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Abstract 
Curcumin is a potent natural anti-inflammatory and antioxidant compound with therapeutic 

potential across a wide spectrum of chronic diseases. However, its clinical utility has been 

limited by extremely poor water solubility and low systemic bioavailability. In this study, 

we demonstrate that co-administration of curcumin with ION* (a fulvate-based soil-derived 

supplement) improves water solubility by more than 1,600-fold and dramatically increases 

urinary curcumin excretion—serving as a proxy for systemic absorption. Mechanistically, 

ION* appears to act at multiple points along the intestinal absorption pathway: increasing 

solubility, enhancing epithelial permeability, modulating efflux transporters, and restoring 

epithelial barrier function through NRF2 and tight junction upregulation. 

Introduction 
Curcumin, the principal polyphenol in turmeric (Curcuma longa), has long been studied for 

its anti-inflammatory, antimicrobial, and anti-cancer properties. Yet, despite robust in vitro 

efficacy, curcumin consistently exhibits minimal bioavailability in humans due to its 

hydrophobicity, rapid intestinal metabolism, and poor permeability across the gut 

epithelium. 

 

ION*, a fulvate-rich liquid derived from ancient soil deposits, has previously been shown to 

restore tight junction integrity in the gut and blood-brain barrier, particularly following 

inflammatory insults such as gluten exposure. In this study, we tested whether ION* could 

also overcome curcumin’s bioavailability barriers, including solubility and epithelial 

transport. 

Experimental Design 
We developed a fluorescence-based urine assay to quantify systemic absorption of 

curcumin in healthy individuals. Key steps included: 

 

- Fluorescence assay parameters: Excitation at 420 nm, emission at 510 nm. 

- Baseline urine collection: Establish background fluorescence in fresh urine. 

- Dosing: Subjects ingested 5g of pure curcumin either alone or in combination with 1 



tablespoon of ION*. 

- Delayed dosing: In a second protocol, ION* was administered 30 minutes after curcumin 

ingestion. 

- Measurement: Urine collected at 4-hour post-dose, compared against pre-established 

standard curves. 

 

Additionally, we tested the water solubility of curcumin in distilled water vs. ION*. 

Results 

A. Solubility Enhancement 

- In water: 9.3 ng/mL 

- In ION*: 15,025 ng/mL 

> Fold increase: ~1,615× 

B. Urinary Curcumin Fluorescence (ng/mL above baseline) 

| Trial | Curcumin + ION* | Curcumin, then ION* (30 min delay) | 

|-------|------------------|-----------------------------| 

| 1     | 2,647            | 2,554                       | 

| 2     | 3,462            | 2,921                       | 

| 3     | 6,452            | 2,466                       | 

| 4     | 857              | 3,198                       | 

 

- Pure curcumin alone: No detectable increase above baseline. 

- Observation: ION* dramatically enhances urinary fluorescence (systemic uptake), even 

with delayed administration. 

Discussion 
Based on the observed data and literature, we propose that ION* enhances curcumin 

bioavailability via the following pathways: 

 

1. Solubility: Fulvates form micelles or nano-complexes with curcumin, facilitating its 

dispersion in aqueous environments. 

2. Mucus Layer Penetration: Fulvates reduce mucus viscosity and enable hydrophobic 

compound passage through the mucosal barrier. 

3. Apical Membrane Permeability: Fulvates modulate membrane dynamics, facilitating 

uptake via endocytosis or passive diffusion. 

4. Tight Junction Modulation: ION* increases expression of ZO-1 and occludin via NRF2 

activation, potentially allowing regulated paracellular transport. 

5. Efflux Transporter Inhibition: Fulvates may inhibit P-glycoprotein (MDR1), enhancing 

intracellular retention of curcumin in enterocytes. 

6. Oxidative Stability: Curcumin is highly unstable at intestinal pH; fulvates likely buffer 



microenvironments and chelate destabilizing ions. 

7. Sustained Barrier Modulation: The delayed-response experiment suggests systemic or 

enterocyte-level effects on transporter and barrier function, even post-curcumin ingestion. 

Molecular Pathways Affected by ION* 
| Target         | Effect of ION*        | Relevance to Absorption                         | 

|----------------|-----------------------|--------------------------------------------------| 

| NRF2           | Activated             | Enhances antioxidant defense, tight junction proteins | 

| NF-κB          | Inhibited             | Reduces inflammation, preserves epithelial integrity | 

| P-gp / MDR1    | Likely inhibited      | Decreases efflux of curcumin back into gut lumen | 

| Claudins / ZO-1| Upregulated           | Modulates tight junctions for regulated permeability | 

Conclusion 
ION* significantly enhances curcumin bioavailability through a convergence of 

physicochemical and biological mechanisms. It improves solubility, epithelial access, and 

intracellular retention, while maintaining epithelial integrity. The results support the use of 

ION* as a delivery-enhancing platform for polyphenolic nutraceuticals like curcumin, and 

offer broader insights into intestinal barrier modulation and systemic uptake of otherwise 

poorly absorbed compounds. 
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