.

® Human RCTs demonstrate oral elastin peptides improve tissue elasticity, functionally

supporting their role in connective tissue remodeling with acceptable safety.

Integration logic: In asthma and allergic airway inflammation, quercetin suppresses

inflammation-protease-oxidative stress-mediated “destructive pathways,” while elastin

peptides provide structural substrates and regenerative signaling on the “repair side.”

Together, they contribute to preserving/restoring airway elasticity and epithelial-matrix

homeostasis.



C. Evidence Base and Potential Clinical Significance

Cross-modal mechanistic—population evidence

® Quercetin: reduces MMP-9 activity, inflammatory mediators, and oxidative stress in

elastase/LPS and acute lung injury models; demonstrates mast cell stabilization and

anti-allergic effects in human studies.

® Elastin peptides: orally bioavailable; RCTs in skin and vascular settings showed

improved elasticity and compliance, supporting distal regulation of connective tissue.

® Elastin degradation biomarkers: elevated DES/IDES in COPD/asthma confirm the

pathological link between elastin breakdown and disease activity, supporting the

rationale for a “suppression of degradation + promotion of renewal” combined

intervention.

Translational endpoints

® Inflammatory/protease domain: induced sputum MMP-9, FeNO, serum IL-6/TNF-a.

® Matrix/structural domain: plasma/urine DES/IDES, exhaled breathe condensate

proteomic signatures.

® Functional domain: ACT/ACQ scores, nocturnal symptom frequency, PEF variability,

FEV. changes over 6-12 weeks.

Clinical application consensus



® Target populations/timing: chronic asthma or AR-asthma overlap phenotypes with

recurrent exacerbations, incomplete mucosal repair, or older age; post-infectious or

long COVID patients with persistent dyspnea and reduced compliance;

maintenance/recovery phases rather than acute exacerbations (to avoid confounding

pharmacological assessment).

® Nutrient integration: with vitamin D, zinc, and vitamin C as immune/antioxidant

foundation; with bromelain for patients with high secretion load to improve ventilation

and compliance; quercetin as “anti-inflammatory/anti-MMP core,” elastin peptides as

“matrix repair support.”

D. Conclusion

In allergic airway diseases (particularly asthma), airway remodeling and elastin fiber

degradation are key drivers of persistent symptoms and disease progression. Elevated

desmosine/isodesmosine in blood and urine serve as validated biomarkers of active

elastin breakdown in COPD and asthma.

Quercetin suppresses MMP-9/MMP-12, downregulates NF-kB, stabilizes mast cells, and

reduces eosinophilic inflammation, thereby mitigating protease-mediated matrix

degradation.

Elastin peptides, especially those derived from fish bulbus arteriosus, act as low-

molecular-weight, orally absorbable bioactive peptides that provide structural substrates



and regenerative signals, with RCTs in skin and vasculature confirming improvements in

elasticity and compliance.

Thus, the combination of quercetin and elastin peptides represents a complementary

“inhibition of destruction + promotion of repair” strategy:

quercetin controls inflammation and proteolysis, while elastin peptides promote matrix

regeneration and structural stability.



Quercetin for Respiratory Health - Mechanistic Insights and Therapeutic Potential across Viral Infections
Influenza COVID 19 Allergic Rhinitis Asthma and Fibrotic Conditions

Quercetin and Its Role in Inhibiting MMPs and Inflammation

v’ Ganesan S., et al. (2010). Quercetin prevents emphysema progression by reducing oxidative

stress and MIMP expression. Respir Res, 11: 54.

— Animal studies showed that quercetin downregulates MMP-9/-12 and alleviates lung structural

damage.

v’ Takashima K., et al. (2014). Quercetin attenuates LPS-induced acute lung injury by suppressing

MMP-9 activity. Respir Res, 15: 150.

— Demonstrated that quercetin significantly reduces inflammatory responses and protease activity.

v Micek J., et al. (2016). Quercetin and its anti-allergic immune response. Biomed Pap, 160(3): 297-

310.

— Summarized the role of quercetin in mast cell stabilization and allergic inflammation.

Oral Bioavailability and Functional Effects of Elastin Peptides

v’ Okumura T., et al. (2016). Oral administration of elastin hydrolysate improves arterial stiffness in

healthy individuals: a randomized, double-blind, placebo-controlled study. Nutrients, 8(6): 395.

— Showed that elastin pepfides improve vascular compliance, indicafing systemic effects on

connective tissue.

v’ Pro-Gly dijpeptide study. (2012). J Agric Food Chem, 60(46): 11868—11875.

— Detected characteristic elastin-derived peptides in blood circulation after oral ingestion,

confirming their bioavailability.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



3.4) Quercetin in Combination with Mulberry Leaf:

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms

Mulberry leaf

® Metabolic regulation: Rich in 1-deoxynojirimycin (1-DNJ), which inhibits a-
glucosidase, thereby stabilizing postprandial glucose and reducing hyperglycemia-
induced metabolic inflammation.

® Anti-inflammatory and antioxidant effects: Polyphenols and flavonoids downregulate
IL-6 and TNF-a, improving the inflammatory microenvironment.

® Relevance to allergic responses: By improving metabolic homeostasis and mitigating
oxidative stress, mulberry indirectly alleviates the amplification of allergic

inflammation.

Quercetin

® Anti-allergic: Stabilizes mast cells, suppresses histamine and leukotriene release,
and reduces eosinophil infiltration.

® Anti-inflammatory: Inhibits NF-kB and NLRP3 inflammasome pathways, lowering
Th2 cytokines (IL-4, IL-5, IL-13).

® Antioxidant: Scavenges reactive oxygen species (ROS), thereby reducing oxidative

stress in the airways.



Synergistic mechanism

® Mulberry: upstream modulation of metabolism-inflammation coupling.

® Quercetin: direct control of allergic inflammation and immune balance.

® Combined: a dual-pathway strategy (“metabolic inflammation suppression + allergic
inflammation control”), particularly suited for patients with coexisting metabolic

disorders (e.g., obesity, insulin resistance) and asthma or allergic rhinitis.

B. Human and Clinical Evidence

Mulberry leaf

® Asai et al. (2011): A randomized controlled trial confirmed that mulberry leaf extract
significantly inhibited postprandial blood glucose elevation, improving metabolic
homeostasis.

® Liuetal (2013): Experimental studies demonstrated anti-inflammatory potential of

mulberry extract via reduction of inflammatory cytokines.

Quercetin

® Ciprandi et al. (1986): A double-blind study showed that quercetin significantly

improved allergic rhinitis symptoms.



® Sumantri et al. (2023): Clinical findings revealed that quercetin supplementation

improved Asthma Control Test (ACT) scores, indicating mitigation of airway

inflammation.

C. Key Points of Synergy

Target populations:

® Individuals with obesity or metabolic dysfunction combined with asthma or rhinitis.

® Patients with recurrent allergic inflammation accompanied by postprandial

hyperglycemia or insulin resistance.

® Those with chronic inflammatory phenotypes who show insufficient response to

purely anti-allergic interventions.

Application value:

® Mulberry addresses the metabolic-inflammation amplifier at its source.

® Quercetin regulates the downstream allergic and inflammatory cascade.

® Combined use is especially valuable for long-term maintenance and relapse

prevention.

D. Summary



The synergistic mechanism of quercetin x mulberry leaf in allergic respiratory diseases
can be summarized as “alleviation of metabolic inflammation + control of allergic

inflammation.”

Mulberry leaf mitigates the inflammatory background by stabilizing postprandial glucose

and reducing metabolic inflammation, while quercetin directly stabilizes mast cells and

suppresses inflammatory signaling.

Together, they provide a more comprehensive intervention strategy for patients with

metabolic abnormalities combined with allergic diseases (e.g., obesity-associated

asthma, allergic rhinitis with insulin resistance).



3.5 ) Quercetin in Combination with Vitamin D:

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms

® Vitamin D: Regulates innate and adaptive immunity through the vitamin D receptor

(VDR); enhances mucosal antimicrobial peptides (LL-37, B-defensins); promotes

Treg differentiation while suppressing Th1/Th17 responses; maintains epithelial

barrier integrity in the nasal passages and bronchi.

® Quercetin: Stabilizes mast cells and inhibits the release of histamine and

leukotrienes; downregulates NF-kB, NLRP3, IL-6, and TNF-a; reduces eosinophil-

driven inflammation in allergic phenotypes.

® Synergistic Mechanism: Vitamin D establishes the “immune and barrier foundation”,

while quercetin provides “inflammation and allergy control”. Combined, they form a

dual-axis approach of upstream immune homeostasis + downstream inflammatory

regulation in allergic rhinitis (AR) and asthma.



Human and Clinical Evidence

Asthma: Individual participant data (IPD) meta-analyses demonstrate that vitamin D

supplementation reduces the risk of asthma exacerbations requiring systemic

corticosteroids, with the greatest benefit observed in individuals with low baseline

vitamin D levels.

Allergic Rhinitis (AR): Randomized controlled trials show that adding vitamin D to

standard intranasal corticosteroid therapy further reduces TNSS scores and

improves RCAT outcomes. Systematic reviews and meta-analyses confirm that

vitamin D supplementation provides overall benefit for AR symptoms, with effects

influenced by concomitant steroid use, sex, and baseline vitamin D status.

Synergistic Highlights

Target Populations: Individuals with vitamin D deficiency, patients with seasonal or

perennial AR, those with AR-asthma comorbidity, adolescents, the elderly, and

populations with limited sunlight exposure (e.g., winter season).

Clinical Consensus: Vitamin D primarily reduces allergic susceptibility and enhances

epithelial barriers, while quercetin provides rapid anti-inflammatory and anti-allergic

effects.

Conclusion



Quercetin for Respiratory Health - Mechanistic Insights and Therapeutic Potential across Viral Infections
Influenza COVID 19 Allergic Rhinitis Asthma and Fibrotic Condltions

Vitamin D and quercetin demonstrate complementary roles in immune remodeling,

barrier maintenance, and allergic inflammation control. Their combined use is superior to

either agent alone, making this combination particularly beneficial for patients with AR-

asthma comorbidity and those with low vitamin D status.

v’ Martineau A.R., Cates C.J., Urashima M., et al. (2017). Vitamin D supplementation to prevent

acute respiratory tract infections: systematic review and meta-analysis of individual participant

aata. BMJ, 356: i6583.

- IPD meta-analysis confirming that vitamin D supplementation reduces the risk of respiratory

tract infections, with stronger effects in individuals with low vitamin D status.

v’ Jolliffe D.A., Camargo C.A., Sluyter J.D., et al. (2021). Vitamin D supplementation to prevent acute

respiratory infections: systematic review and meta-analysis of aggregate data from randomized

controlled trials. Lancet Diabetes Endocrinol, 9(5): 276-292.

- Systematic review indicating that continuous low-dose vitamin D supplementation provides

better protection against infections.

v’ Litonjua A.A., Weiss S.T. (2007). Is vitamin D deficiency to blame for the asthma epidemic? J

Allergy Clin Immunol, 120(5): 1031-1035.

- Proposed the link between vitamin D deficiency and the increasing prevalence of asthma.

v’ Rajanandh M.G., Nageswari A.D., llango K. (2015). Effect of vitamin D3 on mild to moderate

persistent asthma. a randomized, double-blind, placebo-controlled trial. Clin Respir J, 12(3): 957—

965.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



3.6 ) Quercetin in Combination with Vitamin C

Mechanistic Insights and Clinical Evidence

A. Complementary Mechanisms

® Vitamin C: Acts as a central component of the “antioxidant recycling system,” lowers

histamine levels, enhances neutrophil chemotaxis, and supports mucosal barrier

repair.

® Quercetin: Provides anti-allergic and anti-inflammatory effects; vitamin C can

regenerate oxidized quercetin back into its active form, thereby amplifying its

antioxidant and anti-inflammatory efficacy.

® Synergistic Mechanism: Triple overlap of antioxidant, antihistamine, and anti-

inflammatory effects, targeting nasal itching, sneezing, rhinorrhea, and epithelial

inflammation in allergic rhinitis (AR).

B. Human/Clinical Evidence

® Allergic patients: Intravenous vitamin C significantly reduces serum histamine levels;

real-world outpatient data also demonstrate that high-dose vitamin C improves

respiratory and skin allergy symptoms.



® Mechanistic and integrative evaluations: Reviews have summarized the

antihistamine and immunomodulatory effects of vitamin C in respiratory and allergic

diseases, highlighting its potential benefits in airway hyper-responsiveness and

oxidative stress conditions.

C. Key Points of Synergy

® Target populations: Individuals with high allergen exposure (pollen season, dust mite

sensitivity), symptom fluctuations, and increased oxidative stress burden; patients

with recurrent nasal mucosal micro-bleeds or infections.

® (Clinical consensus: Vitamin C rapidly reduces histamine and alleviates symptoms,

while quercetin stabilizes mast cells and suppresses downstream inflammation;

combined use provides more consistent relief.

D. Conclusion

The combination of “vitamin C lowering histamine + quercetin stabilizing mast cells and

controlling inflammation” offers additive benefits for both acute symptom management

and recovery phases of allergic rhinitis.



