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NATURAL POLYPHENOLS FOR COUNTERACTING PERSISTENT SARS-COV-2 SPIKE PROTEIN PATHOLOGY

BACKGROUND

Persistent Spike Protein & Long COVID: In some cases of Long COVID,
fragments of the SARS-CoV-2 spike protein can linger in the body and drive
chronic inflammation and tissue damage. The spike protein not only binds
ACE2 receptors to enter cells, but also aberrantly activates immune
pathways like Toll-like receptor 4 (TLR4), triggering NF-kB and inflammasome
signaling. This leads to a cascade of pro-inflammatory cytokines (IL-1B, IL-6,
TNF, etc.), akin to a smoldering “cytokine storm”. The result is oxidative stress
and widespread inflammation, including damage to the endothelium
(promoting microclots and coagulopathies) and aberrant mast cell
activation. frontiersin.org

Given this pathology, a number of dietary polyphenols and natural
compounds have shown promise in blunting these detrimental effects of
persistent spike protein. Below we highlight nine such compounds — baicalin,
quercetin, luteolin, rutin, hesperidin, curcumin, EGCG, piperine, and
glycyrrhizin — explaining their individual mechanisms and potential synergies
in counteracting spike-induced inflammation, oxidative stress, endothelial
injury, mast cell activation, and even residual virus activity.

. a i
Piperine / Curcumin

Science-Driven Support.
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PART 1

Rutin

Rutin is a flavonol glycoside (quercetin-3-rutinoside) commonly found in
citrus peels, buckwheat, and capers. It's sometimes known as “vitamin P” for
its vascular benefits.

Antiviral Effects: Once in the body, rutin can be metabolized to quercetin,
so it shares quercetin’s antiviral mechanisms while also having some of its
own. Notably, rutin is a direct inhibitor of the SARS-CoV-2 3CLpro (main
protease) — biochemical assays showed rutin inhibits 3CLpro in the low-
micromolar range. This is significant because 3CLpro is required for viral
replication; by inhibiting it, rutin can reduce viral reproduction and hasten
clearance of the virus or viral remnants. In silico studies further predict that
rutin can bind to the spike RBD and potentially interfere with spike—ACE2
attachment. Thus, rutin may block viral entry as well as replication. One
network pharmacology analysis also suggested rutin could downregulate
IL-6 signaling in the context of COVID-19, hinting at antiviral and anti-
inflammatory multitargeting. covid19-help.org pubmed.ncbi.gov

Anti-Inflammatory and Endothelial Protection: Rutin possesses strong
antioxidant and anti-inflammatory properties, which are key for mitigating
spike protein damage. It scavenges free radicals and chelates metal ions,
thereby reducing oxidative stress in blood vessels . By lowering ROS, rutin
indirectly prevents the oxidative activation of NF-kB and other
inflammatory pathways. Rutin also has documented anti-inflammatory
effects — it can inhibit pro-inflammatory enzymes and cytokines, albeit to a
moderate extent (part of this effect is through its conversion to quercetin).
Importantly, rutin is well known for its vascular protective effects. It
strengthens capillaries, improves endothelial function, and has anti-
thrombotic capabilities . For example, flavonoids like rutin have been shown
to prevent endothelial dysfunction in oxidative stress models by
scavenging radicals and acting as anti-thrombotic agents . In the context of
long COVID, where microclots and endothelial inflammation are a concern,
rutin helps by maintaining healthy blood flow and reducing excessive
clotting. It may reduce vascular inflammation and edema, alleviating
symptoms related to poor microcirculation. sciencedirect.com
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Rutin

Mast Cell and Synergy Aspects: While not as potent a mast cell stabilizer
as quercetin or luteolin, rutin’s general anti-inflammatory action can
contribute to lessening mast cell activation indirectly (via less oxidative
and cytokine stress on these cells). An interesting synergy is that rutin
serves as a delivery form of quercetin — when ingested, gut flora can
enzymatically cleave rutin to release quercetin systemically. This means
co-supplementing rutin can boost quercetin levels over time, providing a
sustained source of the aglycone. Thus, rutin synergizes naturally with
quercetin (and other flavonoids) as part of a holistic anti-spike regimen.
Given its excellent safety and long history (rutin is used for chronic venous
insufficiency therapy), it's a valuable component to protect blood vessels
and modulate inflammation alongside other compounds.

Rutin
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Luteolin

Luteolin is a flavone found in a variety of fruits and vegetables like brocolli,
thyme, celery - even plants such as dandelion, chamomile and rosemary. It's
particularly known for its neuroprotective and anti-allergic effects.

Mast Cell Stabilization & Neuroinflammation: Luteolin is one of the most
potent natural mast cell stabilizers, which is highly relevant because mast
cell activation is implicated in long COVID symptoms (e.g. brain fog,
histamine-related issues). In a clinical context, a luteolin-rich formulation
given to long COVID patients with “brain fog” led to improvement in
cognitive function. Mechanistic studies suggest this is because luteolin
inhibits activated mast cells and microglia, reducing their release of
histamine, tryptase, and inflammatory cytokines in the hypothalamus. By
dialing down mast cell/microglial mediators (IL-6, TNF, etc.), luteolin helps
alleviate neuroinflammation and related symptoms. explorationpub.com

