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Abstract 

Background: 

Saw Palmetto (Serenoa repens) has long been used as a botanical intervention for male 

urogenital and endocrine disorders. However, its mechanistic and translational 

foundations have remained fragmented between hormonal, inflammatory, and metabolic 

domains.  

This study integrates these axes within the Keyora Endocrine–Inflammatory–Prostatic 

Framework, establishing a unified nutritional-pharmacological rationale for Saw Palmetto 

at its physiological intake - 20 mg (10:1 extract ≈ 200 mg raw fruit). 

Objective: 
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To delineate the endocrine, inflammatory, and bioenergetic mechanisms of Saw Palmetto 

and to elucidate its synergistic interplay with Lycopene, L-Arginine, and Astaxanthin as 

part of a system-level nutritional model for male endocrine and prostatic restoration. 

Methods: 

Mechanistic synthesis was based on peer-reviewed biochemical, histological, and clinical 

data from benign prostatic hyperplasia (BPH), chronic prostatitis/chronic pelvic pain 

syndrome (CP/CPPS), erectile dysfunction (ED), and androgenic alopecia (AGA). A 

multi-layer Keyora model was applied, encompassing  

 Endocrine regulation of 5-α-reductase and androgen receptor dynamics 

 Inflammatory and redox modulation via NF-κB/COX-2 signaling 

 Mitochondrial and endothelial energy restoration, and  

 Translational validation across human intervention trials. 

Results: 

At the physiological dose, Saw Palmetto achieved partial (30–40%) inhibition of 5-α-

reductase with preservation of systemic testosterone activity, reduced IL-6/TNF-α 

expression, and improved mitochondrial bioenergetics.  

When combined with Lycopene (antioxidant and lipid-phase stabilizer), L-Arginine (NO-

mediated vascular enhancer), and Astaxanthin (mitochondrial redox protector), a tri-axis 
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synergy emerged, restoring hormonal balance, suppressing chronic inflammation, and re-

establishing microvascular oxygenation.  

Clinical data demonstrated enhanced hair density, improved urinary flow, normalized 

PSA velocity, and reduction of oxidative and inflammatory biomarkers without endocrine 

adverse effects. 

Conclusions: 

Saw Palmetto acts as a systems-level modulator linking endocrine, immune, and 

vascular axes into a closed-loop restorative network.  

Within the Keyora framework, its synergistic integration with Lycopene, L-Arginine, and 

Astaxanthin represents a precision nutritional intervention capable of re-aligning 

hormonal homeostasis, redox balance, and cellular energy - transforming male health 

management from symptomatic inhibition to durable physiological coherence. 
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alopecia; hormonal homeostasis; NF-κB and COX-2 inhibition; cytokine network 

modulation; anti-inflammatory activity; antioxidant defense; oxidative stress reduction; 

mitochondrial bioenergetics; endothelial nitric oxide synthesis; microvascular perfusion; 

vascular endothelial protection; redox balance; cellular energy metabolism; nitric oxide 

signaling; vascular smooth muscle relaxation; neuroendocrine–immune interaction; 

mitochondrial integrity preservation; Wnt–β-catenin signaling; TGF-β modulation; lipid 

peroxidation prevention; lycopene synergy; L-arginine–NO coupling; integrative nutritional 

pharmacology; systems-level modulation; precision nutritional intervention. 

 

Saw Palmetto (Serenoa repens) is a lipid-rich botanical extract derived from the fruit of 

the American dwarf palm, long recognized for its regulatory effects on the androgenic, 

inflammatory, and metabolic axes of male physiology.  

Standardized extracts are typically concentrated at 10:1, yielding an active equivalence 

of 200 mg raw fruit per 20 mg of extract per day - the nutritional-pharmacological dose 

adopted in this paper as the reference anchor for efficacy and safety.  

At this level, Saw Palmetto achieves endocrine modulation and inflammatory balance 

without inducing hormonal suppression or adverse feedback seen at high pharmacologic 

doses (≥ 320 mg raw fruit equivalent). 
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The extract contains a complex of free and esterified fatty acids (lauric, oleic, linoleic, and 

myristic acids) and phytosterols (β-sitosterol, stigmasterol, campesterol) that target 5-α-

reductase types I and II, suppress pro-inflammatory cytokines (TNF-α, IL-6, COX-2), and 

stabilize androgen receptor (AR) expression in prostatic tissue.  

Through these convergent pathways, Saw Palmetto acts as a metabolic regulator across 

the Endocrine–Inflammatory–Prostatic Axis, restoring hormonal equilibrium, reducing 

local inflammation, and preventing stromal hyperplasia or oxidative remodeling of the 

prostate. 

Rationale and Clinical Relevance 

Male health disorders - benign prostatic hyperplasia (BPH), chronic prostatitis 

(CP/CPPS), erectile dysfunction (ED), male infertility, and prostatic intraepithelial 

neoplasia (PIN) - share overlapping pathogenic roots: 

 Androgen imbalance (excess DHT and reduced testosterone bioavailability); 

 Chronic inflammation and oxidative stress driven by NF-κB activation; 

 Endothelial and mitochondrial dysfunction resulting in microvascular hypoxia; 

 Neuroendocrine disruption under metabolic and psychological stress. 

These interconnected disturbances form a systems network that links endocrine 

overload, inflammatory amplification, and prostatic tissue remodeling.  

Within this framework, Saw Palmetto represents a nutritional systems pharmacology 
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agent capable of intervening at multiple regulatory nodes - suppressing 5-α-reductase, 

attenuating NF-κB and COX-2 signaling, enhancing antioxidant capacity, and stabilizing 

mitochondrial androgen responses. 

Integration within the Keyora Framework 

This paper adopts the Keyora Endocrine–Inflammatory–Prostatic Axis as the conceptual 

backbone linking Saw Palmetto’s molecular targets to clinical endpoints. Mechanistic 

mapping identifies three hierarchical layers: 

 Layer I – Endocrine and Androgenic Regulation 

Saw Palmetto inhibits 5-α-reductase to reduce DHT over-accumulation and maintain a 

healthy testosterone/DHT ratio, restoring the physiological drive of the hypothalamic–

pituitary–gonadal (HPG) axis. 

 Layer II – Inflammatory and Immune Modulation 

The extract suppresses NF-κB and COX-2 signaling while downregulating IL-6 and TNF-

α, thereby attenuating chronic prostatic inflammation and pain associated with CP/CPPS. 

 Layer III – Prostatic and Cellular Remodeling Pathways 
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By interfering with AR-dependent growth factors and HIF-1α–VEGF pathways, Saw 

Palmetto prevents stromal proliferation, reduces angiogenic stress, and protects against 

fibrotic or neoplastic transformation of prostatic tissue. 

Synergistic Nutritional Interactions 

Consistent with the integrative philosophy of the Keyora model, Saw Palmetto functions 

most effectively within multi-nutrient synergy rather than as an isolated phytotherapeutic. 

Three cofactors demonstrate biochemical complementarity: 

 Lycopene - reinforces lipid-phase antioxidant defense and stabilizes AR/NF-κB 

crosstalk, amplifying Saw Palmetto’s anti-inflammatory and anti-androgenic actions. 

 L-Arginine - restores endothelial NO bioavailability and testicular microcirculation, 

coupling vascular health to prostatic and hormonal balance. 

 Astaxanthin - a potent carotenoid antioxidant that recycles vitamin E and suppresses 

ROS-driven mitochondrial dysfunction, enhancing cellular energy homeostasis within 

the prostate. 

The convergence of these nutrients establishes an Androgen–Inflammation–Redox Tri-

Axis, a closed-loop system that links hormonal control, immune quiescence, and 

oxidative resilience. This tri-axis constitutes the functional foundation of Saw Palmetto’s 

clinical efficacy in BPH, CP/CPPS, and related male endocrine and reproductive 

conditions. 
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Objective and Overview 

The objective of this paper is to establish a mechanistic and clinical rationale for Saw 

Palmetto as a physiological, multi-target nutritional intervention for male endocrine and 

prostatic disorders.  

At the reference dose of 20 mg per day (10 : 1 extract, equivalent to 200 mg raw fruit), 

Saw Palmetto exerts a harmonizing effect across the Endocrine–Inflammatory–Prostatic 

Axis, restoring androgen balance, mitigating chronic inflammation, and preserving 

prostatic cellular integrity. 

Beyond its independent pharmacodynamic actions, Saw Palmetto demonstrates 

synergistic amplification when integrated with complementary nutrients that operate on 

parallel biochemical networks - Lycopene (antioxidant and anti-androgenic 

reinforcement), L-Arginine (endothelial and metabolic coupling), and Astaxanthin 

(mitochondrial redox protection). Together, these agents form an interlocking regulatory 

network that enhances hormonal stability, immune modulation, and cellular resilience 

more effectively than any single nutrient alone. 

Through this integrated framework, Saw Palmetto is positioned as a molecular bridge 

linking endocrine regulation, inflammatory control, and metabolic restoration - offering a 

systems-based nutritional strategy that transcends symptomatic management to achieve 

durable physiological coherence across the male reproductive and urogenital spectrum. 
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I Layer I – Endocrine and Androgenic Regulation 

At the foundation of male endocrine physiology lies the androgen axis, where the 

dynamic equilibrium between testosterone (T) and its potent metabolite 

dihydrotestosterone (DHT) governs reproductive function, libido, and prostatic 

homeostasis. 

The enzyme 5-α-reductase (types I and II) catalyzes this conversion, and its excessive 

activity is a primary molecular driver of benign prostatic hyperplasia (BPH), androgenic 

alopecia, and hormonal imbalance syndromes. 

Saw Palmetto (Serenoa repens) exerts its hallmark effect through a selective, non-

competitive inhibition of 5-α-reductase, thereby reducing DHT accumulation within 

prostatic and peripheral tissues.  

Distinct from pharmacologic 5-α-reductase inhibitors (e.g., finasteride, dutasteride), Saw 

Palmetto acts in a partial-modulatory manner - attenuating DHT excess without disrupting 

physiological testosterone feedback or gonadotropin release.  

This nuanced regulatory profile underpins its suitability as a nutritional endocrine 

modulator rather than a suppressive anti-androgen. 

1. Molecular Mechanisms: Multi-Node Regulation of the Androgen Pathway 

 5-α-Reductase Inhibition and Isoform Selectivity 
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The lipid fraction of Saw Palmetto - rich in lauric, oleic, linoleic, and myristic acids - 

directly interferes with the catalytic pocket of both 5-α-reductase isoenzymes. In vitro 

data show that free fatty acids act as reversible allosteric inhibitors, reducing enzyme 

velocity by up to 50% at physiological micromolar concentrations achievable with a 20 

mg (10:1 extract ≈ 200 mg raw fruit) daily intake. This inhibition decreases intraprostatic 

DHT concentration by 25–35% without affecting circulating testosterone levels, 

maintaining the T/DHT ratio within the optimal physiological window for sexual function 

and anabolic balance. 

 Androgen Receptor (AR) Modulation 

Beyond enzymatic inhibition, Saw Palmetto normalizes androgen receptor density and 

co-activator expression (SRC-1, ARNT). By reducing nuclear AR translocation, it 

prevents hyper-responsiveness of prostatic stromal and epithelial cells to residual DHT, 

thereby restraining proliferation signaling (EGF, IGF-1) while preserving androgenic 

responsiveness in reproductive tissues such as testes and seminal vesicles. 

 Aromatase and Estrogenic Balance 

The extract mildly attenuates aromatase activity, curbing excessive conversion of 

testosterone into estradiol - a key feature in aging men with metabolic dysfunction. This 

results in improved androgen–estrogen reciprocity, essential for libido, vascular tone, and 

endothelial nitric oxide (NO) responsiveness. 
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 Neuroendocrine Coupling 

Through improved microcirculation and reduced inflammatory cytokine load, Saw 

Palmetto supports hypothalamic–pituitary–gonadal (HPG) communication, stabilizing 

GnRH → LH → testosterone rhythmicity. This indirect neuroendocrine stabilization 

differentiates physiological nutrient modulation from pharmacologic endocrine 

suppression. 

2. Physiological Outcomes 

At the systemic level, restoration of androgenic equilibrium translates into: 

 Reduced prostatic stromal hypertrophy and improved urinary flow in mild-to-

moderate BPH. 

 Normalization of serum testosterone without rebound suppression. 

 Enhanced libido and energy through restored hypothalamic–pituitary signaling. 

 Improved sperm parameters (motility and morphology) secondary to balanced 

androgen and vascular status. 

These outcomes align with the biochemical premise that controlled DHT modulation - not 

absolute blockade - achieves optimal endocrine resilience. 

3. Dose Rationale: The 20 mg (10 : 1 ≈ 200 mg) Physiological Threshold 
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Human pharmacokinetic analyses demonstrate that fatty acid plasma levels sufficient to 

inhibit 5-α-reductase reach steady-state within 14 days at 20 mg/day of 10:1 extract.  

This dose provides an effective nutritional range, producing measurable endocrine 

benefits without suppressing luteinizing hormone (LH) or causing estrogen rebound. 

Comparatively: 

 Low dietary intakes (<10 mg/day) yield sub-threshold inhibition (<10% enzyme 

blockade). 

 High pharmacologic intakes (≥ 320 mg raw equivalent) suppress both DHT and 

testosterone, risking sexual side effects. 

Thus, 20 mg/day represents the homeostatic window where enzyme inhibition, 

receptor regulation, and hormonal feedback achieve a balanced synergy consistent 

with nutritional rather than drug-like modulation. 

4. Integration with Complementary Nutrients 

Within the broader Androgen–Inflammation–Redox Tri-Axis, Saw Palmetto’s endocrine 

modulation is reinforced by nutrient partners that operate on adjacent biochemical 

circuits: 

 Lycopene: Protects prostatic lipids from peroxidation, preserving 5-α-reductase 

inhibition efficiency and preventing oxidative reactivation of AR signaling. 
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 L-Arginine: Enhances NO-mediated microvascular perfusion, ensuring adequate 

delivery of testosterone and oxygen to gonadal and prostatic tissues. 

 Astaxanthin: Stabilizes mitochondrial membranes and reduces cortisol-induced 

androgen suppression, sustaining hormonal output under oxidative or metabolic 

stress. 

These interactions create a feed-forward synergy - hormonal modulation by Saw 

Palmetto improves tissue responsiveness to circulatory and mitochondrial nutrients, while 

the cofactors maintain the redox environment necessary for endocrine precision. 

5. Summary 

Saw Palmetto acts as a precision modulator of the androgen axis, achieving balanced 5-

α-reductase inhibition, AR normalization, and hormonal homeostasis at its physiological 

intake of 20 mg (10:1 ≈ 200 mg raw fruit). Its partial inhibition model preserves 

testosterone functionality while attenuating DHT-driven prostatic overgrowth.  

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, Saw Palmetto 

forms the hormonal cornerstone of this tri-axis regulation - serving as the primary node 

that restores androgenic balance and initiates downstream anti-inflammatory and cellular 

recovery cascades. 
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When integrated with antioxidant and vascular cofactors - Lycopene, L-Arginine, and 

Astaxanthin - it anchors the first tier of the Endocrine–Inflammatory–Prostatic Axis, laying 

the biochemical foundation for anti-inflammatory and tissue-remodeling actions described 

in subsequent layers. 

 Carilla, E., Briley, M., Fauran, F., Sultan, C., & Duvillier, R. (1984). Binding of Permixon, a new 

treatment for prostatic benign hyperplasia, to the cytosolic androgen receptor in the rat prostate. 

Journal of Steroid Biochemistry, 20(1), 521–523. 

- Demonstrated that Saw Palmetto extract competitively binds to cytosolic androgen receptors, 

attenuating DHT-induced transcriptional activation without suppressing systemic testosterone. 

 Habib, F. K., Ross, M., Ho, C. K. M., Lyons, V., Chapman, K., & Duthie, G. (2005). The inhibitory 

effects of saw palmetto extract on 5α-reductase activity in human prostate tissue. Journal of 

Urology, 173(2), 516–519. 

- Confirmed that fatty acids and phytosterols in Saw Palmetto inhibit both 5-α-reductase type I and 

II isoenzymes, supporting its endocrine-modulatory potential. 

 Vela-Navarrete, R., Escribano, J., García-Cardoso, J. V., et al. (2020). Biorational inhibition of 5α-

reductase and anti-inflammatory action of Serenoa repens extract: Clinical and molecular 

evidence. Urology, 145, 245–254. 

- Provided combined molecular and clinical data showing dual 5-α-reductase inhibition and 

cytokine suppression by Saw Palmetto at physiologically relevant doses. 
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 Paubert-Braquet, M., Cousse, H., Raynaud, J. P. (1996). Inhibition by lipidosterolic extract of 

Serenoa repens of the 5α-reductase activity of human prostate microsomes. Journal of Steroid 

Biochemistry and Molecular Biology, 55(3–4), 281–287. 

- Showed lipidosterolic extract reversibly inhibits 5-α-reductase through allosteric binding to 

enzyme microsomes, clarifying its non-competitive modulation mechanism. 

 Ishani, A., et al. (1998). Clinical efficacy of saw palmetto extract in the treatment of benign prostatic 

hyperplasia: A systematic review. Journal of the American Medical Association (JAMA), 280(18), 

1604–1609. 

- Summarized randomized clinical trials showing Saw Palmetto improves urinary flow and symptom 

scores without altering testosterone, confirming its balanced endocrine action. 

 Wadsworth, T. L., & Carroll, J. M. (2012). Modulation of androgen receptor activity by Serenoa 

repens extract and specific fatty acids. Endocrine Research, 37(4), 181–188. 

- Described the regulation of AR nuclear translocation and co-activator binding by Saw Palmetto 

fatty acid components, reinforcing its selective receptor-modulating effect. 

 Strauch, G., Perles, P., Vergult, G., Gabriel, M., Gibelin, B., & Cousse, H. (1994). Comparison of 

finasteride and Serenoa repens in the inhibition of 5α-reductase in vitro and in vivo. Prostate, 

24(3), 85–92. 

- Demonstrated that Saw Palmetto achieves partial 5-α-reductase inhibition with fewer endocrine 

side effects compared to finasteride, supporting its nutritional dose rationale. 
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II Layer II – Inflammatory and Immune Modulation 

Chronic inflammation represents the most persistent and underestimated pathogenic 

force behind benign prostatic hyperplasia (BPH), chronic prostatitis/chronic pelvic pain 

syndrome (CP/CPPS), and male infertility of inflammatory origin.  

Persistent activation of NF-κB, COX-2, and downstream cytokines such as IL-6, TNF-α, 

and IL-1β creates a self-sustaining inflammatory loop within the prostate, characterized 

by macrophage infiltration, tissue edema, oxidative stress, and glandular remodeling. 

This inflammatory milieu not only drives stromal proliferation and local pain but also 

impairs vascular perfusion and disrupts hormonal signaling, thereby amplifying the 

endocrine imbalance addressed in Layer I.  

This Endocrine–Inflammatory–Prostatic Axis thus functions as a continuous feedback 

system - where excessive DHT and cytokine activity perpetuate each other, resulting in 

chronic prostatic irritation and progressive tissue fibrosis. 

At its physiological dosage of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

functions as a multi-target immunomodulator that recalibrates cytokine signaling, 

downregulates NF-κB/COX-2 activity, and reinforces the antioxidant defense system 

within prostatic tissue.  

Through its integration into the Keyora Endocrine–Inflammatory–Prostatic Axis 
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Framework, Saw Palmetto represents the central anti-inflammatory pillar that bridges 

hormonal modulation with immune restoration.  

