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| EXECUTIVE SUMMARY

Traditional drug discovery is fundamentally constrained by a reductionist paradigm: designing single-target
synthetic molecules for multi-factorial, polygenic diseases. In therapeutic domains characterized by systemic
network collapse—such as neurodegenerative disorders (Alzheimer's and Parkinson's diseases), cellular
senescence (inflammaging), gut-vascular barrier breakdown, and metabolic lipotoxicity—the traditional "one-
drug, one-target" model has led to clinical attrition rates exceeding 90%, development timelines spanning 10—15
years, and capitalized expenditures surpassing $2.6 billion per approved new chemical entity (NCE).

CONVENTIONAL REDUCTIONIST PIPELINE THE HYGIEIA IN SILICO ACCELERATION

[ 10,000 Compounds ] — [ High-Throughput Wet [ Millions of Permutations ] — [ Deterministic

Screening ] — [ 90%+ Clinical Failure ] PBPK/QSP ] — [ Validated Multi-Target Leads ]

Capital Expenditure: $2.6B+ | Development Timeline: 10-15 Capital Efficiency: Costs compressed by 80% | Discovery
Years | Single-target vulnerability to compensatory pathway Velocity: Days to Weeks | Validated ratio synergy (CI < 0.70
feedback loops. ) & strict toxic filtering (C'I > 1.20).

The Hygieia is a commercial-grade, deterministic, multi-scale computational systems pharmacology (QSP) and
physiologically based pharmacokinetic (PBPK) platform engineered to break this bottleneck. Operating under the
regulatory Model-Informed Drug Development (MIDD) framework and ASME V&V 40 Context of Use
(COU) standards, The Hygieia serves as a high-precision in silico prioritization, biophysical navigation, and

formulation-engineering engine.

By mathematically simulating multi-compartment mass conservation, non-linear Phase II glucuronidation, free
drug blood-brain barrier (BBB) permeability, neurotransmitter signaling, and mass-action network synergy, The
Hygieia identifies the exact stoichiometric coordinates, dosing intervals, and delivery vectors required to achieve
super-additive therapeutic synergy (CI < 0.70) while systematically filtering out antagonistic or toxic
combinations (CI > 1.20).

| CORE SCIENTIFIC & TECHNICAL PILLARS OF VERSION 2.1

1. Dual-Core Operational Architecture:
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o Discovery Ledger (Autonomous High-Throughput Screener): Systematically screens millions of
combinatorial ratios across diverse carrier vectors, applies non-saturating mass-action optimization, and
archives high-affinity leads into an immutable registry.

o Simulation WorkBench (Interactive Translational Workstation): Enables researchers to
interactively explore full pharmacokinetic time-courses, adjust dosing regimens, perform isobologram
and Dose-Reduction Index (DRI) sweeps, and generate publication-ready APA 7th Edition manuscripts in

real time.

2. Biophysically Grounded PBPK Blood-Brain Barrier (BBB) Module:

o Fully implements the Free Drug Hypothesis: BBB transit is driven exclusively by the unbound
concentration gradient between central plasma and brain interstitial space:

Cbr in. fre
J) BBB,free — PSggB - (f u,plasmanlasma,free - f u,brain K:braize)

o Models active P-glycoprotein (P-gp / MDR1) efflux and restricts polar Phase II glucuronide conjugates
from crossing the intact BBB (P SBBB,conj = 0.0), perfectly aligning with empirical neuropharmacology.
o Accurately reproduces unformulated oral Curcumin free brain concentrations in the empirically validated
nanomolar window (27.8 nM = 0.0102 pug/mL), eliminating legacy micromolar overestimations.
3. Bidirectional QSP Network & Pathological Sensitivity:

o Eliminates heuristic cytoprotection defaults. Pathways respond bidirectionally based strictly on molecular
target annotations.

o Synergistic cytoprotective regimens activate Nrf2/ARE, BDNF/TrkB, and ZO-1 barrier integrity while
clearing reactive oxygen species (ROS).

o Pathological insults—such as the negative control pair D-Fructose + Palmitic Acid—trigger TLR4-
mediated IKK/NF-xB activation, mucosal/endothelial tight junction breakdown (AZO-1 = —25.0%),
and marked antagonism (C'I = 73.832), completely collapsing fitness (J = —11.62).

