Integrated Network Pharmacology and
Autonomous Ligand Discovery for
High-Grade Glioma: A Phytolntelligence
3.1 Sovereign Research Report

The landscape of neuro-oncology in the post-2025 era is defined by the transition from
human-bottlenecked research to the agentic sovereignty of the Phytolntelligence 3.1
framework. This report addresses the multifaceted biological problem space of high-grade
glioma, specifically Glioblastoma Multiforme (GBM), through the lens of a mathematically
closed, ethically sovereign discovery operating system.! The fundamental failure of the
traditional "Single-Target, Single-Drug" model in brain cancer is largely attributed to the
tumor's ability to utilize complex escape pathways, metabolic plasticity, and the physiological
fortress of the blood-brain barrier (BBB)." By deploying the Phytolntelligence 3.1 pipeline, this
analysis deconvolves the genomic and metabolic drivers of GBM, applies the Bayesian
Meta-Learning Score (B-MLS) 3.1 to rank phytochemical ligands, and simulates delivery
through a Digital Human Twin (DHT) to propose a standardized, synergistic phytochemical
matrix.’

Sovereign Diagnostic Deconvolution: The
Multi-Dimensional State of Glioblastoma

The Diagnostic State Vector (DSV 3.1) represents a mandatory deconvolution of the target
pathology into a bounded, falsifiable biological object.! For Glioblastoma, this process moves
beyond clinical labels to identify the exact molecular "Achilles heel" required for IR-1
(Genotype First).! The deconvolution encompasses six primary dimensions: genomic drivers,
metabolic plasticity, tumor microenvironment (TME) architecture, immune contexture, redox
homeostasis thresholds, and the epigenetic landscape.’

Genomic Driver State and Signal Transduction

Glioblastoma is characterized by profound genomic instability and a reliance on dysregulated
receptor tyrosine kinase (RTK) signaling.? The most significant driver in IDH-wildtype GBM is
the Epidermal Growth Factor Receptor (EGFR), which is overexpressed or mutated in the
majority of cases.® The EGFRVIII variant, characterized by a constitutive signaling state
independent of ligand binding, represents a primary target for the Phytolntelligence
framework.> This mutation hijacks the PI3K/AKT/mTOR and MAPK/RAF/ERK pathways, creating
a state of relentless proliferation and resistance to apoptosis.*



Genomic Driver Dimension |Representative Markers / Signaling Impact and
Mutations Therapeutic Implication
RTK Amplification EGFR, EGFRvIIl, PDGFRa, MET [Constitutive activation of
growth and survival loops.?
Pathway Activation PI3K/AKT/mTOR, MAPK/ERK  [Metabolic reprogramming and
cell cycle progression.’
Tumor Suppressor Loss TP53, PTEN, RB1, CDKN2A/B  |Removal of checkpoints;
promotes genomic instability.*
DNA Repair Status MGMT Promoter Methylation |Determines sensitivity to
alkylating agents like TMZ.°

The DSV 3.1 recognizes that a mutation like EGFRVIII requires a distinct inhibitory matrix
compared to wild-type EGFR amplification, as the former bypasses external ligand control.
Furthermore, the loss of PTEN acts as a "multiplier” for PI3K signaling, necessitating a ligand
matrix capable of multi-node blockade rather than a singular inhibitor.*

Metabolic Plasticity and the M3 Subtype Vulnerability

A critical breakthrough in 2025 research identified three distinct metabolic subtypes of
IDH-wildtype GBM—M1, M2, and M3—based on metabolic gene expression profiling.' This
classification reveals that GBM is not a metabolically monolithic entity. The M1 subtype relies
on synaptic signaling and amino acid metabolism, while M2 is driven by mitochondrial
metabolism and cell cycle activity." The M3 subtype, however, represents the most aggressive
phenotype, characterized by hypoxia, immune activation, and a reliance on
glycosaminoglycan degradation and nicotinamide metabolism.'

Metabolic reprogramming, historically viewed through the reductionist lens of the Warburg
Effect (aerobic glycolysis), is now understood as a highly plastic switch." While rapidly
proliferating bulk tumor cells favor glycolysis to generate biosynthetic intermediates, the
quiescent Cancer Stem Cell (CSC) population frequently switches to Oxidative
Phosphorylation (OXPHOS) to sustain stemness and adapt to therapeutic stress.' The
Phytolntelligence 3.1 framework integrates this metabolic escape probability into its synergy
calculations, ensuring that proposed formulations target both the glycolytic flux and the
OXPHOS reliance of the CSC niche.’