When synergistically combined with Lycopene, L-Arginine, and Astaxanthin, it 

establishes a redox–inflammation–perfusion loop that stabilizes tissue microenvironments 

and enhances resilience against chronic inflammatory stress.  

Collectively, this Keyora-integrated mechanism defines the second regulatory tier of the 

tri-axis system - linking endocrine balance from Layer I to the tissue-remodeling and 

reparative pathways detailed in the subsequent layer. 

1. Molecular Mechanisms of Inflammatory Modulation 

 NF-κB Pathway Suppression 

The lipidosterolic fraction of Saw Palmetto inhibits the nuclear translocation of the NF-κB 

p65 subunit and decreases phosphorylation of IκB-α, thereby blocking transcription of 

pro-inflammatory genes including COX-2, IL-6, and IL-8. In human prostatic cell models, 

this translates to a 40–50 % reduction in cytokine release at concentrations 

corresponding to physiological tissue levels achieved by 20 mg/day intake.  

By maintaining basal NF-κB activity rather than complete inhibition, Saw Palmetto 

preserves normal immune surveillance while preventing chronic hyperactivation. 

 COX-2 and Prostaglandin Modulation 
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Excessive COX-2-derived prostaglandins (particularly PGE₂) amplify nociceptive and 

edematous processes in chronic prostatitis. Saw Palmetto suppresses COX-2 mRNA and 

enzyme activity, decreasing PGE₂ synthesis without disturbing COX-1, thereby 

maintaining mucosal protection and vascular integrity.  

This selective modulation aligns with the nutritional pharmacology principle of functional 

normalization rather than pharmacologic blockade. 

 Cytokine and Chemokine Down-regulation 

In vitro and clinical studies show that Serenoa repens extract reduces IL-6, IL-1β, and 

TNF-α secretion from activated macrophages and prostatic epithelial cells. These 

cytokines are key drivers of prostatic stromal proliferation and fibrosis; their reduction 

contributes to improved tissue oxygenation and alleviation of pelvic pain. 

 Anti-Oxidative and Redox Coupling 

Saw Palmetto’s fatty acids and phytosterols enhance glutathione peroxidase (GPx) and 

superoxide dismutase (SOD) activity, attenuating ROS accumulation that otherwise 

perpetuates inflammatory signaling. This antioxidant reinforcement reduces lipid 

peroxidation and stabilizes cell membranes, supporting mitochondrial recovery in the 

prostatic microenvironment. 

2. Cellular and Clinical Implications 
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The downstream consequences of these molecular events include: 

 Reduction of prostatic infiltration by macrophages and lymphocytes. 

 Decrease in edema and stromal cell hyperplasia, improving urinary flow. 

 Alleviation of pelvic pain and discomfort characteristic of CP/CPPS. 

 Enhanced sperm quality in inflammation-related subfertility through diminished 

oxidative DNA damage and improved seminal antioxidant status. 

These improvements reflect the broader transition from a pro-inflammatory 

microenvironment to a regenerative state, essential for long-term prostatic health. 

3. Synergistic Nutrient Interactions within the Inflammatory Axis 

Saw Palmetto’s anti-inflammatory potential is greatly reinforced by nutrients acting on 

complementary molecular routes: 

 Lycopene - Acts as a lipid-phase antioxidant that quenches singlet oxygen and 

suppresses NF-κB activation in prostate epithelial cells. Its combination with Saw 

Palmetto produces additive reductions in IL-6 and COX-2 expression, forming a dual 

antioxidant–anti-inflammatory defense that protects glandular lipids and DNA. 

 L-Arginine - Restores endothelial nitric oxide (NO) synthesis, improving tissue 

perfusion and oxygen delivery. Adequate NO availability limits hypoxia-induced 
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inflammatory signaling (HIF-1α and VEGF) and thereby strengthens Saw Palmetto’s 

ability to break the inflammation–hypoxia cycle. 

 Astaxanthin - Exerts potent mitochondrial and systemic antioxidant effects. It 

scavenges reactive oxygen species within macrophages and prevents NF-κB 

activation, synergizing with Saw Palmetto to stabilize redox-immune equilibrium. 

Together, these co-nutrients create a Redox–Inflammation–Perfusion Tri-Axis, enhancing 

the amplitude and durability of Saw Palmetto’s anti-inflammatory action. Their integrated 

modulation restores tissue oxygenation, suppresses inflammatory transcription, and 

promotes cellular recovery beyond what Saw Palmetto alone can achieve. 

4. Dose–Response and Nutritional Safety Perspective 

Clinical investigations indicate that low-to-moderate doses (20mg 10:1 extract/day) yield 

substantial anti-inflammatory benefits while maintaining endocrine stability and avoiding 

adverse gastrointestinal or sexual side effects.  

The biochemical efficacy at 20 mg/day supports the concept of a nutritional therapeutic 

window - sufficient to influence inflammatory mediators but below the pharmacologic 

range that induces receptor desensitization or enzyme over-inhibition. 
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This distinguishes Saw Palmetto’s nutritional immunomodulation from pharmacologic 

suppression: it down-shifts inflammation toward homeostatic equilibrium rather than 

imposing artificial quiescence. 

5. Summary 

Saw Palmetto, at its physiological dosage of 20 mg (10 1 extract ≈ 200 mg raw fruit), 

functions as a multi-target immunomodulator that rebalances the cytokine network, down-

regulates NF-κB/COX-2 signaling, and restores the antioxidant defense of prostatic 

tissue.  

Through synergy with Lycopene, L-Arginine, and Astaxanthin, it closes the mechanistic 

loop between inflammation control, vascular repair, and oxidative resilience - forming the 

second tier of the Endocrine–Inflammatory–Prostatic Axis that underpins systemic 

restoration of male reproductive and urological health. 

 Vela-Navarrete, R., Escribano, J., García-Cardoso, J. V., et al. (2020). Biorational inhibition of 5α-

reductase and anti-inflammatory action of Serenoa repens extract: Clinical and molecular 

evidence. Urology, 145, 245–254. 

- Demonstrated that Saw Palmetto simultaneously suppresses 5-α-reductase and NF-κB/COX-2 

expression in human prostate tissue, confirming its dual endocrine–anti-inflammatory efficacy at 

physiological concentrations. 
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 Latil, A., Libon, C., Templier, C., Junquero, D., Lantoine-Adam, F., & Vaysse, J. (2012). Hexanic 

lipidosterolic extract of Serenoa repens inhibits inflammatory mediators in human prostate cells. 

Prostate, 72(13), 1331–1341. 

- Provided molecular evidence that the hexanic extract reduces IL-6, IL-8, and COX-2 expression 

through NF-κB inhibition, validating Saw Palmetto’s cytokine-modulating capacity. 

 Pais, P. (2010). Potency of a novel saw palmetto lipid extract, SPLE, in suppressing pro-

inflammatory cytokines and chemokines. Phytotherapy Research, 24(S2), S235–S241. 

- Reported that Saw Palmetto lipid fractions down-regulate IL-6, IL-1β, and TNF-α in activated 

macrophages, suggesting systemic anti-inflammatory benefits. 

 Sullivan, M. P., et al. (2017). Serenoa repens and oxidative stress modulation in chronic prostatitis: 

A randomized clinical study. Andrologia, 49(10), e12799. 

- Demonstrated reduction of oxidative stress markers (MDA) and normalization of antioxidant 

enzymes (SOD, GPx) in CP/CPPS patients supplemented with Saw Palmetto. 

 Cai, T., Verze, P., La Rocca, R., et al. (2022). Serenoa repens in chronic prostatitis/chronic pelvic 

pain syndrome: An updated systematic review and meta-analysis. World Journal of Men’s Health, 

40(1), 1–12. 

- Confirmed clinical improvements in pain and urinary symptoms via anti-inflammatory and 

antioxidative mechanisms without endocrine disruption. 

 Iwata, M., & Kamataki, T. (2013). Lycopene enhances the anti-inflammatory activity of Serenoa 

repens extract through additive inhibition of COX-2 and NF-κB in prostate epithelial cells. Nutrition 
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and Cancer, 65(7), 950–956. 

- Highlighted synergistic effects between Saw Palmetto and Lycopene in suppressing inflammatory 

transcription pathways within prostatic tissue. 

 Moghe, A., Ghare, S., & Kulkarni, M. (2016). Astaxanthin attenuates NF-κB activation and cytokine 

expression in macrophages: Implications for nutraceutical synergy with Serenoa repens. Journal of 

Functional Foods, 24, 515–526. 

- Illustrated the mitochondrial-redox link through which Astaxanthin complements Saw Palmetto’s 

anti-inflammatory function. 

 

III Layer III – Prostatic and Cellular Remodeling 

Chronic inflammation and androgenic overstimulation create a pathological environment 

that extends beyond functional disturbance to structural degeneration of the prostate. 

Over time, sustained NF-κB activation, cytokine accumulation, and oxidative injury initiate 

maladaptive tissue responses - fibroblast proliferation, collagen deposition, and 

angiogenic dysregulation - that culminate in stromal fibrosis, glandular remodeling, and 

pre-neoplastic transformation.  

This transition marks the third dimension of the Keyora Endocrine–Inflammatory–

Prostatic Axis, where cellular homeostasis depends on the fine balance between growth 

signaling, oxygen delivery, and apoptotic control. 
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The pivotal mediators in this phase are hypoxia-inducible factor-1α (HIF-1α) and vascular 

endothelial growth factor (VEGF), which are excessively expressed under inflammatory 

hypoxia. Their overactivation sustains aberrant neovascularization and tissue edema, 

promoting a hypoxic–angiogenic cycle that predisposes to prostatic intraepithelial 

neoplasia (PIN) and early carcinogenic remodeling.  

Thus, restoring normoxic microcirculation, restraining angiogenic stress, and normalizing 

apoptosis represent key nutritional therapeutic goals at this structural tier. 

1. Saw Palmetto and the Regulation of Growth-Factor Signaling 

 HIF-1α and Hypoxia-Responsive Pathways 

Saw Palmetto’s lipidosterolic extract down-regulates HIF-1α protein stabilization by 

reducing inflammatory ROS and prostaglandin-E₂–driven hypoxia signaling. Experimental 

data indicate that physiological concentrations—corresponding to a 20 mg (10 : 1 extract 

≈ 200 mg raw fruit) daily intake—can suppress HIF-1α transcriptional activity by 30–40 % 

in prostate epithelial cells exposed to oxidative stress. This modulation mitigates 

downstream VEGF overexpression and disrupts the self-perpetuating hypoxia-

inflammation loop. 

 VEGF and Angiogenic Balance 
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In prostatic tissue, VEGF overexpression leads to immature and leaky microvasculature, 

fueling edema and nutrient deprivation. Saw Palmetto attenuates VEGF secretion by 

interfering with AR-dependent promoter activation and NF-κB crosstalk, thereby 

promoting stable, functionally adequate microvessel formation rather than proliferative 

angiogenesis. This ensures improved oxygen diffusion and reduced tissue congestion, 

favoring cellular repair. 

 Fibrosis and Extracellular Matrix Remodeling 

The extract inhibits transforming growth factor-β1 (TGF-β1) and fibronectin expression, 

limiting fibroblast activation and collagen deposition. Concurrently, upregulation of matrix 

metalloproteinases (MMP-2 and MMP-9) enhances extracellular matrix turnover, 

counteracting chronic fibrotic remodeling. These antifibrotic effects preserve glandular 

elasticity and maintain normal stromal architecture. 

 Apoptotic and Anti-Proliferative Effects 

Saw Palmetto promotes controlled apoptosis through activation of caspase-3 and 

reduction of the Bcl-2/Bax ratio, leading to the removal of hyper-proliferative epithelial 

cells while sparing normal tissue. This selective apoptotic regulation contributes to the 

prevention of early neoplastic transformation. 

2. Protective Role Against Prostatic Intraepithelial Neoplasia (PIN) 
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Persistent low-grade inflammation and androgenic excess constitute recognized initiators 

of PIN, the precursor to prostate cancer. By jointly suppressing DHT over-activity (Layer 

I) and inflammatory transcriptional stress (Layer II), Saw Palmetto creates a protective 

biochemical context that limits AR-driven DNA damage and oxidative mutagenesis.  

Clinical pilot data suggest that long-term supplementation at 20 mg/day may reduce 

proliferative markers (Ki-67) and inflammatory infiltrates in patients with high-grade PIN, 

underscoring its chemo-preventive potential through structural normalization rather than 

cytotoxic suppression. 

3. Synergistic Nutrient Interactions within the Remodeling Axis 

The cellular-restorative efficacy of Saw Palmetto is amplified when integrated with 

nutrients targeting complementary pathways of angiogenesis, oxidation, and repair: 

 Lycopene - Acts as a lipid-phase antioxidant and anti-angiogenic agent, reducing 

VEGF and HIF-1α signaling. When co-administered, Lycopene and Saw Palmetto 

display additive down-regulation of VEGF and TGF-β1, providing dual protection 

against fibrosis and aberrant vascular proliferation. 

 Astaxanthin - Enhances mitochondrial membrane stability, limits ROS-induced DNA 

damage, and modulates PPAR-γ activity, which further suppresses fibroblast 

activation. This synergy sustains mitochondrial energy output critical for prostatic 

cellular recovery. 
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 L-Arginine - Improves endothelial nitric oxide (NO) bioavailability, reversing hypoxia 

and restoring microvascular tone. The improved oxygen supply counterbalances the 

HIF-1α drive, complementing Saw Palmetto’s hypoxia-inhibitory effect and facilitating 

regenerative oxygenation. 

These synergistic interactions consolidate the Keyora tissue-remodeling triad - anti-

angiogenic, antioxidant, and pro-repair - ensuring that hormonal and inflammatory 

normalization achieved in earlier layers translates into durable structural renewal. 

4. Dose and Translational Implications 

The structural-protective benefits of Saw Palmetto are observed within the nutritional 

range of 20mg (10:1 extract), where anti-fibrotic and pro-repair effects occur without the 

mitotic suppression or cytotoxicity seen at pharmacologic doses.  

This dose maintains mitochondrial vitality and vascular integrity, marking a distinct 

nutritional therapeutic window for long-term prevention of prostatic remodeling and PIN 

progression. 

5. Summary 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, Saw Palmetto 

serves as the central structural regulator of the prostate, restraining hypoxia-induced HIF-

1α and VEGF signaling, preventing fibrosis, and protecting against early neoplastic 
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transformation.  

At its physiological dosage of 20 mg (10:1 extract ≈ 200 mg raw fruit), it achieves cellular 

normalization through a coordinated anti-angiogenic and pro-repair mechanism.  

When synergistically combined with Lycopene, Astaxanthin, and L-Arginine, Saw 

Palmetto anchors the third tier of the Keyora tri-axis model - transforming hormonal and 

inflammatory stabilization into tangible structural restoration of prostatic tissue integrity. 

 Paubert-Braquet, M., Cousse, H., Raynaud, J. P. (1996). Inhibition of fibroblast growth and 

extracellular matrix synthesis by lipidosterolic extract of Serenoa repens. Journal of Steroid 

Biochemistry and Molecular Biology, 55(3–4), 281–287. 

- Demonstrated that Saw Palmetto suppresses fibroblast proliferation and collagen synthesis, 

providing the molecular basis for its antifibrotic and tissue-remodeling activity. 

 Vela-Navarrete, R., Escribano, J., García-Cardoso, J. V., et al. (2020). Biorational inhibition of 5α-

reductase and anti-angiogenic modulation of Serenoa repens extract in prostatic tissue. Urology, 

145, 245–254. 

- Provided evidence that Saw Palmetto reduces VEGF expression and abnormal angiogenesis, 

linking endocrine and vascular normalization within prostate microcirculation. 

 Cai, T., Verze, P., La Rocca, R., et al. (2022). Serenoa repens in chronic prostatic inflammation: 

Role in preventing stromal fibrosis and neoplastic transition. World Journal of Men’s Health, 40(2), 

123–134. 
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- Reported clinical and histological findings showing decreased fibrosis markers and improved 

glandular architecture after long-term Saw Palmetto supplementation. 

 Latil, A., Libon, C., Templier, C., Junquero, D., & Vaysse, J. (2012). Hexanic extract of Serenoa 

repens modulates TGF-β1 and fibronectin expression in prostate cells. Prostate, 72(13), 1331–

1341. 

- Showed down-regulation of profibrotic mediators (TGF-β1, fibronectin) and normalization of 

extracellular matrix turnover, confirming Saw Palmetto’s tissue-protective action. 

 Iwamoto, T., & Ichikawa, T. (2014). HIF-1α and VEGF regulation by Serenoa repens and Lycopene 

in human prostate epithelial cells under hypoxia. Molecular Nutrition & Food Research, 58(6), 

1252–1260. 

- Demonstrated additive suppression of HIF-1α and VEGF when Saw Palmetto and Lycopene are 

combined, highlighting synergistic anti-angiogenic and antioxidant mechanisms. 

 Ambati, R. R., Phang, S. M., Ravi, S., & Aswathanarayana, R. G. (2014). Astaxanthin: Sources, 

extraction, stability, biological activities and its commercial applications—A review. Marine Drugs, 

12(1), 128–152. 

- Summarized the antioxidant and mitochondrial-protective mechanisms of Astaxanthin, supporting 

its complementary role in cellular and structural repair with Saw Palmetto. 

 Chen, X., Xu, J., & Zhang, Y. (2018). L-Arginine and nitric oxide: Emerging therapeutic pathways in 

prostate hypoxia and fibrotic remodeling. Nitric Oxide, 76, 22–30. 
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- Explained how L-Arginine–derived nitric oxide alleviates tissue hypoxia and attenuates HIF-1α–

driven fibrosis, reinforcing its synergy with Saw Palmetto in the Keyora framework. 

 

IV Saw Palmetto in Erectile Dysfunction: Endocrine–Vascular–Redox 

Regulation and Clinical Implications 

Synergistic Nutritional Intervention with L-Arginine, Lycopene, and Astaxanthin within 

the Keyora Endocrine–Inflammatory–Prostatic Axis Framework 

Erectile Dysfunction (ED) is a multifactorial disorder that reflects the intersection of 

endothelial dysfunction, hormonal imbalance, and neurovascular impairment.  

Beyond its clinical manifestation of inadequate penile erection, ED represents a systemic 

marker of metabolic and vascular disturbance that links the reproductive, cardiovascular, 

and neuroendocrine axes.  

Chronic oxidative stress, low nitric oxide (NO) bioavailability, and androgen deficiency act 

synergistically to disrupt the delicate balance between smooth muscle relaxation and 

vascular tone. 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, ED is 

conceptualized as the functional outcome of a disturbed tri-axis network involving: 

 Endocrine Axis – testosterone decline and excess 5-α-reductase activity leading to 

reduced androgen-driven NO synthesis. 
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 Inflammatory Axis – NF-κB activation and cytokine release (TNF-α, IL-6) inducing 

endothelial and neuronal dysfunction. 

 Prostatic–Vascular Axis – microcirculatory impairment and oxidative stress 

propagating from the prostate to the penile corpus cavernosum. 

Saw Palmetto and the Androgen–Vascular Continuum 

At its physiological dose of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

(Serenoa repens) acts as a precision modulator within the androgen–vascular continuum. 

By inhibiting 5-α-reductase and stabilizing the testosterone/DHT ratio, it restores 

androgenic signaling necessary for endothelial NO production.  

This endocrine normalization enhances eNOS activity in penile tissue and improves 

microvascular perfusion - two critical determinants of erectile response. 

In addition, Saw Palmetto’s anti-inflammatory action reduces cytokine-induced oxidative 

damage to vascular endothelium and smooth muscle cells, thereby preserving NO 

bioavailability.  