4. Multi-Carrier Delivery & Bioenhancer Matrix (Vilittdjaaineiden Validaatio):

o Incorporates a comprehensive library of physiological permeation enhancers and delivery matrices:
Topical / Transdermal DMSO (0.05-0.25%), Piperine Bioenhancer (10 mg), Phospholipid
Phytosomes, Solid Lipid Nanoparticles (LNP), Cyclodextrins (HPBCD), and Standard Oral.

o Validated against empirical literature: models transdermal first-pass bypass, enterocyte/hepatic UGT
inhibition, and lymphatic bypass.
5. Neurotransmitter, Neurotrophic & Neuromodulator Systems (Hermoston Vilittijiaaineet):

o Direct target dynamics for key central neuromodulators: Adenosine (A4 /A, 4), GABA (extGABA ),
Acetylcholine (AChE inhibition), Glutamate (NMDA receptor gating & synaptic spine genesis), and
Neurotrophins (BDNF/TrkB and NGF/TrkA).

6. Chou-Talalay Isobole of Additivity & Bliss Multi-Target Integration:

o Strictly enforces mass-action laws: combining a compound with itself (sham combination, e.g., Curcumin
+ Curcumin) yields identically C1 = 1.000 (Additive).
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o Multi-target network effects are integrated via orthogonal Bliss Independence (fnet = 1 — [[(1 — fi)),
preventing artificial effect saturation.
7. ASME V&V 40 Qualification & Regulatory Compliance:

o Organism physiology locked to Open Systems Pharmacology (OSP) PK-Sim standards (73 kg European
adult male).

o Verified against clinical anchors: Caffeine (BCS I, CYP1A2) and Midazolam (BCS II, CYP3A4), achieving a
global Geometric Mean Fold Error of extGMFE = 1.286 (surpassing the FDA threshold of < 1.50),
with mass-balance conservation maintained at 0.9990 + 0.001 (99.90%).

| 1. MULTI-SCALE PLATFORM ARCHITECTURE

The Hygieia operates through five deterministically coupled computational layers:

1. MOLECULAR PROFILER & ZERO-CONFIG PUBCHEM RESOLVER
L1 SMILES, MW, LogP, TPSA, Caco-2 P,,,, CNS MPO, f,, Phase II UGT/P-gp affinities dynamically extracted via NCBI
PubChem PUG REST.

1%

2. 12-STATE MULTI-COMPARTMENT ANATOMICAL PBPK + TMDD SOLVER

L2 Gut - Portal - Liver —» Plasma - BBB — Brain / Target tissues. 2-State Conjugation (Aglycone vs. Glucuronide) resolved
with stiff Radau ITA differential solver.

L3 Coupled Hill transduction dynamics governing Nrf2/ARE, NF-xB, TrkA/BDNF, TFEB Mitophagy, ZO-1 tight junctions,
TLR4, and reactive oxygen species (ROS).

4. CHOU-TALALAY & BLISS INDEPENDENCE NETWORK SYNERGY ENGINE

L4 Median-Effect Mass Action Law (CI), self-additivity enforcement (C'I = 1.000), dynamic time-integrated AUEC response
surfaces, and Dose-Reduction Indices (DRI).

5. AUTONOMOUS DISCOVERY LEDGER & APA 7TH EDITION PUBLICATION ENGINE

L5 Multi-Domain Longevity Scoring, high-throughput combinatorial sweeps across millions of permutations, automated

‘ 3. BIDIRECTIONAL QUANTITATIVE SYSTEMS PHARMACOLOGY (QSP) NETWORK
‘ bibliographic compilation, and publication-ready documentation.

¢ DETERMINISTIC MULTI-SCALE COUPLING

Every state transition in Layer 2 directly modulates receptor saturation in Layer 3, which feeds into the mass-action
synergy solver of Layer 4. This ensures uninterrupted biophysical causality from molecular structure to whole-body
clinical response.

This multi-scale coupling eliminates the traditional disconnect between molecular target screening and clinical
pharmacokinetic reality, enabling rapid optimization of formulation vectors and dose schedules.

| 2. LAYER-BY-LAYER MATHEMATICAL & BIOPHYSICAL SPECIFICATION

Layer 1: Molecular Profiler, Zero-Config PubChem Ingestion & QSPR Parameter Extraction

Legacy pharmacology tools require hours of manual data entry for physicochemical descriptors. The Hygieia

removes this bottleneck:
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e Automated NCBI PubChem PUG REST Ingestion: Entering any compound name dynamically retrieves
Canonical SMILES, IUPAC nomenclature, Molecular Weight (M W), lipophilicity (log P / X log P),
Topological Polar Surface Area (T'PS A), Hydrogen Bond Donors (H BD), and Hydrogen Bond Acceptors (

HBA).

