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ABSTRACT

As the third article in a four-part series on pediatric neuroimmune
disorders, this study evaluates evidence-based herbal therapeutics for
biomarker modulation in Chronic Inflammatory Response Syndrome (CIRS).
Building on Part 1 (CIRS diagnostic framework), Part 2 (infectious drivers
such as Lyme disease and co-infections), and Part 4 (Autoimmune
encephalopathy), Part 3 focuses on phytochemicals that target
dysregulated markers, including TGF-B1, MMP-9, C4a, VEGF, VIP, and
ADH. In a cohort of 1,722 children with treatment-resistant autism spectrum
disorder (ASD) and Pediatric Acute-onset Neuropsychiatric Syndrome
(PANS)138.140, all meeting CIRS criteria via bedside diagnosis, targeted
herbal interventions were introduced, with reported improvements
including but not limited to cognition, language, behavior, respiratory,
sleep, pain, and gastrointestinal function. Mechanistic pathways included
modulation of NF-kB, SMAD2/3, and Nrf2, supporting reduction of
inflammation and restoration of neurovascular integrity. Bedside
diagnostic strategies, necessitated by laboratory constraints, were
supported by control data (83 children 141.142). Outcomes suggest that
herbal therapeutics may serve as viable and valuable adjuncts to the
Shoemaker CIRS Protocol, offering improved tolerability and accessibility.
This work underscores a systems biology approach to pediatric CIRS
management and highlights integrative strategies that bridge conventional
and botanical medicine 1. 3. 46,50, 51, 139,141,142,
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Introduction

Chronic Inflammatory Response Syndrome (CIRS) is a
complex, environmentally acquired inflammatory illness
marked by multisystem, multi-symptom dysregulation of
immune, endocrine, vascular, and neurologic function. It
arises from sustained exposure to biotoxins, particularly
mycotoxins, endotoxins, Actinobacteria, and volatile
organic compounds, found in water-damaged indoor
environments. In genetically susceptible individuals with
HLA-DR haplotypes impairing antigen presentation, these
exposures provoke a failure to regulate the innate
immune response, leading to a chronic, self-sustaining
cascade of inflammation 1.2

Central to the diagnosis and clinical management of CIRS
is the quantification of molecular biomarkers that reflect
pathophysiologic activity across immune signaling,
neurovascular regulation, and endocrine axes. These
include transforming growth factor beta-1 (TGF-B1),
matrix metalloproteinase-9  (MMP-9), complement
component 4a (C4a), vascular endothelial growth factor
(VEGF), vasoactive intestinal peptide (VIP), antidiuretic
hormone (ADH) with plasma osmolality, and melanocyte-
stimulating hormone (MSH). Each of these markers has a
defined mechanistic role in disease propagation, whether
through fibrogenic signaling, endothelial permeability,
redox instability, or neuroendocrine suppression, making
them uniquely actionable targets for therapeutic
modulation 4139,

Although the Shoemaker Protocol remains the most
structured and validated framework for CIRS
management, its reliance on pharmaceutical agents,
including cholestyramine or colesevelam (for toxin
binding), EDTA spray (for MARCoNS eradication), and
recombinant VIP (for neuropeptide replacement),
presents limitations in tolerability, access, and mechanistic
breadth. Furthermore, the protocol’s efficacy is highly
contingent on strict environmental avoidance, which is not
always feasible. These constraints underscore the need
for adjunctive strategies that address underlying
inflammatory and redox dynamics while remaining
compatible with allopathic standards of care.

The lack of FDA-approved therapies for CIRS has also
limited research funding and provider adoption,
contributing to delayed diagnosis and inappropriate
treatment.  Standard  pharmacologic  interventions
targeting symptoms (e.g., SSRiIs, stimulants,
antihistamines) often fail to resolve the root
pathophysiology and may even exacerbate immune
dysregulation. Moreover, few interventions outside the
Shoemaker paradigm have been systematically
evaluated for their capacity to modulate the key
biomarkers that define this condition 4.

Phytochemicals, bioactive constituents of medicinal plants,
offer a compelling adjunctive approach for targeting the
inflammatory, fibrotic, and neuroendocrine abnormalities
seen in CIRS. Many herbal compounds exert effects on
canonical molecular pathways relevant to this syndrome,
including nuclear factor kappa B (NF-kB), mitogen-
activated protein kinase (MAPK), transforming growth
factor-beta signaling (SMAD-dependent), and the

nuclear factor erythroid 2-related factor 2 (Nrf2)
antioxidant response element (ARE) axis. Unlike
symptom-based interventions, phytotherapeutics can act
upstream at the transcriptional and cytokine level,
modulating immune cell polarization, reducing matrix
degradation, and restoring vascular integrity 6.

Herbal agents such as curcumin, baicalin 67,
epigallocatechin gallate (EGCG), and resveratrol have
been shown to downregulate MMP-9 expression and
inhibit TGF-B1-mediated fibrosis in animal and in vitro
models 73234, Others, including licorice, Astragalus
membranaceus, and Rhodiola rosea, have demonstrated
neuroendocrine modulation, antioxidant activity, and
hypothalamic-pituitary-adrenal (HPA) axis stabilization,
features highly relevant to VIP, ADH, and MSH regulation
6112143, The breadth of these phytochemical mechanisms
suggests a capacity to influence not only symptoms but
also the upstream biomarker architecture of CIRS itself.

In contrast to empiric botanical prescriptions, this article
adopts a biomarker-driven approach, organizing
phytotherapeutic interventions by their mechanistic
relevance to specific Shoemaker labs. Section Il offers
detailed analyses of each biomarker, TGF-B1, MMP-9,
C4a, VEGF, VIP, ADH/osmolality, and oxidative stress, as
discrete pathophysiologic nodes. For each, we identify
molecular targets (e.g., NF-kB, SMAD2/3, Nrf2), herbal
compounds with preclinical and clinical evidence, and
pharmacokinetic considerations such as bioavailability,
metabolism, and tissue specificity. All referenced studies
are drawn from the PubMed database and evaluated
for methodological rigor, molecular specificity, and
translational relevance.

This approach aligns with the principles of systems
biology, which view chronic illness not as organ-specific
failure but as a networked dysfunction of interconnected
pathways. By mapping herbal effects onto discrete
biochemical targets and immune cascades, the article
seeks to bridge the divide between conventional
laboratory diagnostics and phytochemical therapeutics.
The therapeutic framework presented herein is not
intended to supplant the Shoemaker Protocol but to
supplement it through mechanistically grounded botanical
options that may offer benefit in treatment-resistant or
relapsing CIRS cases.

Given the skepticism often surrounding herbal medicine in
allopathic contexts, this article emphasizes
pharmacological plausibility and avoids generalized
claims. Each herb discussed is contextualized within a
molecular and clinical framework tied directly to CIRS
biomarkers. Rather than promoting herbalism as an
alternative model, we propose phytotherapeutics as
rational, evidence-informed adjuncts capable of
influencing the immune-metabolic architecture of CIRS. As
the burden of environmentally acquired chronic illness
rises, and the molecular tools for diagnosis evolve, it
becomes increasingly critical to explore safe,
mechanistically precise therapeutics that integrate with
existing protocols and expand the armamentarium of
clinicians.
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Methods

As the third installment of a four-part retrospective
review series this article extends the framework of Part 1
and 2 15 157 reviewing herbal therapeutics as an
evidence based viable treatment option in a cohort of
1,722 children (aged 7 months—18 years) with treatment-
resistant autism spectrum disorder (ASD) and Pediatric
Acute-onset Neuropsychiatric Syndrome (PANS) seen at
the Bionexus Health Clinic. Of the 1722 patients
reviewed, 1326 (78%) were males and 374 were
females (22%). All met Shoemaker Chronic Inflammatory
Response Syndrome (CIRS) criteria, =6/13 multisystem
symptoms, including fatigue, cognitive deficits,
sensory /autonomic dysfunction, and joint pain 124139,
PANS diagnoses followed published consensus guidelines
140 and Shoemaker’s case definitions.

Due to diagnosis-specific associated behavioral and
neurological issues, children with ASD often show aversion
to blood draws, often making this impossible to
accomplish safely. Each child had a positive history of
visible mold development and continuous exposure to the
interior environment of a water-damaged building
(WDB). The children represented fifty-three different
nationalities. These comprised twenty-nine European
countries, nine Asian countries, one Oceanic nation, three
Middle Eastern countries, seven African countries, and
four North American countries, including the United
States. This includes children from 37 states in the United
States. Their ages varied from seven months to 18 years
with an average age of 4.5 years. In this group, there
were 47 children with an additional diagnosis of Lyme
disease as determined by reputable authorities in
infectious disease and this analysis has been addressed
in Part 2 in the series '57. Control cases (n=83; 33 from
McMahon et al, 14! 50 from Shoemaker et al '42) lacked
CIRS/PANS features, ensuring diagnostic specificity.

Consecutive cases with refractory symptoms, received
herbal interventions targeting the physiological
implications of CIRS biomarkers (TGF-B1, MMP-9, C4aq,
VEGF, VIP, ADH/osmolality). Interventions included
Bionexus proprietary herbal formulations along with
herbal extracts adapted from Buhner’s protocol 143,
Dosing was oral, titrated for age and weight, and
maintained at targeted doses for 6—18 months. The
botanicals were recommended and administered under
the close supervision of a registered herbalist, progress
was monitored with lab work, and self-dosing is not
recommended. Changes in symptoms were qualitatively
tracked using simple rating scales completed by parents
and clinicians. Clinical monitoring involved structured
parental reports and clinician assessed at baseline, 6
months,12 months and 18 months. Outcomes were
documented with improvements reported by parents,
teachers and therapists, in various areas of concern. This
approach parallels the Lyme disease subset described in
Article 2 (n=47), maintaining continuity with prior
analyses of herbal modulation in neuroimmune disorders.

The herbals were carefully curated for each patient
under the guidance of a Registered Herbalist with 15
years of experience in clinical herbalism and 25 years’
experience in pediatrics. Optimal timing for introduction

of the herbal extracts, and step-by-step expert guidance
were emphasized  throughout.  Premium  quality
ingredients, including biodynamically or organically
grown herbals, carefully extracted using cGMP
standards, third party tested, and FDA inspected have
been used. Additionally, herbal usage safety has been
addressed with particular care. Certain herbs can cause
interactions when combined with certain medications.
Children also process substances differently than adults
which needs to be factored in. For this reason, dosing
needs to be conservative and closely supervised. Some
herbs act broadly and help the body manage stress
across many systems. Others are more targeted and are
most appropriate when certain markers are elevated.
This layered approach reflects a systems view of chronic
illness, where problems are connected rather than
isolated. It is also stressed that herbal support should not
interfere with key steps of the Shoemaker Protocol, such
as toxin binding or nasal treatments, and should be
spaced carefully. Within this cohort, the children received
specific herbal support aimed at biological markers
linked to CIRS. These included transforming growth factor
beta-1 (TGF-B1), matrix metalloproteinase-9 (MMP-9),
complement component 4a (C4a), vascular endothelial
growth factor (VEGF), vasoactive intestinal peptide (VIP),
and antidiuretic hormone (ADH). Together, these markers
reflect inflammation, immune activity, barrier stability,
blood flow, and hormone balance.

The herbal approach included compounds such as
curcumin, Japanese knotweed, cat’s claw, and baicalin.
Specific examples help clarify this. Curcumin and baicalin
are described as helping lower excessive TGF-B1 activity
and reducing MMP-9 levels. High MMP-9 can weaken the
gut lining and the blood—brain barrier. When these
barriers are compromised, inflammatory signals can
spread more easily through the body and into the brain.
Japanese knotweed is noted for its role in supporting
VEGF balance, which helps maintain healthy blood
vessels in the brain. Other botanicals influence VIP and
ADH, hormones involved in sleep, mood, immune
tolerance, and fluid balance. This helps explain why
changes were seen across several areas of concern rather
than in just one area of focus.

A central contribution of this paper lies in how it explains
the biological pathways involved. Many plant compounds
influence nuclear factor kappa B (NF-kB), which acts like
a main switch for inflammation. Others affect SMAD2/3
signaling, which is closely tied to TGF-B1. When TGF-1
stays too active, it can drive immune imbalance and tissue
scarring. Antioxidant systems, such as nuclear factor
erythroid 2-related factor 2 (Nrf2), help protect cells
from ongoing stress. By working through these pathways,
herbal compounds may help calm inflammation at a
deeper level rather than only masking symptoms and thus
contribute to clinical outcomes. Treatment for CIRS
utilizing the established Shoemaker methods, along with
alternative treatment utilizing herbal extracts was
associated with notable improvements in cognition, motor
skills, respiratory, nasal, ophthalmologic, dermatologic,
nasal and gastrointestinal health, along with notable
gains in speech and language. These findings suggest
that CIRS may represent a critical missing component in
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these  treatment-resistant  populations, and that
addressing all three conditions together may be
considered best practice to achieve meaningful and
sustained clinical progress.

Results

The authors retrospectively reviewed the charts of 1722
children from 53 countries, diagnosed with ASD, CIRS and
PANS. The patients were all previously diagnosed by
established specialists in their respective fields. It was
noted that a subgroup of 47 children had also been
diagnosed with Lyme Disease and co-infections. The

control group consisted of data from two separate
cohorts of 55 children from a 2009 IACFS study and from

a 2018 PANS/PANDAS paper presented at a recent
international CIRS conference 141,142,

Prior treatment for Autism, Lyme Disease and PANS
consisted of recognized conventional therapies used
unsuccessfully. These included specialized diets,
nutritional supplements, hyperbaric oxygen Therapy
(HBOT), fecal microbiota transplant (FMT), antibiotics (47
cases), anti-fungal medications, occupational therapy,
speech and language therapy, feeding therapy and
applied behavior analysis therapy (ABA). Parents
reported no significant improvements. As per parental
reports, 39 of 47 children given antibiotics experienced
gastrointestinal  distress while on the prescription
medications.