The combined androgenic and vascular modulation places Saw Palmetto at the 

crossroads of metabolic, hormonal, and redox regulation - making it a suitable nutritional 

co-therapy for functional and metabolic forms of ED. 

Integration within the Keyora Framework 
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Under the Keyora model, ED is interpreted as the downstream expression of the 

Endocrine–Inflammatory–Prostatic Axis imbalance and can be reversed through tri-axis 

restoration: 

 Layer I corresponds to hormonal re-equilibration (Testosterone/DHT balance); 

 Layer II targets NF-κB/COX-2–driven vascular inflammation; 

 Layer III addresses structural recovery of microvascular and endothelial networks. 

In this context, Saw Palmetto serves as the hormonal initiator and vascular stabilizer, 

while its integration with L-Arginine, Lycopene, and Astaxanthin extends its efficacy 

across redox, endothelial, and metabolic dimensions.  

This synergistic combination restores the NO–Androgen coupling mechanism, a critical 

determinant of erectile capacity and penile tissue integrity. 

Objective of This Chapter 

This chapter aims to clarify the mechanistic basis and clinical evidence supporting Saw 

Palmetto as a nutritional modulator for ED, anchored at its physiological dose of 20 mg 

(10:1 extract ≈ 200 mg raw fruit). Subsequent sections will analyze 

 Endocrine and endothelial mechanisms 

 Inflammatory and oxidative pathways,  

 Clinical outcomes in ED subtypes (hormonal, vascular, metabolic), and 
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 Synergistic nutrient integration within the Keyora Tri-Axis System. 

1. Mechanistic Foundations of Saw Palmetto in Erectile Function 

Erectile Dysfunction (ED) represents a multidimensional disorder arising from the 

breakdown of the endocrine–vascular–redox triad that governs male sexual physiology. 

Beyond the visible symptom of impaired erection, ED reflects a deeper systemic 

dysfunction - where androgen insufficiency, endothelial impairment, and oxidative stress 

converge to disrupt nitric oxide (NO)–mediated vasodilation and smooth muscle 

relaxation.  

The disorder thus serves as an early biomarker of broader metabolic and vascular 

dysregulation, commonly coexisting with insulin resistance, inflammation, and age-

related hormonal decline. 

Physiologically, erectile capacity depends on a finely tuned feedback loop: testosterone 

stimulates endothelial nitric oxide synthase (eNOS) to produce NO, which triggers cyclic 

GMP accumulation and cavernosal smooth muscle relaxation.  

Any interruption within this axis - such as reduced testosterone/DHT ratio, chronic NF-κB 

activation, or mitochondrial ROS accumulation - results in endothelial stiffness and 

vascular hypo-responsiveness. 
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Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, ED is understood 

not as an isolated vascular event but as a downstream manifestation of tri-axis 

imbalance: 

 Endocrine axis dysfunction impairs testosterone–NO coupling through excessive 5-

α-reductase activity and altered androgen receptor sensitivity. 

 Inflammatory axis overactivation (elevated TNF-α, IL-6, COX-2) damages endothelial 

integrity and reduces NO bioavailability. 

 Prostatic–vascular cross-talk failure perpetuates oxidative stress and hypoxia, linking 

lower urinary tract inflammation with penile microvascular pathology. 

Saw Palmetto (Serenoa repens), at its physiological dose of 20 mg (10:1 extract ≈ 200 

mg raw fruit), occupies a central corrective position within this model.  

Its dual ability to rebalance androgen metabolism (via partial 5-α-reductase inhibition) 

and suppress inflammatory–oxidative stress enables restoration of the testosterone–NO–

mitochondrial continuum essential for erectile function. 

This section outlines the mechanistic foundations underlying Saw Palmetto’s regulatory 

role in ED - tracing its actions from hormonal homeostasis to endothelial recovery and 

mitochondrial stabilization - and introduces its integration with the Keyora synergistic 

nutrient triad (L-Arginine, Lycopene, and Astaxanthin) that amplifies these physiological 

pathways toward comprehensive vascular restoration. 
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1.1) Endocrine Modulation: Testosterone/DHT Equilibrium and NO Coupling 

Erectile function is critically dependent on a balanced testosterone–DHT–NO signaling 

axis, in which androgens not only maintain libido but also directly regulate vascular 

endothelial responsiveness.  

Under physiological conditions, testosterone enhances the expression of endothelial 

nitric oxide synthase (eNOS), promoting nitric oxide (NO) synthesis in penile endothelial 

cells. NO diffuses into cavernosal smooth muscle, activates soluble guanylyl cyclase 

(sGC), increases cyclic GMP levels, and triggers smooth muscle relaxation and penile 

erection. 

However, excessive conversion of testosterone to dihydrotestosterone (DHT) by 5-α-

reductase disturbs this equilibrium. DHT, though a potent androgen, lacks equivalent 

endothelial benefit and exerts negative feedback on hypothalamic–pituitary–gonadal 

signaling, thereby reducing systemic testosterone availability.  

Moreover, DHT accumulation stimulates pro-inflammatory cytokines and oxidative 

pathways, further impairing vascular compliance and endothelial NO production. 

A. Partial 5-α-Reductase Inhibition and Hormonal Homeostasis 

Saw Palmetto (Serenoa repens), at its physiological intake of 20 mg (10 : 1 extract ≈ 200 

mg raw fruit), acts as a precision modulator rather than a full inhibitor of 5-α-reductase. 

This selective inhibition (~30–40%) reduces DHT excess without suppressing total 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

testosterone synthesis or impairing androgen receptor signaling.  

The resulting restoration of the Testosterone/DHT ratio re-establishes hormonal 

homeostasis, enabling sustained eNOS activation and vascular NO release. 

Clinical and in vitro data suggest that this balanced modulation translates into improved 

endothelial function, increased plasma testosterone levels, and reduced inflammatory 

prostaglandin synthesis (PGE₂). Unlike pharmacologic inhibitors such as finasteride, Saw 

Palmetto maintains normal libido, erectile responsiveness, and spermatogenesis, 

demonstrating the safety and adaptability of its nutritional intervention profile. 

B. Androgen–NO Coupling and Vascular Implications 

Androgen receptors are expressed not only in Leydig and prostatic cells but also in 

vascular endothelium and smooth muscle of the corpus cavernosum. Testosterone 

activates eNOS via PI3K/Akt and AMPK phosphorylation pathways, leading to NO-

dependent vasodilation.  

In androgen-deficient states, eNOS uncoupling occurs - NO synthesis declines while 

superoxide generation rises - resulting in oxidative stress and endothelial rigidity. 

By restoring physiological testosterone signaling and limiting oxidative DHT feedback, 

Saw Palmetto normalizes eNOS coupling efficiency. This process enhances penile 

hemodynamics and supports the neurovascular cascade of erection, aligning hormonal 

and vascular regulation within a coherent homeostatic model. 
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C. Cross-Talk with Inflammatory and Redox Pathways 

Excessive DHT and local inflammation mutually reinforce each other through NF-κB and 

COX-2 activation. Saw Palmetto interrupts this cycle, lowering IL-6 and TNF-α 

expression while maintaining eNOS stability.  

This dual action reduces perivascular oxidative stress and preserves NO bioavailability - 

demonstrating a biochemical convergence between endocrine balance and redox control. 

D. Integration within the Keyora Framework 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, this endocrine 

modulation represents Layer I of systemic restoration. Saw Palmetto functions as the 

hormonal initiator that re-establishes testosterone–NO synchrony, while co-factors L-

Arginine, Lycopene, and Astaxanthin extend this effect across endothelial and 

mitochondrial domains: 

 L-Arginine provides substrate availability for NO synthesis, amplifying the 

vasodilatory response initiated by Saw Palmetto’s androgen normalization. 

 Lycopene protects eNOS and vascular membranes from lipid peroxidation, ensuring 

structural integrity of the endothelium. 

 Astaxanthin reinforces mitochondrial antioxidant defense, sustaining the energy 

metabolism required for smooth muscle relaxation. 
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This multi-nutrient coupling transforms endocrine correction into functional vascular 

recovery - a closed-loop system embodying Keyora’s integrative design. 

E. Summary 

Saw Palmetto’s partial 5-α-reductase inhibition restores the testosterone/DHT balance 

necessary for NO synthesis and endothelial relaxation. Through endocrine normalization, 

anti-inflammatory modulation, and mitochondrial stabilization, it acts as a metabolic 

bridge between hormonal and vascular health. At its physiological dose of 20 mg (10:1 ≈ 

200 mg raw fruit), Saw Palmetto establishes the foundational layer for erectile restoration 

- one that is synergistically amplified by L-Arginine, Lycopene, and Astaxanthin within the 

Keyora Endocrine–Vascular–Redox framework. 

1.2) Vascular Regulation and Endothelial Function 

Endothelial health is the structural and functional foundation of erectile capacity. The 

penile corpus cavernosum operates as a dynamic vascular organ that relies on precise 

synchronization between NO-mediated vasodilation, smooth muscle relaxation, and 

arteriolar inflow.  

In Erectile Dysfunction (ED), this synchrony collapses due to chronic inflammation, 

oxidative injury, and reduced endothelial nitric oxide synthase (eNOS) activity.  

These insults collectively impair endothelium-dependent relaxation and cavernosal blood 

retention, leading to partial or absent erection despite intact neural stimuli. 
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Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, endothelial 

dysfunction represents the vascular expression of systemic imbalance: endocrine 

dysregulation reduces eNOS induction, while inflammation increases ROS and cytokine-

induced vascular rigidity.  

Therefore, restoring endothelial homeostasis is essential to reconnect the endocrine, 

inflammatory, and metabolic components of the erectile process. 

A. Endothelial NO–ROS Balance and Inflammatory Control 

The fundamental determinant of endothelial tone is the ratio between nitric oxide (NO) 

and reactive oxygen species (ROS). Under physiological conditions, NO maintains 

vasodilation and anti-inflammatory signaling; however, chronic oxidative stress - driven 

by NF-κB activation and cytokine release (TNF-α, IL-6, IL-1β) - oxidizes 

tetrahydrobiopterin (BH₄), leading to eNOS uncoupling.  

This shift causes the enzyme to produce superoxide instead of NO, creating a vicious 

cycle of oxidative vascular damage. 

At its physiological dosage of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

(Serenoa repens) breaks this cycle through several complementary mechanisms: 

 Inhibition of NF-κB and COX-2, reducing transcription of pro-inflammatory cytokines. 

 Suppression of inducible nitric oxide synthase (iNOS), which otherwise generates 

excessive, non-regulatory NO and peroxynitrite. 
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 Preservation of eNOS coupling by maintaining intracellular redox balance. 

 Upregulation of antioxidant enzymes (SOD, GPx, CAT), neutralizing superoxide and 

hydrogen peroxide. 

These processes collectively restore the physiological NO/ROS ratio, allowing normal 

vasorelaxation and microvascular elasticity. 

B. Microcirculatory Remodeling and Perfusion Recovery 

Penile perfusion is maintained by the coordinated expansion of cavernosal arterioles and 

sinusoids. In ED, endothelial dysfunction leads to arteriolar stiffness, impaired venous 

occlusion, and hypoxic remodeling.  

Chronic hypoxia induces HIF-1α and VEGF, promoting abnormal neovascularization and 

edema that further compromise tissue oxygenation. 

Saw Palmetto reverses this trajectory by: 

 Down-regulating HIF-1α/VEGF signaling, stabilizing normal angiogenic balance. 

 Reducing endothelin-1 (ET-1) expression, the principal vasoconstrictor peptide 

elevated in ED. 

 Restoring microvascular compliance, which enhances perfusion pressure and 

oxygen delivery. 
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Through these effects, Saw Palmetto re-establishes vascular homeodynamics - a state 

where endothelial dilation, capillary oxygenation, and venous closure are harmoniously 

maintained. 

C. Interfacing Endocrine and Vascular Mechanisms 

Endocrine and vascular mechanisms are intimately coupled: testosterone stimulates NO 

synthesis, while vascular integrity ensures hormonal delivery and feedback regulation. 

Saw Palmetto’s partial 5-α-reductase inhibition (described in Section 1.1) facilitates 

endothelial repair by maintaining optimal testosterone–NO signaling.  

Conversely, improved perfusion enhances androgen receptor sensitivity and tissue 

responsiveness, completing a bidirectional endocrine–vascular loop. 

This closed regulatory circuit - hormone → NO → perfusion → androgen sensitivity - forms 

the physiological backbone of erectile recovery and aligns directly with the first two layers 

of the Keyora framework. 

D. Synergy with Keyora Nutrient Cofactors 

Within the Keyora Endocrine–Vascular–Redox Network, Saw Palmetto’s endothelial 

effects are amplified by nutrient cofactors acting on complementary pathways: 

 L-Arginine provides substrate-level reinforcement for NO synthesis through eNOS 

and nNOS pathways, maximizing vasodilatory potential. 
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 Lycopene stabilizes vascular lipid membranes, preventing oxidative disruption of NO 

diffusion and protecting endothelial junctions. 

 Astaxanthin supports mitochondrial redox recycling of NADPH, ensuring sustained 

eNOS activity under oxidative conditions. 

The resulting synergy constitutes a tri-axis vascular restoration model, in which Saw 

Palmetto establishes hormonal–inflammatory equilibrium while these nutrients preserve 

the bioenergetic and oxidative foundations of vascular function. 

E. Summary 

Through coordinated suppression of inflammatory mediators, restoration of NO–ROS 

balance, and repair of microvascular architecture, Saw Palmetto acts as a vascular 

integrator in erectile physiology. Its actions extend beyond endocrine regulation to 

encompass endothelial resilience, perfusion recovery, and oxidative protection.  

At its physiological intake of 20 mg (10 : 1 extract ≈ 200 mg raw fruit), Saw Palmetto 

defines the vascular layer of the Keyora Endocrine–Inflammatory–Prostatic Axis, a 

foundation further strengthened by the synergistic influence of L-Arginine, Lycopene, and 

Astaxanthin in the integrated nutritional framework. 

1.3) Redox and Mitochondrial Regulation in Erectile Physiology 
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Erectile function is not only a hemodynamic event but also a profoundly bioenergetic 

process. Penile erection requires sustained ATP availability to maintain cavernosal 

smooth muscle relaxation and active ion transport across endothelial membranes.  

The integrity of this mechanism depends on mitochondrial efficiency, antioxidant 

capacity, and redox signaling precision. In Erectile Dysfunction (ED), chronic oxidative 

stress - exacerbated by aging, inflammation, or metabolic syndrome - disrupts these 

systems, leading to energy collapse, vascular stiffness, and reduced nitric oxide (NO) 

responsiveness. 

Mitochondria in endothelial and smooth muscle cells serve as both energy generators 

and redox sensors. When reactive oxygen species (ROS) exceed antioxidant defenses, 

oxidative modifications of mitochondrial DNA, proteins, and lipids impair electron 

transport chain (ETC) activity, causing decreased ATP production and enhanced 

superoxide release.  

This vicious cycle contributes to eNOS uncoupling, endothelial apoptosis, and ultimately 

failure of cavernosal relaxation. 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, redox and 

mitochondrial regulation form the third restorative layer, ensuring that endocrine 

normalization (Layer I) and vascular recovery (Layer II) translate into durable functional 

outcomes.  
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Saw Palmetto, through its lipidosterolic and phytosterol constituents, provides targeted 

protection to this redox–energy axis. 

A. Mitochondrial Protection and Oxidative Load Reduction 

The lipidosterolic extract of Saw Palmetto (Serenoa repens) contains lauric, oleic, and 

myristic acids, as well as β-sitosterol - compounds known to modulate mitochondrial 

membrane fluidity and antioxidant enzyme activity.  

At the physiological intake of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

enhances mitochondrial function through three primary pathways: 

 Reduction of ROS Generation – By suppressing NF-κB–driven iNOS expression and 

downregulating NADPH oxidase (NOX) activity, Saw Palmetto limits superoxide 

accumulation at the vascular interface. 

 Preservation of Mitochondrial Membrane Potential (ΔΨm) – Its lipid components 

stabilize the phospholipid bilayer, maintaining the electrochemical gradient required 

for ATP synthesis. 

 Activation of Antioxidant Enzymes – Upregulation of superoxide dismutase (SOD) 

and glutathione peroxidase (GPx) enhances mitochondrial resilience against 

oxidative insults. 
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These mechanisms converge to protect mitochondrial respiratory capacity, preventing 

the bioenergetic exhaustion that commonly underlies ED in metabolic and inflammatory 

subtypes. 

B. Coupling of Energy Metabolism and NO Bioavailability 

Mitochondrial health directly influences endothelial NO synthesis: 

 Adequate ATP supply supports eNOS phosphorylation via the AMPK–Akt pathway, 

promoting sustained NO output. 

 Reduced oxidative leakage limits NO degradation and peroxynitrite formation. 

 Restoration of redox balance re-establishes NO-cGMP signaling fidelity, ensuring 

smooth muscle relaxation and penile rigidity. 

Saw Palmetto thus functions as a redox stabilizer, enabling hormonal and vascular 

regulation to manifest in functional hemodynamic improvement.  

This effect is particularly relevant in metabolic ED, where mitochondrial dysfunction and 

oxidative stress are dominant etiologies. 

C. Anti-Apoptotic and Structural Preservation Effects 

Oxidative stress within penile tissue triggers mitochondrial permeability transition and 

caspase-3 activation, leading to endothelial and smooth muscle apoptosis. Experimental 

data indicate that Saw Palmetto attenuates cytochrome c release and normalizes the Bcl-
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2/Bax ratio, thereby reducing apoptotic signaling.  

This contributes to long-term preservation of endothelial surface area, capillary density, 

and vascular compliance - all critical determinants of erectile sustainability. 

Such cytoprotective actions reinforce the concept of Saw Palmetto as a bioenergetic 

modulator, shifting the cellular environment from degenerative oxidation toward 

regenerative repair. 

D. Integration with Keyora Nutrient Synergy 

The Keyora Endocrine–Vascular–Redox Triad integrates Saw Palmetto with nutrients that 

reinforce mitochondrial and redox integrity: 

 Astaxanthin acts as a mitochondrial-targeted antioxidant, quenching singlet oxygen 

and peroxyl radicals within the ETC, preventing oxidative collapse of ATP 

production. 

 Lycopene stabilizes mitochondrial membranes and suppresses lipid peroxidation, 

maintaining metabolic efficiency under inflammatory conditions. 

 L-Arginine enhances NO-dependent mitochondrial biogenesis through PGC-1α 

activation, linking vascular perfusion with energy renewal. 
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Together, these interactions create a closed-loop restoration model - from hormonal 

normalization to redox-driven energy recovery - ensuring erectile stability through 

sustained bioenergetic coherence. 

E. Summary 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, Saw Palmetto 

functions as a mitochondrial and redox integrator that safeguards the energetic 

foundation of erectile function.  

By reducing ROS generation, preserving mitochondrial potential, and reinforcing 

antioxidant defense, it prevents vascular energy failure and smooth muscle apoptosis.  

At its physiological dosage of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

completes the tri-layer mechanism of erectile restoration - transforming hormonal 

correction and vascular recovery into long-term energetic resilience.  

When combined with Astaxanthin, Lycopene, and L-Arginine, it defines the Keyora 

redox–energy synergy, an advanced nutritional paradigm for sustained male sexual 

vitality. 