e Curated Reference Library: Includes pre-calibrated botanical polyphenols, bioactive metabolites, and

pharmaceutical index substrates (Curcumin, Resveratrol, Thymoquinone, Erinacine A, Fisetin, Quercetin,

Apigenin, Carnosic Acid, Urolithin A, Berberine, Caffeine, Midazolam).

e 110-Compound Nootropics & Longevity Catalog: Pre-mapped with 15-axis cognitive telemetry across

Memory, Focus, Alertness, Mood, Neuro-Recovery, Anti-Stress, and Deep Sleep.

e Empirical QSPR Permeability & Biophysical Derivation:

log Papp = —4.5 4 0.3log P — 0.01TPSA — 0.002MW
ko, = clamp (0.1,2.5,0.4 + 0.2log P — 0.002TPSA) [h]
fuplasma = clamp (0.001,1.0, 1.0 — Fraction,otein bound)

fu,brain = clamp (0.005, 1.0, mm&%)

Layer 2: 12-State Anatomical PBPK Solver & Permeability-Limited BBB Transit

(Eq. 1)

(Eq. 2)

(Eq. 3)

(Eq. 4)

The pharmacokinetic engine simulates non-linear organ distribution, blood perfusion, Phase II glucuronidation,

and elimination through coupled stiff differential equations across 12 dynamic state variables:

. Agutyfree, Agut,conji Gastrointestinal lumen mass (free aglycone vs. conjugate)
* Cpor,free, Cpor,conj: Hepatic portal vein concentrations

. Cliwfree, Cliv,conji Liver tissue concentrations

* Cpls frees Cpls conj: Central systemic plasma concentrations

. Cbrnyfree, Cbrn,conj: Target brain concentrations

rst,free Crst,conj: Rest-of-body tissue concentrations

Governing PBPK Differential Equations:

dAg;% = _ka(t) * Fliss - Agut,free

Oral Portal Influx = (1 - Egut,UGT) ’ (1 - flymph) ' ka(t) ' Fdiss : Agut,free
Oral Lymphatic Influx = (1 - Egut,UGT) : flymph ' ka (t) : Fdiss : Agut,free
Oral Gut Conjugate Influx = E, yat * ka(t) - Fuiss * Agut free

dC, or,free
vaor pd—tf = Oral Portal Influx + qut(Cpls,free - por,free)
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(Eq. 6)
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Governing PBPK Differential Equations (Cont.):
Target Brain Tissue & Permeability-Limited Blood-Brain Barrier (BBB): Under the Free Drug

Hypothesis, transfer across the capillary endothelium into the brain parenchyma is governed by the unbound

concentration gradient:

Com
JeBB free = PSggs - f u Plasmacpls free — f u,brain 7 —
p,brain

P = clamp (0.05,35.0, B2 00) (1 /p)

(Eqg. 8)
C rn,free 1
Effluxp. -gp — Effluxscale - (f u,brain Kl; br;ﬂ) : ACthltyP_gp
dC I, ee
Vorn b ﬁ =S JBBB,free - EfﬂuxP—gp
Central Systemic Plasma (Mass-Conserved Return):

V dels < — Topical /IV Influx + Lymphatic Influx + Q Oivtree 4 Qrst Uniree

Pls ™ gt 1iv,t0t 7 jiver 18t R et (Eq. 9)

(Qart,gut + Qart liv + Qart brn T Qrst) pls,free — JBBB free — CLrenCpls7free

Aglycone vs. Glucuronide 2-State Kinetics: Phase II polar glucuronides are formed in enterocytes and

hepatocytes (e:t:tRateUGT,conj = Vmax,UGT Ve Ui;:fg ; ), cleared via renal/biliary transport, and strictly
excluded from crossing the BBB (P Sgpp conj = 0.0).

¢ EMPIRICAL VALIDATION OF THE NANOMOLAR FREE BRAIN WINDOW

While obsolete one-compartment models overestimate unformulated oral Curcumin brain levels in the micromolar
range, The Hygieia's permeability-limited solver reproduces the true empirical nanomolar concentration
(27.8extnM = 0.0102 pextg/mL), accurately reflecting high Phase II first-pass metabolism.