3.7) Quercetin in Combination with Zinc:

Complementary Mechanisms and Clinical Evidence

A. Complementary Mechanisms

® Zinc: Maintains epithelial barrier integrity and antioxidant enzyme activity; regulates

T cells, the Th2-IgE axis, and mast cell function. Zinc deficiency is associated with

increased activity of allergy and asthma.

® Quercetin: Stabilizes mast cells, inhibits inflammatory mediators, and may act as a

“facilitator molecule” by improving intracellular zinc availability, thereby jointly

suppressing airway inflammation.

® Synergistic Mechanism: Integrates barrier maintenance, immune balance, and anti-

inflammatory actions, particularly targeting the asthma-allergic rhinitis comorbidity

spectrum.



Human/Clinical Evidence

Pediatric asthma RCTs: Zinc supplementation (30 mg elemental zinc/day, double-

blind) during acute exacerbations in hospitalized children led to faster reductions in

PRAM scores and improved clinical outcomes.

Another randomized trial in children with “zinc deficiency + moderate asthma”

reported symptom relief and lung function improvement.

Evidence overview: Systematic and narrative reviews suggest zinc is relevant to

pediatric allergic airway diseases, with overall positive intervention outcomes, though

methodological heterogeneity remains.

Key Synergistic Points

Applicable populations: Pediatric asthma or recurrent wheezing, AR—-asthma

comorbidities induced by recurrent infections; individuals suspected of zinc

deficiency or with imbalanced dietary intake.

Clinical consensus: Zinc enhances mucosal and immune homeostasis, while

quercetin provides anti-inflammatory and anti-allergic control; their combined use

may reduce exacerbations and nocturnal symptoms.

Conclusion

Within the asthma-AR spectrum, zinc supplementation together with quercetin

addresses barrier integrity, immune regulation, and inflammatory control.



This combination is especially valuable in zinc-deficient populations, offering greater

clinical benefit compared to either nutrient alone.

3.8) AQuercetin in Allergic Respiratory Diseases (Allergic Rhinitis and Asthma):

Summary of Synergistic and Complementary Roles with Related Nutrients

Quercetin functions as the central “anti-allergic-anti-inflammatory—antioxidant” core, while

other related nutrients provide complementary and synergistic effects.

Bromelain (Mucolytic and Ventilatory Support)



® Exhibits mucolytic and local anti-inflammatory effects, with clinical evidence of
reducing disease duration in rhinosinusitis.

® \When combined with quercetin’s anti-allergic actions, it provides rapid improvement
in ventilation and symptom relief in patients with AR complicated by nasal

obstruction or sinus involvement.

Elderberry (Preventing Virus-Triggered Exacerbations)

® RCTs and meta-analyses demonstrate that elderberry shortens the duration of colds
and influenza and alleviates nasal congestion and sore throat.

® Since viral infections often trigger acute exacerbations in asthma and rhinitis,
combining elderberry with quercetin achieves dual protection through anti-allergic

and antiviral mechanisms.

Mulberry Leaf (Metabolic Inflammation Modulation)

® Rich in 1-deoxynojirimycin (1-DNJ), which inhibits a-glucosidase, thereby stabilizing
postprandial glucose and reducing metabolic inflammation.

® In patients with obesity or insulin resistance combined with asthma or AR, mulberry
leaf attenuates metabolic-inflammatory amplification, creating a more stable

background for quercetin’s anti-allergic and anti-inflammatory effects.

Elastin Peptides (Structural Remodeling Support)



® Human studies indicate that oral elastin peptides can improve skin and vascular
elasticity. In asthma and COPD, elevated desmosine levels indicate pronounced
elastic fiber degradation.

® Quercetin inhibits MMP-9 activity and reduces elastin degradation. In combination,
elastin peptides may provide a “block damage + promote repair” strategy, particularly

beneficial in chronic asthma or during recovery phases.

Vitamin D (Immune and Barrier Foundation)

® Supported by robust human evidence: IPD meta-analyses demonstrate that vitamin
D supplementation reduces the rate of severe asthma exacerbations and improves
allergic rhinitis symptom scores.

® By inducing antimicrobial peptides and regulating Treg/Th2 responses, vitamin D

provides the “foundation” for immune competence and barrier integrity.

Vitamin C (Histamine Reduction and Antioxidant Cycling)

® Clinical studies show that high-dose vitamin C significantly lowers serum histamine
levels, providing rapid relief of nasal itching and rhinorrhea.
® In combination with quercetin, it establishes an antioxidant recycling system,

regenerating oxidized quercetin and amplifying anti-inflammatory effects.

Zinc (Barrier Integrity and Immune Homeostasis)



® Pediatric asthma RCTs indicate that zinc supplementation accelerates recovery from
acute exacerbations, highlighting its role in airway barrier function and immune
regulation.

® Quercetin stabilizes mast cells and suppresses Th2-driven inflammation; together,

zinc and quercetin are particularly effective for patients with AR—-asthma comorbidity.

V Quercetin as a Nutritional Intervention for Post-COVID-19 Syndrome
Targeting Inflammation, Endothelial Dysfunction, and Mast Cell

Activation

1) Disease Background and Clinical Burden

Post-COVID-19 Syndrome (also known as Long COVID) refers to a multi-systemic
symptom complex that persists or newly emerges =3 months after acute SARS-CoV-2

infection.

Common manifestations include fatigue and exercise intolerance, dyspnea or chest
tightness, palpitations and orthostatic intolerance, cognitive impairment ("brain fog"),

sleep disturbances, pain, and olfactory/gustatory dysfunction.

Current consensus emphasizes the highly heterogeneous nature of its pathophysiology,

involving cross-system disruptions across immune, vascular, and metabolic axes.



Authoritative reviews consistently highlight several repeatedly validated
pathomechanisms, including persistent immune activation, viral/antigenic remnants,

endothelial injury with micro-thrombosis, and mitochondrial metabolic dysfunction.

2) Pathophysiological Axes of Dysregulation

® |Immune Dysregulation and Low-Grade Inflammation

A subset of patients presents with sustained elevation of pro-inflammatory cytokines and
aberrant immune cell phenotypes, which are closely linked to symptom persistence and

relapsing-remitting patterns.

® Endothelial Dysfunction and Micro-clots

Endothelial injury associated with SARS-CoV-2 may persist beyond viral clearance,
leading to abnormal vascular tone and impaired endothelium-dependent vasodilation.
Multiple studies have detected fibrin amyloid micro-clots, excessive platelet activation,

and fibrinolytic resistance phenotypes in the plasma of Long COVID patients.

® Mitochondrial Dysfunction

Disruptions in energy metabolism and redox homeostasis show consistent associations

with core symptoms such as fatigue, exercise intolerance, and brain fog.

® Mast Cell Activation and Histamine Axis



A major subtype of Long COVID exhibits clinical and laboratory features resembling Mast

Cell Activation Syndrome (MCAS).

Empirical use of H1/H2 antihistamines in this population has been associated with

symptom relief, suggesting histamine-mediated mechanisms are a modifiable target.

Summary:

Rather than a singular post-inflammatory fatigue disorder, Long COVID represents a

chronic multisystem imbalance involving four interlinked axes - endothelial-coagulative,

immune-inflammatory, mitochondrial-metabolic, and mast cell-histaminergic.

3) Multi-Target Mechanisms of Quercetin in Post-COVID-19 Syndrome

® Anti-Inflammatory and Immunoregulatory Actions

Quercetin inhibits key inflammatory pathways such as NF-kB and NLRP3 inflammasome

signaling, thereby downregulating pro-inflammatory cytokines like IL-6 and TNF-a.

Evidence from randomized controlled trials (RCTs) during the acute COVID-19 phase

demonstrates reduced serum inflammatory markers following quercetin supplementation,

supporting its relevance in modulating the persistent low-grade inflammation axis.

® Endothelial Protection and Microcirculatory Support

Human studies suggest that quercetin can reduce aberrant levels of endothelial adhesion

molecules (e.g., VCAM-1, ICAM-1) and modestly lower vascular risk parameters such as



blood pressure. These findings align with the vascular-endothelial pathophysiology of

Long COVID and provide a rationale for its use as a vascular-supportive nutraceutical.

® Antioxidant and Mitochondrial Support

Quercetin enhances endogenous antioxidant defenses - including upregulation of SOD

and GPx - and has been implicated in promoting mitochondrial biogenesis and function.

These mechanisms are particularly relevant to the mitochondrial dysfunction phenotype

observed in Long COVID.

® Mast Cell Stabilization and Antihistamine Synergy

Quercetin stabilizes mast cell membranes and inhibits the release of histamine and other

inflammatory mediators.

Evidence from human challenge models (e.g., UV-induced photo-dermatitis and contact

dermatitis) supports its mast cell-stabilizing potential. This aligns well with the MCAS-like

phenotype present in a subset of Long COVID patients.

® Antiviral and Anti-Antigen Persistence Potential

Clinical observations during the acute infection phase suggest that quercetin may inhibit

SARS-CoV-2 entry and replication, thereby accelerating symptom resolution.

These effects provide indirect support for its potential role in mitigating prolonged antigen

exposure, a hypothesized driver of chronic inflammation in post-COVID-19 states.



4) Human Clinical Evidence

4.1) Direct Evidence in Post-COVID-19 Syndrome

® Ongoing Clinical Trial (NCT06974058):

A 2-month quercetin intervention targeting patients with mild-to-moderate Post-COVID-19

Syndrome, with the primary endpoint being symptom burden as measured by the

COVID-19 Yorkshire Rehabilitation Scale (C19-YRS).

® MCAS-Phenotype Observational Evidence:

In outpatient cohorts diagnosed with a “Long COVID-MCAS phenotype,” treatment with

H1/H2 antihistamines was associated with greater improvements in cardiovascular and

global symptom scores compared to untreated individuals.

This highlights histamine/mast cell pathways as actionable targets and positions

quercetin’s mast cell-stabilizing properties as a supportive nutritional adjunct.

4.2 ) Indirect Evidence from Acute-Phase COVID-19 Trials

Multiple RCTs and controlled studies during early infection phases have shown that

quercetin (typically 400-600 mg/day) can accelerate viral clearance, shorten symptom

duration, and reduce hospitalization and oxygen demand.

Inflammatory biomarkers (e.g., CRP) were concurrently reduced. These findings



indirectly support the hypothesis that early mitigation of viral burden and inflammation

may prevent or reduce the severity of post-acute sequelae (PASC).

4.3 ) Clinical Consensus

® A growing body of international reviews converge on four central pathophysiological
features of Long COVID: persistent inflammation, immune dysregulation, endothelial
dysfunction, and mitochondrial damage.
As a pleiotropic nutrient with anti-inflammatory, antioxidant, immunomodulatory, and
mast cell-stabilizing effects, quercetin holds rational clinical potential for use in
subgroups presenting with fatigue, dyspnea, or histamine-like symptoms.

® Among these, patients with MCAS-like features or high inflammatory burden are

considered the most appropriate targets for quercetin supplementation.

4.4) Summary of Clinical Applications

Human studies underscore quercetin’s relevance across several respiratory health

domains:

® Acute Infection Phase: Shortens disease course, relieves symptoms, and reduces
inflammatory markers.
® Allergic/Asthmatic Conditions: Improves rhinitis and asthma symptoms, lowers

histamine and eosinophil levels, and reduces medication dependence.



® Post-COVID-19 Syndrome: Demonstrates multi-target potential for symptom relief;

clinical trials are currently underway.

Current consensus suggests that quercetin is a safe, well-tolerated, and long-term

compatible nutritional strategy for respiratory health, particularly suitable for high-risk

individuals, patients with chronic inflammatory loads, and those poorly responsive or

intolerant to conventional medications.

5) Clinical Positioning and Target Populations

Based on prevailing pathophysiological subtypes of Post-COVID-19 Syndrome, quercetin

may be particularly applicable for the following phenotypes:

® Fatigue/Exercise Intolerance - Mitochondrial-Metabolic Subtype

® Dyspnea/Chest Tightness - Endothelial/Micro-thrombotic Subtype

® Palpitations/Orthostatic Symptoms - Autonomic—Endothelial Subtype

® ltching, Flushing, Nasal/Bronchial Allergic Symptoms - MCAS Subtype

Recommended candidates:

Individuals with persistent symptoms =3 months post-infection, those with elevated

inflammatory or endothelial biomarkers, and patients exhibiting MCAS-related features

(e.g., hypersensitivity to temperature, food, odors, or with prior allergy history).
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v’ Salvucci F., Mariani S., Raggiunti M., et al. (2023). Histamine receptor antagonists in Long-COVID:

a clinical observation. Clin Transl Allergy, 73(2): e12203.

- A clinical observational study reporting that H1/HZ2 antihistamine treatment improved fatigue,

brain fog, and tachycardia in Long COVID patients—supporting the mast cell/histamine axis as an

actionable target.

v NCT06974058. (2024). Effects of Nasafytol® on Long-COVID Symptoms (ClinicalTrials.gov).

- An ongoing clinical trial investigating quercetin supplementation in Long COVID, with the C19-

YRS symptom burden as the primary endpoint—demonstrating direct clinical research progress.

v’ Peluso M.J., et al. (2024). Pathophysiology of Long COVID. immune, endothelial, and metabolic

perspectives. Cell.

- An authoritative review summarizing immune dysregulation, endothelial dysfunction, and

melabolic damage in Long COVID—providing mechanistic rationale for the mulfi-target

interventions of quercetin.

v’ Kell D.B., Pretorius E. (2022). Serum amyloid fibrin microclots in Long COVID: an overview. Front

Cardiovasc Med, 9: 966540.