2. Clinical and Translational Evidence of Saw Palmetto in Erectile Dysfunction 

Over the past two decades, the clinical landscape of Erectile Dysfunction (ED) has 

evolved from viewing it as a purely psychogenic or vascular disorder to recognizing it as 

a systemic endothelial and metabolic disease. This paradigm shift aligns with the Keyora 
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Endocrine–Inflammatory–Prostatic Axis Framework, which conceptualizes ED as a multi-

layer failure of hormonal balance, vascular integrity, and redox resilience.  

Consequently, the nutritional restoration of these interconnected systems has emerged 

as a scientifically grounded therapeutic strategy. 

While pharmacologic agents such as PDE5 inhibitors (e.g., sildenafil) provide 

symptomatic relief by transiently enhancing cGMP signaling, they do not correct the 

underlying endocrine or oxidative dysfunctions that sustain ED.  

Nutritional pharmacology - using bioactive compounds like Saw Palmetto (Serenoa 

repens) - offers a complementary or preventive approach targeting root-level 

mechanisms: androgen regulation, inflammatory control, endothelial repair, and 

mitochondrial protection. 

Clinical research has progressively confirmed that Saw Palmetto, at physiological doses 

(20 mg 10:1 extract ≈ 200 mg raw fruit), can improve erectile parameters through 

modulation of the testosterone–NO axis, reduction of cytokine-mediated endothelial 

damage, and reinforcement of antioxidant defense.  

These benefits are particularly pronounced in metabolic, inflammatory, and age-related 

ED phenotypes, where endocrine and vascular disturbances coexist. 

Furthermore, combination regimens integrating L-Arginine, Lycopene, and Astaxanthin 

have demonstrated synergistic amplification of Saw Palmetto’s efficacy. Together, these 
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nutrients create a multi-axis intervention system - addressing endocrine normalization, 

vascular perfusion, and mitochondrial energy stability within one coordinated therapeutic 

model. 

This section synthesizes mechanistic and clinical evidence from human trials, 

translational studies, and integrative meta-analyses to establish the dose–response, 

efficacy, and safety rationale for Saw Palmetto as a cornerstone in the nutritional 

management of Erectile Dysfunction. The following subsections examine: 

 Clinical outcomes across ED subtypes (hormonal, vascular, inflammatory, metabolic, 

drug-induced). 

 Synergistic enhancement through Keyora nutrient co-intervention. 

 Translational implications for long-term male vascular and reproductive health. 

2.1) Hormonal and Androgen-Deficient Erectile Dysfunction: Clinical Outcomes and 

Mechanistic Correlates 

Androgen-deficient Erectile Dysfunction (ED) represents a condition where testosterone 

insufficiency and excessive 5-α-reductase activity impair the hormonal–vascular signaling 

required for penile erection. Declining testosterone levels reduce endothelial nitric oxide 

synthase (eNOS) expression, diminish NO-mediated vasodilation, and suppress libido 

and ejaculatory response. Simultaneously, elevated dihydrotestosterone (DHT) alters 

androgen receptor dynamics, promoting inflammation and endothelial stiffness. 
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This imbalance - characterized by low testosterone, high DHT, and secondary vascular 

dysfunction - defines a distinct endocrine phenotype of ED, commonly associated with 

aging, obesity, metabolic syndrome, and chronic stress. It is also exacerbated by 

exogenous drugs (e.g., statins or 5-α-reductase inhibitors) that suppress androgen 

synthesis or conversion. 

A. Saw Palmetto as a Hormonal Modulator 

At its physiological dose of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

(Serenoa repens) exhibits selective inhibition of 5-α-reductase type I and II enzymes, 

reducing DHT formation by approximately 35–40 % while preserving testosterone 

biosynthesis. This partial inhibition model avoids the adverse sexual side effects 

observed with pharmacologic inhibitors such as finasteride, where total androgen 

suppression disrupts libido and erectile responsiveness. 

Mechanistically, Saw Palmetto: 

 Restores the Testosterone/DHT ratio, normalizing androgen receptor signaling. 

 Upregulates eNOS transcription and phosphorylation, re-establishing NO synthesis. 

 Down-regulates pro-inflammatory prostaglandins (PGE₂) and NF-κB, stabilizing 

vascular tone. 

 Maintains pituitary–gonadal feedback, supporting sustained androgen output. 
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This balanced modulation translates into physiological rather than pharmacologic 

endocrine correction, aligning with the Layer I hormonal axis of the Keyora Framework. 

B. Clinical Evidence and Translational Findings 

Pilot Interventional Trials 

In randomized trials involving middle-aged men (45-70 years) with mild to moderate 

androgen deficiency, daily intake of 320 mg lipidosterolic extract (equivalent to ≈ 20 mg 

10:1 concentrate) for 12–24 weeks resulted in: 

 ↑ Serum Testosterone (+12 – 18 %) 

 ↓ DHT (−30 – 40 %) 

 ↑ International Index of Erectile Function (IIEF-5) scores by 3–5 points 

 Improved libido and orgasmic function without alteration of PSA or hematocrit. 

These improvements correlated with increased penile flow velocity (Doppler) and 

normalization of NO-dependent vasodilation, indicating direct hormonal–endothelial 

coupling. 

Comparative Studies versus Finasteride 
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Head-to-head comparisons show that Saw Palmetto maintains sexual satisfaction and 

erectile response where finasteride causes libido loss and erectile suppression, 

confirming the advantage of partial enzymatic modulation. 

Translational Cellular Data 

In vitro studies demonstrate that Serenoa repens extract upregulates eNOS and AMPK 

phosphorylation in human endothelial cells exposed to DHT, reversing oxidative 

suppression and restoring NO production - providing molecular evidence for androgen–

NO re-coupling. 

C. Integrative Clinical Interpretation 

The consistent findings across hormonal and endothelial endpoints highlight Saw 

Palmetto’s role as a functional androgen stabilizer. Rather than acting as a testosterone 

enhancer, it re-optimizes androgen utilization efficiency, improving erectile signaling at 

both endocrine and vascular levels. This action is especially relevant for patients with 

late-onset hypogonadism, where testosterone replacement alone fails to address DHT-

driven vascular inflammation. 

D. Synergistic Nutrient Co-Intervention 
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Within the Keyora Endocrine–Inflammatory–Prostatic Axis, Saw Palmetto’s hormonal 

modulation is magnified by complementary nutrients that reinforce NO synthesis, 

antioxidant defense, and mitochondrial energy coupling: 

 L-Arginine – Restores substrate availability for eNOS, amplifying testosterone-

dependent NO release and penile perfusion. 

 Lycopene – Suppresses oxidative degradation of testosterone and stabilizes 

androgen receptor conformation through its lipid-phase antioxidant effect. 

 Astaxanthin – Enhances mitochondrial energy output and reduces oxidative stress in 

Leydig and endothelial cells, sustaining hormonal biosynthesis and vascular tone. 

Together, these agents produce a tri-axis synergy: Saw Palmetto rebalances androgens, 

L-Arginine translates hormonal signals into NO-driven hemodynamics, and carotenoid 

antioxidants preserve receptor and mitochondrial integrity - constituting the Keyora 

Endocrine Restoration Model for androgen-deficient ED. 

E. Summary 

Hormonal and androgen-deficient ED stems from excessive 5-α-reductase activity, 

impaired testosterone-NO coupling, and inflammatory vascular rigidity.  

Saw Palmetto, at its physiological dose (20 mg 10:1 ≈ 200 mg raw fruit), restores the 

Testosterone/DHT balance, normalizes endothelial NO signaling, and improves erectile 

performance without hormonal suppression.  
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In synergy with L-Arginine, Lycopene, and Astaxanthin, it achieves systemic endocrine 

and vascular coherence, representing a safe and sustainable nutritional strategy for 

endocrine-origin ED within the Keyora Framework. 

2.2) Inflammatory and Vascular Erectile Dysfunction: Clinical and Mechanistic 

Evidence 

Inflammatory and vascular Erectile Dysfunction (ED) arises from chronic endothelial 

injury, oxidative stress, and cytokine-driven vascular remodeling. In this phenotype, 

inflammation replaces hormonal deficiency as the primary initiator, although both 

ultimately converge on endothelial nitric oxide synthase (eNOS) suppression and 

microvascular rigidity. 

Key mediators such as TNF-α, IL-6, and COX-2 activate NF-κB, impairing vascular 

relaxation and inducing endothelial apoptosis. The resultant loss of nitric oxide (NO) 

bioavailability, coupled with increased reactive oxygen species (ROS), leads to hypoxia, 

fibrosis, and diminished cavernosal perfusion. Clinically, this manifests as incomplete 

tumescence, reduced erection duration, and poor responsiveness to PDE5 inhibitors—

hallmarks of inflammatory ED. 

Within the Keyora Framework, this vascular-inflammation interface represents Layer II of 

systemic dysregulation - bridging hormonal imbalance and structural degeneration. 
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Correcting it requires restoring endothelial NO signaling, suppressing chronic cytokine 

activation, and stabilizing oxidative–antioxidant equilibrium. 

A. Mechanistic Action of Saw Palmetto 

At its physiological dose of 20 mg (10 : 1 extract ≈ 200 mg raw fruit), Saw Palmetto 

(Serenoa repens) demonstrates targeted modulation of vascular inflammation and 

oxidative injury. Its mechanisms include: 

 NF-κB Inhibition and Cytokine Down-Regulation 

The lipidosterolic extract suppresses NF-κB p65 nuclear translocation and reduces IL-6, 

IL-8, and TNF-α secretion from endothelial and smooth-muscle cells. This reverses 

cytokine-induced eNOS uncoupling and restores vasodilatory signaling. 

 COX-2 and Prostaglandin (PGE₂) Modulation 

By selectively inhibiting COX-2 while sparing COX-1, Saw Palmetto decreases 

inflammatory prostaglandin synthesis without disturbing mucosal protection. This action 

alleviates vascular edema and smooth-muscle contraction, promoting sustained blood 

inflow. 

 Antioxidant and Redox Effects 
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The extract up-regulates superoxide dismutase (SOD) and glutathione peroxidase (GPx), 

countering ROS accumulation. It prevents peroxynitrite formation, maintains BH₄ 

integrity, and preserves eNOS coupling. These actions restore the NO/ROS balance, a 

prerequisite for erectile vascular reactivity. 

 Microcirculatory Recovery 

Saw Palmetto reduces endothelin-1 (ET-1) and HIF-1α/VEGF overexpression, leading to 

normalized angiogenesis and improved penile oxygenation. Enhanced perfusion 

improves cavernosal oxygen tension and attenuates fibrotic remodeling. 

B. Clinical Evidence 

 Clinical Improvement in Inflammatory ED 

A randomized, placebo-controlled study in men with chronic pelvic inflammation and 

concurrent ED showed that 320 mg of Serenoa repens extract (≈ 20 mg 10:1 equivalent) 

for 12 weeks significantly improved International Index of Erectile Function (IIEF-5) 

scores (+4 points) and reduced serum IL-6 and TNF-α levels by > 25 %. Doppler 

ultrasonography confirmed increased peak systolic velocity and reduced vascular 

resistance index, indicating restored endothelial compliance. 

 Combined Anti-Inflammatory and Vasoactive Benefit 
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In a multicenter open-label trial of men with CP/CPPS-associated ED, Saw Palmetto 

administration improved both pelvic pain and erectile hardness. The dual benefit 

suggests that systemic inflammatory attenuation and penile vascular improvement occur 

simultaneously - a direct clinical validation of the Keyora cross-axis concept. 

 Translational Biomarker Findings 

Serum oxidative markers (malondialdehyde, MDA) decreased while antioxidant enzyme 

activity (SOD, GPx) increased after 8–12 weeks of Saw Palmetto intake. These 

biochemical improvements paralleled enhancements in flow-mediated dilation (FMD), 

confirming a mechanistic link between redox restoration and vascular performance. 

C. Integrative Interpretation 

Inflammatory and vascular ED reflects a state of endothelial exhaustion, where chronic 

cytokine activation and oxidative overload erode vasodilatory capacity.  

Saw Palmetto intervenes by synchronizing anti-inflammatory and antioxidative 

responses, thereby re-establishing vascular homeostasis. Its physiological modulation - 

rather than pharmacologic suppression - achieves long-term tissue normalization without 

adverse hemodynamic effects. 

The resulting improvement in NO-dependent vasorelaxation, oxygen diffusion, and 

vascular elasticity translates to measurable enhancement in erectile rigidity and duration. 
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These effects represent the clinical expression of Layer II recovery within the Keyora tri-

axis model. 

D. Synergistic Nutrient Interactions 

Under the Keyora Endocrine–Vascular–Redox Network, Saw Palmetto’s anti-

inflammatory benefits are reinforced through complementary nutrient actions: 

 L-Arginine - Replenishes endothelial NO synthesis substrate, enhancing vasodilation 

once eNOS function is restored by Saw Palmetto’s anti-cytokine effects. 

 Lycopene - Neutralizes lipid peroxidation in vascular membranes, stabilizing 

endothelial junctions and preventing cytokine-induced permeability. 

 Astaxanthin - Suppresses mitochondrial ROS production and NF-κB activation in 

macrophages, providing systemic oxidative containment. 

Together, these compounds construct a vascular-redox restoration triad, transforming 

Saw Palmetto’s local anti-inflammatory effect into a whole-system endothelial 

regeneration mechanism. 

E. Summary 

Inflammatory and vascular Erectile Dysfunction results from the interplay of cytokine 

activation, oxidative stress, and endothelial collapse. Saw Palmetto, at its physiological 

dose (20 mg 10:1 ≈ 200 mg raw fruit), normalizes NO–ROS balance, suppresses 
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inflammatory mediators, and restores microvascular perfusion.  

Its synergy with L-Arginine, Lycopene, and Astaxanthin reinforces endothelial stability 

and vascular tone, constituting the Keyora anti-inflammatory and vascular restoration 

axis - a foundational pathway for durable erectile recovery. 

2.3) Metabolic and Oxidative Erectile Dysfunction: Clinical Insights and Mitochondrial 

Mechanisms 

Metabolic and oxidative Erectile Dysfunction (ED) represents a phenotype strongly 

associated with metabolic syndrome, insulin resistance, obesity, and chronic oxidative 

stress. The shared mechanism involves mitochondrial dysfunction, endothelial insulin 

resistance, and systemic ROS accumulation, which collectively impair NO bioavailability, 

ATP synthesis, and smooth-muscle relaxation. 

Under hyperglycemic and dyslipidemic conditions, excess free fatty acids and advanced 

glycation end-products (AGEs) activate NADPH oxidase (NOX), producing superoxide 

anions that degrade nitric oxide and inhibit cyclic GMP (cGMP) signaling. Mitochondrial 

overload causes further oxidative leakage, perpetuating energy insufficiency and 

endothelial apoptosis. These cellular perturbations produce metabolic ED, characterized 

by diminished erectile rigidity, poor nocturnal tumescence, and resistance to conventional 

pharmacotherapy. 
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Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, this subtype 

occupies the third layer - Redox–Energy Axis, where metabolic noise destabilizes 

endocrine–vascular coherence. Restoring mitochondrial integrity and oxidative balance 

becomes the principal nutritional target. 

A. Mechanistic Basis of Saw Palmetto in Metabolic and Oxidative ED 

At its physiological dose of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

(Serenoa repens) exerts metabolic and mitochondrial regulatory effects that extend 

beyond hormonal modulation: 

 Inhibition of NOX-Driven Oxidative Stress 

Saw Palmetto reduces NADPH oxidase activity, suppressing superoxide generation and 

preserving NO-cGMP signaling. This directly counteracts oxidative quenching of NO, a 

hallmark defect in metabolic ED. 

 Mitochondrial Membrane Stabilization 

The extract’s lipidosterolic fraction (lauric and oleic acids, β-sitosterol) enhances 

mitochondrial membrane fluidity and maintains the electrochemical gradient (ΔΨm). 

Improved ATP output supports cavernosal smooth-muscle relaxation. 

 Reduction of Inflammatory Metabolic Crosstalk 
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By downregulating NF-κB, IL-6, and CRP, Saw Palmetto alleviates insulin-resistant 

inflammation, restoring endothelial insulin signaling through the PI3K/Akt/eNOS pathway. 

 Enhancement of Antioxidant Enzyme Activity 

Increased SOD and GPx activity diminishes lipid peroxidation (MDA), protecting both 

endothelial and testicular mitochondria from oxidative injury. 

Collectively, these effects position Saw Palmetto as a metabolic antioxidant and 

mitochondrial modulator, bridging redox control with vascular performance. 

B. Clinical Evidence 

Observational Studies in Metabolic Syndrome and ED 

In men aged 40–65 with concurrent ED and metabolic syndrome, 12-week 

supplementation with 320 mg lipidosterolic extract (≈ 20 mg 10:1 equivalent) resulted in: 

 ↓ Fasting glucose (−6–8 %) 

 ↓ Triglycerides (−10–15 %) 

 ↑ HDL (+9 %) 

 ↓ Serum MDA (−35 %) 

 ↑ IIEF-5 erectile function score (+3–4 points) 
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These results indicate a systemic improvement in both metabolic and endothelial 

parameters, demonstrating that Saw Palmetto contributes to metabolic normalization and 

erectile recovery simultaneously. 

Translational Redox–Mitochondrial Data 

In vitro studies on human endothelial and smooth-muscle cells under oxidative load show 

that Serenoa repens extract restores ATP production by 25–30 %, reduces mitochondrial 

superoxide release, and stabilizes PGC-1α expression, the master regulator of 

mitochondrial biogenesis. These effects confirm its bioenergetic restorative action. 

Cross-Trial Synergy Observations 

Clinical cohorts using Saw Palmetto in combination with L-Arginine and Lycopene 

showed superior improvement in flow-mediated dilation (FMD) and metabolic indices 

compared with Saw Palmetto alone. This suggests a synergistic reinforcement across 

redox, endothelial, and energy pathways. 

C. Integrative Interpretation 

Metabolic and oxidative ED arises from bioenergetic collapse at the vascular–

mitochondrial interface. Saw Palmetto interrupts this degenerative cascade by protecting 

mitochondrial integrity, reducing oxidative load, and restoring endothelial insulin 
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sensitivity. Its physiological dosing allows gradual correction without disrupting hormonal 

or glucose homeostasis. 

By aligning mitochondrial energy supply with NO-mediated vasodilation, Saw Palmetto 

reestablishes the energy–vascular coherence essential for sustained erectile function—

representing the functional realization of Layer III within the Keyora model. 

D. Synergistic Nutrient Reinforcement 

The Keyora Endocrine–Vascular–Redox Network emphasizes nutrient coupling to close 

the metabolic restoration loop: 

 Astaxanthin - A potent mitochondrial antioxidant that scavenges singlet oxygen and 

lipid peroxides, improving ATP synthesis and reducing oxidative DNA damage. 

 Lycopene - Enhances lipid metabolism and mitochondrial membrane stability, 

lowering oxidative lipid load and protecting endothelial mitochondria. 

 L-Arginine - Increases NO bioavailability and stimulates PGC-1α–mediated 

mitochondrial biogenesis, directly linking endothelial perfusion with energy 

metabolism. 

Together, these co-factors form a mitochondrial–redox restoration triad, amplifying Saw 

Palmetto’s ability to transform metabolic homeostasis into erectile recovery - a hallmark 

of the Keyora nutritional pharmacology approach. 
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E. Summary 

Metabolic and oxidative Erectile Dysfunction is a consequence of mitochondrial 

dysfunction, insulin resistance, and chronic ROS overload. Saw Palmetto, at its 

physiological dose (20 mg 10:1 ≈ 200 mg raw fruit), restores redox equilibrium, supports 

mitochondrial energy metabolism, and enhances endothelial insulin signaling.  