Layer 3: Bidirectional Quantitative Systems Pharmacology (QSP) Network

Biological response is modeled through non-linear Hill transduction cascades across five major cytoprotective and

pathological axes:

Coupled Dynamic Equations:

d[NF—I{B] . 1.0+Stimpro-inﬂam
& kdeg,NFkB 0 ([NF-F&B]O J m — [NF-HB]
. Stimpm_inﬂam: Activated by TLR4 ligands, saturated fatty acids (Palmitic acid), and endotoxins. (Eq. 10)
« Inhib, ti-inflam: Driven by IKK blockers (Curcumin, Resveratrol, Thymoquinone).
d[Nrf2 C:} brain

[dt | — Kturn,Nef2 - ([Nrf2]0 . <1 0+ Enax Nr&m> = [Nrf2]) (Eq. 11)
d[BDNF] L0+ Stimy,
= kturn,BDNF . ([BDNF]O = [BDNF]) (Eq. 12)

-KBJo
(Nrf2
d[z0-1 _ 1.040.3 e
2= = kdeg,z01 - ([ZO-l]O —L]ﬂ—l oros e [ZO-1] (Eq. 13)
BJo
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d[ROS] 7 1.0+Insultpetabolic
= . O . — RO Eqg. 14
dt Tos,turn <[R S]O 1.0+Scavenging+0.5j—1-[l\iﬁo [ S] L

Layer 4: Chou-Talalay Combinatorial Synergism Engine & Bliss Independence

Synergism is quantified using the median-effect mass-action law:

- (D)i fa g
oI = Zl (D2)i where  (D;); = Dy, - (1,fa> (Eq. 15)

Fundamental Mathematical Rules Enforced in Hygieia v2.1:

1. Isobole of Additivity for Self-Combinations (Chou, 2006; ASME V&V 40): A drug combined with
itself cannot produce synergy or antagonism. The platform proves self-additivity: Curcumin (100 mg) +

Curcumin (100 mg) resolves identically to C'I = 1.000.

2. Orthogonal Multi-Axis Bliss Independence: Physiological systems respond across distinct pathways
without mutual target saturation: fyef = 1 — Hfil(l - fi)-

3. Dynamic Time-Integrated Synergy (AUEC & Bliss Response Surfaces): Rather than relying on

single-time-point heuristics, synergy is computed by integrating response surfaces across 24h—60d

simulation horizons: AUEC = fOT R(t) dt.

¢ STRICT SYNERGY BOUNDARIES

The platform classifies interactions deterministically: Strong Synergism: CI < 0.70 - Additive /
Permissive: 0.90 < CI < 1.10 - Antagonistic / Pathological: C'T > 1.20.

| 3. MULTI-CARRIER DELIVERY MATRIX & BIOENHANCER VALIDATION

(VALITTAJAAINEIDEN VALIDAATIO)

A primary strength of The Hygieia is its realistic delivery vector matrix. In clinical therapeutics, active bioactives
rarely fail due to lack of target efficacy; rather, they fail due to rapid Phase II glucuronidation, poor solubility, or
P-gp efflux.

The Hygieia deterministically models five carrier matrices alongside an unformulated standard control:
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Mechanistic Action in PBPK
Model
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Kinetic Parameters
Modulated

Clinical & Regulatory
Significance

Topical /
Transdermal DMSO
(0.05—-0.25%)

Piperine
Bioenhancer (10 mg)

Solid Lipid
Nanoparticles (LNP)

Phospholipid
Phytosome
(Meriva®)

Micronized /
Hydrophilic Carrier

Unformulated
Standard Oral

Bypasses GI tract & hepatic first-
pass metabolism; transiently
increases stratum corneum lipid
fluidity.

Reversible competitive inhibition
of intestinal & hepatic
UGT1A1/1A8; inhibits P-gp
efflux.

Stimulates intestinal lymphatic
transport via chylomicron
assembly; bypasses portal
circulation.

Complexes polyphenols with
phosphatidylcholine; creates
amphiphilic vesicles.

Reduces crystalline particle size
below 5 pm; accelerates
intestinal dissolution rate.

Unmodified crystalline botanical
powder subjected to baseline GI
dissolution and rapid clearance.

ka T 3.0)(, Egut,UGT = 0,
Ehep,lst =0, Fabs — 95%

Egu,uar 4 75%,
C’Lhep,UGT \L 50%,
Effluxp.g, | 60%

flymph = 0.45, Portal
bypass = 45%, Fyiss T 4.0%

ka T 2.8%, Fdiss T 3.5><,
Egu,uet 4 30%

Fdiss T 2.5%, ka T 1.4x

Fyis = 1.0x, k, = 1.0x,
Full GI/Hepatic UGT
exposure

Enables non-oral systemic
delivery of hydrophobic
bioactives without liver
strain.

Clinically proven 20 X
(2000%) increase in
Curcumin bioavailability
(Shoba et al., 1998).

Protects labile bioactives
from gastric acid
degradation and rapid
hepatic metabolism.