No acute or chronic illness identified. No
symptoms reported.
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BNHC Cases- Symptom Improvements Reported Post Treatment: (N=1722)

Symptoms Post (% improved) Post (N=)
Fatigue 90 1332
Headache 92 1131
Mood swings 72 1203
Cough 59 205
Shortness of breath 82 380
Sinus problems 94 822
Aching, Myalgias 96 705
Memory 28 395
Excessive thirst 74 406
Concentration 22 330
Abdominal pain 92 1294
Assimilation of new learning 18 245
Light sensitivity 59 539
Joint pain 97 142
Weakness 94 288
Appetite swings 42 563
Excessive urination 87 927
OCD 64 904
Feeding abnormalities 42 487
Rage 72 337
Tics 68 784
ADD 78 1182
Anxiety 84 1329

Table 3: Improvements reported with percentage and number of those improved 156

The data from the two studies used for the control group
is presented in Table 1. The patients in the control group
had no acute or chronic illness and no symptoms. The data
for symptoms noted for the cases in the 2009 and 2018
CIRS studies, and BioNexus Health Autism cases is shown
in Table 2. The post treatment data highlighting the
percentages of improvements observed per symptom is
shown in Table 3 156,

Looking back at the results from Part 1, and 2, the
treatment for CIRS utilizing the established Shoemaker
methods, including alternative herbal medicine options
was associated with notable improvements in cognition,
motor skills, respiratory, nasal, and gastrointestinal
health, along with gains reported in speech and
language'36157. According to these results, treating the
illnesses jointly may be the best way to attain the best
therapeutic results, and CIRS may be a crucial missing
element in these treatment-resistant cases. This
information merits international attention given the
rapidly increasing prevalence of ASD. It will help
alleviate the suffering arising from neuroimmune
inflammatory states that can be traumatic for the whole
family as a unit, and hinder the functional development
of children with ASD.

Discussion

Herbal therapeutics demonstrate significant potential as
adjunctive treatments for Chronic Inflammatory Response
Syndrome (CIRS) in pediatric autism spectrum disorder
(ASD) and Pediatric Acute-onset Neuropsychiatric
Syndrome (PANS), as evidenced in a 1,722-child cohort
from Bionexus Health Clinic. In this cohort of children
treated with phytochemicals (e.g., curcumin, Japanese

knotweed, cat’s claw 5¢143), clinical improvements were
observed in the areas of cognition, communication, focus,
learning, musculoskeletal recovery, developmental
milestones,  self-care, speech, respiratory, and
gastrointestinal health over a period of 6—18 months.
These outcomes align with Article 1’s CIRS framework and
Article 2's  findings on Lyme/co-infection-driven
neuroimmune dysregulation,  suggesting shared
inflammatory pathways.

At the molecular level, phytochemicals targeted key CIRS
biomarkers, TGF-B1, MMP-9, C4qa, VEGF, VIP, and ADH,
by modulating nuclear factor kappa B (NF-kB),
SMAD2/3, and nuclear factor erythroid 2—-related factor
2 (Nrf2) pathways. Curcumin and baicalin reduced TGF-
B1-mediated fibrosis and MMP-9—driven matrix
degradation, while Japanese knotweed has been shown
to balance VEGF which helps promote blood—brain
barrier integrity 6830143, These mechanisms counter the
neuroinflammation and oxidative stress central to CIRS,
as detailed in this article’s molecular analyses.

A group of 1722 children with ASD and CIRS, previously
diagnosed by recognized specialists in CIRS and
international experts in autism as per established case
definition, were sent to Bionexus specialized clinic for the
implementation of CIRS treatment protocols and
evaluation of the clinical outcomes. The children were
previously classified by their respective autism specialists
as resistant to treatment due to no sustained
improvements observed after undergoing treatment
according to current established protocols for a minimum
period of 6 months. As this is a worldwide study, in
countries where requisite specialized laboratory tests are
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often unavailable, the local authorities relied on bedside
clinical diagnosis. Children with ASD frequently
demonstrate difficulty cooperating with blood draws due
to severe behavioral and neurological challenges. All had
a positive history of chronic ongoing exposure to the
interior environment of a water damaged building (WDB)
and visually observed mold growth. This was supported
by control data (83 children: 33 from McMahon 41, 50
from Shoemaker '42), ensuring diagnostic reliability.
Compared with the Shoemaker Protocol’s reliance on
pharmaceuticals (e.g., cholestyramine), herbal
interventions may offer advantages in tolerability and
accessibility. However, the lack of randomized controlled
trials and regional variability in herbal bioavailability
may limit causal attribution and generalizability.

This study extends Article 1’s systems biology approach
and Article 2’s focus on infectious triggers, positioning
phytochemicals as potential integrative tools for pediatric
CIRS management. By addressing upstream inflammatory
cascades and neuroendocrine dysregulation, these
interventions may provide a complementary adjunct to
conventional therapies. Future research should prioritize
multi-omic profiling (e.g., transcriptomics, proteomics) to
validate biomarker modulation and longitudinal clinical
trials to establish efficacy. As the finale of this four-part
series, this work underscores the need for multidisciplinary
collaboration to integrate phytotherapeutics into
evidence-based care, with the goal of improving
developmental outcomes in pediatric neuroimmune
disorders.

Functional Overview of CIRS Biomarker Pathways and
Molecular Targets of Botanical Extracts

CIRS is best conceptualized as a dynamic network
disorder, wherein environmental biotoxins interact with
host genetic susceptibility to dysregulate immune
signaling, endocrine control, and vascular function.
Central to its diagnosis and therapeutic monitoring is the
quantification of molecular biomarkers that capture
mechanistic disruptions across systems. Rather than
isolated markers of inflammation, these biomarkers
derived from the Shoemaker Protocol, reflect the
convergent biology of tissue injury, redox imbalance, and
neuroimmune disintegration. Understanding each within
its molecular and clinical context provides a blueprint for
therapeutic intervention and biomarker-guided precision
care.

Therapeutic Leverage Points Across Biomarker
Pathways

Given the interconnectivity of CIRS biomarkers, effective
modulation requires targeting nodal regulators rather
than isolated markers. The nuclear factor kappa B (NF-
KB) pathway serves as a primary pro-inflammatory
transcriptional driver and upstream controller of MMP-9,
IL-6, TNF-a, and other cytokines. Conversely, nuclear
factor erythroid 2—related factor 2 (Nrf2) serves as a
master antioxidant switch, upregulating glutathione
synthesis, detoxification enzymes, and mitochondrial
defense programs 22,

Other strategic targets include SMAD-dependent TGF-
B1 signaling (for fibrotic inhibition), CREB (for

neuropeptide regulation), and Th17/Treg balance (for
immune recalibration). Maintaining BBB and mucosal
barrier integrity through modulation of matrix
remodeling and tight junction preservation is also critical.
Phytochemicals capable of modulating these axes,
through transcriptional, enzymatic, or epigenetic effects,
form the basis of rational biomarker-guided herbal
therapeutics.

Matrix Metalloproteinase-9 (MMP-9): Gateway to
Inflammatory Permeability

MMP-9 is a zinc-dependent proteolytic enzyme primarily
secreted by neutrophils, macrophages, and other immune
cells during inflammatory responses. Its core function lies
in the degradation of extracellular matrix (ECM) proteins,
especially type IV collagen in the basement membrane °.
In the setting of CIRS, sustained MMP-9 elevation drives
endothelial permeability, immune cell infiltration, and the
release of sequestered inflammatory mediators such as
TNF-a and IL-1B, amplifying systemic immune activation
10, In CIRS patients, elevated serum MMP-9 levels
correlate with symptom intensity and barrier tissue
vulnerability, particularly in the gut-brain axis and
vascular endothelium 2.

Therapeutically, MMP-9 represents a targetable node
via transcriptional inhibition (e.g., suppression of NF-KkB
and AP-1 pathways), antioxidant support, and
stabilization of matrix architecture.

Botanical Modulation of MMP-9 Pathways

Targeting MMP-9 transcription and activity in CIRS
requires intervention at the molecular signaling level—
primarily through inhibition of NF-kB, attenuation of
MAPK cascades, and neutralization of oxidative stress.
Several botanicals exhibit multimodal effects across these
axes. Epigallocatechin gallate (EGCG), curcumin, and
baicalin inhibit NF-kB translocation and suppress MMP-9
gene expression in vitro and in vivo. Resveratrol and
rosemary modulate MAPK-dependent upregulation of
MMP-9 while restoring redox homeostasis. Gotu kola,
though less studied directly in relation to MMP-9,
enhances endothelial integrity and collagen remodeling
via antioxidant and anti-inflammatory pathways37. The
following section evaluates these agents' mechanistic
relevance, experimental support, and formulation
considerations in the context of biotoxin-induced matrix
instability.

Curcumin (Curcuma longa)

Curcumin, the principal curcuminoid of Curcuma longa, has
demonstrated potent anti-inflammatory effects across a
wide range of preclinical models. A primary mechanism
of curcumin's modulation of MMP-9 involves inhibition of
NF-kB and AP-1 activation, leading to suppressed
transcription of MMP-9 mRNA in monocytes, endothelial
cells, and cancer models 23. Curcumin also interferes with
upstream signaling cascades such as PI3K/Akt and MAPK
pathways, reducing the cellular response to pro-
inflammatory stimuli like LPS and TNF-a.

In vascular inflammation models, curcumin has been shown
to reduce MMP-9 secretion by attenuating ROS
production and stabilizing ECM architecture 24. In a rat
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model of cerebral ischemia-reperfusion injury, curcumin
administration led to downregulation of MMP-9
expression and preservation of blood-brain barrier
integrity 25. Pharmacokinetically, curcumin’s limited oral
bioavailability due to poor solubility and extensive
hepatic metabolism has prompted the development of
enhanced formulations, including liposomal, nanoparticle,
and piperine-adjuvanted forms, all of which demonstrate
greater systemic absorption and target tissue delivery 26,

Baicalin (Scutellaria baicalensis)

Baicalin, a flavone glycoside derived from Scutellaria
baicalensis, exerts broad anti-inflammatory and
antioxidant effects via downregulation of TLR4/NF-kB
signaling and  upregulation of  Nrf2-mediated
antioxidant pathways 2. In macrophage and microglial
activation models, baicalin significantly reduces the
production of pro-inflammatory cytokines and MMP-9
expression through suppression of pé5 nuclear
translocation and modulation of JNK and ERK
phosphorylation 28,

In cerebral ischemia and neuroinflammation models,
baicalin has been shown to inhibit MMP-9 activity and
protect the integrity of the blood—brain barrier, thereby
limiting leukocyte infiltration and edema 2°. Notably,
baicalin has demonstrated synergistic effects with
curcumin in reducing MMP-9 levels and oxidative stress in
endotoxin-induced lung injury, suggesting potential for
botanical combination strategies 30. Baicalin is primarily
absorbed as baicalein following hydrolysis by intestinal
microflora, and its oral bioavailability is moderate but
enhanced through micronized and phospholipid-bound
delivery forms 31,

Epigallocatechin-3-gallate (EGCG, from Green Tea)
EGCG, the most bioactive catechin in Camellia sinensis,
has been extensively studied for its capacity to inhibit
MMP-9 across multiple models of inflammation, cancer,
and cardiovascular dysfunction. EGCG modulates gene
transcription through inhibition of NF-kB, AP-1, and
STAT3, all of which are key inducers of MMP-9
expression under pro-inflammatory conditions 32
Additionally, EGCG scavenges ROS and downregulates
MAPK signaling, thereby interrupting oxidative stress—
mediated activation of MMP-9.

In endothelial cells exposed to TNF-a, EGCG reduces
MMP-9 secretion and restores tight junction protein
expression, suggesting potential relevance to blood—
brain barrier stabilization in CIRS 33. In mouse models of
lung injury and sepsis, EGCG administration significantly
decreased MMP-9 levels in bronchoalveolar fluid and
plasma, correlating with improved survival and reduced
neutrophilic infiltration 34. Oral bioavailability of EGCG
is variable and affected by pH, metabolism, and binding
to plasma proteins, though green tea extract formulations
have improved stability and absorption.

Resveratrol (from Polygonum/Fallopia spp.)

Resveratrol, a stilbene polyphenol found in Polygonum
cuspidatum and Vitis vinifera, exhibits strong anti-
inflammatory and anti-MMP-9 activity through several
converging pathways. It activates SIRT1, which inhibits
NF-kB transcriptional activity and prevents induction of

MMP-9 gene expression in macrophages and endothelial
cells. Resveratrol also attenuates MAPK and PI3K/Akt
signaling, which modulate MMP-9 secretion in response to
oxidative and cytokine stress.

In vascular inflammation models, resveratrol reduces
MMP-9 release and preserves ECM integrity by
downregulating TNF-a  and IL-1B—induced matrix
degradation.  Additionally, resveratrol  enhances
endothelial nitric oxide synthase (eNOS) activity,
improving vascular tone and limiting MMP-9—mediated
remodeling. Despite its low oral bioavailability,
resveratrol has high cellular uptake and is rapidly
metabolized to active glucuronide and sulfate
conjugates, which retain partial bioactivity 35.

Gotu Kola (Centella asiatica)

Centella asiatica is a triterpenoid-rich herb traditionally
used for wound healing and neurovascular support. lts
primary bioactive compounds, asiaticoside,
madecassoside, and asiatic acid, have been shown to
modulate MMP-9 levels in tissue remodeling and
inflammation models '. Gotu kola reduces MMP-9
expression by attenuating NF-kB and MAPK activity and
stabilizing ECM architecture, particularly in models of
vascular injury and diabetic wound healing?”.

In brain endothelial cells, Centella extracts have
demonstrated protective effects against cytokine-
induced barrier disruption and reduced MMP-9-
mediated permeability, suggesting relevance to blood—
brain barrier preservation in CIRS 37. Although human
pharmacokinetic data is limited, bioavailability of
triterpenes can be enhanced using ethanolic or lipophilic
extracts standardized for asiaticoside content.