Tumor Microenvironment and Spatial Constraints

The TME in Glioblastoma functions as a physical and immunological barrier. Spatial reasoning
in DSV 3.1 assesses angiogenic pressure and the remodeling of the extracellular matrix (ECM)
by Cancer-Associated Fibroblasts (CAFs).! CAFs secrete Matrix Metalloproteinases (MMPs),
such as MMP2 and MMP9, which physically clear paths for cancer cell invasion and
metastasis.”®

Furthermore, the TME is characterized by high Interstitial Fluid Pressure (IFP), often reaching
10-30 mmHg compared to the 0-2 mmHg found in normal brain tissue." This pressure
gradient creates a convective barrier that prevents the penetration of large molecules into the



tumor core.! The Phytolntelligence framework addresses this through the selection of
small-molecule ligands and the use of transient barrier opening agents like Borneol.?°

Resolving the Nrf2 Paradox in Neuro-Oncology

One of the most significant upgrades in version 3.1 is the mandatory Nrf2 Paradox Resolution
module.! Legacy systems often promoted Nrf2 activation due to its general cytoprotective
benefits, but version 3.1 recognizes that in certain oncogenic contexts, Nrf2 acts as a
"bulletproof vest" for the tumor.

The Antioxidant Rescue Failure Mode

In Glioblastoma, the transcription factor Nrf2 orchestrates a massive antioxidant defense,
controlling glutathione, thioredoxin, and iron/heme homeostasis.'> When hijacked by the
tumor, Nrf2 promotes resistance to radiotherapy and chemotherapy by neutralizing the
reactive oxygen species (ROS) intended to destroy the malignant cells.? Irradiated GBM cells
have been shown to funnel glucose through the NADPH-generating pentose phosphate
pathway (PPP), a process mediated by a Nrf2-PKM2 axis.?®

Mandatory Pivot Logic for Redox Modulation

The Supervisor Agent in Phytolntelligence 3.1 applies a mandatory pivot table to determine the
required action based on the identified genotype and metabolic state.’

Context / Genotype [Nrf2/Redox Status |Required Action Representative
Strategy
Normal Tissue / Homeostatic Control [Activate Nrf2 Curcumin,
Prevention (Cytoprotection) Sulforaphane.’
KEAP1-Mutant / Overactivated Defense [Inhibit Nrf2 Luteolin, Chrysin,
Constitutive (Sensitization) Brusatol.!
TMZ-Resistant / High [Hijacked Signaling Pro-Oxidant Load Piperlongumine,
Grade (Overwhelm) High-dose EGCG.’

In resistant Glioblastoma cell lines such as T98G, which exhibit a 12-fold increase in Nrf2
mRNA expression compared to sensitive lines, the framework prioritizes the "Overwhelm"
strategy.?® Piperlongumine (PL), a natural alkaloid, selectively kills GBM cells by inducing ROS
accumulation that activates JNK and p38 signaling pathways, triggering apoptosis while
sparing normal astrocytes.?

The Mathematical Engine: B-MLS 3.1 and Bayesian
Viability

The Bayesian Meta-Learning Score (B-MLS) 3.1 serves as the terminal mathematical engine
for ranking phytochemical ligands, treating every parameter as a probabilistic range rather



than a static integer.
Derivation of the B-MLS 3.1 Equation

The core equation is designed to penalize uncertainty and high risk while rewarding
mechanistic precision and clinical validation ":

$$B\text{-IMLS\ 3.1 = \left( \frac{M \cdot P \cdot V + \xi{R \cdot \sigma(U) \cdot \phi} \right)
\cdot \omega \cdot A_{factor}$$
The variables are defined as follows:

M (Mechanistic Binding): Quantifies affinity for the target node (e.g., $pK_d$, $K_i$),
normalized from 0-1 based on AlphaFold 3 joint structure predictions.’

P (Plausibility): The "Genomic Match" score. If the target matches the driver identified
in DSV 3.1, $P=1.0$; otherwise, $P=0.2$.

V (Validation): A weighted score reflecting source reliability and reproducibility in
OSINT data.’