Anti-Inflammatory and Inflammasome Inhibition: Luteolin broadly
suppresses inflammatory signaling pathways. It has been shown to directly
inhibit NLRP3 inflammasome activation — the very pathway triggered by
spike protein in immune cells. A striking study used a luteolin-rich Perilla
seed extract on lung cells exposed to the spike S1 protein (to mimic long
COVID inflammation). Luteolin dramatically reduced the spike-induced
expression of IL-6, IL-1[3, IL-18 and prevented the release of those
cytokines, in a dose-dependent manner. It also downregulated NLRP3
inflammasome components (NLRP3 itself, ASC, cleaved caspase-1) that
were elevated by spike exposure. The mechanism was traced to luteolin
blocking the JAK1/STAT3 pathway — a key pathway driving cytokine
production in these cells. In essence, luteolin puts a brake on the
inflammasome and cytokine cascade initiated by the spike protein, thereby
protecting lung cells from excessive inflammation. Other research supports
that luteolin can inhibit JAK/STAT and NF-kB signaling in various tissues,
contributing to its anti-inflammatory profile. frontiersin.org_
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Luteolin

Antiviral Properties: Luteolin, like quercetin, can also directly interfere with
the virus. In silico screens identified luteolin as a strong RBD binder and
viral entry inhibitor. It has broad antiviral effects against coronaviruses and
other viruses, though its potency in vivo for SARS-CoV-2 needs further
validation. Still, by blocking spike—ACE2 interactions (similar to quercetin)
and perhaps inhibiting viral enzymes, luteolin may reduce any low-level
viral activity that could be driving persistent antigen presence.
link.springer.com

Oxidative Stress and Organ Protection: Luteolin is a powerful antioxidant,
helping to neutralize ROS. It was shown to mitigate oxidative damage and
inflammation in various organ models (e.g. it reduced kidney inflammatory
markers and oxidative stress in a COVID-like acute injury model). This
suggests luteolin can safeguard organs like the kidneys, lungs, and brain
from the twin assaults of oxidative stress and inflammation that the spike
protein provokes. explorationpub.com

Synergies: Luteolin often works hand-in-hand with quercetin (as
mentioned, they're combined in some supplements). Luteolin also
synergizes with palmitoylethanolamide (PEA), a fatty acid that modulates
mast cells — PEA-luteolin combinations have been tested in COVID
patients and showed improved recovery in neurological symptoms. This
reflects luteolin’s strong complementarity with other mast cell inhibitors
and anti-inflammatories. Additionally, luteolin in olive oil (in Vedicinals®9
Advanced) improves its bioavailability and synergistically provides healthy
fatty acids that support its effects. explorationpub.com link.springer.com
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https://link.springer.com/article/10.1007/s12035-021-02696-0?error=cookies_not_supported&code=610cb5be-ed37-4f5f-ab66-a5017d1cdc85#:~:text=match%20at%20L453%20flavonol%20quercetin,193%2C194%2C195%5D%2C%20inhibition%20of
https://link.springer.com/article/10.1007/s12035-021-02696-0?error=cookies_not_supported&code=610cb5be-ed37-4f5f-ab66-a5017d1cdc85#:~:text=match%20at%20L453%20flavonol%20quercetin,193%2C194%2C195%5D%2C%20inhibition%20of
https://www.explorationpub.com/Journals/eds/Article/100824
https://www.explorationpub.com/Journals/eds/Article/100824
https://link.springer.com/article/10.1007/s12035-021-02696-0?error=cookies_not_supported&code=610cb5be-ed37-4f5f-ab66-a5017d1cdc85#:~:text=match%20at%20L453%20flavonol%20quercetin,193%2C194%2C195%5D%2C%20inhibition%20of
https://www.explorationpub.com/Journals/eds/Article/100824
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Curcumin

Curcumin, the active polyphenol in turmeric, is a multitargeted compound
with strong anti-inflammatory, antioxidant, and antiviral properties. It
addresses nearly every facet of spike-protein-induced pathology.

Inhibition of NF-KB and Inflammasome: Curcumin is renowned for its
ability to suppress NF-KB signaling, which is often overactivated by spike
protein (via TLR4 and other pathways). By inhibiting the IkB kinase activity,
curcumin prevents NF-kB from translocating to the nucleus and turning on
genes for IL-6, IL-1, TNF, and other cytokines. In essence, it shuts off the
“master switch” of inflammation. This has been demonstrated in many
contexts: curcumin consistently lowers levels of pro-inflammatory
cytokines and acute phase reactants. Moreover, curcumin can directly
interfere with TLR4 — research shows curcumin binds to the TLR4/MD-2
complex and disrupts its ability to initiate MyD88/NF-kB signaling.
Consequently, in macrophage studies, curcumin blocked spike protein-
induced NLRP3 inflammasome activation by inhibiting the TLR4-MyD88—
NF-kB pathway and the downstream P2X7 receptor activation. This led to
reduced secretion of IL-13 and IL-18. Such findings are powerful: they imply
curcumin prevents the spike from hijacking innate immunity to create
chronic inflammation. frontiersin.org_