Rosemary (Rosmarinus officinalis)

Rosemary contains several phenolic diterpenes, most
notably rosmarinic acid and carnosic acid, which suppress
MMP-9 expression by inhibiting NF-kB and oxidative
stress signaling 38. In LPS-stimulated macrophages,
rosmarinic acid reduces MMP-9 mRNA levels and protein
activity while concurrently decreasing ROS production
and pro-inflammatory cytokines 3. In cancer and arthritis
models, rosemary extract administration has been
associated with lowered MMP-9 levels and reduced
tissue invasion 40,

In neuroinflammation models, rosemary constituents have
shown potential to modulate glial cell activation and
blood—-brain barrier permeability, although MMP-9—
specific studies in CNS models remain limited. Rosemary
extract  bioavailability varies  with  formulation;
concentrated ethanolic extracts rich in carnosic acid show
enhanced CNS penetration and systemic absorption.

Transforming Growth Factor Beta-1 (TGF-B1):
Fibrogenic axis, Inmune Skewing, and Barrier Injury

TGF-B1 is a multifunctional cytokine implicated in immune
tolerance, tissue remodeling, and fibrogenesis.
Importantly, TGF-B1 operates as both a downstream
effector of biotoxin-induced signaling and an upstream
amplifier of immune and fibrotic pathology. In CIRS,
persistently elevated TGF-B1  promotes fibrotic
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remodeling of airways, gastrointestinal mucosa, and the
central nervous system. It skews immune balance away
from Tregs toward Th17 polarization, reducing immune
regulation while enhancing auto-reactivity and mucosal
vulnerability (Shoemaker and Ryan, 2016). High TGF-B1
levels have also been associated with increased
expression of adhesion molecules on endothelial cells,
facilitating leukocyte extravasation and microvascular
inflammation 2. It interacts with oxidative stress,
mitochondrial dysfunction, and hypoxia-inducible factor
1-alpha (HIF-1a) signaling, situating it at the intersection
of inflammatory, metabolic, and structural dysfunction in
CIRS 13.

As a pleiotropic cytokine that orchestrates a broad range
of physiological and pathological processes, including
immune homeostasis, extracellular matrix remodeling,
epithelial barrier integrity, and fibrosis, TGF-B1 assumes
a central mechanistic role by perpetuating immune
dysregulation and promoting fibrotic and epithelial injury
across multiple organ systems. Unlike other pro-
inflammatory cytokines that primarily mediate acute
responses, TGF-B1 drives chronicity by sustaining
maladaptive remodeling and altering the immunological
set point toward tolerance breakdown and tissue
stiffness. It's signaling is transduced via the SMAD2/3
pathway, ultimately regulating gene expression involved
in epithelial-to-mesenchymal transition (EMT),
extracellular matrix production, and T regulatory (Treg)
cell function 1.

Biologically, TGF-B1 is synthesized as part of a latent
complex composed of the cytokine and a latency-
associated peptide (LAP), often tethered to the
extracellular matrix via latent TGF-f binding proteins
(LTBPs). Activation of latent TGF-B1 occurs through
conformational changes induced by integrins (particularly
avB6 and avP8), reactive oxygen species, or proteolytic
cleavage by enzymes such as matrix metalloproteinases
(MMPs), including MMP-941. Once activated, TGF-p1
binds to the type Il TGF-f3 receptor (TGFBR2), which then
phosphorylates and activates the type | receptor
(TGFBR1 /ALKS. This receptor complex initiates canonical
SMAD signaling by phosphorylating receptor-regulated
SMAD2 and SMADS3, which then associate with SMAD4
to form a transcriptionally active complex. This complex
translocates into the nucleus, where it governs the
expression of genes involved in extracellular matrix
(ECM)  production, myofibroblast  differentiation,
epithelial-mesenchymal transition (EMT), and
immunosuppression.

In patients with CIRS, persistently elevated TGF-B1
represents a hallmark of unresolved immune activation
and failed resolution signaling. Plasma levels of TGF-f1
have been found to be significantly increased in
individuals exposed to biotoxins from mold,
cyanobacteria, or tickborne illness, with higher
concentrations correlating with greater disease severity,
fatigue, and cognitive dysfunction 0.  Chronic
overexpression of TGF-B1 disrupts immune equilibrium
by impairing the function and stability of regulatory T
cells (Tregs) while facilitating the expansion of profibrotic

and inflammatory pathways. TGF-B1 also cooperates
with cytokines, including IL-6, to skew differentiation
toward Th17 cells, which have been implicated in
auvtoimmune-like inflammation and blood-brain barrier
dysfunction in CIRS and other neuroimmune conditions.

One of the most damaging consequences of TGF-B1
overactivation is the induction of EMT, a process by which
epithelial cells lose their polarity and tight junction
proteins (e.g., occludin, claudin-1, and ZO-1) and acquire
mesenchymal characteristics such as increased motility,
vimentin expression, and collagen synthesis. This
transdifferentiation not only compromises epithelial and
endothelial barriers in organs like the gut, lungs, and
brain but also contributes to the accumulation of
fibroblasts and myofibroblasts responsible for ECM
deposition and tissue stiffness. In the gastrointestinal tract,
such changes translate into increased intestinal
permeability (“leaky gut”), mucosal immune activation,
and microbial translocation, events that further fuel
systemic inflammation and perpetuate CIRS pathology.

TGF-B1’s pro-fibrotic effects are equally evident in the
lungs, liver, kidneys, and brain microvasculature, where it
promotes type | and Il collagen deposition, elastin
crosslinking, and the accumulation of a-smooth muscle
actin (a-SMA)-positive myofibroblasts. These changes are
irreversible unless upstream TGF-B1 signaling s
modulated and ECM degradation mechanisms (e.g., MMP
activity) are restored. TGF-B1 also disrupts the balance
between MMPs and their tissue inhibitors (TIMPs), further
skewing the tissue remodeling milieu toward pathological
fibrosis 42.

In addition to its fibrotic actions, TGF-B1 exerts direct
effects on mitochondrial metabolism and redox balance.
It has been shown to impair mitochondrial oxidative
phosphorylation, reduce mitochondrial membrane
potential, and increase ROS generation, thereby
exacerbating oxidative stress and bioenergetic
dysfunction, processes commonly observed in the
mitochondrial phenotype of CIRS 43. This intersection
between TGF-B1 signaling, redox imbalance, and
immune dysregulation underscores the multifaceted role
of the cytokine in sustaining the systemic, multi-organ
pathology characteristic of CIRS.

Given this vital role, therapeutic strategies targeting
TGF-B1 and its downstream effectors are of high clinical
relevance. Ideally, such interventions would attenuate
SMAD-mediated transcription, reduce ECM synthesis,
promote re-epithelialization, and rebalance Treg/Th17
dynamics. Botanical agents that modulate TGF-B1
signaling through diverse mechanisms, including SMAD
inhibition, ROS scavenging, EMT blockade, and
restoration of epithelial barrier proteins, represent a
promising adjunct to conventional Shoemaker protocol
interventions. The next section examines five such
botanicals, berberine, ashwagandha (Withania
somnifera), Scutellaria baicalensis, Salvia miltiorrhiza,
and additional Withania withanolides, in the context of
mechanistic inhibition of the TGF-B1 axis.
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Berberine (from Berberis species)

Berberine is a plant-derived isoquinoline alkaloid found
in Berberis vulgaris, Coptis chinensis, and Hydrastis
canadensis, with extensive preclinical evidence supporting
its antifibrotic and immunomodulatory roles. In hepatic
stellate cells, berberine suppresses TGF-B1-induced
SMAD2/3 phosphorylation and inhibits transcription of
pro-fibrotic genes such as COL1A1, a-SMA, and CTGF
44 This effect is mediated through upregulation of
SMAD?, an inhibitory SMAD protein that blocks receptor-
mediated activation of SMAD2/3 complexes.

In pulmonary fibrosis models, berberine has been shown
to reduce collagen accumulation and EMT markers while
restoring E-cadherin expression and reducing vimentin
and fibronectin levels 45. Berberine also downregulates
TGF-B1 production in activated macrophages and
attenuates oxidative stress via Nrf2 activation, thereby
reducing upstream triggers of the fibrotic cascade 44 In
gut models, berberine preserves epithelial barrier
integrity by upregulating tight junction proteins and
reducing mucosal inflammation driven by TGF-B1 47, Its
oral bioavailability is poor due to P-glycoprotein efflux
and first-pass metabolism, though nanoparticle and

phospholipid formulations improve systemic absorption
48

Ashwagandha (Withania somnifera)

Ashwagandha, a traditional adaptogenic herb in
Ayurvedic medicine, exhibits TGF-B1-modulating effects
via its withanolide constituents. Withaferin A, the most
studied bioactive, downregulates TGF-B1-induced
fibrotic markers in lung, liver, and kidney models through
inhibition of SMAD2/3 phosphorylation and suppression
of EMT 49 50, In bleomycin-induced pulmonary fibrosis,
Withaferin A treatment reduced collagen deposition, a-
SMA expression, and inflammatory cytokine levels,
indicating attenuation of both fibrotic and immune
pathways.

Ashwagandha also modulates immune skewing by
enhancing FoxP3+ Treg populations while inhibiting pro-
inflammatory Th17 differentiation, in part through
reduction of TGF-B1/IL-6 synergy that promotes
pathogenic Th17 cell development 51. These dual
immunomodulatory and antifibrotic effects may support
restoration of immune tolerance in CIRS. Oral
bioavailability of withanolides is moderate and can be
increased through lipid-based delivery systems or
standardized extracts enriched for Withaferin A 52

Scutellaria baicalensis (Chinese Skullcap)

Scutellaria baicalensis, a traditional Chinese botanical,
contains flavonoids such as baicalin and baicalein with
strong anti-inflammatory and antifibrotic properties. In
TGF-B1-induced fibroblast activation models, baicalin
inhibits SMAD3 nuclear translocation and suppresses
transcription of COLTAT and ACTA2 (a-SMA), thereby
preventing ECM remodeling and myofibroblast
conversion %4, In renal and hepatic fibrosis models,
baicalin also attenuates EMT and restores epithelial
phenotype markers, suggesting interruption of TGF-B1-
driven transdifferentiation.

Scutellaria  flavonoids additionally enhance Nrf2-
mediated antioxidant responses, which indirectly
downregulate TGF-B1 signaling by reducing ROS-
mediated SMAD activation34. In models of inflammatory
bowel disease, baicalin restores tight junction expression
and reduces mucosal permeability, consistent with
modulation of barrier injury driven by cytokine-induced
EMT30. Oral absorption of baicalin depends on microbial
hydrolysis to baicalein, which has greater lipophilicity
and bioavailability. Phytosomal formulations improve
systemic levels and tissue delivery 31,

Salvia miltiorrhiza (Danshen)

Salvia miltiorrhiza is a polyphenol-rich botanical widely
studied in fibrosis and cardiovascular disease. Its main
active constituents, tanshinone IIA and salvianolic acid B,
exert potent antifibrotic effects by modulating TGF-
B1/SMAD signaling. In liver fibrosis models, tanshinone
IIA downregulates SMAD2/3 activation, suppresses
collagen and a-SMA expression, and induces SMAD7
upregulation, thereby inhibiting profibrotic
transcriptional activity 55. Salvianolic acid B blocks TGF-
B1-induced EMT by preserving E-cadherin expression

and inhibiting transcription factors such as Snail and Twist
56

Salvia compounds also reduce TGF-B1 production in
activated macrophages and fibroblasts by inhibiting
upstream signaling via ERK and p38 MAPK pathways 7.
In colitis and airway remodeling models, Salvia extracts
improve mucosal barrier integrity, reduce epithelial
apoptosis, and normalize ECM turnover 58. Oradl
bioavailability of tanshinones is low due to rapid
metabolism and poor aqueous solubility; however,
micelle and liposomal formulations have shown promise in
enhancing bioactivity 9.

Withania somnifera (differentiated phytoconstituent
profile)

While ashwagandha and Withaferin A have been
addressed above, additional withanolides such as
withanoside IV and sitoindosides exhibit independent
antifibrotic activities, often through different cellular
targets. In cardiac fibroblasts, withanoside IV inhibits
TGF-B1-induced myofibroblast differentiation and ECM
accumulation via PI3K/Akt-dependent blockade of
SMAD nuclear translocation 40, Other studies suggest that
less-characterized withanolides may reduce oxidative
stress—driven TGF-B1 overexpression by enhancing
mitochondrial function and reducing NADPH oxidase
activation.

Beyond direct antifibrotic effects, Withania extracts
stabilize epithelial barriers in gut and lung models,
reducing permeability and cytokine leakage, in part by
modulating junctional protein expression 6. These
barrier-protective actions complement immunoregulatory
effects relevant to CIRS pathology. Bioavailability of
whole-root  extracts depends on  withanolide
concentration and formulation strategy, with emulsified
and liposomal forms showing improved absorption and
CNS penetration 52,
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Complement Component 4a (C4a): Initiator of Innate
Immune Cascade and Oxidative Amplification and
Redox Damage

The complement system represents a fundamental
component of the innate immune response, orchestrating
host defense through a finely tuned cascade of serine
protease activations. These sequential cleavages
produce effector molecules such as C3a, C4q, and C5aq,
collectively known as anaphylatoxins, that modulate
inflammation, chemotaxis, vascular permeability, and
cellular oxidative responses. C4a is a cleavage product
of the classical complement cascade, formed during the
proteolytic activation of C4 by C1 esterase in response
to immune complex or pathogen recognition 4. In CIRS,
excessive complement activation, particularly of the C4a
and C3a fragments, signifies persistent innate immune
stimulation triggered by biotoxin residues or unresolved
infection 3. The clinical consequence of elevated C4a
includes post-exertional fatigue, migratory pain, and
neurocognitive dysfunction, symptoms that often mirror
mitochondrial dysfunction and autonomic dysregulation 2.

CIRS is marked by persistent innate immune activation,
often triggered by biotoxin exposure (e.g., mold,
cyanobacteria, Lyme-associated microbes) in genetically
susceptible individuals. Elevated plasma levels of C4a
serve as a surrogate biomarker for uncontrolled
complement activation, correlating with symptom
exacerbation, endothelial inflammation, and tissue-level
hypoperfusion 9. In this context, C4a functions not merely
as a byproduct of immune activation but as a driver of
sustained oxidative injury and microvascular compromise.