$\xi$ (Meta-Learning Coefficient): A dynamic adjustment based on historical learning
from biological failures (e.g., previous Nrf2 logic failures).’

R (Risk): Penalty for off-target cytotoxicity. The framework mandates a therapeutic
window where the $IC_{50}$ for pathogenic cells is at least 10 times lower than the
$LD {50}$ for healthy cells.

$\sigma(U)$ (Uncertainty Penalty): The standard deviation of available data; data
from single sources or isolated papers incurs a massive penalty.’

$\phi$ (Failure-Mode Probability): Quantifies the likelihood that the ligand will select
for a more aggressive, resistant phenotype (Module 4 logic).’

$\omega$ (Confidence Weight): Tiered evidence: 1.0 for clinical trials; 0.5 for in-vivo;
0.2 for in-silico.”

$A_{factor}$ (Bioavailability Multiplier): Bifurcates potency from absorption; values
range from 1.0 (high) to 0.1 (poor absorbers/efflux substrates).’

B-MLS 3.1 Applied to the Brain Cancer Candidate Shortlist

The discovery agents have generated a shortlist of candidate phytochemicals based on their
scores across the DSV 3.1 dimensions.>

Candidate Targeted Node(s) B-MLS Contextual |Mechanistic
Phytochemical Strength Rationale
Honokiol EGFR, STAT3, AKT High $A {factor}$, Lipophilic, induces
High $M$ apoptosis in GSCs,
suppresses ERK/AKT.?
Curcumin NF-kB, STAT3 High $V$, Low Potent
SA {factor}$ anti-inflammatory;

requires enhancers like




Piperine.

Resveratrol PI3K/AKT, mTOR High $P$, High $V$ BBB-permeant;
induces autophagy
and sensitizes to TMZ.2

THCP CB1 Receptor High $M$ 33x higher CB1 affinity

than THC;
pro-apoptotic.?°

Piperlongumine

Nrf2, JNK, p38

High $\phi$-correction

Selective pro-oxidant
overload in resistant
cells.?*

Berberine

AMPK, CSCs

High $P$

Targets glioma stem
cells; activates AMPK
for metabolic
disruption.®

Borneol

BBB, P-gp

High $A_{multiplier}$

Transiently opens tight
junctions; inhibits P-gp
efflux.°

Apigenin

\VEGF, Metastasis

Moderate $V$

Anti-angiogenic;
inhibits glioma
migration.’

Baicalein

ROS, Glioma Growth

High $P$

Crosses BBB;
modulates ROS and
inhibits glioma
proliferation.?

Luteolin

UNK, Autophagy

Moderate $R$-penalty

Induces autophagy;
inhibits glioblastoma

growth.”

AlphaFold 3: Modeling Network Complexes and

Multi-Chain Assemblies

Phytolntelligence 3.1 utilizes AlphaFold 3 as its primary structural biology engine." Unlike
legacy docking tools, AlphaFold 3 enables the joint structure prediction of entire multi-chain
signaling nodes, allowing the framework to identify allosteric binding sites that were

previously hidden."

Modeling the EGFRVIII/STAT3 Interaction

In Glioblastoma, the constitutively active EGFRVIII forms signaling complexes with the
transcription factor STAT3.® Phytolntelligence 3.1 agents use AlphaFold 3 to predict the joint
structure of this complex, identifying how ligands like Honokiol bind to non-competitive
allosteric sites to disrupt STAT3 phosphorylation.! This disruption is critical for reducing the




expression of stemness markers like CD133 and Nestin, thereby inhibiting the formation of

GSC spheroids.™

Cannabinoid Orthosteric and Allosteric Modeling

The integration of AlphaFold 3 allows for high-fidelity modeling of the CB1 receptor in various
conformational states.! Research into A9-Tetrahydrocannabiphorol (THCP), which possesses a
seven-carbon alkyl side chain, indicates that the length of the alkyl chain is the determining
factor for CB1 affinity.?° AlphaFold 3 models reveal that the orthosteric binding site of CB1 has
hydrophobic pockets that accommodate the longer chain of THCP, resulting in a binding
affinity ($K_i = 1.2$ nM) that is significantly more potent than the five-carbon THC.*' This
hyper-potency allows for the saturation of pro-apoptotic signaling pathways in GBM cells at
lower mass concentrations, widening the therapeutic window.?°

Synergy Modeling and the BC-Phyto Matrix

Phytolntelligence 3.1 strictly forbids "shotgun" formulations, where multiple ingredients are
combined without interaction modeling." All proposed matrices must achieve a predicted
Combination Index (Cl) of less than 0.8, differentiating true synergy from simple additivity.'