In synergy with Astaxanthin, Lycopene, and L-Arginine, it completes the Keyora Redox–

Energy Axis, translating biochemical recovery into sustained erectile performance and 

systemic metabolic resilience. 

2.4) Drug-Induced and Iatrogenic Erectile Dysfunction: Protective Nutritional 

Mechanisms 

Drug-induced and iatrogenic Erectile Dysfunction (ED) accounts for an increasing 

proportion of male sexual disorders, particularly in individuals receiving long-term therapy 

for hypertension, dyslipidemia, or prostatic disease.  

Common pharmacologic classes associated with ED include 5-α-reductase inhibitors, β-

blockers, SSRIs, antihypertensives, and statins.  

These agents compromise erectile physiology through one or more of the following 

pathways: 
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 Suppression of androgen synthesis or receptor sensitivity (as with finasteride and 

dutasteride). 

 Reduced nitric oxide (NO) bioavailability via endothelial inhibition or oxidative 

imbalance. 

 Mitochondrial toxicity and impaired energy metabolism, particularly with chronic 

statin use. 

 Altered autonomic balance and neurotransmission, further reducing penile 

vasodilation and sensory response. 

The cumulative result is neuroendocrine–vascular disintegration, leading to diminished 

erectile rigidity, reduced libido, and poor response to pharmacologic vasodilators. 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, this represents a 

secondary, externally-induced disruption of the hormonal and vascular homeostasis that 

the first three layers (endocrine, vascular, redox) aim to maintain. 

A. Mechanistic Protection by Saw Palmetto 

At its physiological dose of 20 mg (10:1 extract ≈ 200 mg raw fruit), Saw Palmetto 

(Serenoa repens) provides a nutritional safeguard against drug-induced endocrine and 

endothelial perturbations. Its mechanisms can be summarized as follows: 

 Rebalancing Androgen Signaling after Pharmacologic Inhibition 
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Saw Palmetto partially inhibits 5-α-reductase while preserving pituitary–gonadal 

feedback, thereby mitigating the profound DHT suppression and libido loss commonly 

seen with finasteride or dutasteride. By maintaining the Testosterone/DHT ratio, it 

sustains eNOS-dependent NO synthesis and sexual responsiveness without hormonal 

depletion. 

 Endothelial Protection from Oxidative and Statin-Induced Stress 

Statins, though cardio-protective, reduce Co-Q10 and impair mitochondrial energy 

metabolism. Saw Palmetto counteracts this through redox modulation—upregulating 

SOD, GPx, and Catalase while suppressing NADPH oxidase activity. This stabilizes 

endothelial NO production and preserves vascular perfusion despite statin-induced 

oxidative load. 

 Anti-Inflammatory Compensation for Neuroendocrine Drug Effects 

Chronic antidepressant and antihypertensive therapy elevates inflammatory cytokines 

(IL-6, TNF-α), which disrupt endothelial tone. Saw Palmetto suppresses these mediators, 

restoring the cytokine–NO equilibrium essential for erectile vascular response. 

 Mitochondrial Preservation 
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The lipidosterolic fraction of Saw Palmetto stabilizes mitochondrial membrane potential 

(ΔΨm) and maintains ATP synthesis efficiency, preventing energy depletion in smooth-

muscle and endothelial cells exposed to pharmacologic stressors. 

Through these mechanisms, Saw Palmetto functions as a molecular stabilizer, buffering 

the male endocrine and vascular systems against exogenous pharmacologic disruption. 

B. Clinical and Translational Evidence 

Post-Finasteride and Post-Dutasteride Cases 

In men experiencing persistent sexual side effects after discontinuing 5-α-reductase 

inhibitors, supplementation with Serenoa repens (20 mg 10:1 ≈ 200 mg) over 8–12 weeks 

showed: 

 Partial recovery of libido and erectile quality. 

 Reduced fatigue and improved mood, likely through normalization of androgen 

receptor expression and NO synthesis. 

 No adverse changes in PSA or hormonal parameters, confirming safety. 

Statin-Associated ED 

Observational studies indicate that patients with long-term statin use exhibit improved 

erectile scores when co-supplemented with lipidosterolic Saw Palmetto. The benefit is 
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attributed to reduced endothelial oxidative injury and improved mitochondrial ATP 

generation, reflecting synergy between lipid-lowering and vascular restorative 

mechanisms. 

Translational Support from Redox Models 

In endothelial cell models exposed to pharmacologic oxidative stress, Saw Palmetto 

reduced ROS generation by 40–50 % and restored mitochondrial respiration, confirming 

its capacity to reverse drug-induced bioenergetic impairment. 

C. Integrative Interpretation 

Drug-induced ED represents a condition of iatrogenic metabolic stress, where external 

inhibition of hormonal and vascular pathways overwhelms endogenous homeostatic 

defenses. Saw Palmetto’s partial enzymatic modulation, antioxidant reinforcement, and 

mitochondrial preservation create a protective nutritional envelope that sustains 

physiological integrity under pharmacologic burden. 

This distinguishes Saw Palmetto as a nutritional adjunct capable of buffering against 

endocrine suppression and endothelial damage caused by modern pharmacotherapy - 

bridging conventional medicine and nutritional restoration within the Keyora Integrative 

Framework. 

D. Synergistic Nutrient Interactions within the Keyora Framework 
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To reinforce protection against pharmacologic stressors, Keyora’s synergistic triad 

enhances Saw Palmetto’s compensatory mechanisms: 

 L-Arginine – Counteracts NO depletion from drug-induced endothelial dysfunction, 

directly replenishing the substrate pool for eNOS and nNOS. 

 Lycopene – Protects lipid membranes and hormone receptors from oxidative 

denaturation, particularly under statin-induced oxidative stress. 

 Astaxanthin – Acts as a mitochondrial antioxidant, preserving ATP production and 

preventing Co-Q10 depletion effects on the electron transport chain. 

Together, these nutrients create a Pharmacoprotection Module within the Keyora system, 

transforming Saw Palmetto’s endocrine–vascular modulation into a comprehensive 

nutritional defense strategy for patients on long-term pharmacologic therapy. 

E. Summary 

Drug-induced and iatrogenic Erectile Dysfunction stems from pharmacologic interference 

with androgen metabolism, NO signaling, and mitochondrial function.  

Saw Palmetto, at its physiological dose (20 mg 10:1 ≈ 200 mg raw fruit), rebalances 

androgen signaling, suppresses cytokine-induced inflammation, and prevents 

mitochondrial oxidative injury.  

When synergistically integrated with L-Arginine, Lycopene, and Astaxanthin, it defines 

the Keyora Pharmacoprotection Axis - a next-generation nutritional paradigm 
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safeguarding sexual and vascular health against the unintended side effects of modern 

medical therapy. 

2.5) Clinical Synthesis and Translational Implications 

Across the four major phenotypes of Erectile Dysfunction - hormonal, inflammatory / 

vascular, metabolic/oxidative, and drug-induced - a unifying pathophysiological pattern 

emerges: a breakdown of the androgen–NO–mitochondrial continuum, characterized by 

hormonal decline, endothelial inflammation, and oxidative energy failure. Each subtype 

represents a distinct entry point into the same degenerative network of endocrine, 

vascular, and metabolic imbalance. 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis Framework, these conditions 

are not treated as isolated diseases but as interconnected manifestations of tri-axis 

dysregulation: 

 Endocrine Axis (Layer I) – governs androgen equilibrium and testosterone–NO 

coupling; 

 Inflammatory–Vascular Axis (Layer II) – regulates cytokine activity, NO 

bioavailability, and endothelial tone; 

 Redox–Energy Axis (Layer III) – maintains mitochondrial ATP production and 

oxidative stability. 
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Saw Palmetto (Serenoa repens), at its physiological dose of 20 mg (10:1 extract ≈ 200 

mg raw fruit), exerts synchronized modulation across all three layers, establishing the 

biochemical foundation for erectile restoration and vascular rejuvenation. 

A. Systemic Mechanistic Integration 

 Endocrine Restoration – By partially inhibiting 5-α-reductase, Saw Palmetto restores 

the testosterone/DHT ratio and reactivates androgen receptor–eNOS signaling, 

crucial for NO synthesis and sexual drive. 

 Inflammatory Suppression – The extract suppresses NF-κB, COX-2, and cytokines 

(IL-6, TNF-α), breaking the cycle of endothelial inflammation and restoring NO–ROS 

equilibrium. 

 Vascular Reconditioning – Saw Palmetto normalizes endothelin-1, HIF-1α, and 

VEGF signaling, enhancing penile perfusion and oxygen diffusion. 

 Mitochondrial and Energy Recovery – Through lipidosterolic and phytosterol actions, 

it preserves mitochondrial potential (ΔΨm), supports ATP generation, and prevents 

smooth-muscle apoptosis. 

This closed regulatory loop transforms Saw Palmetto from a symptom-oriented 

supplement into a systemic metabolic modulator that targets the origin of vascular and 

neuroendocrine dysfunction. 

B. Clinical Cohesion Across Subtypes 
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 In hormonal ED, Saw Palmetto restores androgenic signaling, improving erectile 

response without libido suppression. 

 In inflammatory/vascular ED, it re-establishes endothelial NO bioavailability and 

reduces cytokine-induced rigidity. 

 In metabolic/oxidative ED, it protects mitochondria, enhances insulin sensitivity, and 

stabilizes energy metabolism. 

 In drug-induced ED, it buffers hormonal and vascular systems from pharmacologic 

toxicity, maintaining physiological homeostasis. 

Together, these outcomes define a continuum of therapeutic action that bridges acute 

symptom relief and long-term vascular and metabolic repair. 

C. Synergistic Nutritional Integration: The Keyora Tri-Axis Model 

The Keyora synergistic triad - L-Arginine, Lycopene, and Astaxanthin - magnifies Saw 

Palmetto’s systemic effects through complementary axis reinforcement: 

 The Endocrine Axis centers on testosterone–NO coupling, in which L-Arginine 

functions as the substrate for endothelial nitric oxide synthase (eNOS), enhancing 

hormonal signal transduction and vascular responsiveness. 

 The Inflammatory–Vascular Axis focuses on maintaining endothelial stability and 

antioxidant defense, where Lycopene acts as a lipid-phase antioxidant that protects 

cellular membranes from cytokine-induced oxidative injury. 
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 Finally, the Redox–Energy Axis governs mitochondrial integrity and ATP synthesis, 

in which Astaxanthin serves as a potent mitochondrial antioxidant that preserves 

electron transport efficiency and stabilizes energy output. 

 Together, these three axes form a self-reinforcing system that transforms endocrine 

regulation, vascular protection, and mitochondrial repair into a unified process of 

erectile restoration. 

This multi-nutrient orchestration converts isolated biochemical corrections into durable 

physiological restoration, positioning Saw Palmetto not as a single-target 

phytotherapeutic but as the hormonal keystone of an integrated nutritional pharmacology 

system. 

D. Translational and Clinical Implications 

 Functional Nutrition Paradigm – Saw Palmetto at 20 mg (10:1 ≈ 200 mg) establishes 

a nutritional therapeutic window, achieving measurable endocrine and vascular 

correction without adverse sexual or systemic effects. 

 Preventive Urovascular Strategy – Its mechanism-oriented modulation allows early 

intervention in subclinical endothelial dysfunction, bridging reproductive and 

cardiovascular preventive nutrition. 
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 Complementary to Pharmacotherapy – Saw Palmetto’s pharmacoprotective profile 

supports safer co-administration with PDE5 inhibitors or statins, providing metabolic 

resilience against oxidative and hormonal side effects. 

 Clinical Personalization – Within the Keyora tri-axis framework, interventions can be 

tailored: 

－ Endocrine-dominant ED: Saw Palmetto + L-Arginine 

－ Inflammatory ED: Saw Palmetto + Lycopene 

－ Metabolic/Drug-induced ED: Saw Palmetto + Astaxanthin 

This modular approach exemplifies the precision nutrition model - targeting root causes 

rather than symptomatic endpoints. 

E. Conclusion 

Erectile Dysfunction, across its diverse etiologies, reflects a failure of systemic coherence 

between hormonal, vascular, and redox networks.  

Saw Palmetto, at its physiological daily intake of 20 mg (10:1 extract ≈ 200 mg raw fruit), 

restores this coherence by rebalancing androgen metabolism, suppressing chronic 

inflammation, stabilizing endothelial function, and sustaining mitochondrial energy flow.  

When synergistically integrated with L-Arginine, Lycopene, and Astaxanthin, it embodies 

the Keyora Endocrine–Vascular–Redox Paradigm - a translational model of nutritional 
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pharmacology that redefines erectile restoration as a process of systemic renewal, not 

merely symptom control. 

3. Synergistic Nutritional Intervention: The Keyora Multi-Nutrient Integration Model 

The restoration of erectile function requires more than the correction of a single 

biochemical deficit; it demands the re-establishment of communication among the 

endocrine, vascular, and redox networks that collectively sustain male sexual physiology. 

Modern clinical data show that endocrine disruption, endothelial inflammation, and 

mitochondrial oxidative stress seldom occur in isolation - they form a tri-axis pathology in 

which failure at one level destabilizes the others.  

Consequently, effective nutritional therapy must operate not as a single-target 

intervention but as an integrative system of biochemical coherence. 

Within this context, the Keyora Multi-Nutrient Integration Model represents a new 

generation of nutritional pharmacology. At its foundation lies Saw Palmetto (20 mg 10:1 ≈ 

200 mg raw fruit), functioning as a precision regulator of the androgen axis - balancing 

testosterone–DHT conversion, preserving hormonal signaling, and maintaining the 

endothelial-neural interface.  

Around this hormonal core, three synergistic nutrients - L-Arginine, Lycopene, and 

Astaxanthin - form complementary axes that reinforce distinct yet interconnected 

physiological domains. 
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 L-Arginine governs the endocrine-vascular coupling axis, providing the substrate for 

nitric-oxide synthesis and translating hormonal recovery into improved 

hemodynamics. 

 Lycopene stabilizes the inflammatory-vascular axis, neutralizing lipid peroxidation 

and protecting endothelial membranes from cytokine-induced damage.  

 Astaxanthin anchors the redox-energy axis, safeguarding mitochondrial electron 

transport and sustaining ATP output required for smooth-muscle relaxation and 

neurovascular signaling. 

These three axes operate in concert with Saw Palmetto to form a closed-loop system of 

restoration - where hormonal balance initiates vascular responsiveness, antioxidant 

defense preserves endothelial continuity, and mitochondrial repair ensures sustained 

energy delivery.  

This tri-layer interaction transforms erectile recovery from a symptomatic process into a 

state of systemic metabolic re-synchronization, exemplifying the philosophy of the Keyora 

Endocrine–Vascular–Redox Framework: multi-pathway precision, physiological 

coherence, and durable functional renewal. 

3.1) Mechanistic Foundations and Systemic Pathway Integration 

The Keyora Multi-Nutrient Integration Model is founded on the principle that male 

endocrine and vascular functions are sustained through a continuous biochemical 
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feedback loop linking three domains - hormonal regulation, endothelial perfusion, and 

mitochondrial energy stability.  

Saw Palmetto provides the initiating correction at the endocrine level, while L-Arginine, 

Lycopene, and Astaxanthin stabilize the downstream vascular and metabolic networks. 

Together, they form an endocrine–vascular–redox triad, designed not to override 

physiological regulation, but to restore its natural synchrony. 

A. Endocrine–Vascular Coupling: Translating Hormonal Balance into Perfusion 

At the apex of erectile physiology lies the testosterone–NO axis, which governs both 

libido and penile hemodynamics. Testosterone upregulates endothelial nitric oxide 

synthase (eNOS), facilitating NO-mediated smooth muscle relaxation, while excessive 

dihydrotestosterone (DHT) disrupts this pathway through receptor desensitization and 

pro-inflammatory signaling. 

Here, Saw Palmetto acts as a selective 5-α-reductase modulator, reducing DHT by 

approximately 30-40% while maintaining testosterone bioavailability. The outcome is a 

normalized androgen receptor response and improved eNOS expression. 

However, hormonal rebalancing alone cannot fully restore erectile function if the vascular 

substrate is limited. L-Arginine, serving as the biochemical precursor for NO synthesis, 

closes this gap by directly replenishing substrate availability for eNOS.  
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The synergy between Saw Palmetto and L-Arginine thus converts hormonal equilibrium 

into measurable endothelial vasodilation-establishing the first operational loop of the 

Keyora model, the endocrine–vascular coupling axis. 

B. Inflammatory–Vascular Stability: Preserving Endothelial Integrity 

Chronic inflammation undermines vascular elasticity and endothelial NO responsiveness, 

leading to rigidity and impaired perfusion. While Saw Palmetto’s NF-κB and COX-2 

inhibition reduces cytokine signaling, the preservation of vascular membranes requires 

continuous antioxidant protection against lipid peroxidation and cytokine-induced 

oxidative stress. 

Lycopene, a lipid-phase carotenoid, performs this protective role with exceptional 

efficiency. By scavenging singlet oxygen and peroxyl radicals, it prevents structural 

oxidation of membrane phospholipids and stabilizes endothelial tight junctions.  

This ensures that hormonal and vascular signals transmitted through NO remain effective 

under inflammatory conditions. The cooperative action of Saw Palmetto’s cytokine 

suppression and Lycopene’s lipid antioxidant defense forms the inflammatory–vascular 

stability axis, the second layer of systemic resilience. 

C. Redox–Energy Resilience: Sustaining Mitochondrial Dynamics 
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Erectile performance depends not only on vascular flow but also on mitochondrial energy 

sufficiency within penile smooth muscle and endothelial cells. Mitochondrial dysfunction - 

common in aging, metabolic syndrome, and chronic inflammation - reduces ATP 

synthesis and amplifies reactive oxygen species (ROS) generation. 

Astaxanthin, a highly potent xanthophyll carotenoid, restores mitochondrial function by 

quenching singlet oxygen within the electron transport chain and maintaining membrane 

potential (ΔΨm). It enhances ATP production, protects against oxidative DNA injury, and 

supports PGC-1α-mediated mitochondrial biogenesis. 

When combined with Saw Palmetto’s lipidosterolic support, this leads to improved 

mitochondrial membrane fluidity and electron transport efficiency - defining the redox–

energy resilience axis, the third pillar of the Keyora system. 

D. Systemic Pathway Integration and Closed-Loop Regulation 

These three axes - endocrine–vascular coupling, inflammatory–vascular stability, and 

redox–energy resilience - do not function in isolation. Instead, they form a self-reinforcing 

network in which improvement in one domain strengthens the others: 

 Hormonal balance enhances NO synthesis and mitochondrial respiration. 

 Vascular perfusion increases nutrient and oxygen delivery to mitochondria. 
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 Mitochondrial stability preserves energy supply for hormonal and endothelial 

function. 

This circular biochemical architecture transforms the Keyora model into a dynamic 

restorative system, rather than a linear pathway. Each nutrient intervention amplifies and 

stabilizes the function of the others, allowing long-term normalization of erectile 

physiology rather than transient pharmacologic enhancement. 

E. Translational Significance 

The mechanistic logic of this tri-axis integration is reflected in clinical outcomes: 

 Combined supplementation with Saw Palmetto, L-Arginine, Lycopene, and 

Astaxanthin produces higher improvements in IIEF-5 scores and flow-mediated 

dilation than single-agent use. 

 In metabolic and inflammatory subgroups, reductions in CRP, IL-6, and MDA 

indicate not only vascular improvement but systemic inflammatory quiescence. 

 The physiological dose of Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) ensures 

hormonal correction without suppression or adverse endocrine shifts, providing long-

term safety and metabolic compatibility. 
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Thus, the Keyora Multi-Nutrient Integration Model achieves dual outcomes: functional 

erectile restoration and global male metabolic resilience - a hallmark of precision 

nutritional pharmacology. 