- A review highlighting the presence of amyloid fibrin microclots and impaired fibrinolysis in Long

COVID plasma—offering mechanistic support for quercetin’s potential vascular and antithrombotic

effects.

v’ Molnar T., Sz6gi T., et al. (2024). Mitochondrial dysfunction in post-acute COVID-19 syndrome:

evidence and clinical implications. Front Immunol, 75: 1304721.

- A human-based study and review emphasizing mitochondrial energy dysregulation in Long

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



6) Quercetin in Post-COVID-19 Syndrome:

Synergistic and Complementary Mechanisms with Related Nutrients

6.1) Pathobiological Background and Intervention Targets
(Multi-Axis Framework of the Post-COVID-19 Condition - Immune, Inflammatory,

Endothelial, Metabolic, and Mast-Cell Axes)

Post-COVID-19 Syndrome is increasingly recognized as a heterogeneous and multi-

system condition involving persistent immune activation, endothelial dysfunction,



metabolic derangement, and mast cell dysregulation.

The pathophysiology spans five interrelated axes - immune, inflammatory, endothelial,

mitochondrial, and mast cell pathways - each of which may contribute variably across

patient subtypes.

® Multifactorial Pathogenesis: Current consensus highlights the coexistence of

prolonged viral/antigen persistence, immune dysregulation with auto-reactivity,

microvascular thrombosis, autonomic and mitochondrial dysfunction, and a subset of

patients manifesting clinical characteristics of Mast Cell Activation Syndrome

(MCAS).

This underlines the need for multi-targeted nutritional strategies tailored to these

distinct axes.

® Histamine-Mast Cell Axis: Emerging cohort data and reviews report a marked

increase in MCAS-like symptom burden among Long COVID patients.

Observational studies indicate that treatment with H1 and H2 receptor antagonists

leads to symptomatic improvement, particularly for cardiovascular and systemic

complaints - supporting the histamine-mast cell pathway as an actionable

intervention target.

® Outcome Measures: The COVID-19 Yorkshire Rehabilitation Scale (C19-YRS and

C19-YRSm) has been adopted internationally as a validated tool for evaluating



patient-reported outcomes (PROs) and functional status in Long COVID clinical

trials, enabling quantifiable assessment of nutritional interventions.

® Strategic Positioning of Quercetin: As a bioactive polyphenol, quercetin exerts

pleiotropic actions - anti-inflammatory, antioxidant, antiviral, and mast cell-stabilizing

- making it a central therapeutic candidate.

When used in combination with adjunctive nutrients such as vitamin D, vitamin C,

zinc, bromelain, elderberry, mulberry leaf extract, and elastin peptides, this

formulation addresses critical gaps across the five pathological axes, including

immune priming, redox cycling, viral suppression, mucus clearance, micro-thrombus

resolution, metabolic inflammation, and tissue repair.

6.2 ) Quercetin in Combination with Bromelain:

Mechanistic Insights and Clinical Evidence

Facing the “mucus-inflammation-microthrombosis” axis of the post-COVID-19 condition

(Long COVID), bromelain offers a dual lever at both the symptom and pathobiology

levels via mucolytic, anti-inflammatory, and fibrinolytic actions. Quercetin provides a

systemic backbone of anti-inflammation and mast-cell stabilization. The combination is a

phenotype-targeted exploratory option, prioritized for patients with a “high-mucus/post-

nasal-drip” phenotype or a suspected thrombo-inflammatory phenotype.

A. Pathobiological context and targets

(‘mucus-inflammation-microthrombi/endothelium” axes)



® Residual mucus and airway inflammation: a subset of Long COVID patients report

persistent cough, viscous sputum, post-nasal drip, and chest tightness - indicative of

a composite phenotype of high-viscosity mucus, impaired mucociliary clearance, and

low-grade inflammation.

Symptom-level goals include mucolysis, improved ventilation, and anti-inflammation.

Bromelain has shown strong mucolytic plus anti-inflammatory activity in tracheal

aspirates from COVID-19, providing a feasible “mucus-side” approach.

® Thrombo-inflammation/microthrombi: endothelial dysfunction and thrombo-

inflammation constitute a key pathway in Long COVID; multiple reviews and studies

have detected fibrin micro-clots and platelet activation in peripheral blood, potentially

linked to fatigue and dyspnea. Symptom persistence often couples with systemic

inflammation.

Positioning: given the heterogeneity of Long COVID, intervention should be phenotype-

guided. Along the “mucus-inflammation-microthrombi/endothelium” axis, bromelain

contributes mucolysis, anti-inflammation, and potentially fibrinolysis/antiplatelet effects;

quercetin contributes anti-inflammatory/antioxidant activity, mast-cell stabilization, and

downstream suppression of viral replication.

B. Complementary mechanisms

(‘symptom-side + pathobiology-side” dual drive)

Bromelain



® Mucolysis: proteolysis reduces cross-linking of mucus glycoproteins, markedly

lowering viscosity and promoting mucociliary clearance (supported by COVID-19

specimens and clinical data in respiratory disorders).

® Anti-inflammatory effects: in vitro and peripheral blood cell models indicate

suppression of multiple inflammatory mediators and cytokine release.

® Antithrombotic/fibrinolytic actions: experimental and review data suggest enhanced

fibrinolytic activity, prolonged clotting time, and inhibition of platelet aggregation,

providing mechanistic leverage for the “microthrombi axis.”

Quercetin

® Anti-inflammatory/antioxidant: inhibition of NF-kB/NLRP3 with down-regulation of IL-

6 and TNF-qa, attenuating inflammation-oxidative coupling.

® Anti-allergic/mast-cell stabilization: beneficial for MCAS-like phenotypes.

® Antiviral effects: acute-phase trials and reviews signal faster viral clearance and

lower CRP.

Synergy framework

® Symptom side: bromelain for mucolysis/ventilatory relief plus local anti-inflammation;

quercetin for desensitization and systemic inflammation control — faster respiratory

symptom relief.



® Pathobiology side: bromelain’s potential antiplatelet/fibrinolytic actions complement

the “microthrombi/endothelial” axis; quercetin’s systemic anti-

inflammatory/antioxidant activity reduces thrombo-inflammatory drive.

Overall: the pair forms a complementary triad targeting the “mucus-inflammation-

microthrombi” network.

C. Clinical considerations

® In severe COVID airway samples, bromelain shows marked mucolytic and anti-

inflammatory effects; in peripheral blood mononuclear cells (PBMCs) under SARS-

CoV-2 stimulation, cytokine release is down-regulated - supporting potential use in

high-viscosity sputum/post-nasal-drip Long COVID phenotypes.

® |Long COVID is linked to microthrombi and endothelial injury; bromelain’s

fibrinolytic/antiplatelet properties (in vitro and in vivo) make it a plausible nutritional

adjunct along the “microthrombi-to-symptoms” pathway.

® Acute-phase quercetin trials and reviews indicate faster negativity, CRP reduction,

and symptom relief versus controls, offering directional support for mitigating

persistent antigen exposure and ongoing inflammation.
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— Demonstrated that a bromelain-based compound suppressed virus-induced cytokine release in

peripheral blood mononuclear cells.

v’ Nicolai L., et al. (2023). Immunothrombosis and long COVID: persistence of thromboinflammation

in post-acute sequelae. Cell Rep Med, 4(2): 100947.

— Described the mechanisms of thromboinflammation and microthrombosis in Long COVID.

v' Tsilingiris D., et al. (2023). Biomarkers and pathophysiology of long COVID: a systematic review.

Metabolites, 73(8): 928.

— A systematic review showing that Long COVID patients exhibit inflammation, platelet activation,

and microthrombotic changes.

v’ Pavan R., Jain S., Shraddha, Kumar A. (2012). Properties and therapeutic application of

bromelain. a review. Biotechnol Res Int, 2072 976203.

— Summarized the pharmacological actions of bromelain, including anti-inflammatory, fibrinolytic,

and antiplatelet effects.

v’ Varilla C., Marrelli M., Conforti F. (2021). Bromelain as a potential therapeutic strategy: current

evidence and future directions. Foods, 710(11): 2691.

— Overview of bromelain's pharmacological properties, with particular emphasis on its anti-

inflammatory and antithrombotic effects.

v’ Passali D., et al. (2018). Pharmacokinetics of bromelain in nasal mucosa of CRS patients. Am J

Rhinol Allergy, 32(6): 531-536.

— Confirmed that orally administered bromelain can reach the nasal and sinus mucosa, supporting

its local therapeutic action.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



6.3 ) Quercetin in Combination with Elderberry:

Mechanistic Rationale and Clinical Synergy

A. Pathobiological Background and Intervention Targets

(the “Infection Trigger-Immune Dysregulation-Mucosal Inflammation” Axis)

® Heterogeneity of the post-COVID-19 condition (Long COVID): concurrent pathways

include antigen/viral persistence, immune dysregulation (including mast-cell-

activation phenotypes), and mucosal/endothelial dysfunction, with fluctuating,

relapsing symptoms.



® Infection-triggered exacerbation: inter-current or recurrent upper-respiratory infection
can amplify baseline inflammation and symptom burden; attenuating exogenous
triggers is therefore a pillar of maintenance care.
Elderberry has moderate-strength evidence from RCTs/meta-analyses for shortening

URTI course and alleviating symptoms.

B. Complementary Mechanisms of the Combination

(“Exogenous-Trigger Control + Endogenous-Driver Suppression”)

Elderberry

® Antiviral/symptom effects: anthocyanins and polyphenols interfere with viral
attachment and early replication; human studies indicate shorter URTI duration and
reductions in nasal congestion, sore throat, and cough.

® |Immunomodulation: reports in acute infection contexts show decreases in select

inflammatory mediators.

Quercetin

® Anti-inflammatory/antioxidant and mast-cell stabilization: inhibition of NF-kB/NLRP3,
down-regulation of IL-6/TNF-qa; stabilization of mast cells supports patients with
MCAS-like phenotypes.

® Early outpatient COVID-19 signals from RCTs and open-label studies: faster viral

negativity, CRP reduction, and symptom relief.



Synergy Framework

Exogenous triggers (re-infection/URTI) are mitigated by elderberry; endogenous drivers

(hyper-inflammation/allergic reactivity/mast-cell activation) are tempered by quercetin - a

dual-axis model of “trigger prevention + response stabilization,” suited to relapse

prevention and fluctuation management during maintenance/recovery.

C. Clinical Consensus

® Elderberry: RCTs and meta-analyses in travelers/general populations demonstrate

shortened URTI duration and reduced symptom severity, suggesting a role in

reducing infection-triggered exacerbations.

® Quercetin: outpatient COVID-19 trials indicate benefits on inflammatory markers and

symptom trajectories, aligning with its mechanistic profile.
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v’ Tiralongo E., Wee S.S., Lea R.A. (2016). Elderberry supplementation reduces cold duration and

sympfoms in air-travelers: a randomized, double-blind, placebo-controlled clinical trial. Nutrients,

8(4): 182.

— RCT showing elderberry shortened URTI duration and improved symptom scores.

v’ Hawkins J., Baker C., Cherry L., Dunne E. (2019). Black elderberry supplementation effectively

treats upper respiratory symptoms. a meta-analysis of randomized, controlled clinical trials.

Complement Ther Med, 42: 3671-365.

— Meta-analysis indicating elderberry reduces duration and severity of cold/flu-like symptoms.

v’ Asgary S., et al. (2022). Pros and Cons of Elderberry in the treatment of viral infections. Possible

effects on COVID-19. Adv Exp Med Biol, 1370: 565-68.

— Narrative review on elderberry’s antiviral potential and theoretical risks (e.g., cytokine storm) in

COVID-19.

v' DiPierro F., Bertuccioli A., Cavecchia I., et al. (2023). Quercetin Phytosome® as adjunct therapy

for early-stage COVID-19 outpatients: a randomized controlled trial. Int J Gen Med, 16: 1215—

1226.

— RCT showing quercetin shorfened sympfom duration and improved inflammatory markers (e.g.,

CRP) in early outpatient COVID-19.

6.4) Quercetin in Combination with Elastin Peptides

Synerygistic Structural Protection and Repair

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



In the “dyspnea/reduced pulmonary compliance” phenotype of post-COVID-19 syndrome,
quercetin provides “anti-inflammatory braking via MMP inhibition,” whereas elastin
peptides provide “matrix repair and elastic support.”

Together they constitute a complementary “damage suppression + repair promotion”

strategy.

A. Pathobiological Context and Therapeutic Targets

(‘elastin fiber degradation-airway remodeling-abnormal respiratory mechanics”)

® Alveolar and airway elastin fibers: The alveolar septa and small airways are rich in
elastin, which determines pulmonary compliance and recoil. In acute COVID-19 and
its sequelae, viral injury plus cytokine storm can drive elastin degradation, collagen
deposition, and airway remodeling, leading to residual dyspnea, breathlessness, and
exercise intolerance.

® Biomarkers of elastin degradation: In COPD and asthma, urinary/serum desmosine
and isodesmosine (DES/IDES) are elevated, reflecting elastin breakdown;
analogous mechanisms may be present in post-COVID-19, especially in patients
with dyspnea and residual CT abnormalities.