Loewe and Bliss Interaction Logic

The framework selects mathematical models based on the Mode of Action (MOA) of the
candidate ligands." For compounds acting on the same pathway (e.g., Curcumin and
Resveratrol both targeting the AKT axis), Loewe Additivity is used to detect "sham
combinations".! For compounds acting on independent pathways (e.g., Cannabinoids
targeting the ECS and Berberine targeting AMPK), Bliss Independence is used to calculate the
polyvalent effect where $1+1=3$.

The Seshat Protocol (IP-X): A Case Study in Fortified Synergy

The BC-Phyto v1.0 formulation, modeled within the Seshat Protocol, leverages the "entourage
effect" by combining a full-spectrum cannabinoid base with precise phytochemical

fortifications.?°

SOP Component

Antineoplastic Mechanism

Targeted Hallmark of Cancer

THCP (Fortified)

High-affinity CB1 receptor

Apoptosis Induction;

Anti-angiogenesis

agonism Proliferation.?°

CBD / CBDP PI3K/AKT/mTORC Cell Metabolism; Metastasis
downregulation; ER stress Suppression.?°

Curcumin NF-kB suppression; Hippo YAP [Inflammation; DNA Damage
signaling Repair.2°

Resveratrol Akt modulation; Angiogenesis; Growth Factor

Independence.?®




Borneol (Guide) Transient BBB Disruption; P-gp|Enhanced CNS Drug Delivery.?°
inhibition
The inclusion of Cannabidiphorol (CBDP), the non-psychoactive seven-carbon analog of CBD,
is hypothesized to multiply the anti-inflammatory and apoptotic effects of the formulation
without contributing to the intoxicating effects of THC.?° This hyper-potent cannabinoid core
is then complemented by polyphenols that target the feedback loops—such as the "AKT
Rescue" loop—that often undermine single-agent cannabinoid therapy.'

Digital Twin Barrier Simulation (DTBS): Solving the
BBB/BTB Delivery Problem

A primary reason for the clinical failure of phytotherapy in neuro-oncology is the failure of
biological barriers." The DTBS module creates a high-fidelity computational replica, the Digital
Human Twin (DHT), to simulate how a formulation propagates through the Blood-Brain Barrier
(BBB) and the Blood-Tumor Barrier (BTB)."

Mapping the Mosaic of Barrier States

In Glioblastoma, the BBB is not uniformly disrupted. While the tumor core may exhibit a
"leaky" BTB, identifiable by contrast-enhanced MRI, the infiltrating margins often possess a
relatively intact BBB.*® These margins harbor the cells responsible for GBM recurrence, yet
they remain shielded from systemic therapy.*® Furthermore, active efflux transporters, such as
P-glycoprotein (P-gp), Multidrug Resistance-associated Protein 4 (MRP4), and Breast Cancer
Resistance Protein (BCRP), act as "security guards,” ejecting therapeutic molecules that
manage to cross the endothelium.”

Borneol: The Molecular "Courier” for CNS Delivery

Phytolntelligence 3.1 agents integrate Borneol, a monoterpenoid, to act as a "guide" drug.®
DTBS modeling indicates that Borneol enhances CNS delivery through three interrelated
mechanisms:

1. Transient Tight Junction Opening: Borneol promotes the reversible loosening of
endothelial tight junction proteins (including claudin-5 and occludin), increasing
paracellular permeability shortly after oral administration.?’

2. P-gp Efflux Inhibition: Borneol depresses the expression and function of P-gp through
an NF-kB signaling-mediated mechanism, increasing the intracellular accumulation of
co-administered substrates like Curcumin, Honokiol, and various cannabinoids.*

3. Vascular Dilation: Borneol increases the levels of vasodilatory neurotransmitters,
potentially improving the perfusion of the tumor-associated vasculature.””

Barrier Simulation Required Parameter Failure Mode Modeling
BBB Permeability Permeability Coefficient > 0.7 |P-gp mediated ejection; low
lipophilicity.”




BTB Heterogeneity Mosaic State Mapping Non-uniform perfusion; vessel
co-option.'