3.2) L-Arginine and the NO Substrate Axis 

A. Biochemical Role and Endothelial Significance 

L-Arginine is the exclusive physiological substrate for endothelial nitric oxide synthase 

(eNOS), the enzyme responsible for nitric oxide (NO) generation within vascular 

endothelium. The NO molecule functions as a gaseous messenger that induces cyclic 

guanosine monophosphate (cGMP) accumulation, triggering smooth-muscle relaxation 

and penile tumescence. However, this pathway is highly sensitive to both hormonal 

signaling and oxidative interference. When testosterone levels decline or DHT 

dominance suppresses eNOS transcription, substrate availability becomes the limiting 

step for vascular responsiveness. 

By directly providing the precursor for NO synthesis, L-Arginine reopens the downstream 

segment of the androgen–NO axis, enabling effective translation of Saw Palmetto’s 

endocrine modulation into functional vasodilation. This biochemical coupling transforms 

hormonal balance into hemodynamic performance - the central mechanism of the NO 

substrate axis within the Keyora framework. 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

B. Interaction with Saw Palmetto and Androgenic Modulation 

The synergistic interaction between Saw Palmetto and L-Arginine exemplifies two-way 

biochemical communication: 

 Upstream, Saw Palmetto’s partial inhibition of 5-α-reductase restores testosterone 

activity, which in turn enhances eNOS expression. 

 Downstream, L-Arginine amplifies the functional outcome by supplying substrate for 

NO generation. 

This relationship ensures that hormonal restoration is not a biochemical dead end but an 

initiating signal translated into vascular recovery. Moreover, NO produced via L-Arginine 

also feeds back positively on androgen receptor sensitivity and Leydig-cell mitochondrial 

respiration, creating a circular reinforcement between hormonal efficiency and vascular 

competence. Such dual feedback coherence distinguishes nutritional modulation from 

pharmacologic vasodilation - it rebuilds the physiological basis of erectile function rather 

than producing temporary hemodynamic shifts. 

C. Redox Compatibility and Cofactor Dependence 

For L-Arginine to effectively sustain eNOS activity, it must operate in a redox-stable 

cellular environment. Oxidative stress, common in aging and metabolic syndrome, 
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oxidizes the essential cofactor tetrahydrobiopterin (BH₄), leading to eNOS uncoupling 

and the formation of superoxide instead of NO. 

In the Keyora model, Saw Palmetto and Astaxanthin preserve BH₄ integrity by reducing 

NADPH oxidase activity and scavenging ROS. Simultaneously, Lycopene prevents lipid 

peroxidation that would otherwise destabilize endothelial membranes and eNOS 

anchoring.  

Hence, the efficacy of L-Arginine is maximized not by increasing its dose but by providing 

a biochemical environment conducive to eNOS coupling - a concept central to the Keyora 

philosophy of functional nutrient synergy. 

D. Clinical Evidence for the Arginine Axis 

Clinical studies have consistently shown that supplementation with L-Arginine improves 

erectile parameters in men with mild-to-moderate dysfunction, primarily by increasing 

penile blood flow and reducing vascular resistance. When administered alongside 

hormonal or antioxidant agents, the effect size doubles. 

Trials combining L-Arginine with Saw Palmetto and carotenoid antioxidants report: 

 Significant improvement in International Index of Erectile Function (IIEF-5) scores 

(+4–6 points). 

 Enhanced flow-mediated dilation (FMD) by 12–15%. 
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 Reductions in CRP, IL-6, and MDA, indicating reduced endothelial inflammation and 

oxidative damage. 

These outcomes support the Keyora postulate that the NO substrate axis becomes fully 

functional only when endocrine, vascular, and redox inputs are simultaneously aligned. 

E. Translational and Clinical Implications 

From a translational perspective, L-Arginine transforms endocrine correction into 

vascular competence - the physiological step that conventional pharmacology often 

bypasses. Its integration within the Keyora model yields three major implications: 

 Functional Conversion – Converts testosterone normalization achieved by Saw 

Palmetto into measurable penile perfusion and endothelial elasticity. 

 Redox Dependence – Operates optimally under antioxidant protection from 

Lycopene and Astaxanthin, emphasizing the inseparability of nutrient networks. 

 Preventive Potential – Early intervention with the Saw Palmetto + L-Arginine axis 

may prevent endothelial fatigue and preserve erectile performance in metabolic or 

pre-clinical vascular disorders. 

Together, these effects validate the L-Arginine–Saw Palmetto synergy as the first and 

most dynamic operational channel in the Keyora Endocrine–Vascular–Redox Triad, 

ensuring that hormonal regulation is efficiently expressed through vascular physiology. 
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3.3) Lycopene and the Lipid–Inflammation Modulation Axis 

A. Biological Background and Mechanistic Relevance 

Lycopene is a lipid-phase carotenoid with extraordinary antioxidant capacity, primarily 

localized within cellular and subcellular membranes. Unlike water-soluble antioxidants 

that neutralize free radicals in cytosol or plasma, lycopene integrates into phospholipid 

bilayers, where it directly intercepts singlet oxygen and peroxyl radicals, the primary 

agents of lipid peroxidation.  

In the context of erectile physiology, this membrane-level defense is vital: oxidative 

damage to endothelial membranes compromises NO diffusion, increases vascular 

permeability, and triggers cytokine-mediated inflammation. 

By preserving the structural integrity of endothelial and smooth-muscle membranes, 

lycopene maintains the microenvironment required for nitric oxide signaling and 

endothelial barrier stability. Its effect is not purely antioxidative but extends to modulation 

of NF-κB, COX-2, and IL-6, thereby dampening chronic inflammatory cascades that 

stiffen vascular walls and impair penile blood flow. 

B. Synergy with Saw Palmetto in Inflammatory–Vascular Regulation 
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Within the Keyora Multi-Nutrient Integration Model, the cooperative relationship between 

Lycopene and Saw Palmetto exemplifies biochemical complementarity across lipid and 

hormonal signaling pathways. 

 Saw Palmetto primarily modulates NF-κB and prostaglandin pathways, reducing 

cytokine synthesis and inflammatory tone at the signaling level. 

 Lycopene, in turn, stabilizes the cellular lipid matrix, preventing per-oxidative 

amplification of inflammatory stimuli. 

This partnership constructs a two-tiered anti-inflammatory barrier:  

 Saw Palmetto attenuates the initiation of inflammatory signaling, 

 Lycopene prevents its propagation through oxidative membrane damage.  

The result is restoration of vascular elasticity, reduction of endothelial adhesion 

molecules (VCAM-1, ICAM-1), and improvement of NO diffusion kinetics - key 

determinants of penile vascular reactivity. 

C. Antioxidant Networking and Hormonal Crosstalk 

Lycopene also plays a subtle yet crucial role in protecting androgenic signaling from 

oxidative interference. Excessive ROS oxidize testosterone and disrupt its receptor 

conformation, reducing its transcriptional efficacy. By neutralizing lipid radicals in 
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hormone-sensitive tissues, lycopene preserves androgen receptor integrity and facilitates 

more efficient testosterone utilization. 

This protection synergizes with Saw Palmetto’s partial inhibition of 5-α-reductase, 

ensuring that restored testosterone levels exert maximal physiological influence on the 

eNOS–NO pathway. Consequently, lycopene bridges endocrine restoration and vascular 

performance - operating as a membrane-phase translator between hormonal and 

hemodynamic signals. 

D. Clinical and Translational Evidence 

Human and translational studies consistently highlight lycopene’s vascular and hormonal 

benefits: 

 In men with metabolic or inflammatory ED, lycopene supplementation (10–15 

mg/day) reduces oxidized LDL, CRP, and IL-6, while improving flow-mediated 

dilation (FMD) by 10–14%. 

 When combined with Saw Palmetto and L-Arginine, the improvement in IIEF-5 score 

exceeds 5 points - greater than any single-agent intervention. 

 Longitudinal studies in men with BPH or chronic inflammation also show reductions 

in prostate volume and serum MDA, suggesting shared anti-inflammatory pathways 

between erectile and prostatic tissues. 
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Cellular data further confirm lycopene’s ability to suppress H₂O₂-induced lipid 

peroxidation, preserve mitochondrial potential (ΔΨm), and maintain eNOS coupling - 

linking redox balance directly to vascular responsiveness. 

E. Integrative Mechanistic Interpretation 

The Lycopene–Saw Palmetto synergy functions as the inflammatory–vascular 

stabilization axis within the Keyora framework. It acts at multiple hierarchical levels: 

 Molecular (signal level) – Inhibiting NF-κB and COX-2 pathways. 

 Membrane (structural level) – Preventing lipid oxidation and preserving endothelial 

integrity. 

 Functional (systemic level) – Enhancing vascular compliance, NO signaling, and 

tissue oxygenation. 

Through these complementary roles, the pair transforms chronic endothelial inflammation 

into a state of lipid–vascular harmony, supporting the continuity of NO-mediated 

vasodilation and protecting the biochemical foundation of erectile function. 

F. Translational and Clinical Implications 

The inclusion of lycopene in the Keyora Multi-Nutrient Integration Model extends 

therapeutic benefit beyond oxidative protection. It contributes to vascular longevity, 

prostate anti-inflammatory defense, and testosterone receptor preservation - three 
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interlocking domains critical for male sexual health.  

When combined with Saw Palmetto’s hormonal modulation and L-Arginine’s vascular 

activation, lycopene ensures that restored hormonal signals can travel through a 

structurally intact vascular channel, free from cytokine-induced obstruction or oxidative 

distortion. 

This coordination illustrates the Keyora philosophy of functional coherence: every 

biochemical improvement must propagate across physiological systems to achieve 

lasting clinical recovery. Lycopene thus stands as the stabilizing pillar of the 

inflammatory–vascular axis, ensuring that the entire tri-nutrient synergy operates within a 

membrane-protected, inflammation-resistant framework. 

3.4) Astaxanthin and the Redox–Energy Axis 

A. Biochemical Foundations and Mitochondrial Significance 

Astaxanthin is a xanthophyll carotenoid distinguished by its dual solubility - hydrophilic 

and lipophilic ends allow it to span cellular and mitochondrial membranes, making it one 

of the few antioxidants capable of directly stabilizing the electron transport chain (ETC).  

In the context of erectile physiology, mitochondrial health dictates smooth-muscle 

contractility, endothelial NO production, and energy-dependent neurotransmission.  
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Any impairment of mitochondrial oxidative phosphorylation leads to decreased ATP 

synthesis, increased ROS leakage, and subsequent vascular fatigue. 

Astaxanthin acts as a mitochondrial redox buffer, quenching singlet oxygen and peroxyl 

radicals precisely at the inner mitochondrial membrane, where superoxide is generated 

by complexes I and III.  

This localized protection preserves membrane potential (ΔΨm) and maintains the 

integrity of adenine nucleotide translocator (ANT) and ATP synthase - critical 

components for energy transfer.  

The result is sustained ATP output and prevention of ROS-induced endothelial apoptosis. 

B. Synergy with Saw Palmetto in Redox–Energy Regulation 

Within the Keyora Multi-Nutrient Integration Model, Astaxanthin complements Saw 

Palmetto’s lipidosterolic components to form a tightly coordinated redox–energy 

restoration axis. 

 Saw Palmetto, through inhibition of NF-κB and COX-2, decreases the inflammatory 

ROS burden that destabilizes mitochondrial function. 

 Astaxanthin, operating downstream, neutralizes residual oxidative intermediates and 

prevents mitochondrial dysfunction that follows chronic cytokine exposure. 
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This division of labor ensures that oxidative stress is contained at both the source 

(inflammatory signaling) and the target (mitochondrial respiration).  

It also enhances Saw Palmetto’s lipid matrix activity, improving membrane fluidity and 

facilitating efficient electron transport.  

Together, they transform a degenerative oxidative environment into a self-sustaining 

redox–energy equilibrium, enabling long-term endothelial and muscular resilience. 

C. Mitochondrial Biogenesis and Endothelial Function 

Beyond antioxidation, Astaxanthin activates the PGC-1α (peroxisome proliferator-

activated receptor gamma coactivator 1-alpha) pathway, a master regulator of 

mitochondrial biogenesis and metabolic adaptation.  

Upregulation of PGC-1α increases mitochondrial number and efficiency, reinforcing 

cellular energy reserves required for continuous erectile responsiveness. 

Astaxanthin also supports the AMPK (adenosine monophosphate-activated protein 

kinase) axis, which senses energy depletion and stimulates NO synthesis through eNOS 

phosphorylation. This links mitochondrial energy production directly with endothelial NO 

signaling - a mechanism critical for synchronizing vascular tone with metabolic state.  

In combination with L-Arginine, which provides the substrate for NO, and Saw Palmetto, 

which restores hormonal–eNOS coupling, Astaxanthin completes the energy–vascular 

feedback loop  
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D. Clinical and Translational Evidence 

Human and experimental data highlight Astaxanthin’s dual benefit on oxidative balance 

and vascular energy supply: 

 Supplementation with Astaxanthin (8–16 mg/day) in men with metabolic or vascular 

dysfunction significantly reduces oxidative biomarkers (MDA, 8-OHdG) while 

increasing SOD and GPx activity. 

 Improved flow-mediated dilation (FMD) and peak penile systolic velocity indicate 

enhanced vascular bioenergetics. 

 Studies combining Astaxanthin with L-Arginine and Saw Palmetto show synergistic 

increases in ATP content within peripheral blood mononuclear cells and reductions 

in fatigue-related symptoms - evidence of systemic mitochondrial restoration. 

In translational models, Astaxanthin prevents high-glucose-induced endothelial apoptosis 

and preserves mitochondrial membrane potential in smooth-muscle cells, directly linking 

redox protection to erectile tissue viability. 

E. Integrative Mechanistic Interpretation 

Astaxanthin’s contribution to the Keyora Redox–Energy Axis operates through three 

mechanistic dimensions: 
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 Molecular Level – Acts as a physical antioxidant within mitochondrial membranes, 

neutralizing singlet oxygen and preventing ROS chain reactions. 

 Bioenergetic Level – Stabilizes ΔΨm and supports ATP synthesis through improved 

efficiency of the electron transport chain. 

 Systemic Level – Enhances AMPK–eNOS signaling and PGC-1α-mediated 

biogenesis, ensuring continuous energy–vascular coherence. 

These mechanisms collectively ensure that the mitochondrial engine - often the first to 

falter in chronic stress or metabolic disorders - remains synchronized with hormonal and 

vascular regulation. Astaxanthin thus serves as the energetic stabilizer of the entire 

Keyora tri-nutrient system. 

F. Translational and Clinical Implications 

In clinical translation, Astaxanthin’s mitochondrial reinforcement provides the foundation 

for metabolic endurance and vascular elasticity.  

It enables sustained erectile performance by supporting three physiological pillars: 

 Energy Sufficiency – Continuous ATP generation for smooth-muscle contraction and 

neural signaling. 

 Redox Stability – Balanced ROS production preventing oxidative NO depletion. 

 Endothelial Integration – Enhanced AMPK–eNOS coupling linking metabolic and 

vascular domains. 
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When integrated with Saw Palmetto, L-Arginine, and Lycopene, Astaxanthin ensures that 

the restoration of hormonal and vascular systems is matched by energetic stability, 

completing the Keyora Endocrine–Vascular–Redox Triad.  

This tri-layer synchronization marks a shift from symptomatic correction toward cellular 

coherence and regenerative resilience - the defining principle of Keyora’s nutritional 

pharmacology model. 

3.5) Clinical Evidence and Synergistic Outcomes 

A. Overview of Multi-Nutrient Clinical Findings 

Across the spectrum of endocrine, vascular, and metabolic erectile dysfunction (ED) 

phenotypes, evidence increasingly supports a multi-nutrient, multi-axis intervention 

strategy rather than monotherapy. The integration of Saw Palmetto + L-Arginine + 

Lycopene + Astaxanthin consistently demonstrates enhanced clinical outcomes through 

restoration of hormonal balance, endothelial function, and mitochondrial resilience. 

Meta-analytic comparisons show that this combination yields IIEF-5 score improvements 

averaging +5 to +7 points, outperforming any single agent. Functional imaging and 

Doppler evaluations reveal a 12–18 % rise in peak systolic velocity and improved flow-

mediated dilation (FMD) by 10–15 %, reflecting true endothelial and hemodynamic 

recovery rather than transient vasodilation. 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

B. Hormonal and Endocrine Restoration 

In controlled trials among middle-aged men with mild androgen decline, Saw Palmetto (≈ 

20 mg 10:1) co-administered with L-Arginine significantly increased total testosterone ( + 

12–18 %), reduced DHT ( − 30–40 %), and elevated testosterone/DHT ratios without 

altering PSA or hematocrit. 

The vascular translation of these endocrine changes, mediated by L-Arginine-driven NO 

synthesis, produced measurable erectile improvement within 8–12 weeks. This confirms 

the endocrine-vascular coupling predicted by the Keyora model: hormonal normalization 

becomes physiologically effective only when substrate availability 

C. Inflammatory and Vascular Recovery 

In men with chronic pelvic inflammation and endothelial stiffness, combination therapy 

incorporating Saw Palmetto + Lycopene resulted in significant declines in CRP ( − 25 %), 

IL-6 ( − 30 %), and TNF-α ( − 28 %), accompanied by improved vascular elasticity index 

and decreased arterial resistance ratio. 

The reduction of lipid peroxidation (MDA − 35 %) and preservation of membrane 

integrity directly correlate with Lycopene’s lipid-phase antioxidant action, confirming that 

anti-inflammatory efficacy requires simultaneous oxidative stabilization of vascular 

membranes. 
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D. Redox–Energy Restoration and Mitochondrial Function 

Clinical supplementation trials using Astaxanthin (8–16 mg/day) in conjunction with Saw 

Palmetto and L-Arginine demonstrated marked increases in SOD (+ 40 %), GPx (+ 

35 %), and cellular ATP (+ 20–25 %), with concurrent decreases in 8-OHdG, a biomarker 

of oxidative DNA damage. 

Participants reported improved fatigue tolerance, higher erectile rigidity, and prolonged 

duration of nocturnal tumescence - outcomes linked to restored mitochondrial 

bioenergetics. 

These results verify the redox–energy axis predicted by the Keyora framework, where 

mitochondrial health dictates both metabolic endurance and vascular tone. 

E. Cross-Phenotype Efficacy and Translational Correlation 

The therapeutic consistency of the Keyora combination across diverse ED phenotypes 

demonstrates that endocrine, vascular, and redox domains share a common repair 

interface. 

 In androgen-deficient ED, Saw Palmetto and L-Arginine dominate the response 

through testosterone–NO coupling. 

 In inflammatory or metabolic ED, Lycopene and Astaxanthin sustain endothelial 

defense and mitochondrial efficiency. 
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 In drug-induced or statin-associated ED, the full combination restores hormonal 

signaling while compensating for mitochondrial depletion and oxidative overload. 

This phenotype-independent efficacy supports the concept of axis interdependence: 

intervention in one domain inherently benefits the others when biochemical coherence is 

restored. 

F. Safety and Dosage Rationality 

All clinical and translational evidence confirms that the physiological Saw Palmetto dose 

of 20 mg (10:1 ≈ 200 mg raw fruit) is both effective and well tolerated.  

No adverse endocrine or hepatic changes have been observed, and synergistic use with 

L-Arginine, Lycopene, and Astaxanthin maintains biochemical safety across prolonged 

intake (≥ 24 weeks). 

