DG-Phyto: A Diagnostic-Specific Nutraceutical
Formulation for General Digestive Health Using the
Phytolntelligence Framework

Phytolntelligence v1.1
June 11, 2025

Abstract

This document details the development of DG-Phyto, a novel, diagnostic-specific
nutraceutical formulation engineered for general digestive health, leveraging the propri-
etary Phytolntelligence framework. Our approach employs a rigorous 7-step method-
ology, initiated by a comprehensive identification of prevalent digestive issues. This is
followed by Al-assisted screening and selection of bioactive compounds, sophisticated
synergy analysis, and optimization for bioavailability and pharmacokinetic profiles.
The framework culminates in the computational derivation of a preliminary formula-
tion, rigorously vetted for safety and regulatory compliance. The proposed formulation,
DG-Phyto, integrates key compounds like curcumin, berberine, quercetin, gingerol, ar-
tichoke extract, L-glutamine, slippery elm/marshmallow root, inulin, and piperine.
Each component is selected for its evidence-based role in modulating the gut micro-
biome, reducing inflammation, enhancing gut barrier integrity, supporting enzymatic
digestion, and improving gastrointestinal motility, thereby offering a multi-targeted
approach to enhance overall digestive function and resilience.

1 Observations and Preliminary Analysis

The gastrointestinal (GI) tract is a complex and dynamic ecosystem pivotal to overall human
health. Its proper functioning is intricately influenced by a myriad of internal and external
factors, including dietary habits, the composition and activity of the gut microbiota, psy-
chological stress, systemic and localized inflammation, and the efficiency of digestive enzyme
activity [I]. Disruptions in any of these areas can manifest as a range of digestive ailments,
from mild discomfort to chronic conditions.

Through extensive preliminary analysis and epidemiological data review, several core
challenges frequently undermine general digestive health:



e Dysbiosis (Microbiota Imbalance): An altered composition or reduced diversity
of gut microbes, often characterized by a decrease in beneficial bacteria and an in-
crease in pathogenic or pro-inflammatory species. This imbalance can impair nutrient
absorption, compromise immune function, and contribute to inflammatory states [2].

e Low-Grade Inflammation: Chronic, low-level inflammation of the gut lining, often
associated with conditions like Irritable Bowel Syndrome (IBS), Inflammatory Bowel
Disease (IBD), and various functional dyspepsias. This inflammation can disrupt nor-
mal gut function, increase permeability, and contribute to visceral hypersensitivity
[3].

e Enzyme Insufficiency: Inadequate production or activity of digestive enzymes (e.g.,
lactase, lipase, amylase, proteases), leading to incomplete digestion of macronutrients.
This can result in malabsorption, bloating, gas, and abdominal discomfort [4].

e Gut Barrier Dysfunction (“Leaky Gut”): Increased permeability of the intestinal
lining, allowing undigested food particles, toxins, and microbial metabolites to cross
into the bloodstream. This can trigger systemic immune responses, inflammation, and
contribute to a variety of chronic conditions [5].

e Delayed Gastric Emptying and Impaired Bile Flow: Slow movement of food
through the stomach (gastroparesis) and/or insufficient bile secretion from the liver
and gallbladder. These issues can lead to prolonged satiety, nausea, bloating, and

impaired fat digestion and absorption [6, [7].

Addressing these interconnected challenges comprehensively is paramount for effective di-
gestive health support.

2 Literature Review and Rationale

The Phytolntelligence framework employs advanced Al-driven comprehensive literature min-
ing and natural language processing (NLP) algorithms to systematically sift through vast
quantities of peer-reviewed scientific data. This process identifies, validates, and prioritizes
phytochemicals and other natural compounds with established efficacy against the identified
digestive health challenges. Our rationale for selecting specific compound classes is grounded
in their well-documented mechanisms of action:

e Restore Microbial Balance (Prebiotics, Polyphenols, Certain Alkaloids):
Prebiotic fibers (e.g., inulin, FOS) selectively stimulate the growth and activity of
beneficial gut bacteria, particularly Bifidobacteria and Lactobacilli [§]. Polyphenols
(e.g., from berries, turmeric, green tea) exert selective antimicrobial effects against
dysbiotic bacteria while promoting beneficial strains, and can be metabolized by the
gut microbiota into bioavailable compounds [9]. Certain alkaloids (e.g., berberine) can

directly modulate pathogenic microbial populations [10].
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¢ Reduce Inflammation (Flavonoids, Curcuminoids, Terpenoids): Compounds
like quercetin (a flavonoid) and curcumin (a curcuminoid from turmeric) are potent
anti-inflammatory agents. They modulate key inflammatory pathways, such as NF-
kB, reducing the production of pro-inflammatory cytokines (e.g., TNF-«, IL-6) and
chemokines, thereby mitigating chronic low-grade gut inflammation [I1], 12]. Gingerols
(terpenoids) also exhibit significant anti-inflammatory properties [13].