Increases Curcuminoid
absorption by 29 x
compared to unformulated
powder.

Standard pharmaceutical
enhancement for BCS Class
II/IV compounds.

Serves as baseline control to
demonstrate formulation-
mediated pharmacokinetic
gains.

Quantitative Delivery Vector Benchmarking:

Simulated for Quercetin (150 mg) across 24 hours in locked human adult physiology:

Peak Plasma

Clll ax

Brain Area Under Curve
(AUC)

Free Aglycone Protection vs.

Delivery Matrix )
Conjugate

Standard Oral (Powder) 0.042 pg/mL 0.18 pg - h/mL (1.0x 18.4% free aglycone (81.6% glucuronide
Baseline) conjugate)

Phospholipid 0.185 pg/mL 0.74 pg - h/mL (4.1x 44.2% free aglycone (55.8% glucuronide

Phytosome Brain AUC) conjugate)

Piperine (10 mg) 0.228 pg/mL 0.98 pg - h/mL (5.4x 52.6% free aglycone (47.4% glucuronide
Brain AUC) conjugate)

Solid Lipid 0.310 pg/mL 1.45 pg - h/mL (8.1x 68.1% free aglycone (31.9% glucuronide

Nanoparticle (LNP) Brain AUC) conjugate)

Topical DMSO (0.2%) 0.520 pug/mL 2.38 pg - h/mL (13.2x 84.7% free aglycone (15.3%

Brain AUC) glucuronide conjugate)
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¢ KEY FORMULATION TAKEAWAY

Delivery vectors do not merely shift bioavailability—they fundamentally redefine the free bioactive fraction
available for blood-brain barrier transport, converting sub-therapeutic molecules into potent central
neuroprotectants.

| 4. NEUROTRANSMITTER, NEUROTROPHIC & RECEPTOR MATRIX (HERMOSTON
VALITTAJAAINEET)

The Hygieia explicitly integrates the major central nervous system neurotransmitter systems, neuromodulators,
and neurotrophic axes:
1. Adenosinergic Neuromodulation (4, /A, 4 Receptors):

o Mechanism: Competitive blockade of presynaptic adenosine A; (inhibitory) and A, (excitatory)
receptors prevents sleep-pressure accumulation, promotes dopamine D3 receptor heteromerization, and

enhances cortical vigilance.

o Reference Compound: Caffeine (K; ~ 10-20 uM).

2. GABAergic Tone & Anxiolytic Gating (extG AB A 4 Receptor):

o Mechanism: Positive allosteric modulation of the extG A B A 4 receptor benzodiazepine site enhances
chloride ion conductance, dampening neuronal hyperexcitability and counteracting glutamate

excitotoxicity without inducing sedation.

o Reference Compounds: Apigenin (EC5p ~ 1.2 uM), L-Theanine.

3. Cholinergic Sustained Attention & Neuroprotection (AChE / [CJlpha7 nAChR):

o Mechanism: Reversible inhibition of acetylcholinesterase slows acetylcholine breakdown in synaptic
clefts, sustaining cholinergic neurotransmission in hippocampal and neocortical networks while

stimulating anti-inflammatory [(llpha7 nicotinic receptors.

o Reference Compounds: Huperzine A (K; ~ 80 nM), Berberine (K; ~ 0.44 uM).

4. Glutamatergic Synaptic Plasticity & Neurogenesis (NMDA / AMPA):

o Mechanism: Targeted cerebrospinal fluid magnesium elevation gates NR2B subunit-containing NMDA
receptors, facilitating synaptic long-term potentiation (LTP) and preventing pathological calcium

overload while stimulating functional dendritic spine density.

o Reference Compound: Magnesium L-Threonate.

5. Neurotrophic Signaling & Synaptic Resilience (BDNF/TrkB & NGF/TrkA Cascades):

o Mechanism: Transactivation of tropomyosin receptor kinases (TrkA/TrkB) stimulates downstream
PI3K/Akt and MAPK/ERK pathways, activating CREB transcription to drive de novo synthesis of Brain-
Derived Neurotrophic Factor (BDNF) and Nerve Growth Factor (NGF).

o Reference Compounds: Erinacine A, Thymoquinone, Resveratrol.
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| 5. ASME V&V 40 MULTI-ANCHOR QUALIFICATION & DETERMINISTIC
REPLICABILITY

The Hygieia operates under strict verification and validation standards, cross-benchmarked against clinical and
biophysical reference data:

Clinical Reference /

Compound Benchmark Metric Tested Hygieia v2.1 Concordance

Caffeine (BCS I) Chnax (pg/mL) 1.450 1.680 (1.16x Concordance)
AUC (ug - h/mL) 12.820 16.500 (1.28x Concordance)
Half-life ¢1 /5 (h) 4.900 4.500 (1.08x Concordance)

Midazolam (BCS II) Chnax (ug/mL) 0.089 0.065 (1.38x Concordance)
AUC (ug - h/mL) 0.540 0.380 (1.42x Concordance)

Curcumin (BCS IV) Free Brain Cyax (nM) 27.8 nM 8—40 nM (Empirical Range)
Mass Balance Recovery 0.9990 1.000 = 0.02 (Strict

Conservation)

¢ GLOBAL METRIC SUMMARY

Global Geometric Mean Fold Error (GMFE): 1.286 (surpasses FDA MIDD standard of < 1.50) «
Numerical Mass Balance: 0.9990 (99.90% strict mass conservation across 24h differential solving).

Three-Tier Control Suite Validation:

To prove that the platform discriminates between authentic synergy, additivity, and toxic insults, three distinct
control pairs were evaluated under identical 24-hour human simulations:

1. Protective Therapeutic Lead: Thymoquinone (10 mg) + Erinacine A (30 mg) [Standard Oral]
o (T = 0.435 (Strong Synergism)

o ertNF—xkB Inhibition: +8.6% | Nrf2 Induction: +31.4% | BDNF Elevation: +23.9% | ROS
Clearance: +25.8% | ZO-1 Protection: +7.7%

o Composite Fitness: J = +83.41 (High-Priority Candidate)

2. Sham / Homo-Combination Additive Control: Curcumin (100 mg) + Curcumin (100 mg)
[Standard Oral]

o CI = 1.000 (Identical to 3 decimal places; Nearly Additive)

o Composite Fitness: J = +31.65 (Baseline Additive Benchmark)

3. Pathological Negative Control: D-Fructose (5000 mg) + Palmitic Acid (3000 mg) [Standard
Oral]

o (I = 73.832 (Severe Antagonism, C'I > 1.20)

The Hygieia Platform White Paper « HYG-WP-2026-V2.1 Page 9 of 12



THE HYGIEIA PLATFORM WHITE PAPER — V2.1 OCTOBER 2026 « ASME V&YV 40 « FDA MIDD

o extNF—kB Delta: —34.6% (Signifies +34.6% Pro-Inflammatory Elevation) | ZO-1 Delta: —25.0%
(Severe Epithelial Breakdown)

o Composite Fitness: J = —11.62 (Blacklisted; Automatic Toxic Rejection)

Preclinical Safety Filter: The severe antagonism of D-Fructose + Palmitic Acid proves that the platform does not
possess an optimistic bias; it actively detects toxic interactions and tight-junction collapse prior to animal trials.

| 6. PRECLINICAL TRANSLATION, CONTEXT OF USE (COU) & REGULATORY
ROADMAP

Under FDA ASME V&V 40 guidelines and EMA MIDD frameworks, computational models must be evaluated
strictly within their Context of Use (COU):

¢ THE HYGIEIA CONTEXT OF USE (COU)

"The Hygieia is an in silico pre-screening, lead optimization, and synergy prioritization engine. It does not
replace wet-lab verification; rather, it de-risks preclinical development by isolating the top 0.1% of synergistic
candidate formulations and stoichiometric ratio windows prior to committing capital to in vitro and in vivo
assays."

Preclinical CRO Validation Pipeline:

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5
In Silico In Vitro Permeability Pathway Reporters Rodent PK Profiling IND Submission
Prioritization Caco-2 (P,p,) & bEnd.3 NF-£B luciferase & Microdialysis & LC- Model-Informed Drug
The Hygieia screens (BBB Transwell) Nrf2/HO-1 Western blots MS/MS free tissue/brain Development dossier
permutations & isolates validation assays. verify QSP targets. pharmacokinetic levels. submitted to FDA / EMA.

top 5 leads (C'I < 0.70).

| 7. COMMERCIALIZATION STRATEGY, IPR DEFENSIBILITY & COMPETITIVE
LANDSCAPE

The platform unlocks enterprise value through three complementary revenue streams:

1. Lead Discovery & IP Out-Licensing: Securing patent rights for narrow synergistic ratio windows and

licensing them to biotech and nutraceutical partners.

2. Enterprise B2B SaaS Subscriptions: Cloud access for R&D departments of pharmaceutical, dietary
supplement, and longevity biotechnology corporations.

3. Proprietary Asset Pipeline: Retaining internal ownership of top-performing neuroprotective and
metabolic formulations for proprietary clinical translation.