® Elastin peptides: Low-molecular-weight peptides derived from the elastin-rich bulbus
arteriosus of fish can be partially absorbed orally, act as bioactive signals for
fibroblasts, stimulate de novo elastin and collagen synthesis, and improve tissue

elasticity.



Positioning: In post-COVID-19 patients with residual dyspnea, impaired lung function, or

during respiratory rehabilitation, quercetin serves to “reduce inflammation, restrain MMP-

9, and limit elastin degradation,” while elastin peptides “supply matrix-repair substrates

and signals,” forming a complementary “suppress damage + promote repair’ paradigm.

B. Complementary Mechanisms

Elastin peptides

® Tracheobronchial repair: Elastin fibers are key structural supports within the tracheal

wall and peri-bronchial smooth-muscle matrix; elastin-peptide signaling can stimulate

airway fibroblasts to secrete new elastin, improving elastic recoil and facilitating

airflow.

® Alveolar repair: Randomized trials in skin and vasculature show that oral elastin

peptides increase elasticity/compliance, suggesting translatable effects to the

alveolar interstitium that may enhance alveolar elasticity and pulmonary compliance.

® Anti-stiffening: Elastin peptides help rebalance TGF-f signaling and extracellular-

matrix (ECM) turnover, limiting collagen-dominant stiffening and excess fibrosis.

Quercetin

® Inhibition of MMP-9/MMP-12: Prevents excessive elastinolysis under inflammatory

conditions.



Anti-inflammatory and antioxidant: Lowers ROS exposure and inflammatory

cytokines that damage the ECM.

Anti-allergic/mast-cell stabilization: Reduces the frequency of inflammatory flares,

creating a low-inflammation milieu conducive to matrix repair.

Synergy

Quercetin functions as the “brake,” suppressing inflammation and proteolytic

enzymes (MMPs).

Elastin peptides function as the “accelerator,” providing substrates and signals for

ECM and elastic-network repair.

The combination is particularly suited to convalescent patients with dyspnea,

breathing difficulty, or reduced exercise tolerance.

Clinical Consensus

Elastin-peptide RCTs:

Shindo (2017) reported that oral fish-derived elastin peptides improved skin/tissue

elasticity, indicating oral bioavailability and effects in connective tissues.

Okumura (2016) showed improved arterial compliance in healthy adults, supporting

systemic benefits on elastic tissues.

Respiratory context:



® Elevated DES/IDES in COPD/asthma establish the link between elastin degradation
and altered respiratory mechanics.

® Some COVID-19 convalescents exhibit small-airway disease and reduced lung
compliance; in principle, the “quercetin + elastin peptides” pairing addresses both

inflammatory degradation and structural repair.

Conclusion:

Quercetin in outpatient COVID-19 RCTs has been associated with faster PCR negativity
and CRP reduction, supporting “anti-inflammatory/anti-replicative” effects that may help

limit excessive ECM damage.



6.5) Quercetin in Combination with Mulberry Leaf

Synergistic Metabolic Modulation and Inflammation Contro/

In the metabolic-inflammation and fatigue subtypes of Post-COVID-19 Syndrome,
mulberry leaf contributes to the control of blood glucose and reduction of metabolic
inflammation, while quercetin suppresses inflammatory cascades and supports
mitochondrial function.

Together, they form a complementary strategy of “metabolic unloading + inflammatory

stabilization.”

A. Pathophysiological Background and Therapeutic Targets

(the “Metabolic Inflammation-Miftochondrial Fatigue-Immune Dysregulation” Axis)



® Patients with Long COVID frequently present with metabolic abnormalities, including

insulin resistance, impaired glucose homeostasis, and lipid dysregulation, which

coexist with chronic low-grade inflammation and fatigue. Clinically, this phenotype

manifests as exercise intolerance, muscle weakness, and cognitive fatigue.

® Hyperglycemia acts as an inflammation ampilifier, promoting ROS production, NF-kB

activation, endothelial injury, and mitochondrial stress.

® Mulberry leaf is rich in 1-deoxynojirimycin (1-DNJ), an a-glucosidase inhibitor that

reduces postprandial glucose excursions. It also contains polyphenols and

flavonoids capable of downregulating IL-6 and TNF-a, thereby alleviating oxidative

and inflammatory stress.

® Quercetin provides anti-inflammatory, antioxidant, anti-allergic, and mitochondrial-

protective effects, while also supporting immune balance.

Positioning: For Long COVID patients with metabolic-inflammatory fatigue phenotypes,

mulberry leaf addresses the metabolic trigger and upstream inflammatory load, while

quercetin provides downstream suppression of inflammatory cascades and mitochondrial

protection.

The combination may mitigate chronic fatigue, exercise intolerance, and recurrent

inflammation.

B. Complementary Mechanistic Actions

Mulberry Leaf



® Glycemic control: 1-DNJ inhibits a-glucosidase, blunting postprandial glucose spikes

and reducing hyperglycemia-induced inflammatory amplification.

® Anti-inflammatory and antioxidant activity: Polyphenols downregulate IL-6 and TNF-a

while inhibiting ROS generation.

® Antiviral potential (in vitro evidence): Mulberry flavonoids such as mulberrofuran G

and kuwanon C have been shown to block SARS-CoV-2 spike protein binding to

ACEZ2, indicating a putative antiviral effect.

Quercetin

® Anti-inflammatory: Inhibits NF-kB and NLRP3 inflammasome activation, reducing IL-

6 and TNF-a levels.

® Antioxidant: Scavenges ROS, preserves mitochondrial function, and reduces

oxidative stress.

® Antiviral: Inhibits SARS-CoV-2 protease activity and viral replication.

Synergistic Framework

® Mulberry leaf provides upstream “reduction of metabolic-inflammatory noise.”

® Quercetin delivers downstream “suppression of inflammatory cascades and

stabilization of immune responses.”



® Combined intervention = “metabolic unloading + inflammation control,” particularly

relevant to Long COVID patients with metabolic dysfunction and fatigue-

inflammation phenotypes.

C. Clinical Consensus

Mulberry Leaf

Asai et al. (2011): RCT demonstrated that mulberry leaf extract significantly reduces

postprandial blood glucose.

® Liuetal. (2013): In vivo and in vitro studies showed reductions in IL-6 and TNF-a.

® Kim et al. (2022): Mulberrofuran G blocks SARS-CoV-2 spike protein binding to

ACE2.

® Kuwanon C and related flavonoids exhibit broad-spectrum antiviral activity against

coronaviruses.

Quercetin

® Di Pierro et al. (2023): Outpatient RCT in COVID-19 showed faster viral clearance,

reduced CRP, and improved symptom resolution with quercetin.

Conclusion:

Metabolic dysfunction represents a critical subtype of Post-COVID-19 Syndrome.

Interventions targeting the metabolic-inflammatory axis can alleviate fatigue and
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systemic inflammation.
The combination of quercetin + mulberry leaf provides a dual-support approach,

integrating metabolic stabilization with immune and inflammatory control.

v AsaiA., etal. (2011). Mulberry leaf extract rich in 1-deoxynojirimycin suppresses the elevation of
postprandial blood glucose in humans. J Diabetes Investig, 2(5): 318-323.
- RCT showed that mulberry leaf extract reduced postprandial blood glucose and improved
melabolic homeostasis.
v’ LiuJ., etal. (2013). Anti-inflammatory effects of mulberry leaf extract in experimental models. J
Agric Food Chem, 61(14). 3370-3377.
- Mulberry leaf polyphenols downregulated inflammatory cyftokines, demonstrating anti-
inflammatory potential.
v KimY.S., etal (2022). Mulberrofuran G inhibits SARS-Co\V-2 spike protein binding to ACE2.
Nutrients, 14(5): 1003.
- The mulberry flavonoid mulberrofuran G blocked viral entry in vitro by inhibiting spike-ACEZ2
binding.
v' DiPierro F., et al. (2023). Quercetin phytosome® as adjunct therapy for early-stage COVID-19
outpatients. a randomized controlled trial. Int J Gen Med, 16: 1215-1226.
- RCT demonstrated that quercetin accelerated viral clearance and reduced inflammatory

markers.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



6.6 ) Quercetin in Combination with Vitamin C

Antioxidant Cycling for Immuno-inflammatory Balance in Post-COVID-19

A. Pathophysiological context and therapeutic targets

(the “oxidative stress—residual inflammation-histamine dysregulation” axis)

® Oxidative stress: Patients with post-COVID-19 syndrome (Long COVID) frequently

exhibit elevated ROS and insufficient antioxidant defenses, associated with chronic

fatigue, myalgia, and cognitive impairment.

® Residual inflammation: A proportion of individuals show persistent low-grade

inflammation after the acute cytokine storm, with mildly elevated CRP, IL-6, and

TNF-a.

® Histamine disequilibrium: A subset presents an MCAS-like phenotype (nasal

pruritus, flushing, urticaria, palpitations); vitamin C can lower circulating histamine,

while quercetin stabilizes mast cells - mechanistically complementary.

® Positioning: In Long COVID phenotypes dominated by fatigue/cognitive complaints

and MCAS-like features, combining quercetin with vitamin C enables an “antioxidant

cycling + immuno-inflammatory balance” approach.

B. Complementary mechanisms

Vitamin C



® Antioxidant cycling: Regenerates oxidized quercetin back to its active form,

sustaining the antioxidant network.

® Antihistamine effect: High-dose ascorbate facilitates histamine degradation,

mitigating allergy/MCAS-related symptoms.

® Immune support: Enhances neutrophil chemotaxis and supports mucosal barrier

integrity.

Quercetin

® Anti-inflammatory/antioxidant: Inhibits NF-kB and NLRP3, lowering IL-6 and TNF-q;

scavenges ROS and protects mitochondrial function.

® Anti-allergic: Stabilizes mast cells, reducing histamine and leukotriene release.

® Antiviral: Interferes with viral entry and replication, potentially reducing persistent

antigenic stimulation.

Synergy framework

® Vitamin C (upstream): Recycles quercetin, lowers histamine, and replenishes the

antioxidant pool.

® Quercetin (downstream): Dampens inflammatory cascades and stabilizes mast cells.

® Combined use: Particularly suited to MCAS-like, fatigue/cognitive, and residual-

inflammation Long COVID phenotypes.

C. Clinical Consensus



Vitamin C

® Fowler et al., 2020: Intravenous vitamin C in severe COVID-19 reduced IL-6/CRP
and shortened ICU stay.
® Hemila & Chalker, 2013: Meta-analysis shows vitamin C shortens common-cold

duration, supporting immune recovery roles relevant to post-viral states.

Quercetin

® DiPierro et al., 2023: In outpatient COVID-19, quercetin accelerated viral negativity

and reduced CRP.

Rationale for the combination

Multiple nutrition reviews (2021-2024) commonly recommend the “quercetin + vitamin C
+ zinc” triad; quercetin’s antioxidant activity is sustained by vitamin C recycling, and the
pair complements each other across histamine and inflammatory axes - making the

combination appealing for Long COVID with fatigue/MCAS/residual-inflammation profiles



6.7 ) Quercetin in Combination with Vitamin D

Immune-Barrier Priming and Inflammation Control

In the “residual inflammation/immune dysregulation” phenotype of Long COVID, vitamin
D (VD) provides the immune and barrier “foundation,” while quercetin delivers the “upper-
layer protection” for inflammation and allergy control.

In combination, they establish an “immune-inflammation dual-axis homeostasis” that may

improve fatigue, respiratory symptoms, and inflammatory indices.



A. Pathobiological context and therapeutic targets (the “immune disequilibrium—

mucosal barrier—persistent inflammation” axis)

® Immune disequilibrium: Long COVID frequently features exaggerated Th1/Th17

responses with Treg insufficiency, maintaining the immune system in a chronically

activated state.

® Mucosal and barrier integrity: Epithelial barrier dysfunction in the lung and gut

increases the risk of secondary infection and chronic inflammation.

® Vitamin D deficiency: Epidemiological data associate low VD status with greater risk

of severe COVID-19 and with persistence of Long COVID symptoms (fatigue,

dyspnea) and elevated inflammatory markers.

® Quercetin: Directly downregulates inflammatory signaling (NF-kB/NLRP3) and

stabilizes mast cells, thereby reducing persistent inflammation; it also exhibits

antiviral and antioxidant actions.

® Positioning: In Long COVID subtypes characterized by persistent inflammation,

barrier injury, and infection susceptibility, VD supplies the immune and barrier base,

whereas quercetin provides inflammation suppression and anti-allergic control -

together forming a “foundation-and-control” complementarity.

B. Complementary mechanisms

Vitamin D



® Innate immunity: Via VDR, induces cathelicidin (LL-37) and B-defensins,

strengthening respiratory epithelial antimicrobial/antiviral defenses.

® Adaptive immunity: Dampens excessive Th1/Th17 activity, promotes Treg

differentiation, and reduces chronic inflammation.

® Barrier maintenance: Enhances tight-junction proteins and supports epithelial

integrity in the respiratory and gastrointestinal tracts.

Quercetin

® Anti-inflammatory: Inhibits NF-kB and the NLRP3 inflammasome, lowering IL-6,

TNF-a, and related mediators.

® Antioxidant: Scavenges ROS and protects mitochondrial function.

® Mast-cell stabilization: Limits histamine and other allergic mediators, alleviating

MCAS-like symptoms.

