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Abstract

Long-duration missions, such as a manned mission to Mars, expose astronauts to a unique
combination of physiological stressors, including galactic cosmic radiation (GCR),
microgravity, immune dysregulation, and extreme psychological stress. These factors
significantly increase the risk of carcinogenesis, musculoskeletal atrophy, neurocognitive
decline, and mission failure. This document outlines the development of the D023.1 protocol,
a theoretical, multi-target prophylactic suite designed to enhance astronaut resilience.
Generated using the Phytolntelligence v1.4 framework, this protocol synthesizes a
comprehensive formulation of 12 key nutraceuticals and phytonutrients. The core hypothesis
is that this synergistic suite will mitigate the key pathophysiological risks by protecting against
DNA damage, preserving musculoskeletal integrity, modulating the immune and inflammatory
response, and supporting neurocognitive function. All findings are computationally derived
and require systematic experimental validation before operational consideration.

1. Therapeutic Objectives

The primary objective of the D023.1 protocol is to provide robust, multi-system physiological
support to astronauts. The specific, targeted goals are to:
e Mitigate DNA Damage & Carcinogenesis: Counteract the effects of GCR and Solar
Particle Events (SPEs) by upregulating endogenous antioxidant systems, enhancing
DNA repair mechanisms, and modulating inflammatory pathways [1].
e Preserve Musculoskeletal Integrity: Attenuate the catabolic effects of microgravity on
bone mineral density and lean muscle mass [2].
e Modulate Immune Function: Prevent immune senescence and reduce the risk of latent
viral reactivation, while avoiding inappropriate immune activation [3].
e Support Neurocognitive & Psychological Resilience: Protect against
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neuroinflammation, support synaptic plasticity, and promote stable mood and circadian
rhythms under conditions of isolation and confinement [4].

2. Compound Selection and Scoring Methodology

From an initial pool of over 50 candidate compounds identified through Al-driven literature
mining, 12 were selected for the final formulation. The selection was based on the
Phytolntelligence Mathematical Framework v1.4, which evaluates candidates across seven
key parameters. The composite efficacy score is calculated as:
Cd=Xi=1Nc(Mi-Vi-(wPPi+wBBi+wSSi+wRRi+wDDi)).

The selected compounds are grouped into functional clusters, with their individual scores
presented in Tables 23, 2b, and 2c below.

Table 2a: Core Radioprotective & Anti-Inflammatory Cluster Scores

Compou [Daily M \J P B S R D
nd Dose
Curcumi (500 mg [1.9 0.9 0.7 1.9 0.9 0.8 0.9
n
(Phytoso
me)
Sulforap |30 mg 1.8 0.8 0.7 1.8 0.9 0.9 0.8
hane
(stabilized

Resverat|150 mg |1.7 0.8 0.8 1.6 0.9 0.9 0.8
rol

(trans-)
Astaxant |12 mg 1.6 0.7 0.8 1.7 0.8 0.9 0.8
hin
NAC 600 mg [1.8 0.8 0.7 1.7 0.8 0.8 0.8
(intermitt
ent)

Table 2b: Musculoskeletal Preservation Cluster Scores

Compou [Daily M \J P B S R D
nd Dose

Vitamin [40001U/[1.8 0.9 0.9 1.8 0.9 0.9 0.9
D3 + K2 |100 mcg

(MK-T7)

HMB 159 1.6 0.9 0.8 1.7 0.8 0.9 0.9
(Ca-HMB)

Creatine |3 g 1.7 0.9 0.8 1.8 0.8 0.9 0.9
Monohyd




rate
Magnesi [300 mg [1.9 0.9 0.9 1.9 0.9 0.9 0.9
um
(Bisglycin
ate)

Table 2c: Immune & Neurocognitive Resilience Cluster Scores

Compou [Daily M \'} P B S R D
nd Dose
Astragal [500 mg [1.7 0.7 0.9 1.6 0.8 0.9 0.7
us
(standardi
zed)
Omega-3|1200 mg [1.8 0.9 0.8 1.6 0.9 0.9 0.9
(High
EPA/DHA)
L-Theani[200mg [1.6 0.8 0.7 1.5 0.8 0.9 0.8
ne
Magnesi [300 mg [1.9 0.9 0.9 1.9 0.9 0.9 0.9
um
(Bisglycin
ate)*

*Note: Magnesium is included in two clusters due to its pleiotropic effects on both
musculoskeletal and neurological systems.