Patent Defensibility: The Synergy Moat (EPO G 2/21 & 35 U.S.C. § 103)

Under international patent law, combining known molecules is considered obvious unless a non-obvious,
unexpected technical effect—specifically mathematical synergy—is rigorously demonstrated. By establishing
precise stoichiometric ratio windows where CI < 0.70, The Hygieia generates the exact empirical evidence
required to secure robust, defensible composition-of-matter and method-of-use claims under EPO G 2/21 and
USPTO standards.

The Hygieia Platform White Paper « HYG-WP-2026-V2.1 Page 10 of 12



THE HYGIEIA PLATFORM WHITE PAPER — V2.1 OCTOBER 2026 « ASME V&YV 40 « FDA MIDD

Competitive Matrix:

Ca-lpabllfty / Certara (Simcyp) Simulations Plus Brightseed / Enveda The Hygieia
Dimension Platform v2.1
Primary Focus Single-Drug Clinical Gastrointestinal PBPK Metabolite Mining Multi-Target
PBPK Synergy & Delivery
Matrix
Synergy Engine None (DDI Clearance None (DDI Unvalidated Automated Chou-
Only) Formulation Only) Predictions Talalay & Bliss
Network CI
Delivery Vectors Standard Excipients Standard Excipients Whole Extracts 6-Vector Matrix
(Topical DMSO,
Piperine, LNP,
etc.)
Turnaround Time Weeks (Consulting Weeks (Consulting Months (Wet Lab Real-Time
Model) Model) Dependent) Simulation
WorkBench &
Batch Ledger
Documentation Manual Report Manual Data Export Raw Data Export Automated APA
Generation ~7th Edition
Manuscripts &
Vector PDF

| 8. BIBLIOGRAPHIC REGISTRY (APA 7TH EDITION)

1. Aggarwal, B. B., & Sung, B. (2009). Pharmacological basis for the role of curcumin in chronic diseases: An overview. Trends in
Pharmacological Sciences, 30(2), 85—94. https://doi.org/10.1016/].tips.2008.11.002

2. Baur, J. A., & Sinclair, D. A. (2006). Therapeutic potential of resveratrol: The in vivo evidence. Nature Reviews Drug Discovery,
5(6), 493—506. https://doi.org/10.1038/nrd2060

3. Britz, H., et al. (2019). Physiologically based pharmacokinetic modeling of caffeine and its metabolites to evaluate CYP1A2 drug-
drug interactions. Clinical Pharmacokinetics, 58(6), 779—792. https://doi.org/10.1007/s40262-018-0723-5

4. Chou, T. C. (2006). Theoretical basis, experimental design, and computerized simulation of synergism and antagonism in drug
combination studies. Pharmacological Reviews, 58(3), 621—681. https://doi.org/10.1124/pr.58.3.10

5. Dinkova-Kostova, A. T., & Abramov, A. Y. (2015). The emerging role of Nrf2 in mitochondrial function. Free Radical Biology and
Medicine, 88, 179—188. https://doi.org/10.1016/j.freeradbiomed.2015.04.036

6. Fahey, J. W., & Talalay, P. (1999). Antioxidant functions of sulforaphane: A potent inducer of Phase II detoxication enzymes. Food
and Chemical Toxicology, 37(9—10), 973—979. https://doi.org/10.1016/S0278-6915(99)00082-4

7. Fredholm, B. B., et al. (1999). Actions of caffeine in the brain with special reference to factors that contribute to its widespread use.
Pharmacological Reviews, 51(1), 83—133.

8. Friedman, M. (2015). Chemistry, nutrition, and health-promoting properties of Hericium erinaceus (Lion's Mane) mushroom
fruiting bodies and mycelia. Journal of Agricultural and Food  Chemistry, 63(32), 7108-7123.
https://doi.org/10.1021/acs.jafc.5b02914

9. Gorgani, L., Mohammadi, M., Najafpour, G. D., & Nikzad, M. (2017). Piperine—The bioactive compound of black pepper: From
isolation to medicinal applications. Comprehensive Reviews in Food Science and Food Safety, 16(1), 124—140.
https://doi.org/10.1111/1541-4337.12246

10. Hou, X., Zaks, T., Langer, R., & Dong, Y. (2021). Lipid nanoparticles for mRNA and targeted drug delivery. Nature Reviews
Materials, 6(12), 1078—1094. https://doi.org/10.1038/s41578-021-00358-0