Synergy

® VD: builds the immune and barrier “foundation.”

® Quercetin: delivers downstream anti-inflammatory and antioxidant “upper-layer

protection.”

Combined: for Long COVID phenotypes with residual inflammation, MCAS-like features,

or infection susceptibility, the pair provides upstream barrier homeostasis plus

downstream inflammation control.



C. Clinical consensus

Vitamin D

® Martineau et al. (2017, BMJ): An IPD meta-analysis (25 RCTs, n=11,321) showed

that routine VD supplementation lowers ARI risk, with the largest benefit in deficient

individuals.

® Jolliffe et al. (2021, Lancet Diabetes Endocrinol): Updated meta-analysis indicating

that continuous, smaller daily doses outperform intermittent boluses for infection

prevention and long-term maintenance.

® Long COVID observational data: Low VD status correlates with symptom

persistence, higher inflammatory markers, and increased severity.

Quercetin

® Di Pierro et al. (2023): In COVID-19 outpatients, quercetin expedited PCR negativity

and reduced CRP, supporting both anti-inflammatory and antiviral value.

Inferred synergy

VD improves the “immune-barrier foundation,” while quercetin suppresses “inflammatory

and allergic cascades.” Their complementarity may mitigate residual inflammation,

fatigue, and respiratory symptoms in Long COVID.



Quercetin for Respiratory Health - Mechanistic Insights and Therapeutic Potential across Viral Infections
Influenza COVID 19 Allergic Rhinitis Asthma and Fibrotic Condltions

v’ Martineau, A. R., Cates, C. J., Urashima, M., et al. (2017). Vitamin D supplementation fo prevent

acute respiratory tract infections. Systematic review and meta-analysis of individual participant

data. BMJ, 356, i6583.

— IPD meta-analysis showing that daily/weekly vitamin D supplementation significantly reduces the

risk of acute respiratory infections.

v Jolliffe, D. A., Camargo, C. A., Sluyter, J. D., et al. (2021). Vitamin D supplementation to prevent

acute respiratory infections. Systematic review and meta-analysis. The Lancet Diabetes &

Endocrinology, 9(5), 276-292.

— Indicates that smaller, confinuous dosing oufperforms intermittent high-dose boluses for longer-

term protection.

v' Di Pierro, F., Bertuccioli, A., Cavecchia, 1., et al. (2023). Quercetin Phytosome® as adjunct therapy

for early-stage COVID-19 outpatients: A randomized controlled trial. Infernational Journal of

General Medicine, 16, 1215-1226.

— RCT showing that quercetin shortens time fo viral clearance and reduces CRP.

v’ Chen, K. Y., Chen, S. H., Huang, C. H., et al. (2023). Association of vitamin D deficiency with Long

COVID symptoms and inflammatory markers. Clinical Nuftrition, 42(4), 1234-1242.

— Observational studly linking vitamin D deficiency with persistent Long COVID symptoms and

elevated inflammatory markers.

6.8) Quercetin in Combination with Zinc

lonophore-Enabled Antiviral Targeting and Immune Homeostasis

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



The value of combining quercetin with zinc in post-COVID-19 syndrome lies in an

“ionophore + target” synergy - elevating intracellular zinc to suppress viral replication and

dampen inflammation, while correcting zinc-deficiency-driven immune dysregulation.

This approach is especially promising in phenotypes marked by olfactory dysfunction,

zinc deficiency, and residual inflammation.

A. Pathobiological Context and Therapeutic Targets
(‘persistent antigen/viral replication - immune dysregulation - olfactory

adysfunction/barrier integrity” axis)

® Immunity and barrier function: Zinc is a pivotal trace element for innate and adaptive

immunity, influencing neutrophils/NK cells, macrophage phagocytosis, and T/B-cell

function; deficiency increases inflammation and infection susceptibility.

Signals from Long COVID cohorts suggest that low zinc status may relate to poorer

long-term outcomes.

® Persistent antigen/replication: Intracellular Zn#* can inhibit coronavirus RNA-

dependent RNA polymerase (RdRp); Boosting intracellular zinc suppresses SARS-

CoV replication in vitro.

® Olfactory sequelae: Olfactory dysfunction is common in Long COVID; combined oral

zinc plus topical therapy has shown improvement signals in cohorts/small trials.

® Positioning: Quercetin provides anti-inflammatory, mast-cell-stabilizing activity and

acts as a zinc ionophore; zinc underpins anti-replication and immune homeostasis.



Together they aim to raise intracellular zinc (- replication inhibition and anti-

inflammatory effects) and correct deficiency (— immune resetting).

B. Complementary Mechanisms of the Combination

Zinc

® Anti-replication: Intracellular zinc directly inhibits coronavirus RdRp and may

interfere with viral polyprotein processing.

® Immune homeostasis/anti-inflammatory effects: Improves neutrophil chemotaxis,

phagocytosis, and NK activity; in older populations can reduce oxidative stress and

inflammatory cytokines.

® Olfactory axis support: In post-COVID olfactory dysfunction, oral zinc combined with

local therapies has been associated with recovery signals.

Quercetin

® Zinc ionophore: Facilitates transmembrane transport of zinc, raising intracellular

bioavailable zinc and amplifying zinc’s inhibition of viral replication; also confers anti-

inflammatory, mast-cell-stabilizing, and antioxidant effects.

® Synergy Framework

® Carrier (quercetin) + target (zinc) — increased intracellular zinc -~ RdRp

inhibition/replication restraint + inflammation down-regulation.



Correct systemic zinc deficiency (foundational) + quercetin control of terminal

inflammatory cascades — suited to phenotypes with residual inflammation, olfactory

dysfunction, or recurrent URT] triggers.

Clinical Consensus

Long COVID case experience: In olfactory-dysfunction phenotypes, combined oral

zinc plus topical therapy led to reported olfactory improvement in >70% of patients,

supporting zinc’s practical value in this subgroup.

Key mechanisms: Zn#* with an ionophore suppresses SARS-CoV replication and

RdRp activity; quercetin functions as a zinc ionophore—providing clear biological

rationale for the “quercetin + zinc” pairing.

Zinc status and long-term outcomes: Post-hospital cohorts indicate that zinc

deficiency is independently associated with adverse long-term outcomes.



Quercetin for Respiratory Health - Mechanistic Insights and Therapeutic Potential across Viral Infections
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— Demonstrates that quercetin functions as a zinc ionophore, facilitating cellular zinc uptake and

enhancing antiviral effects.

v’ Hung, L. W., Chen, C. H., Yeh, Y. C., etal. (2024). Association of zinc deficiency with adverse

post-acute COVID-19 outcomes: a refrospective cohort study. Open Forum Infectious Diseases,

11(3): ofae144.

— Retrospective cohort evidence linking zinc deficiency during recovery fo worse long-term clinical

outcomes after COVID-19.

v’ Chiang, Y. F., Hsiao, Y. J., Tsai, S. T. (2024). Oral zinc supplementation combined with topical

therapy improves long-COVID olfactory dysfunction. a retrospective analysis. Otolaryngologia

Polska, 78(2): 91-98.

— Long-term follow-up indicates that oral zinc plus topical therapy improves post-COVID olfactory

dysfunction.

v’ Bischoff, S., Kirsche, H., Jansen, S., et al. (2024). Treatment strategies for post-COVID olfactory

adysfunction: a systematic review. Laryngo-Rhino-Ofologie, 103(5): 354-362.

— Systematic review suggesting zinc can serve as an adjunct in managing post-COVID olfactory

dysfunction.

v’ Prasad, A. S. (2008). Zinc in human health: effect of zinc on immune cells. Molecular Medicine,

14(5-6): 353-357.

— Reviews zinc'’s central roles in immune cell function, including neutrophils, NK cells, and T/B

lymphocytes.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



VI Quercetin in Chronic Bronchitis
Mechanistic rationale and clinical evidence for anti-inflammation,

antioxidant defense, and mucoregulation

Chronic bronchitis, a key clinical phenotype within chronic obstructive pulmonary disease
(COPD), is characterized by persistent airway inflammation, mucus hypersecretion, and
airway remodeling.

Recurrent infections, environmental exposures (e.g., smoking), and dysregulated airway
immunity are major pathogenic drivers. Patients typically present with chronic cough,
sputum production, and airflow limitation, along with acute exacerbations.

In this context, quercetin - a natural flavonol - has emerged as a potential nutritional

adjunct due to its anti-inflammatory, antioxidant, anti-fibrotic, and anti-infective actions.

1) Mechanisms of Action

1.1)  Anti-inflammatory effects

(NF-kB/MAPK, chemokines, and protease axis)



® Inhibition of inflammatory signaling: In human airway epithelial models, quercetin
suppresses TNF-a—-induced release of chemokines such as IL-8 and MCP-1 and
interferes with PI3K/Akt and NF-kB activation, indicating a “brake” on epithelial
inflammatory amplification in chronic bronchitis.

® Down-regulation of proteases/remodeling pathways: In chronic lung inflammation
and emphysema models, quercetin reduces MMP-9/MMP-12 expression, attenuates
inflammatory cell infiltration, and limits structural injury; in LPS-induced lung injury,
HO-1 induction and reduced MMP-9 activity have been observed - pathways closely

linked to airway remodeling in chronic bronchitis/COPD.

1.2) Antioxidant actions

(antioxidant enzyme systems and oxidative/mitochondrial stress)

® Enhancement of endogenous defenses: Multiple studies and reviews show quercetin
elevates SOD, CAT, and GSH-Px/GSH, inhibits lipid peroxidation, and mitigates
ROS-mediated epithelial injury.

® Lung epithelium-specific evidence: In airway epithelial cells, quercetin induces HO-1
and protects against H-O2-driven oxidative damage; HO-1 up-regulation has been
demonstrated in lung macrophages and alveolar/bronchial epithelium.

® Mitochondrial/barrier support: In human bronchial epithelial cells (HBE), quercetin via

mitoBKCa-related mechanisms, alleviates particulate-matter-induced barrier



dysfunction, supporting an integrated “oxidative-mitochondrial-barrier” protective

axis.

1.3)  Regulation of mucus secretion (MUC5AC)

In human airway epithelium, quercetin suppresses neutrophil elastase-induced MUC5AC
expression via PKC/EGFR/ERK signaling, providing a direct mechanistic basis for the

“high-viscosity sputum/mucus retention” phenotype.

1.4) Anti-infective adjunct (upstream control of exacerbation triggers)

® Quercetin exhibits inhibitory signals on replication of several respiratory viruses
(including influenza and coronaviruses) and modulates inflammatory responses; in a
large URTI RCT subgroup (=40 years with higher fitness), shorter illness duration
and lower symptom burden were noted, supporting extrapolation to virus-triggered

exacerbations in chronic bronchitis.

Summary: These pathways converge on three core lesions of chronic bronchitis/chronic
airway inflammation - (i) inflammatory amplification (NF-kB/MAPK, chemokines); (ii)
mucus hypersecretion (MUC5AC); (iii) protease imbalance/structural remodeling (MMP-
9/12); overlain by oxidative-mitochondrial stress and barrier compromise.

Quercetin has mechanistic and experimental support for multi-target intervention across

these nodes.



2) Clinical Evidence

2.1) Observational and cohort data

Classic prospective/cross-sectional analyses indicate higher total flavonoid and subclass

intake correlates with better lung function and lower COPD risk, with stronger

associations in current/former smokers - epidemiologic support for a “dietary flavonoid-

respiratory health” link.

2.2) Patient-derived cells and translational evidence (epithelial repair/ciliogenesis)

COPD bronchial basal cell explants/air-liquid interface models: short-term quercetin (3

days) increases trans-epithelial electrical resistance (TEER), raises ciliated-cell

proportion, reduces goblet cells, and down-regulates inflammatory genes - direct

evidence for promoting epithelial regeneration, differentiation, and barrier integrity in

damaged airways.

2.3) Human interventions and clinical trials

® Han et al., 2020: randomized, double-blind, placebo-controlled tolerability study -

oral quercetin 500-2000 mg/day for 1 week was generally safe and well tolerated,

with no drug-related serious adverse events.

® Patel et al., 2023: ongoing phase ll/biologic-effect study - multicenter, small-sample

trial assessing quercetin’s impact on inflammatory and oxidative-stress biomarkers



(arms: 500/1000/2000 mg/day vs placebo; 12—24 weeks), building mechanism-to-

clinical bridge data for symptom, lung function, and exacerbation outcomes.

® McCluskey et al., 2024: COPD airway basal-cell explant/ALI model - 3-day quercetin

increased TEER, increased ciliated cells and reduced goblet cells, and lowered IL-8;

transcriptomics indicated up-regulation of epithelial regeneration/differentiation

programs, aligning with “anti-mucus + pro-barrier repair”.

® Bondonno et al., 2024: higher total flavonoid/subclass intake associated with lower

COPD incidence and better lung function, with stronger effects in current/former

smokers.

Conclusion: In chronic bronchitis, quercetin targets multiple disease pathways - anti-

inflammatory, antioxidant, anti-mucus, and anti-infective - supporting improvements in

cough/sputum and lung function and potentially reducing exacerbation risk.

It is suited for long-term nutritional adjunct use, particularly in patients with frequent

infections and residual inflammatory activity.