Antiviral Actions: Curcumin also exhibits direct antiviral effects against
SARS-CoV-2. It is broad-spectrum against enveloped viruses and works via
multiple mechanisms. One key mechanism is direct binding to viral
particles: curcumin is lipophilic and can insert into the viral envelope or
spike, disrupting the virus's structure and ability to infect. It has been
shown to bind the RBD of spike (in silico) and possibly impede the
conformational changes needed for ACE2 attachment. Additionally,
curcumin can alter the host cell membrane (ordering of lipids) to make it
less permissive for viral entry. In vitro experiments demonstrated that
curcumin inhibited SARS-CoV-2 infection in cell culture and did so by
multiple modes of action. While curcumin’s antiviral potency alone is
moderate, its combination of moderate antiviral activity with strong host-
targeted anti-inflammatory effects is highly valuable. sciencedirect.com
mdpi.com_nature.com
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https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2016.00369/full
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Antioxidant & Endothelial Support: As a potent antioxidant, curcumin
activates Nrf2 and elevates cellular antioxidants (like glutathione, SOD,
catalase), while scavenging free radicals. This reduces the oxidative tissue
damage inflicted by the persistent spike protein and activated immune
cells. Importantly, curcumin has cardiovascular protective effects: it
improves endothelial function (partly by increasing nitric oxide
bioavailability and reducing oxidative stress in the endothelium). It also has
mild anti-platelet and anticoagulant properties, helping to prevent
microthromboses. Curcumin has been noted to decrease markers of
endothelial activation and thrombosis (like PAI-1and fibrinogen) in
inflammatory states. These properties suggest curcumin can ameliorate
the endothelial inflammation and hypercoagulability seen in long COVID.

Synergies and Bioavailability (Role of Piperine): Curcumin is famously
poorly bioavailable on its own due to rapid metabolism. However, it
synergizes with piperine (from black pepper), which inhibits its
glucuronidation and dramatically increases curcumin’s absorption. In fact,
many successful studies use curcumin co-supplemented with piperine for
this reason. For example, clinical trials in COVID-19 outpatients found that
curcumin + piperine adjuvant therapy led to faster symptom improvement
and lower inflammatory cytokines compared to controls. Piperine itself also
adds anti-inflammatory support. Curcumin can synergize with other
polyphenols as well: combined with quercetin or EGCG, it may have
additive antiviral and anti-inflammatory effects, each compound covering
different molecular targets. Additionally, bromelain (a proteolytic enzyme)
has been used with curcumin to enhance its tissue penetration; notably, a
study reported bromelain and curcumin together suppress spike protein-
induced NF-kB activation, more than either alone. In summary, curcumin is
a cornerstone compound that tackles spike protein pathology on multiple
fronts — blocking inflammatory signaling, aiding viral clearance, protecting
organs from oxidative damage, and working synergistically with other
supplements. pmc.ncbi.gov_ cureus.com
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Quercetin

Quercetin is a well-known polyphenolic flavonol abundant in foods like
onions, berries, and apples. It has a remarkable spectrum of antiviral, anti-
inflammatory, and antioxidant activities particularly relevant to spike
protein pathology

Antiviral Mechanisms: Quercetin can directly inhibit SARS-CoV-2 at
multiple points. Computational and in vitro studies identify quercetin as a
strong blocker of the spike protein’s receptor-binding domain (RBD) - it
binds to the RBD and prevents the spike from docking onto the ACE2
receptor. In fact, quercetin (and the related luteolin) were highlighted as
potent disruptors of the spike—ACE2 interaction, potentially neutralizing
the virus’s ability to infect cells . Quercetin may also interfere with viral
enzymes; for example, it has been found to inhibit the 3CLpro (main
protease) in silico, and it can bind the viral polymerase and other proteins,
thus hampering viral replication. Another important aspect is mast cell
stabilization: quercetin is a natural mast cell inhibitor (often used for
allergic inflammation). Spike protein can aberrantly activate mast cells,
which then release tryptase and inflammatory mediators that promote viral
entry and inflammation. Quercetin counters this. One study showed 10 pM
quercetin inhibited ~41% of SARS-CoV-2 pseudovirus entry into cells co-
cultured with mast cells . By stabilizing mast cells, quercetin prevented
spike-induced chymase release and subsequent enhancement of viral
entry. This unique mechanism means quercetin helps shut down a “Trojan
horse” pathway of infection and also reduces mast cell-driven
inflammation. link.springer.com xiahepublishing.com pubmed.ncbi.gov
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Anti-Inflammatory & Antioxidant Effects: Quercetin is renowned for its
ability to quell inflammatory signaling. It can attenuate NF-kB activation
and downstream production of IL-6, TNF-q, IL-13 and other cytokines. For
instance, quercetin supplementation in clinical studies has been
associated with lower levels of inflammatory markers and improved
immune balance in viral infections. Part of this effect comes from
quercetin’s activation of the Nrf2 pathway, the master regulator of
antioxidant responses . By activating Nrf2, quercetin increases expression
of HO-1and other antioxidant enzymes, thereby reducing ROS and
oxidative damage in tissues. This antioxidant action helps mitigate the
oxidative stress provoked by persistent spike protein and chronic
inflammation. pmec.ncbi.gov link.springer.com science direct.com

Quercetin also has a mild anticoagulant/antithrombotic property. It has
been shown to inhibit thrombin and Factor Xa activity, suppressing fibrin
clot formation. In addition, it acts as a dietary antiplatelet agent — quercetin
can inhibit platelet aggregation and signaling, reducing the risk of micro-
clot formation. These vascular benefits are crucial, as long COVID spike
pathology often involves microclots and endothelial dysfunction. Indeed,
by preserving endothelial health (through its antioxidant and anti-
inflammatory effects) and discouraging thrombosis, quercetin helps
protect the vascular system. xiahepublishing.com

Synergies: Quercetin appears to synergize with several other compounds.
A notable pairing is with Vitamin C, where vitamin C recharges quercetin
and they jointly enhance antiviral immunity — some protocols for COVID-19
employed this duo. Quercetin and luteolin together may offer amplified
benefits; Vedicinals®9 Advanced'’s formulation - combining them in olive oll
(to improve absorption) is proposed to further stabilize mast cells and
quell neuroinflammation in long COVID . Additionally, quercetin is the active
aglycone of rutin (another compound below), so rutin can serve as a
quercetin delivery prodrug, effectively increasing quercetin bioavailability
in the body. link.springer.com
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Baicalin is a flavone glycoside (the 7-O-glucuronide of baicalein) known for
antiviral and anti-inflammatory properties.