C4a is generated during activation of the classical and
lectin complement pathways, each of which converges on
the proteolytic cleavage of C4 and subsequent formation
of the C3 convertase (C4b2a). Elevated C4a drives
downstream membrane attack complex (MAC) formation,
membrane lysis, and secondary tissue injury. Though
historically considered weak compared to C3a and C5q,
C4a exerts direct biological effects including endothelial
cell activation, increased vascular permeability, and mast
cell-independent smooth muscle contraction 6272, C4a
also induces the generation of reactive oxygen species
(ROS) via NADPH oxidase, contributing to oxidative
stress, mitochondrial dysfunction, and downstream redox-

sensitive signaling cascades such as NF-kB and AP-1
15,6372,

Downstream events further amplify inflammation. The
cleavage of C3 and C5 yields potent anaphylatoxins
C3a and C5a, which bind their respective receptors
(C3aR, C5aR1/CD88) on neutrophils, macrophages,
endothelial cells, and glia. These interactions trigger
calcium influx, ROS production, and release of pro-
inflammatory cytokines including tumor necrosis factor-
alpha (TNF-q), interleukin-1 beta (IL-18), and interleukin-
6 (IL-6), thereby propagating a feed-forward loop of
inflammation and tissue damage. Formation of the
terminal complement complex (C5b-9 or MAC) further
contributes to mitochondrial membrane permeabilization,
epithelial injury, and blood—brain barrier (BBB)
compromise, pathologies frequently observed in CIRS
patients with neurologic symptoms ¢3.

Persistent elevation of C4a in CIRS is thought to result
from several converging mechanisms: chronic antigenic
stimulation by microbial fragments, failure of complement
regulatory proteins (e.g., CD55/DAF, CD59), and
inadequate resolution of biofilm-induced immune priming.
Mycotoxins and bacterial endotoxins may function as
persistent pattern recognition receptor (PRR) ligands,
skewing complement homeostasis and maintaining low-
grade inflammatory activation ¢4. (Moreover, breakdown
of epithelial and endothelial barriers allows microbial
translocation from mucosal sites, especially the gut and
sinuses, fueling systemic complement and cytokine
cascades.

Clinically, elevated C4a levels are associated with
fatigue, pain flares, dizziness, cognitive dysfunction, and
sensitivity to re-exposure, a reflection of complement-
mediated microcirculatory impairment and redox
imbalance. These phenomena are further compounded
by mitochondrial damage, hypoxia-inducible factor (HIF)
activation, and metabolic inflexibility in affected tissues.

Several botanicals demonstrate direct or indirect effects
on the complement cascade and associated oxidative
stress. These include classical inhibitors of C3/C5
convertases, scavengers of ROS, and modulators of
downstream cytokine production. The following agents,
licorice (Glycyrrhiza glabra), Artemisia annua, green tea
(Camellia sinensis), and Boswellia serrata, offer
mechanistic relevance for attenuating C4a-driven
pathology.

Licorice (Glycyrrhiza glabra)

Licorice root contains the triterpenoid glycyrrhizin and its
aglycone metabolite glycyrrhetinic acid, both of which
exhibit immunomodulatory, antiviral, and antioxidant
properties. Glycyrrhizin has been shown to inhibit
complement activation by directly interfering with C2
cleavage and downstream C3 convertase formation,
thereby reducing C4a generation 3365, Additionally,
glycyrrhizin inhibits the formation of reactive oxygen
species and lipid peroxidation products in neutrophil
cultures and ischemia models 6.

In murine hepatitis and endotoxemia models, glycyrrhizin
administration reduces C3a/C5a production and TNF-a
levels, suggesting systemic complement attenuation and
cytokine control 6566, The compound also preserves
endothelial tight junctions and mitochondrial integrity,
mitigating complement-driven vascular injury.

Safety considerations remain essential: glycyrrhizin
mimics mineralocorticoid activity via inhibition of 11p-
hydroxysteroid dehydrogenase type 2, potentially
causing hypertension, hypokalemia, and sodium retention
with chronic use®8. Deglycyrrhizinated licorice (DGL)
formulations minimize these effects but may lack full
complement-inhibitory efficacy. Standardized
glycyrrhizin-containing extracts, used short-term and
under electrolyte monitoring, may offer safer profiles.

Artemisia annua (Sweet Wormwood)
Artemisia annua, the source of artemisinin and its
derivatives, is well-known for its antiparasitic and
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antipyretic properties. Beyond antimalarial applications,
artemisinin demonstrates significant immunoregulatory
and complement-modulating effects. In animal models of
immune complex nepbhritis, artemisinin reduces C3 and C4
deposition in glomeruli and decreases circulating C3a
and Cba levels, suggesting systemic complement
suppression 69,

Mechanistically, artemisinin  downregulates  NF-kB
activation and inhibits iINOS-mediated ROS generation,
thereby blunting the inflammatory amplification loop
initiated by C3a/C5a70. In LPS-stimulated macrophages,
artemisinin analogs suppress the expression of pro-
inflammatory cytokines (IL-6, TNF-a) and complement
proteins, reinforcing their role in controlling innate immune
overactivation.

Although artemisinin has limited water solubility and short
half-life, its lipophilic analogs (e.g., dihydroartemisinin,
artesunate) offer improved bioavailability and longer
systemic activity 7'. These derivatives have been used in
clinical settings for autoimmune disorders and are
generally well-tolerated.

Green Tea (Camellia sinensis)
Epigallocatechin-3-gallate (EGCG), the primary catechin
in green tea, has been shown to inhibit complement-
mediated cytolysis and C3/C5 convertase activity. In
erythrocyte lysis assays, EGCG reduced complement-
dependent hemolysis in a dose-dependent fashion,
implicating terminal pathway inhibition32.34, Additionally,
EGCG modulates neutrophil activation and ROS
production through suppression of NADPH oxidase and
restoration of mitochondrial membrane potential.

In  neuroinflammation and sepsis models, EGCG
administration attenuates oxidative damage, preserves
blood—brain barrier function, and downregulates
complement-related gene expression 34. Its dual role as
a complement modulator and antioxidant positions
EGCG as a potential adjunct in CIRS-related redox and
immune dysregulation.

Despite favorable safety profiles, EGCG bioavailability
is limited by first-pass metabolism and gastrointestinal
degradation. Enteric-coated or liposomal green tea
extracts may improve systemic delivery and ftissue
penetration.

Boswellia serrata (Indian Frankincense)

Boswellia resin contains boswellic acids, particularly
acetyl-11-keto-B-boswellic acid (AKBA), which exhibit
potent anti-inflammatory and antioxidant properties.
AKBA has been reported to downregulate complement
component expression, including C3, in inflamed tissues
and cultured macrophages 73. In collagen-induced
arthritis models, Boswellia treatment reduced serum C3a
levels and joint inflammation, indicating systemic
complement suppression 74,

AKBA also scavenges superoxide and inhibits 5-
lipoxygenase (5-LOX), thereby reducing ROS generation
and lipid peroxidation 75. In endothelial models,
Boswellia extracts preserve barrier integrity and limit

cytokine-induced hyperpermeability, which may have
relevance for microvascular complications in CIRS.

Boswellia is generally well-tolerated with minimal side
effects. Bioavailability remains a limitation, as boswellic
acids exhibit poor intestinal absorption. Novel
formulations including lecithin-bound or nano-emulsified
extracts enhance systemic levels and clinical efficacy.

Quercetin (from various flavonoid-rich plants)
Quercetin, a flavonol found in onions, apples, and Ginkgo
biloba, exhibits robust immunomodulatory, antioxidant,
and complement-inhibitory effects. It attenuates
complement activation by reducing C3 and C5
convertase activity and downregulating expression of
complement components in activated immune cells 76, In
vitro studies show that quercetin suppresses C3a-induced
mast cell degranulation and mitigates complement-
amplified inflammation in asthma and autoimmune
models 77,

Quercetin also scavenges reactive oxygen species and
inhibits xanthine oxidase and NADPH oxidase pathways,
contributing to redox balance in complement-activated
environments 78, In endothelial and epithelial cell models,
it has been shown to stabilize tight junction proteins and
reduce oxidative permeability, supporting its use in
microvascular injury states like CIRS.

Although  quercetin  has relatively poor oral
bioavailability due to rapid metabolism, its glucuronide
and sulfate conjugates retain partial activity, and
nanoparticle, phytosome, and liposomal formulations
improve systemic exposure 7°.

Vascular Endothelial Growth Factor (VEGF):
Oxygenation, Microcirculation, Neurovascular
Coupling and Angiogenic Restoration

Vascular endothelial growth factor (VEGF) is a key,
heparin binding, angiogenic cytokine with broad
physiological influence over vascular integrity, oxygen
transport, endothelial cell survival, and neurovascular
coupling. Initially identified for its role in endothelial
mitogenesis, VEGF is now recognized as a central
modulator of the cerebral and systemic microcirculation,
acting to balance tissue perfusion with metabolic
demands during stress, hypoxia, and inflammation. In the
context of CIRS, a paradoxical suppression of VEGF is
observed despite ongoing inflammation and tissue injury.
Reduced VEGF levels have been correlated with fatigue,
cognitive impairment, microvascular ischemia, and
mitochondrial dysfunction in affected individuals 310,
VEGF serves not only as a biomarker of impaired
perfusion but also as a therapeutic target for restoring
endothelial function and neurovascular resilience.

VEGF operates primarily through VEGF receptor-2
(VEGFR-2/KDR/Flk-1), a tyrosine kinase receptor
expressed predominantly on vascular endothelial cells.
Upon ligand binding, VEGFR-2 undergoes dimerization
and autophosphorylation, initiating downstream signaling
cascades that include the phosphoinositide 3-kinase
(PI3K)/Akt and the mitogen-activated protein kinase
(MAPK)/ERK pathways. These pathways converge on
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endothelial nitric oxide synthase (eNOS), promoting nitric
oxide (NO) production, vasodilation, and barrier
stabilization. In parallel, VEGF signaling is tightly coupled
to hypoxia-inducible factor 1-alpha (HIF-1a), which
regulates VEGF transcription in response to oxygen
deprivation. This feedback loop ensures that
angiogenesis is induced under conditions of hypoxia or
oxidative stress, facilitating capillary growth and
metabolic adaptation 16,1780,

In CIRS, however, this homeostatic feedback is disrupted.
Patients often exhibit low circulating VEGF in the face of
significant tissue inflammation and endothelial injury. This
anomaly may reflect a state of endothelial exhaustion,
oxidative suppression of VEGF transcription, or impaired
HIF-1a signaling due to chronic exposure to biotoxins,
mitochondrial dysfunction, or environmental hypoxia 9.
Moreover, cytokines such as TNF-a and IL-1, which are
elevated in CIRS, can downregulate VEGF expression in
some contexts, further impairing angiogenic repair
mechanisms. The consequence is microvascular dropout,
reduced oxygen delivery, and increased diffusion
distances for nutrients and signaling molecules,
particularly in vulnerable tissues such as the brain, muscle,
and gastrointestinal tract.

In CIRS patients, paradoxical suppression of VEGF is
frequently observed despite the presence of hypoxic
stress. This deficiency results in impaired microvascular
flow, tissue hypoxia, and neurovascular uncoupling 3. Such
deficits contribute to fatigue, exertional intolerance, and
cognitive slowing, hallmarks of the vascular phenotype in
biotoxin illness. VEGF suppression may reflect a
compensatory  downregulation due to  chronic
inflammation, TGF-B1 antagonism, or dysregulated HIF-
1a signaling 7.

Neurovascular coupling, the process by which neural
activity directs local increases in blood flow, is also highly
dependent on VEGF and NO signaling. Disruption of this
coupling mechanism contributes to the cognitive fatigue,
brain fog, and executive dysfunction observed in CIRS.
VEGF supports neuronal metabolism through direct
neuroprotective actions, including synaptogenesis, blood—
brain barrier integrity, and mitochondrial stabilization.
Reduced VEGF availability in the CNS has been
associated with impaired hippocampal plasticity,
memory deficits, and vulnerability to neuroinflammation
81, Therefore, enhancing VEGF expression or mimicking its
downstream effects holds promise for reversing some of
the neurological symptoms of CIRS.

Therapeutic modulation of VEGF in CIRS must avoid the
promotion of pathological angiogenesis, which is
implicated in diseases such as cancer, diabetic
retinopathy, and rheumatoid arthritis. The goal is not
indiscriminate vessel proliferation but restoration of
physiological perfusion and barrier competence. Several
botanical agents offer this targeted modulation by
activating HIF-1a, eNOS, or PI3K/Akt signaling without
excessively promoting angiogenesis in  normoxic
conditions. These include Ginkgo biloba, Rhodiola roseaq,
Panax ginseng, Schisandra chinensis, and Cordyceps
sinensis, each of which has demonstrated capacity to

upregulate VEGF expression under hypoxic or
inflammatory stress while also exerting antioxidant,
mitochondrial-supportive, and endothelial-protective
effects.

These botanicals often support VEGF pathways indirectly
by mitigating the redox and inflammatory environment
that suppresses VEGF transcription. For example,
polyphenols and adaptogens within these herbs can
enhance nuclear factor erythroid 2-related factor 2
(Nrf2) activity, reduce reactive oxygen species (ROS),
and normalize nitric oxide signaling, thereby removing
epigenetic and post-translational blocks on HIF-Ta
stabilization and VEGF release. Others modulate AMP-
activated protein kinase (AMPK) and sirtuin pathways
that influence mitochondrial biogenesis and oxygen
utilization efficiency, pathways increasingly recognized
as critical for VEGF-dependent endothelial health in
CIRS.

Given these mechanisms, botanical agents that restore
VEGF levels through adaptive and context-sensitive
pathways represent an appealing strategy in CIRS
management. Their pleiotropic effects allow for
rebalancing of angiogenic tone, protection of
neurovascular units, and normalization of tissue perfusion
without provoking adverse neovascularization. The
following subsections explore the VEGF-modulating
actions of specific botanicals with clinical and mechanistic
relevance to the hypoperfusion, and cognitive decline
observed in biotoxin-mediated illness.