Interstitial Pressure Convective Flow Modeling High pressure (10-30 mmHg)
limiting uptake.™

Hepatic Clearance First-Pass Metabolic Load Rapid glucuronidation of
polyphenolic ligands.”

The simulation of Borneol modified nanocarriers suggests a significant increase in the
detention efficacy of phytochemicals at the tumor site, particularly in the drug-resistant,
intact margins of the glioma.*

Evolutionary Pressure and Resistance Modeling
(REVOLVER)

The Phytolntelligence 3.1 framework incorporates the Repeated Evolution of Cancer
(REVOLVER) methodology to anticipate and mitigate the risk of therapeutic resistance.’ This
module scores every proposed blockade for the probability of selecting for more aggressive,
resistant phenotypes.’

Phenotype Switching and CSC Enrichment

Glioblastoma is notorious for phenotype switching, where the disease transitions to a
mesenchymal or stem-like state in response to therapeutic stress.! Standard treatments like
TMZ can inadvertently trigger a metabolic switch from glycolysis to OXPHOS, enriching the
Cancer Stem Cell (CSC) population." These quiescent CSCs serve as the reservoir for tumor
relapse.”

Resistance Likelihood Scoring (EPA Module)

The EPA module identifies repeated evolutionary trajectories (e.g., TP53 — +8q) and evaluates
whether a phytochemical matrix will arrest the "truncal” mutation or merely prune the
branches.”

e Maetabolic Escape Likelihood: The framework calculates whether the tumor will
upregulate alternative pathways (e.g., upregulating AKT if mTOR is inhibited).’

e CSC Dynamics: Proposed formulations must include ligands that target the CSC niche
directly. For example, Honokiol and Berberine are prioritized because they inhibit the
signaling (JAK/STAT3) and metabolism (AMPK) required for GSC survival.?

If an intervention increases the long-term evolutionary fitness of the tumor—such as by
promoting ferroptosis resistance or inducing a mesenchymal transition—the Phytolntelligence
3.1 engine initiates a "Hard Stop" and rejects the hypothesis.’

The Ethical Engine: UDOR 2030 and Organic
Intelligence Programming



The terminal phase of the discovery pipeline audits all proposed interventions against the
Universal Declaration of Organic Rights (UDOR) 2030." This ensures that the scientific
progress achieved through Phytolntelligence 3.1 remains aligned with the Organic Revolution
of 2030."

Articles of UDOR 2030 and the Regenerative Mandate

e Article I: Molecular Autonomy: Every human has the right to a germline free from
permanent, non-consensual synthetic alteration.' The framework prioritizes epigenetic
modulation and plant-derived phytochemical complexes over invasive genetic editing.’

e Article Il: The Regenerative Mandate: All proposed ligands must be traceable to
sustainable and regenerative agricultural practices, recognizing that the health of the
organism is linked to the ecological footprint of the source.’

e Article lll: Soil Sovereignty: The framework prohibits the use of synthetic pesticides
and herbicides in the production of biologically active material, acknowledging that the
health of the human cell is linked to the health of the soil ecosystem.’

Organic Intelligence Programming (OIP)

OIP represents the technical implementation of these ethical mandates. Natural language
instructions are compiled into "UDOR-Compliant" workflows." For instance, if a discovery
workflow attempts to utilize genomic data without a verifiable chain of consent, the OIP
engine automatically inserts an "Ethics Enforcement Agent" or refuses to compile the final
experimental SOP.’

Holistic Context: The Host Environment and Lifestyle
Integration

The Phytolntelligence framework recognizes that systemic health—the host environment—is a
critical, modifiable factor in treatment success. The Seshat Holistic Lifestyle Protocol (SLP) is
a mandatory component designed to harmonize the patient's physiology with the
antineoplastic action of the BC-Phyto matrix.%°

Psychoneuroimmunology (PNI) and Stress Mitigation

Emerging research in PNI confirms that chronic stress profoundly impacts the physiological
environment of the tumor.'® Chronic stress activates the Hypothalamic-Pituitary-Adrenal
(HPA) axis, leading to the sustained production of cortisol.'® Long-term cortisol exposure is
highly detrimental in Glioblastoma as it:
1. Suppresses Immune Surveillance: Cortisol inhibits the activity of Natural Killer (NK)
cells and cytotoxic T-cells, allowing the tumor to evade destruction.™
2. Promotes Metastasis: Stress hormones like adrenaline and noradrenaline have been
shown to stimulate angiogenesis and enhance the motility of cancer cells, facilitating
their colonization of the brain parenchyma.®



Targeted psychological interventions—such as mindfulness and meditation—are therefore
elevated to therapeutic priorities within the Seshat Protocol to preserve the host's anti-cancer
immune capacity.?