3. Detailed Mechanistic Rationale & Synergy Network

Core Radioprotective & Anti-Inflammatory Synergy

This cluster forms the first line of defense against GCR-induced cellular damage.

e Curcumin, Sulforaphane, and Resveratrol: This trio creates a powerful multi-pathway
defense. Curcumin is a potent inhibitor of the pro-inflammatory transcription factor
NF-kB, which is chronically activated by radiation [5]. Sulforaphane is one of the most
potent natural inducers of the Nrf2 pathway, upregulating the production of
endogenous antioxidants like glutathione [6]. Resveratrol activates SIRT1, a crucial
enzyme for DNA repair and cellular longevity, and has shown protective effects in
simulated microgravity and radiation models [7].

e N-Acetylcysteine (NAC): Used intermittently, NAC provides a direct precursor for
glutathione synthesis, offering a potent surge of antioxidant capacity during periods of
high oxidative stress, such as after a Solar Particle Event [8].

e Astaxanthin: A unique carotenoid that can cross the blood-retinal and blood-brain



barriers, offering targeted protection to the ocular and central nervous systems, which
are particularly vulnerable to radiation. It is an exceptionally potent quencher of singlet
oxygen [9].

Musculoskeletal Preservation Synergy

This cluster directly counteracts the catabolic effects of microgravity.

Vitamin D3 & K2 (MK-7): This is a foundational synergy for bone health. Vitamin D3 is
essential for dietary calcium absorption, while Vitamin K2 is critical for activating
proteins (osteocalcin and matrix Gla protein) that direct calcium into the bone matrix
and away from soft tissues, a process vital for preventing bone demineralization [10].
Creatine Monohydrate & HMB: This combination provides a powerful anti-catabolic
and anabolic signal for muscle tissue. Creatine is the most well-validated supplement
for maintaining muscle mass and performance, and has secondary benefits on cognitive
function, particularly under stressful or hypoxic conditions [11]. HMB, a metabolite of
leucine, has been shown specifically to reduce muscle protein breakdown in catabolic
states like bed rest (a microgravity analog) [12].

Magnesium: Acts as a crucial cofactor for over 300 enzymatic reactions, including
those in muscle energy metabolism and bone formation. Deficiencies are linked to
muscle weakness and impaired bone health, making supplementation critical [13].

Immune & Neurocognitive Resilience Synergy

This cluster supports the systems most affected by chronic stress and confinement.

Astragalus: A cornerstone of traditional medicine, astragalus contains compounds
(astragalosides) that have been shown to support immune function and may have a
protective effect on telomeres, the protective caps on chromosomes that shorten with
age and stress, including radiation exposure [14].

Omega-3 (EPA/DHA): These essential fatty acids are critical for resolving inflammation
and are integral structural components of neuronal membranes. High-DHA intake is
strongly correlated with preserved cognitive function and mood stability [15].
L-Theanine & Magnesium (Bisglycinate): This pairing supports the central nervous
system. L-Theanine promotes an “alert calm" by increasing alpha brain waves,
enhancing focus without sedation. Magnesium Bisglycinate is highly bioavailable and
acts as a calming agent by modulating GABAergic neurotransmission, supporting sleep
quality and reducing anxiety [16].

4. Critical Safety Assessment and Disclaimer

For Research and Analog Use ONLY: This document outlines a theoretical research
hypothesis. It is NOT a proven treatment or a recommendation for use. This formulation
is intended as a blueprint for rigorous investigation in spaceflight analogs (e.g., bed-rest
studies, radiation exposure models) and, eventually, in crewed missions under strict
medical and ethical oversight.

Requires Expert Medical Supervision: The D023.1 protocol is a high-potency,
experimental suite. Its use must be managed and monitored by qualified medical



professionals.

e Significant Risk of Pharmacokinetic Interactions: While optimized to minimize known
interactions (e.g., exclusion of chronic piperine), the potential for unforeseen
interactions remains. Curcumin, Resveratrol, and Sulforaphane can influence
drug-metabolizing enzymes (CYP450). Co-administration with any other medication
requires expert pharmacological oversight.

e Sourcing, Purity, and Standardization: The theoretical efficacy and safety of this
protocol are entirely contingent on the use of high-purity, correctly identified, and
properly standardized ingredients, formulated for long-term stability under mission
conditions.
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