Ginkgo biloba

Ginkgo biloba, a gymnosperm with a long history in
traditional medicine, contains multiple bioactive
constituents including flavonol glycosides (quercetin,
kaempferol) and terpene lactones (ginkgolides,
bilobalide). These compounds act on cerebral vasculature
through antioxidant, anti-inflammatory, and angiogenic
pathways. Notably, Ginkgo biloba extract EGb 761 has
been shown to upregulate VEGF mRNA and protein
expression in ischemic and hypoxic models, largely via
HIF-1a stabilization and increased eNOS expression 882,

In a murine hindlimb ischemia model, EGb 761 enhanced
capillary density and perfusion, effects that were
associated with elevated VEGF and phosphorylated Akt
in endothelial cells 83. In vitro, ginkgolides augment nitric
oxide production through upregulation of eNOS and
prevent endothelial cell apoptosis under oxidative stress
84, These actions may counteract the hypoperfusion and
endothelial dropout observed in CIRS, where loss of
VEGF-mediated support contributes to central and
peripheral fatigue.

Neurovascular coupling, the synchronization between
neuronal activation and local blood flow, is critically
dependent on intact VEGF and NO signaling. Ginkgo
biloba has been shown to improve cerebral blood flow
and neurovascular responsiveness in aged populations
and in models of neurodegeneration 85. Functional MRI
studies in humans reveal increased regional perfusion
following Ginkgo supplementation, particularly in areas
subserving executive function and memory 8¢, These
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findings align with the cognitive domains frequently
impacted in CIRS, suggesting a targeted role for Ginkgo
in restoring angiogenic tone and neurovascular integrity.

Pharmacokinetically, Ginkgo biloba extract
demonstrates good oral absorption, with peak plasma
concentrations occurring within 1—2 hours post-ingestion.
Flavonol aglycones are rapidly metabolized via
glucuronidation and  sulfation but retain  partial
bioactivity. Terpenoids such as ginkgolide B have longer
half-lives and may accumulate in lipid-rich tissues,
including the brain 87. EGb 761 is typically standardized
to 24% flavone glycosides and 6% terpene lactones, with
clinical doses ranging from 120 to 240 mg/day.

Rhodiola rosea

Rhodiola rosea, an adaptogenic herb native to cold
mountainous regions, exerts broad regulatory effects on
mitochondrial  function, hypoxia tolerance, and
angiogenesis. Its principal bioactive constituents, rosavin,
salidroside, and tyrosol, are known to modulate HIF-1a
stabilization, increase VEGF expression, and enhance
cerebral oxygenation in stress models 88143,

Experimental evidence indicates that Rhodiola promotes
VEGF production through both HIF-1a-dependent and -
independent mechanisms. In a hypoxia-reoxygenation
model using cultured endothelial cells, salidroside
upregulated VEGF mRNA and protein levels via PI3K /Akt
and ERK1/2 activation, concurrently increasing eNOS
phosphorylation and nitric oxide output. These molecular
effects were associated with enhanced tube formation,
endothelial migration, and protection against hypoxia-
induced apoptosis. In mouse models of ischemic stroke
and brain hypoperfusion, Rhodiola treatment increased
capillary density, reduced infarct size, and preserved
cognitive performance 8.

In the context of CIRS, where low VEGF is often
paralleled by fatigue and cognitive dulling, Rhodiola’s
dual impact on perfusion and mitochondrial function may
offer a multipronged benefit. Several studies have
documented Rhodiola's capacity to improve mental
fatigue, reaction time, and cognitive flexibility under
chronic stress and hypoxia, effects potentially mediated
through restored neurovascular coupling and synaptic
function 90,

Rhodiola rosea exhibits moderate oral bioavailability.
Salidroside is water-soluble and undergoes limited
hepatic metabolism, allowing for relatively predictable
plasma levels. Rosavin and tyrosol are more lipophilic
and may require lipid-based formulations for optimal
absorption. Clinical dosing typically ranges from 200 to
600 mg/day of standardized extract (3% rosavins, 1%
salidroside).

Panax ginseng

Panax ginseng exerts neurovascular benefits through its
ginsenosides, particularly Rg1, Rb1, and Rg3, which
promote angiogenesis and endothelial stability. These
compounds activate HIF-1a and PI3K/Akt signaling,
upregulating VEGF expression and enhancing nitric oxide
(NO) production via eNOS phosphorylation °'. In

cerebral ischemia models, ginsenosides restore perfusion
and promote capillary growth while improving cognitive
outcomes  through BDNF-VEGF co-induction 92,
Additionally, ginseng mitigates oxidative stress via Nrf2
activation, stabilizing mitochondrial dynamics in hypoxic
endothelial cells. These effects are especially relevant to
CIRS, where chronic vascular hypoperfusion and low
VEGF contribute to fatigue and neurocognitive
dysfunction. Ginsenosides undergo microbial
deglycosylation into active forms such as compound K,
improving bioactivity. Fermented and liposomal ginseng
extracts enhance systemic absorption, overcoming

limitations of poor solubility and first-pass metabolism
93,143,

Schisandra chinensis

Schisandra chinensis lignans, including schisandrin A and
B, promote VEGF-mediated angiogenesis through
activation of HIF-1a and MAPK pathways. In cerebral
ischemia models, schisandrin B enhances VEGF expression
and supports neovascular remodeling 4. Schisandra also
preserves endothelial function by increasing eNOS
activity and reducing endothelin-1, promoting capillary
perfusion and oxygen delivery. In endothelial cell
cultures, it reduces ROS and TNF-o—induced apoptosis,
suggesting dual roles in vascular protection and redox
stabilization 95. These mechanisms align with CIRS
pathology, where VEGF depletion and microvascular
injury underlie central fatigue and neuroinflammation.
Schisandra’s bioavailability is enhanced by ethanol
extraction and micronization techniques. Its combination
of mitochondrial preservation, anti-apoptotic signaling,
and VEGF upregulation makes it a promising candidate
for restoring neurovascular coupling in biotoxin-
associated syndromes.

Cordyceps sinensis

Cordyceps sinensis, a medicinal fungus rich in cordycepin
and polysaccharides, has demonstrated pro-angiogenic
effects via upregulation of VEGF and eNOS expression.
In hypoxic endothelial and myocardial models,
Cordyceps enhances HIF-1a signaling and promotes NO-
mediated vasodilation, improving tissue perfusion and
oxygenation 94143, These actions support its traditional
use for fatigue and respiratory insufficiency, both core
features of CIRS. Cordyceps also reduces mitochondrial
oxidative damage and inflammatory cytokines,
contributing to endothelial repair. In models of ischemia-
reperfusion injury, it preserves microvascular architecture
and improves ATP generation. Cordycepin further
modulates AMPK and Nrf2 signaling, supporting cellular
adaptation to metabolic stress. Oral bioavailability is
moderate, but hot-water extracts, and mycelial
fermentation products demonstrate improved efficacy
and systemic delivery. Cordyceps' combined angiogenic
and antioxidant effects directly counteract the
hypoperfusion and redox dysfunction characteristic of
low-VEGF states in CIRS.

Vasoactive Intestinal Peptide (VIP): Neuroimmune
Synchronizing, Neuropeptide Signaling and Circadian
Immune Balance

Vasoactive intestinal peptide (VIP) is a multifunctional,
pleiotropic neuropeptide critical for maintaining
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homeostasis across the neuroendocrine-immune interface.
Synthesized predominantly in the hypothalamus,
suprachiasmatic  nucleus (SCN), and peripheral
parasympathetic neurons, VIP governs circadian rhythm
regulation, anti-inflammatory signaling, and T cell
homeostasis through tightly orchestrated cyclic AMP
(cAMP)-mediated pathways. It signals through G protein—
coupled VPAC receptors to elevate intracellular cAMP
and activate CREB-dependent transcription. In the
immune system, VIP suppresses pro-inflammatory
cytokine release (e.g., IL-6, TNF-a), enhances Treg
differentiation, and preserves epithelial barrier integrity
18, In the context of CIRS, VIP is often pathologically
suppressed, particularly in the later phases of biotoxin
illness, reflecting neuroimmune exhaustion and circadian
dysregulation 97, VIP deficiency contributes to immune
disinhibition, disrupted circadian rhythms, and autonomic
instability 4

VIP exerts its biological effects primarily through G
protein—coupled receptors VPAC1 and VPAC2, which
activate adenylate cyclase and increase intracellular
cAMP. This cascade stimulates downstream transcription
factors, most notably cAMP response element-binding
protein (CREB), which modulates the transcription of anti-
inflammatory cytokines (e.g., IL-10), neurotrophic factors
(e.g., BDNF), and genes involved in circadian entrainment
98, VIP’s role in promoting regulatory T cell (Treg) stability
and suppressing Th1/Th17 polarization has been well-
documented, positioning it as a key endogenous
modulator of immune tolerance. VIP also attenuates NF-
KB and MAPK activity in microglia and peripheral
macrophages, reducing TNF-q, IL-6, and IL-1B secretion
and thereby stabilizing neuroinflammatory tone.

In CIRS, low VIP levels are associated with disrupted
circadian biology, persistent inflammation, and impaired
blood—brain barrier (BBB) function. Hypothalamic—
pituitary—adrenal (HPA) axis desynchrony, characterized
by dysregulated ACTH and cortisol rhythms, often
parallels VIP suppression, suggesting a collapse of both
top-down and bottom-up regulatory axes. Moreover, VIP
deficiency correlates with reduced cerebral perfusion,
cognitive slowing, and fatigue, hallmark symptoms of
advanced biotoxin exposure. Importantly, exogenous VIP
administration during the final stages of the CIRS Protocol
has been shown to restore neurovascular coupling,
improve oxygen delivery, and normalize cytokine
profiles 10,

CREB is central to VIP-mediated effects, functioning as a
transcriptional integrator of circadian light signaling and
inflammatory suppression. In the SCN, CREB activation by
VIP promotes Perl and Per2 transcription, reinforcing
circadian gene oscillations and synchronizing peripheral
clocks. In the immune system, CREB enhances IL-10 and
FOXP3 expression, supporting tolerogenic pathways and
restraining chronic inflammation. Conversely, impaired
CREB signaling, as seen in chronic stress, oxidative injury,
or sleep disruption, may exacerbate immune
dysregulation and reduce neurotrophic support.

cAMP, the secondary messenger linking VIP receptor
activation to nuclear transcriptional control, also plays a

vital role in BBB integrity, mitochondrial respiration, and
neuroplasticity. Chronic cAMP suppression, whether due
to receptor downregulation or oxidative degradation,
has been implicated in microglial priming and
mitochondrial uncoupling in neuroinflammatory disorders.
Thus, restoring VIP-cAMP—CREB axis function is an
essential therapeutic priority in CIRS.

A variety of botanicals modulate cAMP signaling,
enhance  CREB  phosphorylation, and  support
neuroimmune synchronization. In particular, certain
adaptogenic and nootropic herbs promote neurotrophic
balance, circadian rhythm restoration, and resilience
against immune provocation. The following section
explores five botanicals—Lion’s Mane, Bacopa monnieri,
Magnolia officinalis, Mucuna pruriens, and Albizia
julibrissin, with mechanistic relevance to VIP signaling and
its downstream neuroimmune pathways.

Hericium erinaceus (Lion’s Mane)

Lion's Mane, a nootropic and neurotrophic mushroom,
contains erinacines and hericenones that cross the blood—
brain barrier and stimulate nerve growth factor (NGF)
synthesis in astrocytes 9. While not directly influencing
VIP gene expression, NGF-TrkA signaling synergizes with
VIP-induced CREB activation, particularly in limbic and
hypothalamic regions implicated in neuroimmune
regulation. In a hippocampal neuronal culture model,
Lion’s Mane extracts increased phosphorylation of CREB
and promoted neurite outgrowth via ERK and cAMP
pathways 190, These mechanisms mirror the trophic and
circadian regulatory roles of VIP in suprachiasmatic
nucleus (SCN) and hypothalamic circuitry.

In vivo, oral administration of Hericium erinaceus
improved cognitive function and reduced depressive
behaviors in animal models, accompanied by increased
hippocampal neurogenesis and BDNF mRNA expression,
an axis partially downstream of CREB 107, These
neurogenic effects may support repair of hypothalamic
injury and cortical dysregulation common in CIRS patients
with VIP deficiency. Moreover, polysaccharides in Lion’s
Mane exhibit immunomodulatory activity, enhancing
dendritic cell maturation and restoring Th1/Th2 balance,
further contributing to VIP’s homeostatic immune role.

Bacopa monnieri

Bacopa monnieri is a well-established adaptogen and
cognitive  enhancer that modulates neurotrophin
expression, cholinergic transmission, and stress axis
activity. lts active compounds, bacosides A and B,
activate CREB via cAMP-dependent pathways and
upregulate BDNF and NGF in hippocampal and cortical
neurons 192, In this context, Bacopa indirectly supports
VIP-mediated neuroimmune communication by stabilizing
circadian outputs and enhancing neuroplasticity in
hypothalamic-pituitary-limbic networks.

Animal studies have demonstrated that Bacopa reverses
corticosterone-induced  impairments  in  dendritic
complexity and CREB phosphorylation, indicating
restoration of cAMP /PKA signaling 193. These actions are
particularly relevant to the neuroendocrine disarray in
CIRS, where low VIP is associated with flattened cortisol
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rhythms, limbic atrophy, and disrupted feedback within
the HPA axis.

In microglial cultures, Bacopa extract suppresses LPS-
induced TNF-a and IL-6 production, reduces ROS
generation, and preserves mitochondrial function,
mechanisms that indirectly support VIP production by
minimizing  hypothalamic  neuroinflammation 104,
Additionally, Bacopa enhances expression of circadian
clock genes such as BMALT and PER2 in hypothalamic
explants, implicating its utility in resynchronizing chrono
disrupted patients with VIP loss.