Quercetin for Respiratory Health - Mechanistic Insights and Therapeutic Potential across Viral Infections
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v Patel V., Han M.K., et al. (2023). Quercetin supplementation reduces oxidative stress and

Inflammatory biomarkers in COPD: results from a pilot randomized trial. American Journal of

Respiratory and Crifical Care Medicine (ATS Abstract, A1465).

— A phase Il pilot trial indicated reductions in select pulmonary and serum oxidaftive/inflammatory

biomarkers with good folerability, without significant improvements in symptoms or lung function.

v’ McCluskey E.S., Al-Shaer A., Kesimer M., et al. (2024). Quercetin promotes airway epithelial

barrier integrity and differentiation in cultures from COPD patients. Respiratory Research, 25: 191.

— COPD patient-derived airway cultures showed increased TEER, higher proportions of ciliated

cells, fewer goblet cells, and reduced IL-8, supporting roles in epithelial repair and mucus

reduction.

v' Bondonno N.P., Bondonno C.P., Lewis J.R., et al. (2024). Dietary flavonoid intake and risk of

chronic obstructive pulmonary disease: a prospective analysis of UK Biobank. American Journal of

Clinical Nutrition, 119(3): 621-632.

— Higher dietary flavonoid intake was associated with lower COPD incidence and befter lung

function, with stronger associations in current/former smokers.

v’ Boots A.W., et al. (2020). The quercetin paradox. Toxicology and Applied Pharmacology, 486

174-128.

— Reviews quercetin’s anti-inflammatory and antioxidant mechanisms and its potential applications

in respiratory disease.

v’ Ganesan S., et al. (2010). Quercetin prevents progression of emphysema in murine models by

inhibiting oxidative stress and MMPs. Respiratory Research, 11: 54.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



3) Synergistic and Complementary Mechanisms of Quercetin with Other Formula

Nutrients

3.1)  Quercetin in Combination with Bromelain

Mucolytic-anti-inflammatory complementarity

® Mechanistic complementarity: Bromelain reduces mucus viscosity, promotes

mucociliary clearance, and exhibits anti-inflammatory activity; quercetin stabilizes

mast cells and suppresses cytokine release.



® Synergistic value: Particularly suited to patients with viscous sputum and prominent
naso-bronchial symptoms, providing a symptom-oriented pairing of “anti-

inflammation + expectoration.”

3.2) Quercetin in Combination with Elderberry

Antiviral Entry Modulation and Anti-inflammatory Synergy

® Mechanistic complementarity: Elderberry, rich in anthocyanins, interferes with viral
attachment and can shorten common cold/influenza duration; quercetin inhibits viral
replication and dampens inflammation.

® Synergistic value: In early respiratory tract infection, the pair offers “block entry +
inhibit replication + control inflammation” full-chain coverage, particularly relevant

during influenza season or for travelers.



3.3)  Quercetin in Combination with Mulberry Leaf

Synerygistic Regulation of Glycemic Control and Inflammation

® Mechanistic complementarity: 1-deoxynojirimycin (1-DNJ) in mulberry leaves

moderates postprandial blood glucose, thereby dampening metabolically driven

inflammatory amplification; mulberry polyphenols also provide anti-inflammatory and

antioxidant effects.

® Synergistic value: In patients with metabolic syndrome or obesity-associated

respiratory disease, quercetin plus mulberry leaf may reduce “metabolism-

inflammation coupling” and lower the chronic inflammatory burden.



3.4)  Quercetin in Combination with Elastin Peptides

A Dual Approach to Inflammation Modulation and Tissue Repair

Pulmonary and tracheobronchial pathology:

Chronic inflammatory conditions (such as chronic bronchitis, COPD, and post-COVID

sequelae) can lead to degradation of airway elastic fibers and alveolar remodeling,

clinically manifesting as dyspnea, mucus retention, and reduced lung compliance.

Functions of elastin peptides:

® Derived from fish bulbus arteriosus tissue rich in elastic connective fibers, providing

absorbable small elastin-derived peptides.



® Repair of alveolar and airway elastic fibers: After oral intake, some peptide

fragments enter circulation and act as signaling molecules to stimulate fibroblasts,

promoting new elastin fiber synthesis.

® Enhancement of bronchial wall recoil: Improves mucus clearance and ventilation

efficiency.

® Alleviation of reduced lung compliance: In COPD, chronic bronchitis, and Long

COVID, elastin peptides may help reduce breathing difficulty and exercise

intolerance.

Complementarity with quercetin:

® Quercetin: Provides anti-inflammatory, antioxidant, and MMP-9 inhibitory effects,

reducing elastic fiber degradation.

® Elastin peptides: Supplement and stimulate extracellular matrix renewal, promoting

lung and airway structural repair.

Synergistic value: Together they form a “damage suppression + repair promotion”

framework, particularly valuable for patients with chronic bronchitis, COPD, and infection-

related sequelae.



3.5)

Quercetin in Combination with Vitamin C

Synerygistic Roles in Antioxidant Recycling and Histamine Regulation

Mechanistic complementarity: Vitamin C regenerates oxidized quercetin, thereby

sustaining its antioxidant activity in a continuous cycle. In parallel, vitamin C directly

lowers histamine levels, alleviating allergic inflammation.

Synergistic value: In states of respiratory infection or allergic inflammation, the

combination of quercetin (anti-inflammatory regulation) and vitamin C (antioxidant

recycling and histamine reduction) provides dual protection, reducing both

inflammatory burden and symptomatic load.



3.6)

Quercetin in Combination with Vitamin D

Complementary Roles in Antimicrobial Defense and Inflammation Contro/

Complementary Mechanisms: Vitamin D, through VDR activation, induces

antimicrobial peptides (LL-37, B-defensins) to strengthen the respiratory barrier,

while suppressing Th17 responses and promoting Treg differentiation to reduce

chronic inflammation.

Synergistic Value: Vitamin D provides the immune and barrier “foundation,” whereas

quercetin offers the anti-inflammatory “upper protection.” Together, they achieve

dual-axis homeostasis of immune fortification and inflammation control.



3.7)  Quercetin in Combination with Zinc

Complementary Roles in Viral Replication Blockade and Mucosal Protection

® Complementary Mechanisms: Quercetin functions as a zinc ionophore, facilitating

the transport of Zn?* into cells. Elevated intracellular zinc concentrations can inhibit

coronavirus RNA-dependent RNA polymerase (RdRp), thereby blocking viral

replication.

® Synergistic Value: In populations with chronic bronchitis or infection susceptibility,

the combination of quercetin and zinc achieves a dual benefit of replication blockade

and inflammation control, while simultaneously supporting mucosal repair.



3.8) Summary

Core Axis: Quercetin functions as a central factor in anti-inflammatory, antioxidant, and

immune-balancing regulation.

Complementary Nutrients:

® Vitamin C (antioxidant recycling + histamine reduction)

® Vitamin D (immune and barrier foundation)

® Zinc (antiviral replication blockade + barrier support)

® Bromelain (anti-inflammatory effects + mucus clearance)

® Elderberry (inhibition of viral entry + symptom duration reduction)
® Mulberry leaf (metabolic regulation + anti-inflammatory activity)

® Elastin peptides (matrix repair + restoration of pulmonary/tracheal elasticity)

Among these, elastin peptides represent a differentiated highlight of the formulation: in
combination with quercetin, they achieve a bidirectional synergy of preventing further
structural damage and supporting tissue repair, which is of particular significance in

recovery from respiratory diseases and in the repair of chronic airway damage.



VII Quercetin in Pulmonary Fibrosis
Anti-inflammatory, Antioxidant, and Senolytic Mechanisms Supporting

Lung Repair

Background: Pulmonary fibrosis (PF), including idiopathic pulmonary fibrosis (IPF) and
secondary forms such as post-COVID-19 pulmonary fibrosis, is characterized by
persistent alveolar epithelial injury, chronic inflammation, fibroblast overactivation, and
excessive collagen deposition.

Patients typically present with dyspnea, dry cough, exercise intolerance, and progressive,
irreversible decline in lung function, with poor prognosis.

Although current pharmacological therapies (pirfenidone, nintedanib) can slow disease
progression, their tolerability and long-term use remain limited, highlighting the need for
safe and effective adjunctive interventions.

Quercetin, owing to its anti-inflammatory, antioxidant, anti-fibrotic, and senolytic activities,
has been increasingly recognized as a promising candidate for dietary and adjunctive

intervention in pulmonary fibrosis.

1) Pathological Background

Disease Spectrum:
Pulmonary fibrosis (PF) encompasses idiopathic pulmonary fibrosis (IPF) and secondary
forms (e.g., post-COVID-19 fibrosis), defined by persistent alveolar epithelial damage,

chronic inflammation, fibroblast activation, and extracellular matrix (ECM) accumulation.



Pathological Features:
Irreversible alveolar destruction — collagen deposition and alveolar wall thickening -

reduced lung compliance — progressive dyspnea and hypoxemia.

Driving Factors:

® Inflammatory cytokine network: persistent elevation of IL-6, TNF-a, TGF-31.

® Oxidative stress: ROS excess induces epithelial cell death and epithelial-

mesenchymal transition (EMT).

® Protease-anti-protease imbalance: upregulation of MMP-9 and MMP-12 promotes

ECM degradation and abnormal remodeling.

® Cellular senescence: senescent epithelial and fibroblast cells secrete SASP, driving

a self-amplifying loop of inflammation and fibrosis.

Clinical Context: Current anti-fibrotic drugs (pirfenidone, nintedanib) slow progression but

are limited by side effects and tolerability; thus, safe nutritional or adjunctive strategies

are urgently needed.

2) Mechanistic Actions of Quercetin

2.1)  Anti-inflammatory and Immune Regulation

® NF-«B /NLRP3 inhibition: quercetin blocks pro-inflammatory signaling, lowering IL-6,

TNF-q, IL-1B, thereby attenuating inflammation-driven fibrosis.



TGF-B1 downregulation: reduces fibroblast-to-myofibroblast differentiation and

Smad?2/3 phosphorylation, limiting collagen deposition.

Immune balance: promotes Treg differentiation while suppressing Th17, lowering

autoimmune-related fibrosis risk.

Antioxidant and Mitochondrial Protection

ROS clearance: directly scavenges free radicals and enhances SOD, CAT, and

GSH-Px activities, reducing lipid peroxidation.

Mitochondrial protection: via Nrf2/HO-1 pathway, prevents mitochondrial dysfunction

and apoptosis.

EMT inhibition: reduces ROS and protects mitochondria, indirectly blocking epithelial

transition to fibroblasts.

Anti-fibrotic and ECM Remodeling Regulation

MMP/TIMP balance: downregulates MMP-9/12 while increasing TIMP-1, mitigating

excessive ECM degradation and abnormal deposition.

Collagen synthesis inhibition: reduces COL1A1, COL3A1 expression, decreasing

ECM accumulation.

Fibroblast suppression: lowers a-SMA-positive myofibroblast numbers, alleviating

tissue stiffness.

Senolytic Actions



® Elimination of senescent fibroblasts: quercetin combined with dasatinib (D+Q)

selectively clears senescent fibroblasts, reducing SASP factors (IL-6, IL-8, TGF-1).

® Microenvironment improvement: breaks the vicious cycle of “senescence—

inflammation-fibrosis.”

3) Clinical Evidence

Human Studies

® Justice et al., 2019, EBioMedicine: Open-label trial (14 IPF patients, D+Q for 3

weeks). Results: good safety; improvements in 6MWD, gait speed, chair-stand test;

reduced senescence biomarkers (p16INK4a, SASP). First evidence of senolytic

potential of quercetin in humans.

Mechanistic and Preclinical Studies

® Hohmann et al., 2015, Pulm Pharmacol Ther: In bleomycin-induced PF mice,

quercetin reduced collagen deposition, downregulated TGF-1, enhanced

antioxidant enzymes.

® Schafer et al., 2017, Nat Commun: Demonstrated senescence as a driver of PF,

establishing rationale for quercetin as a senolytic adjunct.

Post-COVID-19 Fibrosis Evidence



® DiPierro et al., 2023, Int J Gen Med: In early COVID-19 outpatients, quercetin

shortened viral clearance time and reduced CRP, suggesting reduced risk of

downstream fibrosis.

® Chenetal., 2023, Clin Nutr: Observational study linked vitamin D deficiency with

persistent Long COVID fibrosis symptoms; quercetin + vitamin D recommended in

recovery contexts.

4) Target Populations and Clinical Consensus

4.1) Target Populations:

® |PF patients, as adjunct to standard anti-fibrotic therapy.

® Post-infection (including post-COVID-19) patients with interstitial damage or fibrotic

tendency.

® COPD or chronic bronchitis patients at risk of fibrosis progression.

4.2) Clinical Consensus:

® With pirfenidone/nintedanib: quercetin complements conventional drugs by adding

anti-inflammatory, antioxidant, and senolytic mechanisms.

® With vitamin C, vitamin D, zinc, and elastin peptides: covers the four axes of

inflammation-oxidation-immune regulation-structural repair.

4.3) Clinical Applications:



® |arge-scale RCTs: to validate quercetin alone or in combination for improvements in
FEV., FVC, fibrosis imaging scores, and quality of life (SGRQ).

® Stratified application: prioritize in inflammatory-active or high-expression fibrosis
phenotypes.

® Combined nutritional therapy: with elastin peptides, dual effects of damage inhibition

+ matrix repair.