Antiviral Actions: Baicalin (and its aglycone baicalein) can directly
interfere with SARS-CoV-2's life cycle. Studies show these compounds
block the viral spike (S) protein’s interaction with ACE2, preventing cell
entry. In a pseudovirus model, baicalein/baicalin from S. baicalensis
inhibited spike-ACE2 binding by ~98%, effectively neutralizing viral
infectivity. Baicalin also targets other viral proteins — it has been shown to
inhibit the main 3CL protease, the papain-like protease, the RNA-
dependent RNA polymerase, and even the helicase, thereby suppressing
viral replication at multiple steps. These broad antiviral mechanisms mean
baicalin can aid in viral clearance of any residual virus or spike protein-
producing cells. pmc.ncbi.gov pubmed.ncbi.gov

Anti-Inflammatory & Immune Modulation: Equally important, baicalin
powerfully modulates the host immune response. It is known to inhibit pro-
inflammatory signaling pathways such as NF-kB, MAPK, and PI3K/Akt, and
even downregulate TLR pathways . By doing so, baicalin reduces the
production of cytokines and chemokines that would otherwise be triggered
by spike protein persistence . In models of sepsis and lung injury, baicalin
prevented inflammatory organ damage by rebalancing macrophage
polarization and dampening the “cytokine storm” mediators . It also exerts
antioxidant effects, scavenging ROS and upregulating antioxidant enzymes to
alleviate oxidative stress in inflamed tissues . Collectively, these actions help
protect tissues from spike-induced injury. frontiersin.org pubmed.ncbi.gov

Endothelial & Mast Cell Effects: By reducing inflammation and oxidative
stress, baicalin helps preserve endothelial function (important for
preventing microclots and vascular leakage). Some studies also indicate
baicalin can stabilize mast cells or reduce their secretion of inflammatory
molecules, adding another layer of protection against aberrant immune
activation. frontiersin.org_
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Synergies: Baicalin often appears in combination therapies (e.g. traditional
herbal formulas) and may synergize with other compounds. Notably,
baicalin and baicalein have been used with andrographolide in vitro and in

vivo, showing synergistic effects: the combo significantly

reduced ACE2

levels and viral entry more than either alone, and also curbed IL-6 and TNFa
in infected animals. This highlights that baicalin can cooperate with other
anti-inflammatory agents to enhance antiviral and cytokine-suppressing

effects. nature.com

| Main mechanisms underlying Baicalin
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Glycyrrhizin

Glycyrrhizin is a triterpenoid saponin from licorice root (Glycyrrhiza glabra)
with a long history as an anti-inflammatory and antiviral agent. It directly
addresses several aspects of spike protein-induced pathology.

Blocking Spike and Virus Entry: Remarkably, glycyrrhizin can bind directly
to the SARS-CoV-2 spike protein. Experiments using spike-pseudotyped
viruses showed that glycyrrhizin dose-dependently blocked spike-
mediated cell infection. Incubating the spike-pseudovirus with glycyrrhizin
before infection greatly reduced its ability to infect ACE2-expressing cells.
Surface plasmon resonance confirmed that glycyrrhizin has affinity for the
spike protein and specifically prevents the spike from attaching to host
cells. Docking analyses identified glycyrrhizin binding pockets at the spike’s
ACE2 interface and internal RBD sites, suggesting it locks the spike in a
conformation that is less able to engage ACE2. This means glycyrrhizin can
neutralize free spike proteins and potentially block any spike from residual
virus or viral fragments from interacting with both ACE2 and TLR4 on host
cells. Additionally, glycyrrhizin was one of the most effective compounds
against the original SARS-CoV virus, and similar effects carry over to SARS-
CoV-2: it can inhibit viral replication. In Vero cell assays, glycyrrhizin
significantly inhibited SARS-CoV-2 replication without cytotoxicity at high
concentrations. This antiviral effect may involve glycyrrhizin's interference
with virus entry as well as replication steps (it's been noted to affect viral
gene expression and release). mdpi.com pubmed.ncbi.gov

Oxidative Stress and Endothelial Effects: Through reducing the upstream
drivers like HMGB1 and IL-1[, glycyrrhizin secondarily reduces oxidative
stress (since activated macrophages and neutrophils produce less ROS).
Additionally, by preserving cell viability (preventing pyroptotic cell death),
it prevents the spillage of intracellular oxidants and danger signals.
Glycyrrhizin has been observed to protect tissues such as the lungs and
liver in models of systemic inflammation — for example, it lessened
neutrophil infiltration and tissue damage in an animal model of COVID-like
lung injury, accompanied by lower IL-6 and HMGBI levels . It may also help
maintain endothelial integrity by reducing endothelial HMGBI release and
subsequent leukocyte adhesion. frontiersin.org.
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Glycyrrhizin