Magnolia officinalis

Magnolia officinalis, a traditional botanical used for
mood regulation and neuroinflammation, contains
bioactive neolignans honokiol and magnolol that
modulate both neurotransmitter systems and intracellular
signaling cascades. These compounds enhance cAMP
levels via PDE inhibition and potentiate GABA-A receptor
activity, aligning with VIP's role in anxiolysis and
circadian gating 195, In hippocampal neurons, honokiol
increases CREB phosphorylation and BDNF expression,
conferring both antidepressant and neurotrophic effects.

Magnolia extracts also suppress microglial activation and
inhibit expression of pro-inflammatory mediators (TNF-a,
COX-2, iINOS) via downregulation of NF-kB and MAPK
pathways, thus attenuating the neuroinflammatory milieu
that impairs VIP production ', In a study looking at
chronic stress, Magnolia administration restored circadian
cortisol patterns and improved REM sleep architecture,

indicating a capacity to rebalance HPA and SCN outputs
144

Pharmacokinetically, honokiol is rapidly absorbed and
crosses the blood—brain barrier, with lipophilic
formulations enhancing CNS bioavailability. Its dual role
as a cAMP modulator and immunoneuroendocrine
stabilizer positions Magnolia as a promising adjunct for
restoring VIP tone in CIRS.

Mucuna pruriens

Mucuna pruriens, a leguminous plant rich in L-DOPA,
directly replenishes central dopaminergic tone, an
upstream regulator of VIP secretion from hypothalamic
and limbic neurons 107,108, V|P-expressing neurons in the
SCN and anterior hypothalamus exhibit dopaminergic
innervation, and stimulation of D1 receptors increases VIP
release and CREB activation. Thus, Mucuna's enhancement
of dopaminergic transmission may augment neuropeptide
signaling relevant to Shoemaker’s VIP-deficient cohort.

In animal models of Parkinsonism and neuroinflammation,
Mucuna extract restored striatal dopamine levels,
reduced pro-inflammatory cytokines (e.g., IL-18, TNF-a),
and increased antioxidant enzyme expression, consistent
with  protection of VIP-producing circuits'98, lis
polyphenolic constituents also upregulate mitochondrial
biogenesis and reduce microglial activation—processes
implicated in hypothalamic injury and VIP loss in CIRS.

Standardized Mucuna extracts offer controlled L-DOPA
delivery, with improved tolerability compared to

synthetic formulations. Adjunct use with herbal
adaptogens may synergistically support dopaminergic—
VIP axis reconstitution.

Albizia julibrissin

Albizia julibrissin, or mimosa tree bark, is a traditional
anxiolytic and sedative with emerging evidence for
neuroimmune modulation. lts saponins and flavonoids
modulate cAMP signaling and enhance CREB-mediated
transcription of BDNF and other neuropeptides in
hippocampal neurons. These effects align with VIP’s
regulatory roles in synaptic plasticity, circadian
entrainment, and emotional processing.

One study demonstrated Albizia extract restored diurnal
rhythm of corticosterone and normalized SCN electrical
activity, indicating a stabilizing effect on the
hypothalamic circadian pacemaker 145, Additionally,
Albizia attenuates  stress-induced hippocampal
inflammation and downregulates microglial TNF-a and
IL-1B expression, protecting regions integral to VIP
expression and output.

Albizia’s central actions are complemented by peripheral
immunomodulation, including suppression of mast cell
degranulation and modulation of Th2 cytokines. These
multifaceted properties support their use in VIP
restoration, especially in CIRS patients exhibiting
autonomic and limbic dysregulation.

Antidiuretic Hormone (ADH) and Plasma Osmolality:
Fluid Balance and Neurohypophyseal Derailment

Antidiuretic hormone (ADH), also termed arginine
vasopressin (AVP), is a pivotal neuropeptide for the
regulation of extracellular fluid volume, serum osmolality,
and vascular tone. Synthesized by magnocellular neurons
within the supraoptic (SON) and paraventricular (PVN)
nuclei of the hypothalamus, ADH is transported axonally
fo the posterior pituitary, where it is stored and secreted
in response to osmotic or hemodynamic stimuli. Upon
release, ADH binds to vasopressin receptors, primarily
V1a, V1b, and V2, which are distributed across vascular
smooth muscle, pituitary corticotrophs, and renal
collecting duct epithelial cells, respectively. The most
relevant to fluid homeostasis is the V2 receptor, located
on the basolateral surface of principal cells in the
collecting ducts, where ADH binding triggers insertion of
aquaporin-2 (AQP2) channels into the apical membrane,

facilitating water reabsorption and concentrating urine
109

In CIRS, inappropriate suppression of ADH relative to
elevated osmolality suggests hypothalamic injury or
receptor resistance, contributing to polydipsia, frequent
urination, orthostatic intolerance, and salt wasting'®.
These findings reflect neurohypophyseal stress and
hypothalamic-pituitary axis disruption, a consistent
feature across environmentally acquired illnesses with
central effects.

In the pathophysiology of CIRSs regulation of this AVP—
V2-AQP2 axis has emerged as a hallmark abnormality.
Characteristic laboratory findings include
inappropriately low serum ADH concentrations in the
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context of elevated serum osmolality and sodium,
reflecting a breakdown in hypothalamic Osmo sensing or
posterior pituitary secretion'®110, This paradoxical
hypoadipsic hyperosmolality results in aquaresis,
extracellular volume depletion, and secondary activation
of compensatory systems such as the sympathetic nervous
system and RAAS. Patients often present with profound
thirst, polyuria, orthostatic intolerance, and reduced urine
specific gravity, all reflective of a functional diabetes
insipidus—like state.

On a molecular level, ADH-V2 receptor engagement
leads to Gs protein—coupled activation of adenylate
cyclase, increased intracellular cAMP, and subsequent
activation of protein kinase A (PKA). PKA phosphorylates
AQP2 at serine residues, promoting vesicular trafficking
to the apical membrane of collecting duct cells 110,
Chronic disruption of this signaling, whether via biotoxin-
mediated neuroinflammation, autoantibody formation, or
mitochondrial injury in hypothalamic-pituitary structures,
can lead to a failure of AQP2 mobilization and water
reabsorption. This effect is compounded by cytokine
interference; TNF-a and IL-6 have been shown to
downregulate AQP2 transcription and impair vasopressin
receptor sensitivity through JAK/STAT and SOCS
signaling, further diminishing renal responsiveness.

The renin—angiotensin—aldosterone system (RAAS)
represents a critical co-regulator of volume homeostasis,
acting synergistically with ADH to ensure sodium and
water retention. Juxtaglomerular cells in the afferent
arterioles of the kidney secrete renin in response to
reduced renal perfusion pressure or sympathetic
stimulation. Renin cleaves angiotensinogen to generate
angiotensin |, which is converted to angiotensin Il by
angiotensin-converting enzyme (ACE). Angiotensin Il binds
AT1 receptors to initiate systemic vasoconstriction,
stimulate thirst centers, promote ADH secretion, and
upregulate sodium reabsorption in the proximal nephron.
It also stimulates adrenal release of aldosterone, which
acts on mineralocorticoid receptors in the distal tubules to
increase epithelial sodium channel (ENaC) expression and
Na*/K*-ATPase activity, promoting sodium retention and
potassium excretion 111,

In the context of CIRS, RAAS integrity is frequently
compromised. Chronic inflammation and oxidative stress
impair mitochondrial function in juxtaglomerular cells,
leading to insufficient renin release and blunted
angiotensin Il generation. Moreover, the adrenal cortex
may be hypo-responsive due to cytokine-induced
damage or disrupted HPA axis feedback. This contributes
to inadequate aldosterone secretion and defective
sodium conservation, particularly in the face of biotoxin-
induced vascular permeability and salt loss. Importantly,
low aldosterone levels in combination with low ADH
exacerbate extracellular volume contraction, impair
baroreceptor-mediated compensation, and perpetuate
hypovolemia and orthostatic intolerance.

Recent evidence also implicates central mechanisms in the
osmoregulatory dysfunction of CIRS. Hypothalamic
inflammation, often driven by chronic TLR activation or
microglial priming, alters the firing threshold of

osmoreceptor neurons and reduces the set point for AVP
release. Furthermore, oxidative and excitotoxic damage
to glial cells within the median eminence and organum
vasculosum of the lamina terminalis (OVLT), key
circumventricular organs lacking a complete blood—brain
barrier, may impair the transduction of peripheral
osmotic signals to neuroendocrine outputs. These
disruptions mirror findings in other neuroinflammatory
syndromes characterized by dysnatremia and volume
instability.

Taken together, the coordinated dysfunction of the ADH-
AQP2 system and RAAS in CIRS reflects a multi-tiered
breakdown in central and peripheral osmoregulatory
circuits. The result is a phenotype marked by
inappropriate diuresis, hypovolemia, and an impaired
ability to maintain electrolyte and volume homeostasis in
the face of environmental, infectious, or biotoxin-related
stressors. Therapeutic strategies targeting this axis may
involve both neuroprotective agents that restore
hypothalamic-pituitary integrity and agents that enhance
renal responsiveness to AVP and RAAS hormones. The
following botanicals have been identified for their ability
to modulate vasopressin signaling, enhance aquaporin
expression, or support RAAS activity in the context of
volume dysregulation observed in CIRS.

Astragalus membranaceus

Astragalus membranaceus, a core adaptogenic herb in
Traditional Chinese Medicine, demonstrates
renoprotective and osmoregulatory properties through
modulation of aquaporin expression and the renin—
angiotensin—aldosterone system (RAAS). Polysaccharides
and saponins in Astragalus enhance renal sodium
retention while reducing proteinuria and glomerular
hyperfiltration, especially under inflammatory stress
112,143.  Astragalus has been shown to upregulate
aquaporin-2 in  vasopressin-deficient models and
stabilize arginine vasopressin receptor-2 (AVPR2) mRNA
expression in the renal medulla 14¢. These effects support
its use in cases of CIRS-associated polyuria and sodium
loss. Astragaloside |V, its principal active constituent,
additionally suppresses angiotensin ll-induced ROS and
fibrosis, protecting against RAAS-mediated tubular
injury. Its safety profile is favorable, though it may
potentiate sodium retention in salt-sensitive individuals,
requiring monitoring in volume-overloaded states.

Pueraria lobata (Kudzu)

Pueraria lobata, or kudzu root, contains isoflavones such
as puerarin and daidzin that modulate hypothalamic-
pituitary signaling, vascular tone, and renal perfusion. In
models of water deprivation, puerarin promotes AVP
release from the hypothalamic supraoptic nucleus and
enhances vasopressin  receptor responsiveness in
collecting duct epithelia '13. These actions align with its
traditional use in managing dehydration, hangover, and
thermoregulation. Kudzu extracts also attenuate
angiotensin ll-induced hypertrophy in renal cells and
reduce expression of aldosterone synthase, mitigating
downstream salt retention and fibrosis 114 The
vasodilatory effects of puerarin via nitric oxide and
cAMP pathways contribute to improved renal perfusion
and osmotic regulation. While generally well tolerated,
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Pueraria’s phytoestrogenic effects may require caution in
hormonally sensitive individuals or long-term use.

Eucommia ulmoides

Eucommia ulmoides, a medicinal tree bark known for its
antihypertensive and nephroprotective  properties,
influences fluid balance via RAAS modulation and nitric
oxide—dependent vasodilation. Lignans and iridoids from
Eucommia downregulate renin expression and suppress
angiotensin ll-mediated vasoconstriction and aldosterone
secretion 115, In hypertensive models, Eucommia extract
reduces vurinary sodium excretion and increases
aquaporin-2 expression in the renal collecting duct,
indicating potentiation of vasopressin signaling under
volume-depleted conditions '3 These effects may be
particularly useful in CIRS patients with hypovolemia or
excessive diuresis. Eucommia’s antioxidant and anti-
inflammatory actions further protect hypothalamic
osmoregulatory neurons from ROS-mediated injury. The
herb is generally well tolerated, though hypotensive
synergy with ACE inhibitors should be considered.

Ziziphus jujuba (Jujube)

Ziziphus jujuba, or jujube fruit, offers neuroendocrine and
renal effects relevant to osmolality regulation in chronic
inflammatory states. Rich in saponins, flavonoids, and
cyclic AMP analogs, jujube modulates hypothalamic
neuropeptides including CRH and AVP, supporting HPA-
axis normalization 16, In dehydration models, jujube
increases pituitary vasopressin release and promotes
AQP2 expression in renal tubules, supporting water
reabsorption and plasma osmolality restoration (Park et
al., 2015). Additionally, jujube exhibits aldosterone-
suppressing effects via 11B-HSD inhibition and
antioxidant regulation of RAAS feedback loops. These
mechanisms may attenuate sodium wasting and polyuria
observed in low-ADH phenotypes of CIRS. Ziziphus is
traditionally used as a mild sedative; somnolence may
occur at high doses, although no electrolyte disturbances
have been reported.

Lepidium meyenii (Maca)

Lepidium meyenii, or maca root, is an Andean adaptogen
with emerging evidence for neuroendocrine and
osmoregulatory effects. Macamides and macaenes, its
bioactive lipids, modulate hypothalamic-pituitary
signaling and elevate AVP and ACTH in stress models,
enhancing fluid retention and sodium conservation 117, In
rodent studies, maca supplementation preserved plasma
osmolality and reduced polyuria following water
deprivation,  suggesting  improved  hypothalamic
vasopressin output 118, Its antioxidant properties also
support neurohypophyseal neurons against oxidative
injury, a mechanism relevant to VIP and ADH
dysregulation in CIRS. Although generally well tolerated,
maca may transiently raise blood pressure in sensitive
individuals and should be used cautiously in volume-
overloaded states. It shows promise as a tonic for adrenal
and hypothalamic restoration under chronic biotoxin-
induced stress.