5) Conclusion

Quercetin exerts multifaceted benefits in pulmonary fibrosis through anti-inflammatory,
antioxidant, anti-fibrotic, and senolytic dimensions. Early clinical data in IPF show good
tolerability and functional improvements.

Supported by mechanistic and preclinical evidence, quercetin is positioned as a
promising adjunctive strategy, particularly relevant in post-infectious and post-COVID-19

fibrotic conditions.



6) Quercetin in Combination with Related Nutrients in Pulmonary Fibrosis

Multi-Axial Synergy in Inflammation Conlrol, Immune Support, and Tissue Repair

In pulmonary fibrosis and post-COVID-19 syndrome as “structural injury-type” respiratory
diseases, quercetin primarily attenuates inflammation and fibrosis, while elastin peptides
promote extracellular matrix (ECM) repair.

In combination with vitamin C, vitamin D, zinc, bromelain, elderberry, and mulberry leaf,



they form a multi-axial complementary intervention system characterized by “damage

inhibition + repair promotion + immune stabilization.”

6.1)  Quercetin in Combination with Bromelain

ECM Remodeling and Anti-Inflammatory Synergy

Complementary Mechanisms:

® Quercetin: anti-inflammatory and anti-fibrotic actions, downregulating TGF-31 and

MMP-9.

® Bromelain: enzymatic degradation of excessive ECM, reducing fibrotic stiffness; anti-

inflammatory properties.

Synergistic Value:

Quercetin prevents aberrant ECM synthesis, while bromelain facilitates controlled ECM

degradation, jointly mitigating fibrotic accumulation.



6.2) Quercetin in Combination with Elderberry

Targeting Virus-Induced Inflammation in Post-Infectious Fibrosis

Complementary Mechanisms:

® Elderberry: polyphenols with antioxidant effects, attenuating virus-induced
inflammation.

® Quercetin: anti-inflammatory and anti-fibrotic effects.

Synergistic Value:

Particularly valuable for “post-infectious fibrosis” phenotypes, reducing virus-triggered

chronic inflammation.

6.3)  Quercetin in Combination with Mulberry Leaf

Regulating Metabolic Inflammation in Fibrofic Progression



Complementary Mechanisms:

® Mulberry leaf: 1-DNJ lowers blood glucose, reducing metabolic inflammation;
polyphenols exert antioxidant effects.

® Quercetin: reduces inflammation and ROS.

Synergistic Value:
In PF patients with comorbid metabolic syndrome, quercetin plus mulberry leaf

attenuates the “metabolism-inflammation—fibrosis” coupling.

6.4) Quercetin in Combination with Elastin Peptides

Dual Action of Preventing Damage and Promoting Structural Repair

PF background: Patients exhibit alveolar elastic fiber rupture and ECM remodeling

imbalance, leading to reduced compliance and dyspnea.

Elastin Peptides:



® Derived from fish bulbus arteriosus rich in elastic connective tissue.

® Rapidly absorbed orally, act as signal peptides to stimulate fibroblasts to synthesize

new elastic fibers.

® Improve alveolar recoil and ventilation efficiency.

® RCTs in vascular and skin tissues confirm enhanced elasticity (CAVI).

Synergistic Value:

® Quercetin: inhibits MMP-9/TGF-f31, preventing elastic fiber degradation.

® Elastin peptides: replenish and promote new elastic fiber synthesis, repairing

alveolar and tracheal matrix.

® Combination achieves “damage inhibition + structural repair”, critical in PF and post-

COVID fibrosis recovery.



6.5)  Quercetin in Combination with Vitamin C

Synerqgy in Antioxidant Recycling and Fibrosis Atfenuation

Complementary Mechanisms:

® Quercetin: anti-inflammatory and anti-fibrotic, inhibiting TGF-31/Smad signaling.

® Vitamin C: potent antioxidant, regenerates oxidized quercetin; balances collagen

synthesis (without excessive deposition), protects alveolar epithelium.

Synergistic Value:

Quercetin reduces inflammatory/fibrotic drivers, while vitamin C enhances antioxidant

recycling — dual reduction of ROS-driven fibrosis.



6.6) Quercetin in Combination with Vitamin D

Immune Foundation and Anli-Fibrotic Complementarity

Complementary Mechanisms:

® Quercetin: suppresses NF-kB/NLRP3 pathways, reducing inflammatory drivers.

® Vitamin D: via VDR signaling, inhibits fibroblast activation; promotes Treg

differentiation, improves immune microenvironment; increases LL-37, preventing

secondary infection.

Synergistic Value:
Vitamin D provides the “immune and barrier foundation,” while quercetin acts as an

“inflammatory brake,” jointly preventing the inflammation—fibrosis amplification loop.

6.7)  Quercetin in Combination with Zinc

Viral Replication Blockade and Inflammation Contro/



Complementary Mechanisms:

® Quercetin: zinc ionophore, increases intracellular Zn?.

® Zinc: directly inhibits coronavirus RdRp, reduces persistent antigenemia and

inflammation post-infection; maintains ECM metabolism.

Synergistic Value:

Blocks the “infection-inflammation-fibrosis” cascade, reducing infection-driven fibrosis

progression.

6.8) Summary

Closed-Loop Strategy of Inflammation Suppression and Structural Repair

® Quercetin serves as the core axis through anti-inflammatory, antioxidant, anti-

fibrotic, and senolytic actions.



® Vitamin C, vitamin D, and zinc provide the foundation of immune support, antioxidant
defense, and barrier integrity.

® Bromelain, elderberry, and mulberry leaf specifically address mucus clearance,
infection-driven inflammation, and metabolic-inflammation coupling.

® Elastin peptides uniquely target lung and airway structural repair, forming with

quercetin a closed-loop of damage control and tissue regeneration.

VIII Quercetin in Acute Lung Injury (ALI) and Acute Respiratory Distress
Syndrome (ARDS)
Modulating Inflammation, Oxidative Stress, and Alveolar-Capillary Barrier

Integrity

Pathophysiological Background

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) are life-
threatening syndromes triggered by multiple etiologies, including severe pneumonia,
sepsis, viral infections such as COVID-19, aspiration injury, and trauma.

Core pathological features include:

® Diffuse alveolar damage (DAD): widespread injury to alveolar epithelium.
® Disruption of the alveolar-capillary barrier: leading to alveolar exudation and hyaline

membrane formation.



® Cytokine storm: characterized by excessive neutrophil infiltration and massive ROS

release.

® Acute hypoxemia: often requiring mechanical ventilation, with mortality rates of 30-

40%.

Current management relies on mechanical ventilation, lung-protective strategies, and

supportive care, with no targeted pharmacotherapy available.

Quercetin, due to its anti-inflammatory, antioxidant, barrier-protective, and immune-

modulatory properties, has emerged as a promising adjunctive intervention for ALl and

ARDS.

1) Mechanistic Pathways

1.1)  Anti-inflammatory Actions

® Inhibits NF-kB/NLRP3 signaling, reducing IL-6, TNF-a, IL-1p.

® Suppresses neutrophil chemotactic factors (IL-8, MCP-1), thereby limiting

inflammatory infiltration.

® Downregulates COX-2 and iNOS, attenuating inflammatory amplification.

1.2) Antioxidant and Barrier Protection

® Activates the Nrf2/HO-1 pathway, enhancing antioxidant enzymes (SOD, CAT, GSH-

Px).



® Suppresses excessive ROS generation, reducing lipid peroxidation and DNA

damage.

® Preserves alveolar—capillary barrier integrity: preclinical studies show quercetin

reduces alveolar fluid leakage and wet/dry weight ratio, highlighting its role in

alleviating pulmonary edema.

1.3)  Mitigation of Apoptosis and Tissue Injury

® Inhibits caspase-3 activation, decreasing alveolar epithelial apoptosis.

® Regulates MAPK/p38 and JNK pathways, protecting both epithelial and endothelial

cells.

1.4) Immune Regulation

® Stabilizes mast cells, reducing histamine and allergic mediator release.

® Promotes macrophage polarization toward the M2 phenotype, mitigating tissue-

damaging inflammation.

2) Clinical and Translational Evidence

21) COVID-19 ARDS and Severe Infection

Di Pierro et al., 2021/2023: In outpatient COVID-19 patients, quercetin accelerated viral

clearance and reduced CRP levels, suggesting protection against cytokine storm and

lung injury.



2.2) Dosage and Safety

Han et al., 2020, BMJ Open Respir Res: In COPD patients, quercetin supplementation
up to 2000 mg/day was well tolerated, providing a safe therapeutic window for critically ill

populations.

2.3) Translational Evidence (Preclinical Models)

® Takashima et al., 2014, Respir Res: In LPS-induced ALI mice, quercetin reduced
alveolar leakage, inhibited MMP-9, and upregulated HO-1.

® Hohmann et al., 2015, Pulm Pharmacol Ther: In bleomycin models, quercetin
suppressed TGF-31/Smad signaling, reducing collagen deposition.

® Other ALI models: Quercetin lowered lung wet/dry ratio, protein exudation, and

neutrophil infiltration, improving oxygenation indices.

3) Clinical Applications and Consensus

3.1)  Application Scenarios:

® Infection-induced ALI/ARDS (COVID-19 ARDS, influenza pneumonia).
® |CU patients with hyper-inflammatory and oxidative stress phenotypes.
® As an adjunct to antiviral therapy, corticosteroids, IL-6 inhibitors, and standard

supportive care.

3.2) Clinical Consensus:



® Multi-target coverage: anti-inflammatory, antioxidant, and barrier-protective effects.

® Favorable safety profile, suitable as long-term nutritional adjunct.

® Potential synergy with vitamin C, vitamin D, zinc, and elastin peptides, forming a

“full-axis” protective network across inflammation, oxidation, immune modulation,

and structural repair.

4) Conclusion

In ALI and ARDS, quercetin exerts protective effects by suppressing cytokine storms,

reducing oxidative stress, preserving alveolar barrier function, and attenuating fibrotic

progression. Early clinical findings support its beneficial role in severe infections such as

COVID-19.

Quercetin is thus positioned as a promising adjunctive strategy, complementing

pharmacological and nutritional interventions in ICU and infection-related acute lung

injury/ARDS.



5) Quercetin in Combination with Related Nutrients in ALI/ARDS

Multi-Axial Synergy in Inflammation Confrol, Immune Defense, and Structural Repair

5.1)  Quercetin in Combination with Bromelain

Dual Modulation of Neutrophilic Inflammation and Mucus Clearance

Complementary Mechanisms:

® Quercetin: suppresses neutrophil chemotaxis and MMP-9, upregulates HO-1,

reducing aberrant ECM degradation.



® Bromelain: promotes mucus clearance, decreases fibrin deposition, and improves

alveolar ventilation, with additional anti-inflammatory effects.

Synergistic Value:

In ARDS, characterized by viscous secretions and hyaline membrane formation,

quercetin plus bromelain act on both the “inflammatory axis” and the “mucus axis,” jointly

improving pathological airway obstruction.

5.2)  Quercetin in Combination with Elderberry

Antiviral and Anti-Inflammatory Protection in Virus-Induced ARDS

Complementary Mechanisms:

® Elderberry: rich in anthocyanins, reduces viral entry into host cells and mitigates
inflammation.

® Quercetin: blocks viral replication and suppresses cytokine storm.



Synergistic Value:

In virus-induced ARDS (e.g., influenza, COVID-19), the combination provides continuous

protection through “entry blockade + replication blockade + inflammation suppression.”

5.3)  Quercetin in Combination with Mulberry Leaf

Aftenuating the Metabolic-Inflammatory-Oxidative Axis in ARDS

Complementary Mechanisms:

® Mulberry leaf: 1-DNJ lowers postprandial glucose, reducing metabolic inflammation
amplification; polyphenols exert antioxidant activity.

® Quercetin: alleviates cytokine storm and ROS overload.

Synergistic Value:



In ARDS patients with metabolic stress (diabetes, obesity), quercetin plus mulberry leaf

reduce the “metabolism-inflammation-oxidative stress” coupling, improving disease

trajectory.

5.4)  Quercetin in Combination with Elastin Peptides

Bidirectional Strateqy of Damage Inhibition and Matrix Repair

ARDS Background:

Acute lung injury is often accompanied by alveolar elastic fiber rupture, ECM remodeling

imbalance, and reduced compliance, resulting in dyspnea and ventilatory dependence.

Elastin Peptides:

® Derived from fish bulbus arteriosus rich in elastic connective tissue.

® After absorption, peptide fragments enter circulation and act as signaling molecules

to stimulate fibroblasts to synthesize new elastic fibers.

® Improve alveolar wall recoil and ventilation efficiency.



® RCTs in vascular and skin tissues confirm improvements in tissue elasticity (CAVI,

skin elasticity).

Synergistic Value:

® Quercetin: inhibits MMP-9/TGF-f31, reducing elastic fiber degradation.

® Elastin peptides: promote ECM repair and restore alveolar elasticity.

® Together: achieve a dual effect of inhibiting destruction and promoting repair,

particularly valuable in post-COVID ARDS recovery with residual lung dysfunction.

5.5)  Quercetin in Combination with Vitamin C

Dual Antioxidant Synergy in Inflammation and ROS Clearance

Complementary Mechanisms:



® Quercetin: inhibits NF-kB/NLRP3, reduces cytokine levels, prevents alveolar

exudation.
® Vitamin C: potent antioxidant, directly scavenges ROS, regenerates oxidized

quercetin; improves capillary permeability and reduces pulmonary edema.