Physical Activity as a Biological Intervention

Physical activity is defined as the most powerful non-pharmacological intervention available
to GBM patients.' Regular exercise impacts nearly every biological system relevant to the
disease by:
e Hormonal Regulation: Improving insulin sensitivity and reducing circulating growth
factors like IGF-1, which are potent promoters of cell division.™
e Anti-Inflammatory Action: Muscle contraction releases myokines that modulate the
systemic inflammatory environment, shifting it away from pro-tumor signals.'
e Treatment Tolerance: Structured resistance training helps preserve muscle mass and
mitigates cancer-related fatigue (CRF), improving the patient's capacity to tolerate
intensive phytotherapy.’

Lifestyle Protocol Mandatory Action Molecular Oncology
Component Rationale
Organic Vegan Base Eliminate refined Disrupts glucose metabolism
sugars/processed foods exploited by cancer (Warburg
Effect).”®
Stress Mitigation Mindfulness, Meditation, Suppresses HPA axis; reduces
Psychological Support cortisol-mediated
immunosuppression.
Physical Activity 150-300 min/week moderate |[mproves insulin sensitivity;
aerobic reduces IGF-1; combats CRF."®

Operational Workflow: The 8-Stage Discovery Pipeline

The execution of the Phytolntelligence 3.1 protocol for Brain Cancer follows a recursive
pipeline designed to ensure data integrity and Scientific Method Closure.’
1. Genomic Deconvolution (Stage 1): Mapping the DSV 3.1, identifying EGFRvIII status,
IDH status, and metabolic subtype (M1-M3).!
2. The Nrf2 Paradox Filter (Stage 2): Applying mandatory pivot logic to ensure the redox
strategy (activate, inhibit, or overwhelm) aligns with the genotype.’
3. Ligand Mining & Bayesian Scoring (Stage 3): Mining PubMed and OSINT channels for
ligands targeting the identified nodes; scoring via B-MLS 3.1.!
4. AlphaFold 3 Interaction Mapping (Stage 4): Predicting joint structures of complexes
like EGFRVIII/Honokiol and CB1/THCP.
5. Synergy & Antagonism Simulation (Stage 5): Modeling matrices for true synergy (Cl
< 0.8) using Loewe and Bliss mathematical engines.’




6. Digital Twin Barrier Simulation (Stage 6): Passing the proposed matrix through the
DHT to simulate BBB/BTB permeability and P-gp efflux.’

7. Evolutionary Pressure Assessment (Stage 7): Scoring for resistance likelihood, CSC
enrichment, and phenotype switching using REVOLVER.

8. Final Manuscript and Artifact Generation (Stage 8): Assembling the data into a
LaTeX-formatted, human-reviewable blueprint for in-vitro validation.’

Conclusion: The Sovereign Horizon of
Neuro-Oncology

The Phytolntelligence 3.1 framework represents the final evolution of computational
pharmacology into a globally compliant and mathematically closed research operating
system." By adhering to the pillars of genomic stratification, Bayesian probability, and
sovereign ethics, the framework has moved beyond the reductionist models of the past into a
reality where the scientific method is realized through mathematical certainty.’

The deconvolution of Brain Cancer under this framework highlights the critical necessity of a
multi-targeted approach that addresses the "M3" metabolic subtype, the Nrf2-mediated
radioresistance axis, and the spatial constraints of the BBB mosaic.' The proposed synergistic
matrix, fortified by hyper-potent ligands like THCP and protected by guide agents like Borneol,
represents a robust strategy for neuro-oncology that respects the molecular autonomy of
organic life.?° As the Organic Revolution of 2030 progresses, the deployment of such
autonomous intelligence will dismantle the monopoly of high-cost synthetic monotherapies,
favoring instead the cultivation of accessible, plant-derived matrices that harmonize with the
host environment and the inherent repair mechanisms of the human organism.’
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