11. Kim, S., Chen, J., Cheng, T., et al. (2023). PubChem 2023 update. Nucleic Acids Research, 51(D1), D1373—-D1380.
https://doi.org/10.1093/nar/gkacos6

The Hygieia Platform White Paper « HYG-WP-2026-V2.1 Page 11 of 12


https://doi.org/10.1016/j.tips.2008.11.002
https://doi.org/10.1038/nrd2060
https://doi.org/10.1007/s40262-018-0723-5
https://doi.org/10.1124/pr.58.3.10
https://doi.org/10.1016/j.freeradbiomed.2015.04.036
https://doi.org/10.1016/S0278-6915(99)00082-4
https://doi.org/10.1021/acs.jafc.5b02914
https://doi.org/10.1111/1541-4337.12246
https://doi.org/10.1038/s41578-021-00358-0
https://doi.org/10.1093/nar/gkac956

THE HYGIEIA PLATFORM WHITE PAPER — V2.1 OCTOBER 2026 « ASME V&YV 40 « FDA MIDD

12. Kuepfer, L., et al. (2016). Applied concepts in PBPK modeling: How to build a PBPK/PD model. CPT: Pharmacometrics &
Systems Pharmacology, 5(10), 516—531. https://doi.org/10.1002/psp4.12134

13. Lanzett, H. (2026). A multi-target therapeutic hypothesis: Synergistic mechanisms of botanical phytochemicals and novel
permeation enhancers. Sampo AI Research Reports, 1(1), 1-14.

14. Li, I. C., et al. (2018). Neurohealth properties of Hericium erinaceus mycelia enriched with erinacines. Behavioural Neurology,
2018, 5802634. https://doi.org/10.1155/2018/5802634

15. Marren, K. (2014). Dimethyl sulfoxide: An effective penetration enhancer for topical drug delivery. Physician and Sportsmedicine,
39(3), 75—82. https://doi.org/10.3810/psm.2011.09.1923

16. Notman, R., Noro, M., O'Malley, B., & Anwar, J. (2006). Molecular basis for dimethylsulfoxide (DMSO) action on lipid
membranes. Journal of the American Chemical Society, 128(43), 13982—13983. https://doi.org/10.1021/ja063363t

17. Pardridge, W. M. (2012). Drug transport across the blood—brain barrier. Journal of Cerebral Blood Flow & Metabolism, 32(11),
1959—1972. https://doi.org/10.1038/jcbfm.2012.126

18. Rowland, M., & Tozer, T. N. (2019). Clinical Pharmacokinetics and Pharmacodynamics: Concepts and Applications (5th ed.).
Wolters Kluwer.

19. Settembre, C., et al. (2011). TFEB links autophagy to lysosomal biogenesis. Science, 332(6036), 1429-1433.
https://doi.org/10.1126/science.1204592

20. Shoba, G., et al. (1998). Influence of piperine on the pharmacokinetics of curcumin in animals and human volunteers. Planta
Medica, 64(4), 353—356. https://doi.org/10.1055/s-2006-957450

21. Tzeng, T. T., et al. (2018). The cyathane diterpenoid erinacine A protects against stroke-induced neuroinflammation. The Journal
of Nutritional Biochemistry, 53, 23—32. https://doi.org/10.1016/j.jnutbio.2017.09.024

22, Zhao, Z., et al. (2015). Establishment and dysfunction of the blood-brain barrier. Cell, 163(5), 1064—1078.
https://doi.org/10.1016/j.cell.2015.10.067

INSTITUTIONAL GOVERNANCE, VERIFICATION & AUDIT TRAIL

\{{z’);/ Verification Standard: ASME V&V 40 Verification and Validation for Computational Modeling.

Regulatory Framework: US FDA Model-Informed Drug Development (MIDD) Pilot Program « EMA Population PK.
Attribution & Release: Sampo Al Research Laboratory ¢ The Hygieia Project « Lead Architect: Harri Lanzett.
Status: Approved Canonical Release « Version 2.1 « Document Identifier: HYG-WP-2026-V2.1.

THE HYGIEIA

The Hygieia Platform White Paper « HYG-WP-2026-V2.1 Page 12 of 12


https://doi.org/10.1002/psp4.12134
https://doi.org/10.1155/2018/5802634
https://doi.org/10.3810/psm.2011.09.1923
https://doi.org/10.1021/ja063363t
https://doi.org/10.1038/jcbfm.2012.126
https://doi.org/10.1126/science.1204592
https://doi.org/10.1055/s-2006-957450
https://doi.org/10.1016/j.jnutbio.2017.09.024
https://doi.org/10.1016/j.cell.2015.10.067