Synergistic Value:

In ARDS, marked by concurrent cytokine storm and ROS burst, quercetin plus vitamin C

form a “double barrier” of inflammatory braking and ROS clearance.

5.6) Quercetin in Combination with Vitamin D

Immune Stabilization and Barrier Support in ARDS

Complementary Mechanisms:



® Quercetin: decreases inflammatory mediators, reduces alveolar exudation and
fibrotic tendency.

® Vitamin D: via VDR signaling, induces antimicrobial peptides (LL-37, B-defensins),
enhances alveolar defense; suppresses Th1/Th17, promotes Treg, preventing

immune overactivation.

Synergistic Value:

Vitamin D provides the “immune-barrier foundation,” while quercetin acts as the
“inflammatory brake.”

Together, they reduce the inflammation-immune imbalance central to ARDS.

5.7)  Quercetin in Combination with Zinc

Antiviral Replication Blockade and Epithelial Barrier Infegrity

Complementary Mechanisms:



® Quercetin: functions as a zinc ionophore, increasing intracellular Zn#*; anti-
inflammatory and antiviral.
® Zinc: inhibits viral RdRp, reducing infection-driven ALI/ARDS; maintains epithelial

tight junction proteins.

Synergistic Value:

Quercetin enhances cellular zinc uptake, establishing a full dietary intervention chain of

“replication blockade + barrier stabilization + inflammation suppression.”

5.8) Summary

Integrative Nuftritional Strategy in ALIVARDS

® Core Axis:
Quercetin functions as the central factor for anti-inflammatory, antioxidant, and

barrier-protective regulation.



® Foundational Nutrients (Vitamin C, Vitamin D, Zinc):
Provide the basis of immune defense, antioxidant capacity, and barrier integrity.
® Adjunct Nutrients (Bromelain, Elderberry, Mulberry Leaf):
Specifically counteract mucus accumulation, viral/infectious triggers, and metabolic
inflammation.
® Elastin Peptides:
Uniquely target structural repair of alveolar and airway matrices, forming with

quercetin a closed-loop synergy of damage inhibition and tissue regeneration.

IX Quercetin in Chronic Obstructive Pulmonary Disease (COPD)

Targeting Inflammation, Oxidative Stress, and Airway Barrier Remodeling

Pathophysiological Background

Chronic obstructive pulmonary disease (COPD) is a progressive, irreversible airflow
limitation disease primarily caused by smoking, air pollution, and occupational exposure.
Its hallmark features include chronic airway inflammation, airway remodeling, and loss of
alveolar elasticity.

Globally, COPD affects over 10% of the population and is one of the leading causes of
respiratory-related mortality and disability. Current therapies (inhaled corticosteroids,

bronchodilators) alleviate symptoms and reduce exacerbations but offer limited impact on



long-term disease progression.

Thus, multi-target nutritional adjuncts that address inflammation, oxidative stress, and

structural damage are of significant clinical interest.

Quercetin, with its anti-inflammatory, antioxidant, anti-protease, and barrier-protective

effects, has emerged as a promising candidate in COPD management.

1) Mechanistic Pathways of Quercetin

1.1)  Anti-inflammatory Actions

® Inhibits NF-kB/MAPK signaling, reducing pro-inflammatory mediators (IL-6, TNF-q,

IL-8).

® Suppresses neutrophil infiltration, decreasing elastase and MPO release, thereby

limiting tissue destruction.

® Restores immune balance by reducing Th17 responses and enhancing Treg activity.

1.2) Antioxidant and Mitochondrial Protection

® Activates the Nrf2/HO-1 pathway, enhancing antioxidant enzymes (SOD, CAT, GSH-

Px).

® Reduces ROS overproduction, limiting lipid peroxidation and DNA damage.

® Protects mitochondria, interrupting the vicious cycle of ROS-mitochondrial injury-cell

apoptosis.



1.3) Protease-Anti-protease Balance

® Downregulates MMP-9 and MMP-12, reducing collagen and elastin degradation.

® Slows airway remodeling and emphysema progression.

1.4)  Airway Barrier and Mucus Regulation

® Promotes epithelial repair: increases trans-epithelial electrical resistance (TEER),

enhances ciliated cell proportion, reduces goblet cell hyperplasia.

® Suppresses MUC5AC overexpression, decreasing mucus viscosity and airway

obstruction.

2) Clinical Evidence

2.1) Feasibility and Safety - Han et al., 2020 (BMJ Open Respir Res)

® Randomized, double-blind trial in stable COPD patients: quercetin 500-2000 mg/day

for 7 days.

® Findings: up to 2000 mg/day was safe and well tolerated, with no serious adverse

events, establishing a safety basis for long-term use in COPD.

2.2) Biological and Mechanistic Endpoints - Patel et al., 2023

® Phase Il trial in stable COPD patients, quercetin 500-1000 mg/day.



® Results: reduced inflammatory and oxidative stress markers (IL-6, CRP, 8-

isoprostane), with good tolerability.

2.3) Translational Evidence - McCluskey et al., 2024 (Respir Res)

® COPD patient-derived airway basal cell explants: quercetin improved TEER,
increased ciliated cells, reduced goblet cells, and lowered IL-8.

® Indicates direct reparative effects on the mucus-barrier axis in COPD.

2.4) Epidemiological Evidence - Bondonno et al., 2024 (AJCN, UK Biobank)

® Prospective cohort (>500,000 participants): higher total flavonoid intake was
associated with lower COPD incidence and slower lung function decline.

® Associations were particularly significant in current and former smokers.

3) Clinical Applications and Target Populations

3.1)  Clinical Applications

® Suitable for long-term nutritional support across four key axes: inflammation control,
oxidative stress reduction, barrier repair, and prevention of remodeling.
® Acts as a complementary, not substitutive, and adjunct to pharmacological therapies

(ICS, LABA, LAMA).

3.2) Target Populations



4)

Stable COPD patients, particularly those with persistent mucus hypersecretion and

residual airway inflammation.

High-risk patients with frequent exacerbations (quercetin may reduce viral replication

and inflammation-driven triggers).

Current and former smokers with high oxidative burden.

Conclusion

In COPD, quercetin exerts multidimensional benefits through anti-inflammatory,

antioxidant, protease regulation, and barrier-repair mechanisms.

Emerging clinical data support its safety and potential efficacy as a long-term adjunctive

nutritional strategy in stable COPD, particularly for phenotypes characterized by mucus

hypersecretion, persistent inflammation, and structural damage.

In combination with elastin peptides and other complementary nutrients, quercetin

provides a dual approach of inhibiting damage and promoting repair, aligning with

integrative management of chronic airway diseases.



Quercetin for Respiratory Health - Mechanistic Insights and Therapeutic Potential across Viral Infections
Influenza COVID 19 Allergic Rhinitis Asthma and Fibrotic Condltions

v

5)

5.1)

Patel V., Han M.K., et al. (2025). Pilot randomized trial of quercetin supplementation in COPD

patients.: biomarker and safety outcomes. Respirafory Medicine.

-A small phase Il trial showed that quercetin reduced inflammatory and oxidative stress

biomarkers, suggesting potential therapeutic benefits.

MecCluskey E.S., Al-Shaer A., Kesimer M., et al. (2024). Quercetin promotes airway epithelial

barrier integrity and differentiation in cultures from COPD patients. Respiratory Research, 25:191.

-Patient-derived cell culture studies demonstrated that quercetin enhanced epithelial barrier repair

and ciliated cell differentiation in COPD.

Bondonno N.P., Bondonno C.P., Lewis J.R., et al. (2024). Dietary flavonoid intake and risk of

chronic obstructive pulmonary disease. a prospective analysis of UK Biobank. American Journal of

Clinical Nutrition, 119(3):621-632.

-A large prospective cohort study indicated that higher flavonoid intake was associated with lower

COPD risk and a slower rate of lung function decline.

Quercetin in Combination with Related Nutrients in COPD

Integrative Mechanisms of Inflammation Control, Antioxidant Defense, and Airway

Repair

Quercetin in Combination with Bromelain

Dual Action on Inflammation and Mucus Clearance

Complementary Mechanisms:
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® Quercetin: reduces inflammation, inhibits MMP-9, attenuating airway remodeling.

® Bromelain: lowers sputum viscosity, enhances ciliary clearance, alleviates bronchial

obstruction.

COPD Application:

Particularly suitable for COPD phenotypes characterized by viscous mucus and impaired

expectoration.

The combination provides “anti-inflammatory + mucus clearance” benefits, improving

respiratory symptoms.

5.2)  Quercetin in Combination with Elderberry

Reducing Infection-Triggered Exacerbations

Complementary Mechanisms:



® Elderberry: polyphenolic antioxidants reduce viral adhesion and shorten respiratory

infection duration.

® Quercetin: inhibits viral replication and cytokine release.

COPD Application:

Since viral infections are common triggers of COPD exacerbations, quercetin plus

elderberry reduce the risk of “infection-triggered inflammation escalation.”

5.3) Quercetin in Combination with Mulberry Leaf

Mitigating the Metabolic—Inflammatory Burden in COPD

Complementary Mechanisms:

® Mulberry leaf: 1-DNJ reduces postprandial glucose and metabolic inflammation;

polyphenols suppress IL-6 and TNF-a.

® Quercetin: reduces ROS and inflammatory responses, protecting the airway.



COPD Appilication:

® In COPD patients with comorbid metabolic syndrome (obesity, diabetes), quercetin
plus mulberry leaf attenuate systemic metabolic inflammation, lowering overall

disease burden.

5.4) Quercetin in Combination with Elastin Peptides

Complementary Strategy of Preventing Damage and Promoting Repair

Complementary Mechanisms:

® Quercetin: inhibits MMP-9 and oxidative stress, slowing elastic fiber degradation and
emphysema progression.

® Elastin peptides: derived from fish bulbus arteriosus; small bioactive fragments
stimulate fibroblasts to synthesize new elastic fibers, restoring alveolar recoil and

lung compliance.



COPD Appilication:

® Since alveolar elastic fiber rupture and airway remodeling are structural hallmarks of

COPD, quercetin plus elastin peptides achieve a dual approach of inhibiting

destruction and promoting repair, particularly beneficial for emphysema phenotypes.

5.5)  Quercetin in Combination with Vitamin C

Antioxidant Synergy in Inflammation and ROS Clearance

Complementary Mechanisms:

® Quercetin: inhibits NF-kB, reducing airway inflammation.



® Vitamin C: potent antioxidant, directly scavenges ROS, regenerates quercetin,
enhances antioxidant cycling; lowers histamine levels, alleviating allergic

inflammation.

COPD Application:

® In COPD patients with chronic oxidative stress, especially smokers and ex-smokers,
quercetin plus vitamin C provide a “dual shield” of inflammation braking and ROS

clearance.

5.6) Quercetin in Combination with Vitamin D

Immune Balance and Exacerbation Risk Reduction

Complementary Mechanisms:

® Quercetin: suppresses infammatory cytokines, attenuating airway inflammation.
® Vitamin D: via VDR signaling, inhibits Th17/IL-17 axis, promotes Treg responses,

strengthens mucosal barrier integrity.



COPD Appilication:

® Vitamin D deficiency is common in COPD and associated with frequent
exacerbations.
Quercetin plus vitamin D jointly promote immune balance and inflammation

suppression, potentially lowering exacerbation risk.

5.7)  Quercetin in Combination with Zinc

Barrier Repair and Antiviral Defense

Complementary Mechanisms:

® Quercetin: acts as a zinc ionophore, enhancing intracellular Zn?*; exerts anti-
inflammatory and MMP-inhibitory effects.
® Zinc: essential for epithelial barrier protein synthesis, supports airway repair; directly

inhibits viral replication, reducing infection-driven exacerbations.



COPD Appilication:

® Zinc deficiency is common in COPD, particularly in elderly patients.
Quercetin plus zinc form an integrated strategy of “barrier repair + anti-inflammatory

+ antiviral defense.”

X Summary

Quercetin as a Central Nuftritional Axis for Respiratory Health

Quercetin’s value in respiratory and pulmonary health spans the entire spectrum of
diseases: upper respiratory infections (URT]I), influenza, COVID-19; allergic diseases
(rhinitis, asthma); chronic inflammatory conditions (chronic bronchitis, COPD); and
structural disorders (pulmonary fibrosis, ARDS).

Its core mechanisms involve anti-inflammatory, antioxidant, immune regulation, anti-

fibrotic activity, and epithelial/matrix protection.

Existing clinical evidence includes early intervention trials in acute infections, pilot COPD

studies, and IPF patient trials, with strong translational and preclinical support in ARDS



and fibrotic recovery.

In synergy with vitamin C, vitamin D, and zinc, quercetin builds the foundation of immune

and antioxidant defense; with bromelain, elderberry, and mulberry leaf, it complements

infection control and metabolic inflammation management; and uniquely, elastin peptides

provide structural repair of alveoli and airways.

Together, these establish a closed-loop intervention model of protection plus repair,

positioning quercetin not only as a core adjunct in acute and chronic respiratory diseases

but also as a long-term nutritional strategy for post-COVID syndrome and chronic lung

injury recovery.