Anti-Inflammatory — HMGB1 and Cytokine Storm: Glycyrrhizin's anti-
inflammatory power is largely through its role as an HMGBI inhibitor. HMGBI
is a damage-associated molecular pattern that is released by cells
(especially during pyroptosis) and massively amplifies inflammation by
activating TLR4 and other receptors. Notably, HMGBI levels are often
elevated in severe COVID-19 and long COVID and contribute to sustained
inflammation. Glycyrrhizin binds to HMGB1 and blocks its pro-inflammatory
activities. In a study of lung cells expressing SARS-CoV-2 proteins, the
presence of spike S1and Orf3a led to cell pyroptosis (inflammatory cell
death) and the release of HMGBI1 and IL-1B. Glycyrrhizin prevented this
spike-induced HMGBI1 release and cell pyroptosis. It also attenuated the
activation of macrophages that were exposed to the HMGBI-rich
supernatants. As a result, glycyrrhizin-treated cultures had much lower
levels of IL-1B, IL-6, IL-8 and even ferritin (an inflammatory marker)
compared to untreated ones. Essentially, glycyrrhizin breaks the feed-
forward loop of cell damage and cytokine escalation by neutralizing HMGBI.
By doing so, it dampens TLR4-mediated hyperinflammation, directly
addressing the spike—TLR4 problem. Glycyrrhizin also interferes with other
inflammatory signals: it can reduce TNF-a production, stabilize cell
membranes, and even exhibit a corticosteroid-like modulation of immunity
(licorice has a history of use in inflammatory diseases for this reason).
pubmed.ncbi.gov

Synergies: Glycyrrhizin often appears in traditional formulations (e.g.
Chinese medicine formulas for COVID) as a “harmonizing” ingredient, partly
due to its broad antiviral and anti-inflammatory roles. It can synergize with
flavonoids; interestingly, an in silico study suggested that glycyrrhizin
combined with hesperidin could jointly bind different sites on the spike
protein for enhanced blocking effect. Moreover, pairing glycyrrhizin with
Vitamin C or other antioxidants might further help quench the cytokine
storm. Caution is needed with glycyrrhizin's dosage (high doses can cause
blood pressure or potassium issues), but at appropriate doses it is a
powerful adjunct to control the chronic inflammation driven by persistent
spike protein. mdpi.com
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PART 7

Piperine

Piperine is the pungent alkaloid in black pepper. While largely known as a
bioavailability enhancer, it also possesses its own pharmacological effects
that are pertinent to long COVID inflammation.

Bioenhancer for Synergy: First, it's important to note that piperine greatly
increases the absorption of curcumin, EGCG, quercetin, and other
polyphenols. It does so by inhibiting drug-metabolizing enzymes (like UDP-
glucuronosyltransferases) and P-glycoprotein efflux pumps in the gut. This
synergy is one reason many protocols include black pepper extract
alongside these compounds. As mentioned, curcumin plus piperine showed
clinical efficacy — the piperine boosted curcumin levels, resulting in
significant reductions in inflammatory symptoms in COVID-19 patients.
Thus, piperine ensures that the other polyphenols in a regimen can reach
therapeutic concentrations. bjbas.springeropen.com pmec.ncbi.gov_

NF-kB and Cytokine Inhibition: Piperine itself is anti-inflammatory. It has
been shown to inhibit the translocation of NF-kB subunits (p65, p50, etc.)
into the nucleus . By blocking NF-kB and AP-1 transcription factors (c-Fos,
ATF-2), piperine reduces the expression of pro-inflammatory genes like IL-
1B, IL-6, iINOS, and COX-2 . In one study, piperine significantly curtailed LPS-
induced TNFa and IL-1B production, confirming its ability to blunt the kind
of innate immune hyperactivation that spike protein can cause. Piperine
may also upregulate certain anti-inflammatory microRNAs (like miR-127)
and interfere with STAT3 signaling, contributing to an overall
immunomodulatory effect . While piperine’s anti-inflammatory potency is
not as high as curcumin’s, it provides a supportive anti-inflammatory
baseline — essentially helping to dampen NF-kB—driven inflammation set
off by spike-triggered pathways. mdpi.com bjbas.springeropen.com
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Piperine

Antioxidant and Metabolic Effects: Piperine exhibits antioxidant activity
by increasing intracellular glutathione and other antioxidants, and by
directly scavenging some free radicals. It also has been noted to improve
lipid metabolism and reduce oxidative stress in metabolic syndrome
models. In long COVID, where patients often have lingering oxidative stress
and metabolic disturbances, piperine’s subtle antioxidant boost can be
helpful. Additionally, piperine may promote better blood flow (it has
vasodilatory effects and can inhibit platelet aggregation mildly), potentially
aiding in reducing microclot formation. sciencedirect.com

In summary, piperine’s primary role is synergistic — it magnifies the
efficacy of curcumin, EGCG, quercetin, etc., by enhancing their
bioavailability. But it is not just an inert booster; piperine contributes by
inhibiting the very inflammatory pathways (NF-kB, AP-1) that the spike
protein exploits. Therefore, including piperine in a long COVID nutraceutical
regimen both strengthens the impact of other polyphenols and adds its
own layer of NF-kB inhibition. It is a classic example of the whole being
greater than the sum of its parts.

MOLECULAR
TARGETS OF
PIPERINE

bjbas.springeropen.com
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EGCG

EGCG (epigallocatechin gallate) is the most abundant catechin in green tea
and one of the most researched plant polyphenols. It exerts powerful anti-
inflammatory, antioxidant, vascular-protective, and antiviral effects —
making it highly relevant for addressing the systemic impact of persistent
spike protein.