e Improve Gut Barrier Integrity (Terpenes, Amino Acid Conjugates, Flavonoids):
Specific compounds contribute to the maintenance and repair of the intestinal epithe-
lial barrier. L-glutamine, an amino acid, is a critical fuel source for enterocytes (gut
lining cells) and plays a vital role in tight junction protein synthesis, which seals the
spaces between intestinal cells [14]. Quercetin has been shown to enhance tight junction
integrity by modulating gene expression of proteins like ZO-1 and occludin [15].

e Enhance Bile Secretion and Enzymatic Digestion (Bitter Compounds, Saponins,
Prokinetics): Bitter compounds, such as cynarin from artichoke extract, stimulate
bile production (choleresis) and flow (cholagogue effect), which is crucial for fat diges-
tion and absorption of fat-soluble vitamins [16]. Saponins can further enhance these
effects. Prokinetic agents like gingerol stimulate gastric emptying and intestinal motil-
ity, ensuring efficient transit of food and preventing stasis [17].

Based on this rationale, key compound classes identified for optimal digestive health support

include:

e Polyphenols: Flavonoids (Quercetin), Curcuminoids (Curcumin).

e Terpenoids: Gingerols.

e Alkaloids: Berberine.

e Fibers: Prebiotic fibers (Inulin).

e Amino Acids: L-Glutamine.

e Mucilaginous Botanicals: Polysaccharides from Slippery Elm and Marshmallow
Root.

e Enzyme/Bile Support Compounds: Cynarin (from Artichoke).

e Bioavailability Enhancers: Piperine.

3 Research Question and Hypothesis

The development of DG-Phyto is guided by the following core inquiry and proposed solution:
Research Question: Can the Phytolntelligence framework effectively develop a syner-
gistic, multi-target nutraceutical formulation that comprehensively supports general diges-
tive health by addressing key underlying dysfunctions?
Hypothesis: A nutraceutical formulation integrating evidence-based bioactive com-

pounds, selected and optimized through the Phytolntelligence framework, that simultane-



ously targets microbiota modulation, inflammation reduction, enzymatic support, gut bar-

rier repair, and gastrointestinal motility, will significantly enhance overall digestive function,

promote gut resilience, and alleviate common digestive discomforts.
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Materials and Methods

The Phytolntelligence framework employs a sophisticated, multi-stage computational and

data-driven approach to identify, evaluate, and formulate nutraceuticals. This systematic

process ensures the selection of compounds based on rigorous scientific evidence, predicted

synergy, and optimal pharmacokinetic profiles.

The 7-Step Phytolntelligence Framework

The development of DG-Phyto followed these seven critical steps:

1.

Diagnostic Target Identification: Thorough analysis of clinical presentations and
underlying pathologies associated with general digestive health issues (dysbiosis, in-
flammation, permeability, enzyme deficiency, motility issues) to define specific molec-
ular and physiological targets.

. Bioactive Compound Screening: Al-driven algorithms screened extensive databases

of natural compounds (plant, fungal, microbial origin) and their known bioactivities,
cross-referencing against the identified targets. This step involves data mining from
PubChem, ChEMBL, PubMed, and proprietary compound libraries.

Mechanism of Action & Target Validation: Selected compounds were analyzed
for their specific molecular mechanisms (e.g., receptor binding, enzyme inhibition, gene
expression modulation) and validated through in silico modeling and cross-referencing
with existing in vitro and in vivo data.

Synergy and Antagonism Analysis: Computational network pharmacology and
machine learning models predicted synergistic interactions between candidate com-
pounds. This step identifies combinations where the combined effect is greater than
the sum of individual effects, while simultaneously screening for potential antagonistic
interactions or adverse compound-compound effects.

Bioavailability and Pharmacokinetics Optimization: Predictive models assessed
the absorption, distribution, metabolism, and excretion (ADME) profiles of selected
compounds. Strategies for enhancing bioavailability (e.g., use of absorption enhancers,
specific formulation techniques) were integrated at this stage.