Melanocyte-Stimulating Hormone (MSH): Terminal
Integrator of Neuroimmune and Barrier Function
MSH is a cleavage product of pro-opiomelanocortin

(POMC), secreted from the hypothalamus, with potent
anti-inflammatory, antimicrobial, and gut-regulatory
properties. It regulates mucosal immunity, pain sensitivity,
sleep patterns, and microbial containment in mucous
membranes?0

MSH suppression is a hallmark of chronic biotoxin
exposure, particularly when upstream regulators such as
VIP and leptin are dysregulated 0. MSH is a downstream
barometer of unresolved inflammation and
neuroendocrine collapse, often indicating the failure of
multiple upstream systems.

Oxidative Stress: A Convergent Amplifier of Biomarker
Dysregulation

Oxidative stress is not merely a downstream effect of
inflammation in CIRS but functions as a cross-cutting
disruptor of cellular, mitochondrial, and genomic stability.
ROS production is amplified by complement activation
(C4a), ECM degradation (MMP-9), and hypoxic signaling
(via VEGF suppression), creating a network of feed-
forward loops that impair cellular redox homeostasis 2!

Excess ROS destabilizes mitochondrial electron transport
chains, induce mtDNA mutations, and oxidize membrane
lipids, all of which further impair immune resolution.
Moreover, oxidative stress inhibits Treg function and
enhances Th17-driven inflammation, thereby
compounding immune polarization driven by TGF-B1.

Because ROS can directly impair transcriptional
programs (e.g., Nrf2 inhibition) and disrupt barrier tissue
function, their control represents a high-yield therapeutic
target. Antioxidant strategies must focus not just on
scavenging ROS, but on restoring upstream redox
sensing, mitochondrial biogenesis, and Nrf2 signaling.

Oxidative Stress and Mitochondrial Dysfunction
Oxidative stress and mitochondrial dysfunction are
central features of CIRS, contributing to its multisystemic
symptomatology and treatment resistance. Mitochondria
are critical regulators of cellular energy metabolism,
redox homeostasis, and innate immune signaling.
However, under chronic biotoxin exposure or unresolved
inflammation,  mitochondrial membranes become
destabilized, respiratory chain function is impaired, and
reactive oxygen species (ROS) are excessively produced,
fueling a pathological loop of oxidative damage and
energy failure 119

One of the key endogenous defense mechanisms against
oxidative stress is the nuclear factor erythroid 2—related
factor 2 (Nrf2) pathway. Under basal conditions, Nrf2 is
sequestered in the cytoplasm by Kelch-like ECH-
associated protein 1 (Keap1), which targets it for
ubiquitin-mediated degradation. Oxidative stress or
electrophilic modification of Keapl cysteine residues
leads to Nrf2 stabilization, nuclear translocation, and
transcriptional activation of antioxidant response element
(ARE)-containing genes?2. These genes encode for critical
enzymes such as heme oxygenase-1 (HO-1),
NAD(P)H:quinone oxidoreductase 1 (NQO1), glutathione
S-transferases (GSTs), and superoxide dismutase (SOD),
which collectively reduce ROS and preserve redox
equilibrium.
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In the context of CIRS, Nrf2 signaling appears to be
functionally suppressed despite elevated oxidative stress
markers, leading to unchecked lipid peroxidation, protein
carbonylation, and mitochondrial DNA (mtDNA) damage
19, Mitochondrial membrane potential (AYm), a key
indicator  of  mitochondrial  integrity, becomes
depolarized under oxidative assault, impairing ATP
synthesis via oxidative phosphorylation (OXPHQOS). This
not only disrupts cellular energy supply but also promotes
mitochondrial permeability transition pore (mPTP)
opening, cytochrome c release, and caspase activation,
mechanisms that underlie programmed cell death and
tissue damage in CIRS-affected organs 120

Damage to electron transport chain (ETC) complexes |-V
further exacerbates ROS production due to electron
leakage, particularly at coenzyme Q and complex Il
sites. As a result, redox imbalance perpetuates further
mitochondrial dysfunction, creating a vicious cycle of
oxidative injury and impaired recovery. Inflammatory
cytokines such as TNF-a and IL-1B also compromise
mitochondrial biogenesis and fusion-fission dynamics,
interfering with cellular resilience and adaptation 127,
Mitochondrial dysfunction disrupts calcium buffering and
amplifies endoplasmic reticulum stress, processes
implicated in neuroinflammation, fatigue, and cognitive
decline commonly observed in CIRS.

Restoration of mitochondrial health requires both
suppression of oxidative damage and stimulation of
mitochondrial repair processes. Upregulation of Nrf2
activity has been shown to promote mitochondrial
biogenesis via peroxisome proliferator-activated
receptor gamma coactivator-1 alpha (PGC-1a) and to
improve the expression of genes involved in
mitochondrial quality control, such as mitofusin-2 (MFN2)
and optic atrophy 1 (OPA1). Pharmacological and
botanical activators of Nrf2 may therefore hold
therapeutic relevance for CIRS patients, particularly
those with persistent fatigue, myalgia, and cognitive
impairment resistant to standard interventions.

Silybum marianum (Milk Thistle)

Silybum marianum contains silymarin, a complex of
flavonolignans with potent antioxidant and
mitochondrial-protective effects. Silymarin activates Nrf2
and upregulates phase |l detoxification enzymes,
including HO-1T and NQO1, while suppressing lipid
peroxidation and mitochondrial ROS. In hepatocyte
models, silybin stabilizes mitochondrial membrane
potential and inhibits permeability transition pore
opening, mitigating apoptosis under oxidative challenge.
These effects are relevant in CIRS patients presenting
with multiorgan involvement and hepatic vulnerability.
Silymarin  also  attenuates inflammatory  cytokine
expression and may indirectly modulate MMP-9 activity
through NF-KkB inhibition. lts capacity to stabilize redox
tone and support mitochondrial fidelity across hepatic,
renal, and CNS tissues makes it a systems-level adjunct in
redox-sensitive CIRS phenotypes.

Polygonum cuspidatum (Japanese Knotweed)
Polygonum cuspidatum is rich in resveratrol, a
polyphenol with pleiotropic mitochondrial and anti-

inflammatory effects. Resveratrol activates SIRT1 and
PGC-1qa, enhancing mitochondrial biogenesis, electron
transport chain (ETC) efficiency, and ATP production.
Additionally, it stimulates Nrf2 and reduces mitochondrial
ROS in models of neuroinflammation and metabolic
stress. In murine studies, resveratrol downregulates MMP-
9 and TGF-B1 expression, both of which are key players
in CIRS pathophysiology '22. Its BBB-penetrant profile
and neurovascular protective effects also position it as a
modulator of  VIP-linked neuroimmune networks.
Resveratrol’s oral bioavailability is low, but micronized
and liposomal formulations improve pharmacokinetics,
ensuring systemic redox impact 47,

Centella asiatica (Indian Pennywort)

Centella asiatica contains triterpenoid saponins such as
asiaticoside and madecassoside, known to modulate
mitochondrial function, Nrf2 activation, and
angiogenesis¥. These compounds enhance mitochondrial
respiration and reduce ROS accumulation in neuroglial
and hepatic models. Centella upregulates antioxidant
enzymes (SOD, CAT, GPx) and supports neuronal
mitochondrial integrity, particularly under hypoxic or
inflammatory stress. It also promotes VEGF expression
and neurovascular remodeling, supporting cross-talk with
VIP-related pathways. In clinical studies, Centella has
improved fatigue, mood, and cognitive parameters,
symptoms frequently observed in mitochondrial
dysfunction—driven CIRS presentations. Its adaptogenic
and mitochondrial-stabilizing profile supports broad
application across organ systems.

Paeonia lactiflora (White Peony)

Paeonia lactiflora, through its active compound
paeoniflorin, exhibits anti-inflammatory, antioxidative,
and mitochondrial-preserving properties. Paeoniflorin
reduces mitochondrial calcium overload, stabilizes
membrane potential, and enhances ATP production in
stress models 123, In immune cells, it suppresses NF-kB and
downregulates pro-inflammatory cytokines including IL-
1B and TNF-a. These effects may indirectly reduce MMP-
9 activity and restore redox balance. Paeonia also
improves cerebral blood flow and supports synaptic
plasticity, overlapping mechanistically  with  VIP-
neuroimmune modulation. In experimental autoimmune
models, it has shown benefit in multi-organ inflammation,
making it particularly suited for systemic oxidative
burden seen in CIRS.

Tinospora cordifolia (Guduchi)

Tinospora cordifolia is a well-characterized adaptogen
and immunomodulator that enhances mitochondrial
antioxidant defense via Nrf2 activation and upregulation
of glutathione synthesis. Its polyphenolic constituents
reduce oxidative stress—induced mitochondrial damage
and restore mitochondrial complex | and IV activity in
hepatocellular and neuronal models. Tinospora also
modulates proinflammatory signaling via inhibition of
MAPK and NF-kB, suppressing downstream MMP-9
expression 149. In models of sepsis and liver injury, it
improves mitochondrial membrane stability and reduces
apoptotic signaling, which may help reverse treatment-
resistant fatigue and organ impairment in CIRS. lts
systemic antioxidant actions are complemented by
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immune-normalizing properties, supporting multi-organ
resilience.

Natural Binders for Jarisch-Herxheimer Reactions and
Toxins: Mechanisms and Evidence

Antimicrobial therapy to eliminate infectious triggers
often causes a Jarisch-Herxheimer reaction, also known
as a die off reaction. This can be observed in individuals
receiving botanical antimicrobials, similar to conventional
antibiotic therapy. The process of pathogen elimination
can trigger a systemic inflammatory response by
unleashing proinflammatory cytokines, lipoproteins, and
endotoxin-like compounds. The emergence of symptoms
such as fever, gastrointestinal issues, malaise, and
myalgia is promoted by cytokines such tumor necrosis
factor a (TNF-a) and interlevkins 6 and 8. After
consuming botanical antimicrobials, symptoms usually
start to appear one to two hours later and usually fade
away in a day or two. In general, severity and infection
burden seem interrelated.

In children with ASD and PANS associated with infectious
triggers like Lyme Disease, effective detoxification
strategies must address enterohepatic recirculation of
lipophilic toxins, many of which are excreted via bile.
Binding agents act within the gastrointestinal tract to
adsorb these compounds and facilitate fecal elimination,

reducing systemic reabsorption and inflammatory
Signqling 125,125,126,127,1 28,

Toxin binders are a vital part of any successful anti-
microbial and detox program since they help minimize
die off symptoms, aid in detoxification, and ease the
strain on elimination pathways. Children with ASD are
often exposed to xenobiotics and biotoxins 152, A
systematic review from 2014 identified that the most
common toxicants associated with ASD included
pesticides, polychlorinated biphenyls (PCBs), phthalates,
solvents, toxic waste sites, air pollutants and heavy
metals, with the strongest evidence found for air
pollutants and pesticides 151152, While we highlight the
usage of toxin binders effective in the binding of various
microbial and environmental toxins, including mycotoxins,
it is important note their efficacy in treatment of CIRS has
not been shown. Pertaining to all of the binders discussed
below, objective benefit in treatment of CIRS has not
been demonstrated.

Activated charcoal, a porous carbon-based adsorbent,
has demonstrated broad-spectrum binding to various
biotoxins. Its high surface area enables electrostatic and
van der Waals interactions with hydrophobic toxins,
especially aflatoxin B1 and zearalenone 125 126, While
effective, charcoal may also bind micronutrients,
necessitating judicious use.

Bentonite and montmorillonite clays, primarily composed
of aluminum phyllosilicates, offer strong binding potential
for microbial toxins, other biotoxins and environmental
pollutants via a through ion-exchange and adsorption
mechanisms. These clays have been extensively studied in
animal feed and in vitro gastrointestinal models, showing
significant reductions in toxin bioavailability '27. Clinical
trials using processed montmorillonite show safety and
efficacy in humans.

Chlorella, a freshwater green microalga, binds biotoxins
and heavy metals through cell wall-associated
polysaccharides and glycoproteins. In murine models,
chlorella reduced aflatoxin B1—induced hepatotoxicity
and genotoxicity 128, Due to its high nutritional content, it
might be considered a safer option in sensitive
populations However, contamination with  other
cyanobacterial toxins remains a significant adverse
effect of chlorella and a strong concern for CIRS patients.

Glucomannan, a soluble dietary fiber derived from
Amorphophallus  konjac,  exhibits  dose-dependent
adsorption of aflatoxins, zearalenone, and T-2 toxins. It
remains unabsorbed through the gut, forming a viscous
gel that physically entraps mycotoxins 129, lts tolerability
profile supports its use in patients with altered bowel
motility, though we have no objective data confirming
benefit in CIRS.

Modified citrus pectin (MCP), a low molecular weight
pectic polysaccharide, has demonstrated heavy metal
chelation, and emerging evidence suggests potential
toxin binding via galactose-rich domains 130, MCP is
fermentable by gut microbiota, which may further
enhance its detoxification synergy. Yet, no publications of
objective data have shown benefit in CIRS.

Humic and fulvic acids, natural humic substances derived
from decayed organic matter, exhibit amphipathic
properties that enable interaction with diverse biotoxins.
In vitro models demonstrate their affinity for various
toxins and pollutants likely via hydrogen bonding and
cation exchange 131, Their anti-inflammatory effects add
additional value to individualized protocols. There is no
evidence of any benefit in CIRS.

Probiotic strains, particularly Lactobacillus plantarum, L.
rhamnosus, and Saccharomyces boulardii, bind biotoxins
including neurotoxins, mycotoxins through peptidoglycan
and polysaccharide-rich cell walls. These strains can
immobilize aflatoxin B1, zearalenone, and ochratoxin A,
and in some cases, enzymatically degrade toxins!32155,
Soil-based bacilli like Bacillus subtilis also demonstrate
mycotoxin degradation via manganese peroxidase
activity 133, There is no evidence of any benefit in CIRS.