NF-KB Suppression & Inflammasome Inhibition: EGCG blocks NF-kB
activation and suppresses pro-inflammatory cytokines such as IL-6, TNF-q,
and IL-1B. It also downregulates NLRP3 inflammasome activation, which is
directly triggered by spike protein exposure. These effects help reduce the
intensity of immune overactivation and cytokine cascades commonly seen
in spike-related pathology. In cell and animal models, EGCG reduced spike-
induced inflammation by targeting both TLR4 and NLRP3 pathways, helping
to modulate immune response and prevent tissue injury. It's considered a
broad anti-inflammatory compound with particular relevance in spike
persistence. _pubmed.ncbi.gov pubmed.ncbi.gov.

Endothelial & Vascular Protection: EGCG protects endothelial cells by
increasing eNOS-derived nitric oxide, improving blood vessel flexibility and
repair. It lowers adhesion molecules (VCAM-1, ICAM-1) and inhibits platelet
aggregation, both of which are implicated in microclot formation — a known
concern in long COVID and spike persistence. It also reduces vascular
inflammation and oxidative damage in endothelial tissue, supporting
healthier circulation and reducing tissue hypoxia. nature.com
pubmed.ncbi.gov_

Antiviral Effects and Spike Blocking: EGCG can directly bind the SARS-
CoV-2 spike protein receptor-binding domain (RBD) and inhibit its
interaction with ACE2, disrupting viral entry. It also inhibits key viral
enzymes like 3CL protease, which are essential for replication. This
mechanism helps reduce viral persistence or residual spike activity that
may linger after acute infection. Studies show EGCG's spike-blocking
potential, similar to quercetin, with added benefits as a cell-surface viral
neutralizer. mdpi.com
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EGCG

Nrf2 Activation & Oxidative Stress Defense: Spike protein persistence
can generate excessive reactive oxygen species (ROS), depleting cellular
antioxidant systems and damaging mitochondria. EGCG acts as a powerful
inducer of the Nrf2/HO-1 pathway, enhancing cellular antioxidant defenses
and suppressing oxidative stress—mediated damage. This antioxidant
action is especially important in the context of SARS-CoV-2, which is
known to impair mitochondrial function and suppress Nrf2 activation.
pmc.ncbi.gov_

Synergy with Other Vedicinals®9 Advanced Compounds

e Quercetin + EGCG: Both bind spike protein, inhibit NF-kB, and act as zinc
ionophores.

e Curcumin + EGCG: Dual activation of Nrf2 + suppression of inflammatory
signaling.

e Piperine: Enhances EGCG bioavailability by slowing hepatic metabolism.

Together, EGCG plays a central role in the multi-targeted approach of —
supporting immune modulation, detoxification, antiviral defense, and tissue
repair.
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Hesperidin .

Hesperidin is a citrus flavanone glycoside abundant in orange and lemon
peels. It has emerged as a promising compound against SARS-CoV-2,
especially for blocking spike protein effects.

B

Blocking Spike—ACE2 Binding: Hesperidin uniquely fits into the binding
interface between the spike RBD and ACE2, effectively preventing the virus
from attaching to the receptor. In virtual screening studies, hesperidin was
identified as the top compound that could fill the shallow groove of RBD
and disrupt its interaction with ACE2. Molecular docking and molecular
dynamics simulations confirm that hesperidin forms multiple hydrogen
bonds and hydrophobic contacts with key residues on the spike, thereby
destabilizing the spike-ACE2 interaction. In functional assays, hesperidin
significantly impeded SARS-CoV-2 pseudovirus entry into cells. Luciferase
reporter readouts showed that pseudoviruses (carrying either wild-type
spike or major variants like D614G and Beta strain) had much lower
infectivity in Vero E6 cells when hesperidin was present. This highlights
hesperidin’s potential as an entry inhibitor that works even across different
variants’ spikes. journals.sagepub.com pmc.nbci.gov

Antiviral & Other Mechanisms: Beyond blocking entry, hesperidin may
inhibit viral replication. It has been reported to inhibit the 3CL main
protease of SARS-CoV-2 in silico, which suggests it could reduce viral
polyprotein processing and replication. Hesperidin's aglycone (hesperetin)
can also interfere with other viral enzymes and has shown antiviral effects
against influenza and other viruses. Although more in vivo data is needed,
these findings imply a multi-pronged antiviral action (entry and replication)
for hesperidin. onlinelibrary.wiley.com
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Hesperidin

On the host side, hesperidin is a potent antioxidant and anti-
inflammatory agent. It can decrease intracellular reactive oxygen species
by over 50% in stressed cells, and it boosts the cellular antioxidant defense
system (partly by influencing Nrf2 and related pathways). This antioxidant
effect is very relevant for dampening the oxidative burst caused by spike-
induced inflammation. Hesperidin also modulates immune signaling: it's
known to inhibit the release of inflammatory cytokines and to stabilize
mast cells in allergy models. In COVID-related studies, hesperidin has been
noted to synergize with ascorbic acid (vitamin C) — together they
counteract the oxidative and inflammatory damage triggered by the virus.
Furthermore, hesperidin may improve endothelial function; clinical use of
hesperidin/diosmin (a related citrus flavonoid) for vascular disorders
indicates they reduce capillary permeability and inflammation. By
strengthening the blood vessels, hesperidin helps prevent the endothelial
inflammation and microclot formation seen in long COVID. pmc.nbci.gov
mdpi.com