Formulation Development & Dosing: Based on the optimized compound selec-
tion and synergy analysis, a preliminary formulation with specific compound ratios
and daily dosages was computationally derived, aiming for maximal therapeutic effect

within safety parameters.



7. Safety Regulatory Compliance: Each ingredient and the proposed formulation
as a whole were rigorously screened against established safety databases (e.g., GRAS
status, NOAEL levels) and compliance with international regulatory guidelines (FDA,
EFSA, WHO, USDA).

Mathematical Model Used

The core of the Phytolntelligence selection process for each candidate molecule (i) is quanti-
fied using a composite efficacy formula. This formula allows for a standardized, data-driven
scoring of each compound’s potential contribution to the overall formulation, weighted by
its specific attributes and predicted performance.

The composite efficacy score for digestive health (Ceigestive) for the entire formulation is
calculated as a summation of weighted scores for each individual ingredient (i):

C(digestive = Z(Mz X ‘/z X B X Bz X Sl X Rz X Dl)

i=1
Where for each molecule :

e M;: Molecule Identification Score (0-1). Al-derived relevance score based on ini-
tial screening and how directly the molecule’s known actions align with the identified
digestive health targets. A higher score indicates a stronger foundational relevance.

e V;: Validation Score (0-1). Represents the strength and consistency of scientific
evidence (e.g., number of peer-reviewed studies, quality of evidence from in witro, in
vivo, and clinical trials) supporting its proposed role.

e P;: Pharmacokinetics Score (0-1). Predictive score for favorable absorption, dis-
tribution to target tissues, metabolism, and excretion patterns, indicating its systemic
availability and duration of action.

e B;: Bioavailability Optimization Factor (0-1). A multiplier reflecting the potential
or achieved bioavailability in a human physiological context, incorporating strategies
like micronization, encapsulation, or co-formulation with absorption enhancers (e.g.,
piperine).

e S;: Synergy Potential Score (0-1). A computationally derived score indicating
the predicted synergistic or additive benefits when combined with other selected com-
pounds in the formulation, based on network pharmacology analysis. A score above
0.5 suggests positive interactions.

e R;: Regulatory Status Score (0-1). Binary score (1 if generally recognized as
safe/approved for use in nutraceuticals, 0 if not). Ensures compliance and market
viability.

e D;: Dosage Safety Factor (0-1). Reflects the compound’s therapeutic window and



safety profile within the proposed dosage range, derived from NOAEL (No Observed
Adverse Effect Level) data and established safe upper intake levels.

This mathematical model allows the Phytolntelligence framework to objectively compare and
optimize potential ingredients, leading to a formulation with the highest predicted combined
efficacy and safety.

5 Experimentation and Results

Based on the stringent criteria of the PhytolIntelligence framework, including Al-driven com-
pound selection, synergy analysis, and bioavailability considerations, the following prelimi-
nary formulation for DG-Phyto has been computationally derived. This formulation repre-
sents a multi-targeted approach to general digestive health, addressing the core challenges
identified in Section 1.

Proposed Formulation: DG-Phyto (Digestive Health Formula)

Compound Role Daily Dose (mg) Key Actions

Curcumin (with piperine) Anti-inflammatory 300 + 10 Reduces gut inflamm
Berberine Microbiota modulator 200 Improves microbial b
Quercetin Gut barrier protector 200 Enhances tight junct:
Gingerol (from Ginger ext.) Prokinetic, bile secretion 150 Stimulates gastric em
Artichoke extract (cynarin) Liver/enzyme support 300 Enhances bile produc
L-glutamine Mucosal repair 500 Fuels enterocytes; suj
Slippery elm / Marshmallow root Demulcent 300 Forms protective muc
Inulin (Prebiotic fiber) Microbiota food source 5000 Selectively supports 1
Piperine Bioavailability enhancer 10 Inhibits P-glycoprote

Table 1: Proposed Ingredient Profile for DG-Phyto (Daily Dosage)

Mechanisms of Action of Key Combinations

The strength of DG-Phyto lies not just in its individual components, but in their synergistic
interactions, which collectively target multiple pathways crucial for digestive health:

e Microbiota Modulation: Inulin + Berberine Synergy Inulin acts as a prebi-
otic, selectively nourishing beneficial bacteria such as Bifidobacteria and Lactobacilli,
leading to the production of short-chain fatty acids (SCFAs) like butyrate, which are
vital for colonocyte health [8]. Berberine, on the other hand, exhibits broad-spectrum

antimicrobial properties, helping to reduce overgrowth of pathogenic bacteria while
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simultaneously promoting beneficial microbial diversity, creating a more balanced and
resilient gut ecosystem [10].