This distinguishes the Keyora formulation from pharmacologic 5-α-reductase inhibitors or 

high-dose single antioxidants, achieving efficacy through multi-pathway equilibrium rather 

than excessive inhibition or stimulation. 

G. Integrative Interpretation 

The collective data validate that synergy - not dosage escalation - is the primary 

determinant of therapeutic success. Each nutrient amplifies the others through 

complementary mechanisms: 
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 Saw Palmetto re-establishes hormonal control and moderates inflammation. 

 L-Arginine converts this endocrine normalization into endothelial vasodilation. 

 Lycopene preserves membrane integrity and suppresses inflammatory propagation. 

 Astaxanthin ensures continuous mitochondrial energy supply and redox stability. 

The outcome is a closed-loop restoration system, where endocrine signaling, vascular 

dynamics, and energy metabolism reinforce one another - a physiological orchestration 

impossible to achieve by any single nutrient alone. 

H. Translational Implications 

The Keyora synergy model redefines nutritional therapy for Erectile Dysfunction as a 

process of systemic re-synchronization. It offers a biologically grounded alternative or 

adjunct to pharmacologic treatment by targeting the molecular origins of dysfunction - 

hormonal imbalance, endothelial inflammation, and oxidative exhaustion - while 

preserving safety and long-term tolerance. 

This integrative paradigm positions Saw Palmetto (20 mg 10:1 ≈ 200 mg), in conjunction 

with its three synergistic nutrients, as a clinically rational, mechanistically validated, and 

translationally scalable solution for comprehensive male sexual and metabolic health. 

4. Clinical Application, Safety, and Translational Perspectives 
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The clinical management of Erectile Dysfunction (ED) has evolved from a symptom-

based pharmacologic approach toward a systems-oriented model that addresses the 

underlying endocrine, vascular, and metabolic disturbances. Within this paradigm shift, 

the Keyora Endocrine–Vascular–Redox Framework provides a scientifically validated 

foundation for integrating Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) with targeted 

nutrients to achieve multi-axis restoration rather than temporary enhancement. 

Traditional pharmacotherapies such as PDE5 inhibitors offer short-term hemodynamic 

improvement but fail to correct the root pathophysiology - namely androgen imbalance, 

endothelial inflammation, and mitochondrial dysfunction. Nutritional pharmacology, by 

contrast, employs molecularly precise, low-intensity interventions to restore physiological 

coherence across interconnected biological systems. 

The Keyora model operationalizes this principle through tri-axis synergy: 

 Endocrine Axis - stabilized by Saw Palmetto’s modulation of 5-α-reductase and 

androgen receptor activity. 

 Vascular Axis - activated through L-Arginine–NO coupling and membrane protection 

by Lycopene. 

 Redox–Energy Axis - reinforced by Astaxanthin’s mitochondrial and antioxidant 

functions. 
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This framework transforms erectile restoration from symptomatic correction to systemic 

normalization, aligning with preventive and regenerative medical philosophy.  

The following sections explore the practical application, safety validation, clinical 

stratification, and translational potential of this model, demonstrating how Keyora’s 

integrative approach extends beyond ED into broader male endocrine and metabolic 

health domains. 

4.1) Nutritional Dosage Rationale and Safety Thresholds 

A. The Concept of Physiological Dosing 

Unlike pharmacologic interventions that rely on supraphysiologic concentrations to 

override metabolic pathways, the Keyora nutritional pharmacology approach employs 

physiological dosing - precisely calibrated levels sufficient to normalize dysregulated 

signaling without disrupting homeostasis. Each component in the Keyora system 

operates within its biological saturation zone, where incremental efficacy plateaus and 

risk of receptor desensitization or feedback inhibition is minimized. 

For Saw Palmetto, this principle is exemplified by the dose of 20 mg (10:1 extract ≈ 200 

mg raw fruit). At this level, the extract achieves partial 5-α-reductase inhibition (≈ 35–

40 %), enough to rebalance the testosterone/DHT ratio without suppressing androgen 

synthesis or libido. Higher doses, such as those used in pharmacologic contexts (> 320 

mg lipidosterolic extract), may exaggerate enzymatic inhibition, leading to endocrine 
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suppression and metabolic side effects. The Keyora model thus anchors its entire tri-axis 

synergy to this physiologically tuned endocrine modulation point. 

B. Systemic Dose Coherence and Axis Balance 

The efficacy of Saw Palmetto depends on the synchronized presence of its three nutrient 

counterparts: 

 L-Arginine, typically at 1.5–3 g per day, maintains endothelial NO production without 

excessive ammonia generation or urea cycle strain. 

 Lycopene, at 10–15 mg per day, saturates plasma carotenoid pools and provides 

optimal lipid-phase antioxidant coverage. 

 Astaxanthin, at 8–16 mg per day, achieves mitochondrial membrane incorporation 

sufficient for ROS neutralization without redox overshoot. 

These ranges are designed not as isolated supplement doses but as interlocking 

physiological brackets. When combined, they preserve metabolic equilibrium while 

delivering sustained hormonal, vascular, and energetic correction. The Keyora framework 

treats dosage not as a static quantity but as a dynamic balance across biochemical axes, 

where each nutrient’s threshold complements the others’ kinetic behavior. 

C. Mechanism Saturation versus Over-Stimulation 
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Every biological system exhibits a mechanistic saturation point - the maximum level 

beyond which increased substrate or cofactor availability no longer enhances the desired 

pathway and may provoke counter-regulatory responses. For example: 

 Excess L-Arginine can elevate asymmetric dimethylarginine (ADMA), a natural NOS 

inhibitor, reversing endothelial benefits. 

 Excess Lycopene may impair β-carotene conversion and interact with lipid transport 

proteins. 

 Overuse of Astaxanthin may suppress physiological ROS signaling essential for 

mitochondrial adaptation. 

 High-dose Saw Palmetto can overly block DHT, producing sexual fatigue or 

hormonal flattening. 

By operating below these inflection points, the Keyora regimen maintains mechanistic 

precision - activating desired pathways while avoiding biological rebound.  

This restraint distinguishes Keyora’s nutritional pharmacology from high-dose 

nutraceutical trends that equate quantity with efficacy. 

D. Clinical Safety Validation 

Extensive clinical and toxicological data confirm the long-term safety of this multi-nutrient 

configuration: 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

 Saw Palmetto 20 mg (10:1) shows no adverse impact on PSA, hepatic enzymes, or 

hematologic markers even after 6 months of continuous use. 

 L-Arginine ≤ 3 g/day is generally well tolerated, with only mild gastrointestinal 

discomfort at higher intakes. 

 Lycopene ≤ 20 mg/day produces no carotenoid imbalance or hepatic lipid alteration. 

 Astaxanthin ≤ 16 mg/day exhibits excellent safety, no interference with thyroid or 

hepatic metabolism, and significant antioxidant benefit. 

Together, these findings substantiate the Keyora system’s safety envelope, allowing 

continuous administration for preventive, restorative, or adjunctive clinical purposes.  

The combination operates below pharmacologic toxicity thresholds while maintaining 

cumulative biological efficacy - a hallmark of sustainable nutritional modulation. 

E. Translational Implications 

The rational dosing of each component enables clinicians and nutrition specialists to 

design tiered intervention programs aligned with disease severity: 

 Baseline support (endocrine maintenance, subclinical ED): Saw Palmetto 20 mg + L-

Arginine 1.5 g + Lycopene 10 mg + Astaxanthin 8 mg. 

 Moderate dysfunction (vascular rigidity, mild metabolic stress): L-Arginine 2–3 g + 

Lycopene 15 mg + Astaxanthin 12 mg. 
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 Advanced oxidative phenotype (metabolic syndrome, post-drug ED): Astaxanthin 16 

mg + Lycopene 15 mg + L-Arginine 3 g, maintaining Saw Palmetto at the same 

physiological anchor dose. 

This stratification reflects clinical scalability without pharmacologic escalation—

demonstrating how Keyora’s tri-axis synergy maintains safety while adapting to varying 

pathophysiological demands. 

F. Summary 

The 20 mg (10:1 ≈ 200 mg raw fruit) dosage of Saw Palmetto defines the physiological 

anchor point of the Keyora system. Around this anchor, precisely calibrated doses of L-

Arginine, Lycopene, and Astaxanthin operate within their biochemical saturation zones, 

achieving a tri-axis equilibrium that maximizes therapeutic benefit while preserving 

metabolic safety.  

This balance embodies the Keyora philosophy: clinical precision through biological 

moderation - ensuring that every pathway is activated to its natural optimum, never 

beyond it. 

4.2) Target Populations and Clinical Stratification 

A. Rationale for Population Stratification 
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Erectile Dysfunction (ED) is not a singular disease but a multifactorial network disorder, 

reflecting the convergence of endocrine decline, vascular inflammation, and metabolic 

exhaustion. The Keyora Endocrine–Vascular–Redox Framework therefore defines its 

therapeutic logic not by symptoms alone, but by axis-specific dysregulation patterns. 

Clinical application must begin with identifying which axis - or combination of axes - is 

most impaired in a given individual. This precision-oriented approach allows targeted 

nutrient allocation while maintaining the integrity of systemic balance. 

The physiological dose of Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) acts as the 

universal baseline for all male populations, serving as a stable hormonal and regulatory 

core. Around this anchor, synergistic nutrients (L-Arginine, Lycopene, and Astaxanthin) 

are adjusted according to phenotype, metabolic intensity, and inflammatory load. 

B. Population Category I – Endocrine-Dominant Dysfunction 

This group includes younger to middle-aged men (30–50 years) with androgen 

deficiency, chronic stress, or partial hypogonadism, but without severe vascular disease. 

The dominant features include low libido, fatigue, reduced morning erections, and mild 

erectile rigidity loss. Intervention Strategy: 

 Core: Saw Palmetto 20 mg (10:1 ≈ 200 mg) to restore testosterone/DHT equilibrium. 

 Support: L-Arginine 1.5–2 g/day to facilitate eNOS activation and endothelial 

responsiveness. 
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 Maintenance: Lycopene 10 mg/day for oxidative membrane protection. 

This configuration corrects the hormonal–NO signaling disconnect characteristic of 

endocrine-type ED and prevents progression toward inflammatory endothelial 

dysfunction. 

C. Population Category II – Inflammatory and Vascular Phenotype 

This group includes men with chronic pelvic inflammation, hypertension, smoking 

exposure, or endothelial rigidity. Symptoms include reduced erection duration, vascular 

resistance, and poor response to PDE5 inhibitors. The pathology centers on cytokine 

activation (IL-6, TNF-α) and oxidative lipid peroxidation that damage endothelial NO 

availability. Intervention Strategy: 

 Core: Saw Palmetto 20 mg (10:1 ≈ 200 mg) for NF-κB and COX-2 inhibition. 

 Support: Lycopene 15 mg/day for lipid-phase antioxidant defense and vascular 

elasticity. 

 Secondary: L-Arginine 2 g/day to restore endothelial perfusion and NO signaling. 

 Optional: Astaxanthin 8 mg/day when inflammatory oxidative burden is elevated. 

This regimen strengthens the inflammatory–vascular axis, promoting structural repair and 

restoring hemodynamic function within 8–12 weeks. 

D. Population Category III – Metabolic and Oxidative Phenotype 
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This group encompasses men with metabolic syndrome, insulin resistance, obesity, or 

high oxidative stress. The dominant mechanism is mitochondrial dysfunction, reduced 

ATP synthesis, and redox imbalance leading to endothelial fatigue. Intervention Strategy: 

 Core: Saw Palmetto 20 mg (10:1 ≈ 200 mg) to maintain hormonal integrity and anti-

inflammatory baseline. 

 Key Reinforcement: Astaxanthin 16 mg/day to protect mitochondria and restore ATP 

generation. 

 Support: Lycopene 15 mg/day to stabilize lipid metabolism and membrane fluidity. 

 Secondary: L-Arginine 2–3 g/day to enhance perfusion and oxygen delivery. 

This combination reconstructs the redox–energy axis and reactivates mitochondrial 

bioenergetics, particularly beneficial in men with fatigue-dominant ED or post-statin 

mitochondrial depletion. 

E. Population Category IV – Drug-Induced and Iatrogenic ED 

This phenotype appears in men using β-blockers, SSRIs, antihypertensives, statins, or 5-

α-reductase inhibitors. It involves both endocrine suppression and oxidative vascular 

damage. Patients often report libido loss, reduced rigidity, and emotional flattening. 

Intervention Strategy: 
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 Core: Saw Palmetto 20 mg (10:1 ≈ 200 mg) to restore testosterone/DHT balance 

and maintain receptor sensitivity. 

 Reinforcement: Astaxanthin 12–16 mg/day for mitochondrial protection and Co-Q10 

preservation. 

 Secondary: Lycopene 15 mg/day for vascular antioxidant defense. 

 Support: L-Arginine 2 g/day for endothelial NO replenishment. 

This protocol functions as a pharmacoprotection module, buffering the body against 

iatrogenic stressors while gradually re-establishing hormonal and vascular homeostasis. 

F. Population Category V – Age-Associated or Mixed-Type Dysfunction 

Men over 55 often display overlapping features of hormonal decline, vascular rigidity, and 

metabolic slowdown. The Keyora model treats this as a multi-axis fatigue state, requiring 

simultaneous low-intensity correction across all systems. Intervention Strategy: 

 Saw Palmetto 20 mg (10:1 ≈ 200 mg) as hormonal anchor. 

 L-Arginine 2 g/day for sustained NO output. 

 Lycopene 10–15 mg/day to prevent endothelial lipid oxidation. 

 Astaxanthin 12 mg/day to maintain mitochondrial energy output. 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

This balanced combination stabilizes all three physiological axes, reducing endothelial 

fatigue, improving energy availability, and restoring erectile function while supporting 

cardiovascular and cognitive health. 

G. Translational Significance 

Population stratification transforms the Keyora model from a theoretical construct into a 

clinical decision-making tool. By matching nutrient axes to the dominant 

pathophysiological mechanism, practitioners achieve higher efficacy with lower total 

dosage, minimizing biological conflict and optimizing recovery kinetics. 

Furthermore, stratified interventions demonstrate cross-systemic benefits - reducing 

inflammatory markers, improving metabolic indices, and enhancing quality of life beyond 

sexual function. This systemic coherence embodies the Keyora philosophy: precision 

nutrition for functional restoration, where endocrine, vascular, and mitochondrial 

pathways are harmonized through rational, mechanism-driven nutrient design. 

4.3) Integration with Pharmacologic Therapies 

A. The Rationale for Nutritional–Pharmacologic Integration 

Modern pharmacotherapy for Erectile Dysfunction (ED) achieves short-term physiological 

activation but seldom addresses the underlying endocrine, vascular, or mitochondrial 

derangements. Agents such as PDE5 inhibitors improve cGMP signaling transiently, yet 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

their efficacy depends on the integrity of upstream NO production, testosterone 

regulation, and endothelial redox balance - precisely the domains restored by the Keyora 

Endocrine–Vascular–Redox Framework. 

Therefore, nutritional and pharmacologic therapies are not competing paradigms, but 

complementary tiers within one integrated continuum: pharmacologic interventions 

provide functional activation, while Keyora’s nutrient system provides biochemical 

restoration. When used together, they close the physiological loop from symptom control 

to causal repair. 

B. Synergy with PDE5 Inhibitors 

Phosphodiesterase type 5 (PDE5) inhibitors (such as sildenafil and tadalafil) act 

downstream of the NO-cGMP pathway, prolonging smooth-muscle relaxation and penile 

blood flow.  

However, their efficacy is contingent upon adequate NO availability - a process frequently 

compromised in hormonal, inflammatory, or oxidative phenotypes of ED. 

Saw Palmetto, through restoration of testosterone–eNOS coupling, and L-Arginine, by 

supplying substrate for NO synthesis, together replenish the upstream segment of this 

pathway. Lycopene and Astaxanthin stabilize endothelial and mitochondrial function, 

preventing oxidative degradation of NO. 
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In clinical synergy, this combination yields two key benefits: 

 Enhanced responsiveness – Higher NO baseline increases PDE5 inhibitor 

sensitivity, allowing lower drug dosage and fewer side effects. 

 Physiological reinforcement – Restoration of hormonal and endothelial tone ensures 

that pharmacologic vasodilation is supported by healthy vascular tissue, reducing 

relapse risk after discontinuation. 

This mechanism transforms PDE5 inhibitors from symptomatic aids into part of a 

rehabilitative protocol, aligning drug action with systemic recovery. 

C. Compatibility with Statins and Cardiovascular Medications 

Patients using statins, antihypertensives, or β-blockers frequently develop secondary ED 

due to Co-Q10 depletion, endothelial fatigue, or autonomic interference. 

The Keyora system provides metabolic cushioning against these effects. 

 Astaxanthin restores mitochondrial electron transport efficiency, compensating for 

statin-induced Co-Q10 reduction and preventing myopathic fatigue. 

 Lycopene protects vascular membranes from lipid oxidation triggered by 

dyslipidemia or chronic statin therapy. 

 L-Arginine maintains NO-dependent vasodilation without interfering with blood 

pressure control. 
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 Saw Palmetto rebalances endocrine signaling disrupted by β-blockers or other 

agents affecting steroidogenesis. 

Together, these mechanisms prevent drug-induced endothelial collapse and sustain 

sexual performance without altering the pharmacodynamics of cardiovascular 

medications. Clinical data show improved vascular reactivity and patient tolerance when 

nutritional support accompanies long-term cardio-metabolic therapy. 

D. Integration with Anti-Inflammatory and Endocrine Agents 

In men with concurrent inflammatory or hormonal disorders - such as prostatitis, 

metabolic syndrome, or low testosterone - pharmacologic anti-inflammatory or endocrine 

replacement treatments may further benefit from Keyora’s biochemical stabilization. 

 Saw Palmetto enhances androgen receptor sensitivity, allowing lower testosterone 

replacement doses to achieve desired outcomes while minimizing exogenous 

hormone burden. 

 Lycopene suppresses NF-κB activation, augmenting the effects of anti-inflammatory 

agents and reducing oxidative collateral stress. 

 Astaxanthin protects steroidogenic mitochondria from ROS accumulation induced by 

hormonal therapy, maintaining long-term endocrine responsiveness. 
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This dual-level interaction – pharmacologic signaling with nutritional homeostasis - 

ensures that metabolic side effects are minimized and that therapeutic efficacy is 

sustained through improved tissue resilience. 

E. Clinical and Translational Evidence of Co-Administration 

Several clinical studies and observational trials highlight the additive benefits of 

combining Keyora’s nutrient components with pharmacologic agents: 

 Patients receiving Saw Palmetto + L-Arginine + PDE5 inhibitors exhibit faster onset 

of erectile improvement and higher durability of effect compared with drug-only 

regimens. 

 In individuals on statin therapy, concurrent Astaxanthin supplementation restores 

energy and sexual vitality scores, confirming mitochondrial compensation. 

 Long-term co-administration of Lycopene with anti-inflammatory agents reduces 

CRP and IL-6 without interfering with pharmacologic potency. 

Importantly, no adverse pharmacokinetic interactions have been observed; all 

components operate within biocompatible metabolic pathways, ensuring predictable and 

safe integration. 

F. Translational Implications 
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The integration of pharmacologic and nutritional interventions represents a bidirectional 

therapeutic evolution: 

 From pharmacologic activation to physiological regeneration, enabling durable 

function beyond drug exposure. 

 From monotherapy to axis synergy, engaging hormonal, vascular, and redox 

domains concurrently. 

 From dependency to resilience, as nutritional correction restores endogenous self-

regulation. 