Synergies: Hesperidin often co-occurs with other citrus bioflavonoids and
vitamin C in nature, and they work well in concert. In COVID-19 research, a
combination of hesperidin and diosmin was trialed to reduce disease
severity, leveraging their endothelial protective and anti-inflammatory
effects. Hesperidin also complements quercetin; while quercetin directly
quells mast cells and neutrophils, hesperidin’s emphasis is on blocking
spike and scavenging radicals, so together they cover multiple bases.
Overall, hesperidin’s unique spike-targeting ability and its supportive
antioxidant role make it a vital piece of an anti-spike polyphenol regimen.
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CONCLUSION

These nine natural compounds each tackle the lingering spike protein problem
from different angles — baicalin and luteolin suppress innate inflammatory
sensors and antiviral immunity; quercetin and hesperidin block spike-ACE2 and
calm mast cells; EGCG and curcumin inhibit viral enzymes and NF-
KB/inflammasomes; rutin supports vascular health and delivers quercetin;
piperine enhances bioavailability while inhibiting NF-kB; and glycyrrhizin binds
spike and HMGBI to stop both virus and inflammation at their roots. Importantly,
these compounds have potential synergistic effects. For example, combining
entry blockers (like quercetin, hesperidin, glycyrrhizin) with inflammasome
inhibitors (curcumin, luteolin) and antioxidants (EGCG, rutin) creates a
comprehensive shield against spike-induced pathology. Early clinical and
preclinical studies are indeed suggesting that such multi-compound approaches
can alleviate Long COVID symptoms by reducing inflammatory markers,
improving endothelial function, and aiding recovery. While more research is
ongoing, the current evidence supports the use of these polyphenols as a
therapeutic strategy to neutralize persistent spike protein, quell the chronic
inflammation, and help restore normal immune balance in affected individuals.
pmc.nbci.gov_ link.springer.com frontiersin.org pubmed.ncbi.gov_

<% The Vedicinals®9 Matrix: Designed for Whole-Body Support

Each compound in Vedicinals®9 was selected to fulfill a specific role — and together, they
cover an impressive range of physiological targets:

Systemic Target Mechanism of Action Key Compounds

Inflammation & Cytokines NF-kB inhibition, NLRP3 Quercetin, EGCG, Curcumin,
suppression Baicalin

Oxidative Stress Nrf2/HO-1 activation, ROS EGCG, Curcumin, Luteolin,
scavenging Rutin

Endothelial Repair NO restoration, anti-adhesion EGCG, Hesperidin, Baicalin
molecules

Viral Residue & Entry Spike-ACEZ2 inhibition, Quercetin, EGCG, Glycyrrhizin

Blockade protease binding

Mast Cell & Histamine Control Degranulation suppression Luteolin, EGCG, Rutin

Immune Modulation T cell balance, cytokine Baicalin, Curcumin,
calibration Glycyrrhizin

Bioavailability Enhancement Enhanced absorption and Piperine
duration
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A SYNERGISTIC APPROACH TO SPIKE PROTEIN RECOVERY

Throughout this book, we've explored the scientific potential of nine carefully
selected natural compounds — baicalin, quercetin, EGCG, luteolin, rutin,
glycyrrhizin, curcumin, piperine, and hesperidin — each offering unique biological
mechanisms to counteract the damage associated with persistent SARS-CoV-2
spike protein exposure.

But the true strength of Vedicinals®9 Advanced lies not only in the individual
efficacy of these ingredients, but in their synergistic formulation — a deliberate
and strategic combination designed to address the multi-system challenges
posed by spike protein persistence and long-haul recovery.

Spike Protein Persistence: A Complex Biological Disruption

Recent research has shown that fragments or full-length spike protein can
remain detectable in the body long after infection or vaccination. These lingering
proteins can continue to stimulate immune receptors such as TLR4 and ACE2,
disrupt mitochondrial function, trigger oxidative stress, activate mast cells, and
impair endothelial health — leading to a spectrum of ongoing symptoms.

To support recovery, a therapeutic formulation must address all of these areas
simultaneously.

Synergy Without Overlap: Formulated for Balance

This is not a supplement with redundant ingredients. Each compound in
Vedicinals®9 offers complementary, not competing, effects — and many have
been shown to enhance one another’s activity. For example:

¢ Piperine enhances the bioavailability of curcumin and EGCG.

e EGCG and quercetin act as dual zinc ionophores and both target viral entry.

e Curcumin and baicalin suppress NLRP3 and boost mitochondrial resilience.

e Rutin reinforces vascular integrity while supporting quercetin’s antiviral
actions.

This kind of harmony is what gives Vedicinals®9 its therapeutic depth — each
component working in tandem to address the systemic disruption caused by
spike protein, rather than treating symptoms in isolation.
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A SYNERGISTIC APPROACH TO SPIKE PROTEIN RECOVERY

Clinically Tested. Globally Used. Scientifically Driven.

Unlike many over-the-counter formulations, Vedicinals®9 Advanced has been
evaluated in real-world clinical use, including international pilot studies showing
measurable reductions in inflammatory markers (e.g., IL-6, CRP, D-dimer),
improvements in patient-reported symptoms, and rapid immune recovery
timelines.

This formulation is not the result of marketing trends. It is the culmination of
deep scientific research, clinical experience, and a mission to help the body
restore itself naturally.

Vedicinals®9 Advanced represents a whole-body recovery approach to spike
protein persistence — one that understands the complexity of immune, vascular,
mitochondrial, and inflammatory systems and offers botanical support across all
fronts.

This is not just a supplement. It is a strategy — rooted in nature, proven by
science, and designed to help the body do what it was built to do: recover.