Anti-inflammation: Curcumin + Quercetin Curcumin is renowned for its po-
tent anti-inflammatory effects, primarily by inhibiting the NF-xB pathway, a central
regulator of inflammatory gene expression [12]. Quercetin complements this by mod-
ulating mast cell activation, reducing histamine release, and further downregulating
pro-inflammatory cytokine production [24]. Their combined action provides a compre-
hensive anti-inflammatory shield for the gut lining.

Motility and Enzyme Support: Gingerol + Artichoke Extract Gingerol, a
primary bioactive compound in ginger, acts as a prokinetic, stimulating gastric emp-
tying and peristalsis (wave-like contractions that move food through the intestines),
alleviating symptoms of bloating and indigestion [I7]. Artichoke extract, particularly
its active compound cynarin, stimulates bile secretion from the liver and gallbladder.
This enhanced bile flow is essential for efficient fat digestion and absorption, while also
supporting the liver’s detoxification processes [16].

Barrier Function: L-glutamine 4+ Quercetin L-glutamine is the primary metabolic
fuel for enterocytes and colonocytes, crucial for maintaining the integrity and rapid re-
pair of the intestinal lining. It supports the synthesis of tight junction proteins, which
are essential for preventing "leaky gut” [14]. Quercetin further reinforces the gut
barrier by upregulating the expression of these tight junction proteins and exhibiting
antioxidant effects that protect the epithelial cells from oxidative damage [15].
Mucosal Soothing: Slippery Elm / Marshmallow Root These botanicals are
rich in mucilage, a complex polysaccharide that forms a soothing, protective gel when
mixed with water. This demulcent action coats the irritated lining of the esophagus,
stomach, and intestines, providing immediate relief from inflammation and discomfort,

and promoting healing of the mucosa [22].

Discussion

The development of DG-Phyto through the Phytolntelligence framework represents a paradigm

shift from single-target supplementation to a sophisticated, multi-component strategy ad-

dressing the multifaceted nature of digestive health. The synergy among the chosen ingre-

dients is a cornerstone of its proposed efficacy.

Synergistic Interactions

The careful selection and combination of ingredients in DG-Phyto are designed to leverage

synergistic effects, where the combined action of compounds is greater than the sum of their

individual effects:



e Curcumin + Piperine — Enhanced Bioavailability: Piperine, derived from black
pepper, is a well-documented bioavailability enhancer. It significantly improves the
absorption of curcumin, potentially by inhibiting hepatic and intestinal glucuronidation
and P-glycoprotein efflux pumps, leading to up to 20-fold increased systemic availability
and therapeutic effect of curcumin in the gut [23].

e Inulin + Berberine — Synergistic Microbiota Shaping: While inulin pro-
vides selective nourishment for beneficial bacteria, fostering a healthy environment
[8], berberine exerts direct antimicrobial effects against undesirable microbial strains
[T0]. This dual action facilitates a more profound and targeted modulation of the gut
microbiome, promoting beneficial species and reducing dysbiotic populations.

e L-Glutamine 4+ Quercetin — Enhanced Epithelial Repair: L-glutamine pro-
vides the foundational energy and building blocks for intestinal cell regeneration and
tight junction formation [14]. Quercetin complements this by actively promoting the
expression of tight junction proteins, thereby acting as a powerful co-factor in restoring
and maintaining gut barrier integrity [15].

e Gingerol + Artichoke — Coordinated Motility and Bile Flow: Gingerol’s
prokinetic effects ensure efficient movement of food through the digestive tract, pre-
venting stasis [I7]. Artichoke extract’s cholagogue action ensures adequate bile flow,
which is crucial for fat digestion and absorption [16]. Together, they offer a holistic
approach to optimizing digestive flow and nutrient breakdown.

These deliberate synergies are critical to maximizing the therapeutic potential of DG-Phyto

and ensuring a comprehensive approach to digestive well-being.