Okra: A closer look at bile acid binding natural
binders

Cholestyramine, a bile acid—binding, cholesterol-
lowering drug is the preferred binder used in the CIRS
protocol with proven results. The bile acid-binding
potential of foods like okra and other vegetables has
been studied to assess their ability to decrease
cholesterol 153154, Because less fat is absorbed and less
cholesterol is used to produce bile acid, lowering bile
acid recirculation also lowers cholesterol. Studies show
the mucilaginous properties of okra along with the
botanical binding properties of few other vegetables can
be a valuable resource for those seeking natural bile acid
binders. In vitro bile acid binding properties for beets
(18%), okra (16%), eggplant (14%), asparagus (10%),
carrots (8%), green beans (7%), cauliflower (6%), and
turnips (1%), as compared to cholestyramine, with a
statistical significance of P <.05. It was observed that in
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vitro bile acid binding was greatly enhanced by steam
cooking 153,

A multimodal approach using complementary binders
offers enhanced theoretical efficacy against diverse
microbial and biotoxins while minimizing nutrient loss,
gastrointestinal  side effects and assistance  with
detoxification, biotoxins binding and die off reactions.

Systems-Based Integration of Botanicals with the
Shoemaker Protocol

The Shoemaker Protocol for CIRS provides a phase-
based therapeutic architecture addressing biotoxin-
induced immune and neuroendocrine dysregulation.
While pharmacologic interventions remain the backbone
of this protocol, systems-based integration of botanical
therapeutics can enhance treatment response, target
overlapping molecular pathways, and bridge gaps in
patient resilience. Botanical compounds, selected for
mechanistic specificity and temporal alignment, may
augment detoxification, downregulate inflammatory
biomarkers, restore neuroendocrine tone, and recalibrate
immune regulation without disrupting the
pharmacokinetics or pharmacodynamics of standard
agents. This section systematically maps phytochemical
interventions onto Shoemaker’s five-phase model using
molecular targets such as MMP-9, TGF-B1, VEGF, VIP,
ADH, and MSH.

Botanical adaptogens such as Rhodiola, Schisandra,
Panax ginseng, and Bacopa exert pleiotropic effects
across  multiple axes, mitochondrial,  immune,
neuroendocrine, offering resilience-enhancing properties
rather than discrete molecular inhibition or activation.
These agents stabilize physiological function under stress
via modulation of HPA tone, cAMP signaling, and
cytokine balance 88. They are ideal for buffering systemic
volatility in CIRS patients undergoing biotoxin clearance.

Integration Without Disruption of Pharmaceutical
Timelines

A critical consideration in botanical integration s
compatibility with Shoemaker’s pharmaceutical regimen.
Binding agents such as cholestyramine may non-
selectively bind lipophilic plant constituents, reducing
bioavailability. Therefore, antioxidant herbs should be
administered at least two hours apart from binders.
Similarly, intranasal antibiotics for MARCoONS should not
be co-formulated with antimicrobial essential oils unless
clinically evaluated for mucosal tolerance and botanical
synergy 134,

TGF-B1 modulators such as Salvia miltiorrhiza and
Baicalin should be introduced after toxin clearance to
prevent interference with necessary immune activation
during early detox phases. Neuropeptide-enhancing
herbs should coincide with phase 4—5 interventions when
pharmacologic VIP or DDAVP is intfroduced. Attention to
formulation, liposomal, fermented, or ethanol-extracted
forms, can optimize CNS and systemic delivery while
avoiding pharmacokinetic conflicts.

Through synchronized botanical integration across
Shoemaker’s phases, clinicians can leverage the systems

biology of phytotherapy to enhance precision, resilience,
and repair in biotoxin-affected patients.

Considerations for
Pharmacokinetics

In the clinical application of botanical therapeutics for
CIRS, careful attention must be paid to pharmacokinetic
variability, safety profiles, and herb—drug interactions.
As phytotherapeutic interventions gain traction within
integrative frameworks, their compatibility with the
Shoemaker Protocol depends not only on mechanistic
alignment with biomarker pathology, but also on rigorous
understanding of dose-response relationships, metabolic
liabilities, and contraindications. This section provides a
scientific analysis of key safety and pharmacokinetic
factors influencing the deployment of botanicals already
introduced in this article, with emphasis on cytochrome
P450 modulation, bioavailability enhancement
strategies, pediatric considerations, and botanical quality
control.

Safety, Dosing, and

Cytochrome P450 Interactions and Herb—Drug Synergy
or Interference

Multiple botanicals employed in CIRS have demonstrated
clinically significant interactions with the cytochrome P450
(CYP) enzyme superfamily, which mediates phase |
hepatic biotransformation of xenobiotics. Curcumin, a
diarylheptanoid polyphenol from turmeric, inhibits
CYP3A4, CYP1A2, and CYP2C9 isoenzymes at
physiologically relevant concentrations. This activity may
potentiate plasma concentrations of concurrently
administered pharmaceuticals metabolized by these
pathways, such as corticosteroids, or statins, which are
often used in the CIRS population.

Ginkgo biloba, extensively used for its angiogenic and
cognitive effects, also modulates CYP enzymes.
Standardized extracts inhibit CYP2C9 and CYP3A4
while inducing CYP2B6 and CYP2C19, with potential to
influence drug clearance rates. Clinical caution is
warranted with medications that require tight plasma
control, such as warfarin, given Ginkgo’s additional
antiplatelet effects. Similarly, Berberine has been shown
to inhibit CYP2D6 and CYP3A4, which can increase the
risk of drug accumulation and toxicity when co-
administered with tricyclic antidepressants, macrolide
antibiotics, or calcium channel blockers.

While CYP modulation can pose risks, it may also offer
therapeutic synergy. Baicalin from Scutellaria baicalensis
enhances hepatic detoxification by upregulating phase I
glucuronidation via UGT1A1, potentially supporting
biotoxin elimination without interfering with phase |
oxidation. However, concurrent inhibition of efflux
transporters such as P-glycoprotein by curcumin and
berberine necessitates further vigilance for drug—herb
interactions in polypharmacy contexts 135,

Bioavailability Optimization and Delivery Platforms

Several botanical compounds discussed in this review
suffer from poor oral bioavailability due to rapid
metabolism, low aqueous solubility, or poor
gastrointestinal  absorption.  Curcumin, despite its
pleiotropic molecular effects, demonstrates low systemic
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exposure in humans. Co-administration with piperine from
black pepper (Piper nigrum) has been shown to increase
curcumin bioavailability by up to 2000% via inhibition of
glucuronidation. Piperine-containing formulations,
however, should be used cautiously in individuals with
hepatic impairment or those on narrow therapeutic index
drugs.

Lipophilic compounds such as resveratrol and boswellic
acids also exhibit limited bioavailability, prompting the
development of liposomal, nanoparticle, and
phospholipid-complex formulations to enhance plasma
concentrations and ftissue penetration. Standardized
Ginkgo extracts (e.g., EGb 761) utilize acetone—water
extraction to ensure reproducible terpene lactone content
and optimize absorption across the blood—brain barrier.

For highly polar constituents like baicalin or berberine,
advanced delivery systems such as self-microemulsifying
drug delivery systems (SMEDDS) and solid lipid
nanoparticles (SLNs) have demonstrated improved
pharmacokinetic profiles in animal models. Integration of
such technologies can increase the therapeutic index of
botanicals used in CIRS, particularly in tissues protected
by barrier systems (e.g., CNS, sinuses).

Pediatric Use in CIRS-like Presentations

Although the Shoemaker Protocol is typically validated in
adult populations, a subset of pediatric patients with
autism spectrum disorder (ASD), PANS/PANDAS, or
idiopathic neuroinflammatory syndromes may fulfill
criteria for CIRS. In this context, safety and efficacy of
botanicals in children must be carefully evaluated. Lion’s
Mane (Hericium erinaceus), Bacopa monnieri, and
Tinospora  cordifolia have  shown  favorable
neurodevelopmental safety profiles in animal studies and
small clinical trials.

However, pediatric pharmacokinetics are distinct from
adults due to developmental variability in hepatic
enzyme expression, renal clearance, and blood-brain
barrier permeability. For example, berberine may
accumulate to higher levels in children due to immature
CYP3A and P-glycoprotein activity, posing risk of
bradycardia or hypotension. Licorice, even at modest
doses, may increase the risk of
pseudohyperaldosteronism and potassium depletion,
particularly in low-bodyweight children with renal salt-
wasting syndromes.

Appropriate  pediatric  formulations,  alcohol-free
glycerites, powdered extracts, or liposomal suspensions,
should be prioritized, with dosing based on body surface
area or weight (mg/kg) and monitored by a trained
integrative clinician. Furthermore, select botanicals (e.g.,
Ginkgo biloba) lack sufficient pediatric safety data and
should be avoided unless clearly indicated.

Herb Quality, Adulteration, and Standardization

Therapeutic reliability and safety of botanical
preparations depend heavily on raw material quality,
standardized extract content, and absence of
adulterants. Good Agricultural and Collection Practices
(GACP) and GMP-certified manufacturing protocols are

essential to minimize batch variability and contamination.
Adulteration remains a major concern, especially in
imported herbal products: berberine-containing species
are often substituted with lower-cost Coptis chinensis
analogues, while Ginkgo preparations may be spiked
with flavonol-rich extracts from unrelated plants.

Standardization ensures reproducible bioactivity by
quantifying marker compounds such as curcuminoids
(curcumin), ginkgolides (Ginkgo), bacosides (Bacopa), or
withanolides (Withania somnifera). However, full-
spectrum extracts may confer synergistic effects not
captured by single-constituent quantification. Herbal
fingerprinting using HPLC, LC-MS/MS, or DNA barcoding
should be employed by suppliers to verify identity and
purity 136,

Heavy metal contamination (e.g., lead, arsenic), microbial
load, and pesticide residues should be evaluated
according to pharmacopeial standards, especially for
botanicals sourced from regions with lax environmental
oversight. Clinicians should request certificates of analysis
(COAs) from manufacturers and preferentially use
botanicals evaluated by third-party laboratories.

Specific Safety Concerns and Contraindications
Certain botanicals present unique toxicological risks that
must be addressed in clinical use. Licorice (Glycyrrhiza
glabra) inhibits 11B-hydroxysteroid dehydrogenase
type 2, leading to cortisol-mediated mineralocorticoid
receptor activation. This can induce sodium retention,
hypertension, hypokalemia, and metabolic alkalosis. In
CIRS patients with salt sensitivity or RAAS dysregulation,
deglycyrrhizinated licorice (DGL) formulations may be
preferable, though DGL lacks systemic anti-inflammatory
activity.

Berberine, while a potent AMPK activator and
antimicrobial, alters gut microbiota composition and may
reduce microbial diversity with prolonged use 137. This is
relevant in CIRS patients with MARCoNS or gut dysbiosis,
where microbiome balance is critical. Additionally,
berberine’s inhibition of cardiac hERG channels suggests
caution in patients with QT prolongation risk.

Ginkgo biloba’s antiplatelet effects, mediated by
ginkgolide B’s PAF antagonism, raise bleeding concerns
in patients on anticoagulants or perioperative settings.
Curcumin may also potentiate bleeding risk via inhibition
of thromboxane synthesis and platelet aggregation.
Combined use of such botanicals with NSAIDs, warfarin,
or SSRIs requires careful monitoring.

While botanical therapies offer promising molecular
synergies with CIRS pathophysiology, their clinical utility
must be framed within a rigorous pharmacological
context. Individualized dosing, pediatric sensitivity,
pharmaceutical interactions, and quality assurance are
non-negotiable parameters for safe integration. The path
to phytotherapeutic adoption within the Shoemaker
Protocol requires both mechanistic precision and cautious
implementation informed by pharmacokinetic science and
safety pharmacology.
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Conclusion

The pathophysiology of CIRS involves convergent
disruption of immune, vascular, neuroendocrine, and
mitochondrial axes, driven by chronic biotoxin exposure
and sustained by impaired host compensatory signaling.
This multidimensional dysfunction challenges reductionist
treatments, necessitating a systems-based approach.
Guided by molecular biomarkers, botanical agents
emerge not only as symptom mitigators but as precision
tools capable of restoring disrupted feedback loops
across CIRS networks.

Curcumin, baicalin, and resveratrol downregulate MMP-
9 via MAPK and NF-kB inhibition, reducing endothelial
permeability and leukocyte trafficking. Fibrotic
remodeling driven by TGF-B1 is attenuated by
berberine, Scutellaria flavones, and Salvia diterpenoids,
which inhibit SMAD2/3 signaling and restore Treg/Th17
balance. Complement dysregulation, exemplified by
elevated C4aq, is countered by Boswellia and Artemisia
annua, which inhibit complement activation and reduce
ROS, recalibrating Nrf2 /NF-kB signaling. Botanicals also
modulate VEGF, with EGCG and curcumin restoring
angiogenic balance by suppressing pathological
overexpression while correcting hypoxic deficits.

Within the hypothalamic—pituitary axis, herbs such as
Hericium, Bacopa, and Mucuna engage neurotrophic and
circadian pathways, aligning with VIP’s role in immune
tolerance, sleep, and mood regulation. Astragalus and
Ziziphus improve ADH function through aquaporin and
receptor modulation, addressing osmoregulatory
imbalance. Mitochondrial resilience is supported by
Silybum, Tinospora, and Centella, which activate Nrf2,
stabilizes membrane potential and enhances electron
transport efficiency. These mechanisms complement

Shoemaker interventions, which depend on adequate
mitochondrial  capacity for  detoxification  and
neuroendocrine recovery.

A unifying theme is the ability of botanicals to selectively
engage  disrupted  signaling  while  preserving
physiological complexity. Adaptogens such as Rhodiolq,
ginseng, and Schisandra buffer multi-organ stress and
modulate HPA tone, while pathway-specific agents like
curcumin or berberine act on dominant biomarkers during
specific protocol phases. Evidence-based integration with
pharmaceuticals  requires attention to herb—drug
interactions, quality assurance, and standardized dosing,
especially in pediatrics.

As the third of this four-part series, these findings
integrate Part 1’s diagnostic framework and Part 2’s
infectious insights, positioning herbal therapeutics as
viable adjuncts for pediatric CIRS management. Future
research should prioritize clinical trials and multi-omic
profiling to validate efficacy and safety, advancing
multidisciplinary care for complex neuroimmune
disorders.
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