Natural Compounds Powering Vedicinals®9 Advanced

1. Rutin (Buckwheat) - Circulatory support 6. Glycyrrhizin (Licorice Root) - Digestive and
i immune aid
2. Luteolin (Chamomile) - Cognitive health
7. Piperine (Black Pepper) - Absorption enhancer
3. (Turmeric) - i Yy
4. Quercetin (Apples) - Immune support 8. EGCG (Green Tea) - Antioxidant support
5. Baicalin (Skullcap) - Liver protection 9. Hesperidin (Citrus) - Vascular health
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» Exploration in Medicine (2023) — EGCG blocked SARS-CoV-2 RBD-ACE2 binding
(IC_50 ~1.7 pg/mL) and inhibited coronavirus entry/replication (EC_50 ~0.6 uM in
cells). EGCG targets viral NSP15 endoribonuclease and 3CLpro. It also abrogated
hyperinflammation: in COVID-19 patients, EGCG lowered IL-1B, IL-6, MCP-1and other
markers , by suppressing ROS/HIF-1a and activating Nrf2/HO-1. EGCG promoted
antiviral interferon responses (T IFN-[3, RIG-I). It helped prevent thrombosis by
inhibiting NETs and lowering D-dimer , and protected against fibrosis by
downregulating TGF-[31, collagen, and NF-kB in lung tissue. explorationpub.com

» Frontiers in Medicine (2023) — Luteolin-rich Perilla seed extract suppressed spike S1—
induced IL-6, IL-1B3, IL-18 release in lung cells via JAKI/STAT3 and NLRP3 inflammasome
inhibition. Luteolin outperformed rosmarinic acid in anti-inflammatory effect. Authors
suggest luteolin as a candidate to prevent long-COVID inflammation. frontiersin.org_
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e Exploration in Medicine (2023) — Luteolin mitigated neuroinflammation in long COVID: a
luteolin/PEA supplement reduced brain fog by downregulating mast cell and microglia
mediators (histamine, IL-6, TNF, etc.) in the brain. Luteolin also protected against
COVID-19 acute kidney injury in a model (reduced IL-1B, IL-6, TNF, oxidative stress).
explorationpub.com

e Biomedicines (2021) — Rutin is a low-micromolar inhibitor of 3CLApro (SARS-CoV-2
main protease) , suggesting quercetin analogs as antivirals. Docking studies
corroborate rutin binding in 3CLpro's active site. Rutin also predicted to bind spike RBD
and RNA polymerase. pubmed.ncbi.gov covidl9-help.org_

e RSC Adv. (2020) - In silico: Hesperidin was unique in targeting the Spike—ACE2
interface, filling the RBD pit and forming hydrogen bonds to residues that facilitate
virus-receptor binding. journals.sagepub.com jimc.ir

* Scientific Reports (2021) — Hesperidin significantly impeded pseudovirus entry for
wild-type and mutant SARS-CoV-2 spikes in cell assays. It interacts with spike and
ACE2 residues, hindering their association. Hesperidin was also found to inhibit 3CL
protease activity in silico. pmc.ncbi.gov  onlinelibrary.wiley.com

e Cureus (2023) — Bromelain and curcumin together downregulate the NF-KB pathway
activated by the spike protein, reducing downstream inflammatory molecules.
Curcumin alone inhibits coronavirus replication and blocks TLR4/TRIF/NF-kB signaling,
blunting cytokine production. cureus.com pmc.ncbi.gov_

¢ Frontiers in Pharmacology (2022) — Curcumin repressed NLRP3 inflammasome by
suppressing the TLR4/MyD88/NF-kB axis in macrophages. Also inhibited P2X7
receptor, thereby preventing IL-18 maturation. frontiersin.org_

e Molecules (2021) — Curcumin inhibited in vitro SARS-CoV-2 infection in Vero E6 cells
via multiple mechanisms. It likely interacts with viral surface proteins and alters host
cell entry pathways. First study to show combined antiviral + anti-inflammatory effect
of curcumin during SARS-CoV-2 infection. nature.com sciencedirect.com
pubmed.ncbi.gov_

 Drug Design, Development and Therapy (2021) — Clinical trial: co-administration of
curcumin (Nano-curcumin) with piperine in mild COVID-19 patients led to faster
recovery and reduced morbidity. Another study reported significantly reduced
inflammatory symptoms (like weakness and cough) with curcumin-piperine vs.
placebo. pmc.ncbi.gov
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e SpringerOpen Review (2020) - Piperine is a potent inhibitor of NF-kB, AP-1 (c-
Fos/ATF-2), and proinflammatory gene expression. It blocked nuclear translocation of
NF-kB p65 and c-Rel subunits, resulting in lower cytokine levels. Piperine’s miR-127
upregulation contributes to its anti-inflammatory action. bjbas.springeropen.com
mdpi.com

e PubMed (2021, Gowda et al.) — Glycyrrhizin (licorice) prevented SARS-CoV-2 S1-
induced HMGBI release and lung cell pyroptosis, and inhibited virus replication in vitro .
By antagonizing HMGB], it attenuated the secondary activation of macrophages and
markedly reduced IL-1B, IL-6, IL-8 and ferritin levels. This dual antiviral and anti-
cytokine action positions glycyrrhizin as a promising therapeutic. _pubmed.ncbi.gov_

e Molecules (2021) — Glycyrrhizic acid bound to spike protein (via SPR) and blocked
spike’s binding to ACE2 on host cells . It showed multiple binding sites on spike RBD,
potentially preventing the conformational changes needed for membrane fusion .
Licorice’s historical success against SARS is echoed in SARS-2 findings, highlighting its
value in Long COVID. mdpi.com
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