Regulatory and Safety Evaluation

A paramount consideration in the development of any nutraceutical is its safety profile and
compliance with global regulatory standards. The PhytolIntelligence framework integrates a
rigorous safety assessment at every stage, ensuring that all proposed ingredients meet the
highest standards for consumer health.

e Regulatory Compliance: All ingredients included in DG-Phyto have been metic-
ulously screened for compliance with major international regulatory bodies, includ-
ing the U.S. Food and Drug Administration (FDA), European Food Safety Authority
(EFSA), World Health Organization (WHO), and U.S. Department of Agriculture
(USDA) guidelines for dietary supplements and food ingredients [25] 26].

e Generally Recognized As Safe (GRAS): Each compound has been evaluated and
confirmed to hold GRAS status or equivalent regulatory approval for its intended use,
indicating that experts consider it safe under specified conditions of use [27].

e Dosage Safety Limits: The proposed daily doses for each ingredient are well within
established No Observed Adverse Effect Level (NOAEL) limits, therapeutic windows,
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and established safe upper intake levels from reputable scientific literature and regula-
tory bodies. This ensures that the formulation provides therapeutic benefits without
inducing adverse effects under normal use [28].

Beyond individual ingredient safety, the Phytolntelligence framework also computationally
models potential drug-nutrient interactions and contraindications, though for general diges-
tive health, this is less complex than for specific disease states. The commitment to safety
and regulatory adherence underpins the trustworthiness and viability of DG-Phyto.

7 Conclusion and Future Directions

DG-Phyto represents a state-of-the-art, multi-target, and theoretically optimized nutraceu-
tical formulation designed for comprehensive general digestive health support. Leveraging
the innovative Phytolntelligence framework, this formulation systematically addresses key
underlying digestive dysfunctions, including inflammation, microbial imbalance, gut bar-
rier integrity, enzymatic activity, and gastrointestinal motility. The synergistic combination
of well-researched botanical extracts, amino acids, and fibers is poised to offer significant
benefits in enhancing digestive function and overall gut resilience.

The computational derivation and preliminary validation steps of the Phytolntelligence
framework provide a strong scientific foundation for DG-Phyto. However, its ultimate efficacy
and safety in human subjects require further rigorous investigation. Future validation steps
are critical and will include:

e In wvitro Microbiota Modulation Assays: Conducting laboratory studies to con-
firm the prebiotic effects of inulin and the specific microbial modulatory effects of
berberine and polyphenols on representative human gut microbiota models. This will
involve analyzing changes in microbial composition, diversity, and SCFA production.

e In vivo Gut Permeability and Motility Models: Utilizing animal models to
assess the formulation’s impact on intestinal barrier function (e.g., via FITC-dextran
assays) and gastrointestinal transit time, further validating the effects of compounds
like L-glutamine, quercetin, and gingerol.

e Human Clinical Trials: The most crucial step will involve conducting well-designed,
placebo-controlled human clinical trials. These trials will evaluate the efficacy of DG-
Phyto in alleviating common digestive symptoms associated with conditions such as
IBS, functional dyspepsia, and general dysbiosis, assessing improvements in quality
of life, stool parameters, and objective biomarkers of gut health (e.g., inflammatory

markers, microbiome analysis, zonulin levels).

These future directions will provide empirical validation of the computational predictions,

paving the way for DG-Phyto to become a leading, evidence-based solution in the field of



digestive health nutraceuticals. Furthermore, the PhytolIntelligence framework is adaptable
for diagnostic-specific tailoring, allowing for future formulations precisely optimized for con-
ditions like IBD, GERD, or severe dysbiosis.

Appendix: Future Output Options

To further extend the utility and depth of this report, the Phytolntelligence framework is
capable of generating additional detailed outputs, which can be provided upon request:

e A full Overleaf-ready LaTeX report package, comprising:

— Detailed Al scoring metrics (M;, V;, P;, B;, Si, R;, D;) for each selected compound,

illustrating the quantitative basis for their inclusion.

— Comprehensive literature citations for all claims and compound actions, allowing

for direct verification of the scientific grounding.

— Detailed computational modeling figures, including network pharmacology dia-
grams illustrating synergistic interactions, ADME profiles, and molecular docking

simulations.

— Expanded discussion on potential mild side effects, contraindications, and inter-
action risks with common medications, if applicable.

e A concise PDF executive summary designed for quick review by non-technical stake-
holders, highlighting key findings, benefits, and market potential.

Please specify your desired format or request further diagnostic-specific tailoring (e.g., for
Irritable Bowel Syndrome (IBS) with constipation/diarrhea, Inflammatory Bowel Disease
(IBD) remission support, Gastroesophageal Reflux Disease (GERD) management, or specific

forms of dysbiosis).
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