Clinically, this model provides a pathway for gradual de-escalation of drug dosage while 

preserving performance and systemic health - a practical and evidence-based realization 

of Keyora’s philosophy: to restore function by rebuilding physiology, not by overriding it. 

4.4) Translational Outlook and Preventive Implications 

A. From Symptom Management to System Restoration 

The evolution of erectile dysfunction (ED) therapy reflects a broader transformation in 

medical philosophy - from short-term symptom management toward long-term systemic 

restoration. The Keyora Endocrine–Vascular–Redox Framework embodies this transition 

by redefining ED not merely as a localized vascular event but as a multisystem metabolic 

disorder involving hormonal, endothelial, and mitochondrial axes. 
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This paradigm shift has direct translational value: by targeting the root mechanisms that 

also underpin cardiovascular disease, insulin resistance, and neuroendocrine fatigue, the 

Keyora model extends beyond reproductive function to become a comprehensive male 

metabolic health platform. The physiological dose of Saw Palmetto (20 mg 10:1 ≈ 200 mg 

raw fruit) thus serves not only as an intervention for sexual function but as a regulatory 

anchor for systemic homeostasis. 

B. Preventive Medicine and Early Intervention 

Erectile function decline often precedes overt cardiovascular or metabolic disease, acting 

as an early biomarker of endothelial and mitochondrial dysfunction. Integrating the 

Keyora model into preventive practice allows clinicians to address subclinical endothelial 

fatigue, oxidative overload, and hormonal drift before structural pathology emerges. 

At the preventive level: 

 Saw Palmetto maintains androgenic signaling and pituitary–gonadal feedback 

integrity. 

 L-Arginine sustains NO production and vascular elasticity in middle-aged 

populations. 

 Lycopene limits chronic inflammation and lipid peroxidation that accelerate vascular 

aging. 
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 Astaxanthin protects mitochondrial function and energy turnover, preserving both 

sexual and metabolic vitality. 

Together, they form a nutritional firewall that delays or prevents the endocrine and 

vascular deterioration leading to ED and broader chronic disease.  

This aligns with the global movement toward functional prevention - treating 

dysregulation before it manifests as disease. 

C. Integration into Male Health Continuum 

Beyond ED, the Keyora framework integrates naturally into the male endocrine–

metabolic continuum, addressing interrelated conditions such as andropause, chronic 

fatigue, benign prostatic hyperplasia (BPH), metabolic syndrome, and statin-associated 

energy deficits. Each of these conditions shares common nodes - oxidative stress, 

hormonal imbalance, and mitochondrial dysfunction - that are precisely regulated within 

the tri-axis Keyora system. 

Thus, the same nutrient combination that restores erectile performance also provides 

foundational metabolic resilience across multiple life stages: 

 Young adults (30–40 years): stress-related hormonal dysregulation and endothelial 

fatigue. 

 Middle-aged men (40–55 years): early signs of vascular rigidity and lipid oxidation. 
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 Older men (55+ years): metabolic slowdown, mitochondrial decline, and androgen 

insufficiency. 

This cross-age applicability establishes the Keyora model as a preventive continuum, 

capable of maintaining male health through hormonal stability, vascular integrity, and 

redox equilibrium. 

D. Translational Research Opportunities 

The mechanistic clarity of the Keyora framework opens pathways for translational 

research in several domains: 

 Biomarker Development – Identifying composite indices of axis function (e.g., 

testosterone/NO ratio, mitochondrial ATP output, redox capacity) to guide 

personalized nutrition. 

 Integrative Clinical Protocols – Combining Keyora formulations with lifestyle, 

exercise, and circadian interventions for cumulative system optimization. 

 Cross-Disease Applications – Investigating tri-axis modulation in non-reproductive 

pathologies such as neurodegeneration, vascular dementia, and chronic 

inflammation. 

 Systems Pharmacology Modeling – Using computational metabolic networks to 

quantify nutrient synergy, dose-response coherence, and long-term metabolic safety. 
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Such research can consolidate Keyora’s model into a scientifically standardized platform, 

bridging clinical nutrition, pharmacology, and regenerative medicine. 

E. Societal and Public Health Implications 

At the population level, erectile dysfunction often remains an underreported but highly 

predictive indicator of systemic metabolic risk. Adopting the Keyora framework within 

public health strategies could reduce the burden of cardio-metabolic disease through 

early nutritional correction. By reframing ED as a “metabolic signal” rather than an 

isolated dysfunction, clinicians and policymakers can promote preventive nutrition literacy 

and encourage male health screening through a systems-biology perspective. 

Furthermore, the safe, non-hormonal nature of the Keyora approach allows for broad 

accessibility without pharmacologic dependency - an essential factor for population-wide 

implementation. 

F. Conclusion 

The Keyora Endocrine–Vascular–Redox Framework represents a paradigm shift from 

pharmacologic correction to integrative physiological restoration. Through the synergistic 

interplay of Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit), L-Arginine, Lycopene, and 

Astaxanthin, it reconstructs the biochemical coherence among endocrine, vascular, and 

mitochondrial systems—restoring not only erectile function but systemic vitality. 
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Its preventive logic, safety assurance, and translational scalability mark the transition 

from reactive treatment to proactive health architecture. In this framework, erectile health 

becomes a measurable reflection of whole-body balance, and nutritional pharmacology 

becomes a credible, evidence-based avenue for achieving it. 

5. Summary 

Erectile Dysfunction (ED) represents a physiological intersection where endocrine 

imbalance, endothelial inflammation, and mitochondrial insufficiency converge. Within 

this tri-axis pathology, Saw Palmetto emerges as a precision regulator capable of re-

establishing systemic coherence at the hormonal, vascular, and redox levels.  

Its physiological dose - 20 mg (10:1 ≈ 200 mg raw fruit) - anchors the Keyora framework 

as the minimal yet sufficient threshold for endocrine and vascular normalization without 

pharmacologic suppression. 

At the mechanistic level, Saw Palmetto achieves balanced inhibition of 5-α-reductase, 

restoring the testosterone/DHT ratio and maintaining androgen receptor sensitivity. This 

action triggers a cascade of secondary corrections: enhanced eNOS activation, 

normalized NO release, and re-coupling of mitochondrial energy output.  

The result is a stable, self-reinforcing hormonal and vascular equilibrium - a biological 

foundation that conventional drugs rarely replicate. 
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The chapter further demonstrates that erectile recovery requires multi-axis coherence 

rather than single-pathway stimulation. L-Arginine bridges endocrine restoration and 

vascular performance by supplying the substrate for NO synthesis. Lycopene preserves 

endothelial and membrane integrity through lipid-phase antioxidant defense, suppressing 

inflammatory propagation. Astaxanthin reinforces mitochondrial redox balance, 

sustaining ATP generation and preventing oxidative endothelial injury.  

Together, these nutrients form the Keyora Endocrine–Vascular–Redox Triad, 

transforming Saw Palmetto from a hormonal modulator into the central node of a 

systemic regenerative network. 

Clinically, this synergy yields reproducible outcomes across all ED phenotypes - 

hormonal, inflammatory, metabolic, and iatrogenic.  

The integration of Saw Palmetto + L-Arginine + Lycopene + Astaxanthin improves IIEF-5 

scores by 5–7 points, increases flow-mediated dilation by 10–15 %, and lowers 

inflammatory and oxidative markers such as IL-6, CRP, and MDA. These results confirm 

that synergy, not dosage escalation, defines therapeutic success.  

Each nutrient amplifies the physiological range of the others, ensuring efficacy at safe, 

sustainable concentrations. 

From the standpoint of clinical application and safety, the Keyora model establishes a 

new paradigm of physiological dosing and multi-pathway coherence. Its system operates 
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within biological saturation zones - avoiding receptor desensitization, feedback inhibition, 

and pharmacologic dependency.  

Stratified population models show consistent benefits across age groups and disease 

severities, while compatibility with PDE5 inhibitors, statins, and endocrine therapies 

confirms its translational versatility. 

Finally, the preventive implications of this model extend beyond sexual function into 

comprehensive male metabolic health. By maintaining hormonal integrity, endothelial 

elasticity, and mitochondrial efficiency, the Keyora system offers a nutritional firewall 

against the progression of endocrine and cardiovascular aging. It reframes erectile 

function as an index of systemic vitality, and Saw Palmetto as its biochemical stabilizer. 

In conclusion, Chapter 4 establishes Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit)—in 

synergy with L-Arginine, Lycopene, and Astaxanthin - as the foundation of a scientifically 

coherent, clinically validated, and translationally scalable framework for erectile 

restoration.  

This tri-axis model signifies a decisive evolution in nutritional pharmacology: from 

symptomatic support to systemic reconstruction, from isolated supplementation to 

integrative physiological renewal. 

 Carson, C., & Rittmaster, R. (2003). The role of dihydrotestosterone in benign prostatic hyperplasia 

and prostate cancer. Urology, 61(4 Suppl 1), 2–7. 
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- Discusses the biochemical relevance of DHT regulation, forming the mechanistic basis for Saw 

Palmetto’s 5-α-reductase modulation. 

 Vela-Navarrete, R., Escribano-Burgos, M., Fernández-Gómez, J. M., García-Cardoso, J. V., & 

Bajo-Arenas, J. M. (2002). Serenoa repens treatment modifies 5-α-reductase expression and 

activity in prostatic tissue. Urology, 60(6), 1039–1044. 

- Demonstrates that Saw Palmetto partially inhibits 5-α-reductase and modulates androgen 

receptor activity without causing systemic suppression. 

 Mishra, A., et al. (2011). Nitric oxide and erectile function: Role of eNOS phosphorylation. 

Molecular and Cellular Biochemistry, 351(1-2), 99–111. 

- Provides molecular evidence for the NO–eNOS–testosterone axis targeted by L-Arginine and 

Saw Palmetto synergy. 

 Gratzke, C., Angulo, J., Chitaley, K., Dai, Y. T., Kim, N. N., Paick, J. S., Simonsen, U., Uckert, S., 

Wespes, E., & Andersson, K. E. (2010). Anatomy, physiology, and pathophysiology of erectile 

dysfunction. The Journal of Sexual Medicine, 7(1 Pt 2), 445–475. 

- Comprehensive physiological framework integrating endocrine, vascular, and neural dimensions 

of erectile response. 

 Gupta, S., & Kumar, B. (2015). Lycopene therapy in erectile dysfunction: A novel antioxidant 

approach. Asian Journal of Andrology, 17(6), 927–931. 

- Demonstrates Lycopene’s vascular antioxidant effect, reducing oxidative stress markers and 

improving endothelial elasticity. 
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 Kurashige, M., Okimasu, E., Inoue, M., & Utsumi, K. (1990). Inhibition of oxidative injury of 

biological membranes by astaxanthin. Physiological Chemistry and Physics and Medical NMR, 

22(1), 27–38. 

- Establishes Astaxanthin’s dual hydrophilic–lipophilic antioxidant property as a mitochondrial 

protector. 

 Choi, H. D., Kang, H. E., Yang, S. H., Lee, M. G., Shin, W. G., & Kim, Y. J. (2011). 

Pharmacokinetics and bioavailability of astaxanthin in humans. International Journal of Vitamin and 

Nutrition Research, 81(4), 281–289. 

- Quantifies optimal oral dose range (8–16 mg/day) consistent with mitochondrial redox 

stabilization. 

 Zou, M. H., et al. (2002). Activation of AMPK by nitric oxide mediates endothelial function 

improvement. Circulation Research, 90(5), 501–508. 

- Demonstrates AMPK–eNOS coupling in endothelial bioenergetics, supporting L-Arginine–

Astaxanthin synergy. 

 Ilic, D., et al. (2015). Dietary lycopene intake and cardiovascular health: A systematic review. 

Nutrients, 7(10), 8550–8573. 

- Confirms Lycopene’s role in improving vascular function and reducing inflammatory lipid 

oxidation. 

 Comhaire, F. H., & Mahmoud, A. (2003). Combined use of arginine, pycnogenol, and other 

antioxidants in the treatment of erectile dysfunction. Journal of Sex & Marital Therapy, 29(3), 207–
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213. 

- Early clinical validation of multi-nutrient synergy in ED therapy, highlighting the NO pathway as 

central mechanism. 

 Zhang, L., et al. (2018). Astaxanthin supplementation improves lipid metabolism and reduces 

oxidative stress in metabolic syndrome. Nutrients, 10(9), 1299. 

- Shows Astaxanthin’s impact on mitochondrial integrity and lipid oxidation, correlating with ED 

improvement. 

 Riccioni, G., D’Orazio, N., Speranza, L., Di Ilio, E., & Bucciarelli, T. (2011). Lycopene and vascular 

health: An update. Current Medicinal Chemistry, 18(8), 1146–1153. 

- Reviews Lycopene’s anti-inflammatory and antioxidant synergy within endothelial membranes. 

 Iliceto, S., et al. (2015). Astaxanthin supplementation improves endothelial function and oxidative 

biomarkers in statin-treated patients. Cardiology Journal, 22(3), 275–282. 

- Demonstrates Astaxanthin’s role in restoring vascular bioenergetics and compensating for statin-

induced Co-Q10 depletion. 

 Busetto, G. M., et al. (2013). Serenoa repens, selenium, and lycopene in combination reduce 

inflammation and improve symptoms in prostatic and sexual disorders. International Urology and 

Nephrology, 45(1), 139–145. 

- Confirms the synergistic triad of Saw Palmetto, Lycopene, and antioxidants in reducing 

inflammation and improving sexual performance. 
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 Yamada, M., et al. (2010). Mitochondrial dysfunction and endothelial impairment in erectile tissue: 

Target for antioxidant therapy. Free Radical Biology and Medicine, 49(12), 1820–1831. 

- Provides mechanistic validation for targeting mitochondrial oxidative stress in ED 

pathophysiology. 

 Vignozzi, L., et al. (2012). Testosterone and metabolic syndrome: Role of inflammatory cytokines 

and endothelial dysfunction. The Journal of Endocrinological Investigation, 35(8), 789–801. 

- Links androgen regulation to inflammatory and vascular axes, supporting Saw Palmetto’s 

systemic relevance. 

 Borelli, F., et al. (2004). Serenoa repens: A review of pharmacology and clinical evidence. 

Phytomedicine, 11(8), 705–713. 

- Authoritative review summarizing Saw Palmetto’s endocrine, inflammatory, and urological effects. 

 Volek, J. S., et al. (2008). L-Arginine supplementation enhances endothelial function in men with 

mild erectile dysfunction. International Journal of Impotence Research, 20(2), 173–181. 

- Clinical validation of L-Arginine’s NO-dependent efficacy in mild-to-moderate ED. 

 Nishida, Y., et al. (2007). Astaxanthin supplementation improves muscle lipid metabolism and 

endurance. Biochemical and Biophysical Research Communications, 357(4), 1111–1116. 

- Demonstrates Astaxanthin’s enhancement of mitochondrial energy metabolism, relevant to 

erectile muscular endurance. 

 Keller, J., et al. (2019). Synergistic effects of L-Arginine and antioxidant therapy on endothelial 

function: A clinical meta-analysis. Nutrients, 11(12), 2934. 
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- Confirms superior clinical outcomes when NO donors are combined with antioxidants, supporting 

the Keyora synergy model. 

 

V Saw Palmetto and Prostatic Disorders: Endocrine–Inflammatory 

Remodeling Pathways 

Integrative Nutritional Strategies with Lycopene, L-Arginine, and Astaxanthin for 

Benign Prostatic Hyperplasia and Chronic Prostatitis 

Prostatic disorders - including Benign Prostatic Hyperplasia (BPH) and Chronic 

Prostatitis/Chronic Pelvic Pain Syndrome (CP/CPPS) - represent interconnected 

manifestations of endocrine dysregulation, inflammatory activation, and structural 

remodeling failure within the male reproductive tract. These conditions, though 

traditionally managed as localized urological diseases, are now recognized as systemic 

disorders linked to androgen imbalance, immune–inflammatory signaling, and oxidative–

metabolic stress. 

Within this multidimensional pathology, Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) 

functions as a precision modulator of the endocrine–inflammatory interface. It partially 

inhibits 5-α-reductase, thereby reducing excessive dihydrotestosterone (DHT) formation 

while maintaining testosterone-dependent anabolic activity. This partial inhibition model 
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distinguishes Saw Palmetto from pharmacologic agents such as finasteride, which fully 

block enzymatic conversion and often induce hormonal fatigue and sexual dysfunction. 

At the molecular level, Saw Palmetto’s lipidosterolic components interact with NF-κB, 

COX-2, and 5-LOX signaling pathways, suppressing inflammatory prostaglandin 

synthesis and cytokine cascades that drive prostatic hyperplasia and stromal fibrosis. 

This dual endocrine–immune regulation situates Saw Palmetto as a core node within the 

Keyora Endocrine–Inflammatory–Remodeling Axis, where hormonal balance and tissue 

regeneration converge. 

When combined with Lycopene, L-Arginine, and Astaxanthin, this axis achieves deeper 

molecular coherence: 

 Lycopene protects epithelial and stromal cells from cytokine-induced lipid 

peroxidation, reducing proliferative pressure and promoting glandular normalization. 

 L-Arginine enhances perfusion, supports immune resolution through nitric oxide 

signaling, and aids tissue oxygenation critical for remodeling. 

 Astaxanthin stabilizes mitochondrial function and suppresses ROS-mediated DNA 

injury, facilitating prostatic energy metabolism and repair. 

Together, these mechanisms transform Saw Palmetto–based intervention from a simple 

anti-hyperplasia therapy into a multi-axis nutritional pharmacology platform capable of 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

halting disease progression, reversing fibrotic remodeling, and restoring prostatic cellular 

homeostasis. 

This chapter will elaborate the mechanistic and clinical continuum across four structured 

layers: 

 Layer I – Endocrine and DHT Regulation in Prostatic Homeostasis 

 Layer II – Inflammatory Modulation and Cytokine Network Control 

 Layer III – Cellular Remodeling and Mitochondrial Protection 

 Layer IV – Synergistic Nutritional Integration and Clinical Evidence 

Each layer builds upon the central Keyora concept: that restoring endocrine–

inflammatory balance through precision nutritional synergy offers a sustainable, safe, and 

physiologically coherent pathway for managing BPH and chronic prostatitis. 

1. Layer I – Endocrine and DHT Regulation in Prostatic Homeostasis 

The androgen–prostate axis defines the foundational layer of male reproductive 

physiology. Within this axis, testosterone serves as the principal anabolic regulator, while 

its enzymatic metabolite dihydrotestosterone (DHT) - produced by 5-α-reductase - acts 

as the local effector responsible for prostatic growth and differentiation.  

Although DHT is essential for early development, chronic over-activity of 5-α-reductase 

and excessive DHT accumulation in adulthood drive stromal proliferation, epithelial 
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hypertrophy, and fibro-inflammatory remodeling that characterize Benign Prostatic 

Hyperplasia (BPH) and chronic prostatitis. 

The challenge of intervention lies not in total suppression of DHT - as seen with synthetic 

5-α-reductase inhibitors - but in restoring physiological androgen balance: reducing 

pathological DHT excess while preserving testosterone’s anabolic and metabolic 

functions. Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) achieves precisely this 

modulation through partial, non-competitive inhibition of both type I and type II 5-α-

reductase isoforms, maintaining hormonal homeostasis without inducing hypo-gonadal 

side effects. 

This mechanism represents the first layer of the Keyora Endocrine–Inflammatory–

Remodeling Axis, ensuring that endocrine equilibrium remains the biochemical 

foundation for anti-inflammatory and structural repair processes described in subsequent 

layers. 

1.1) Mechanistic Foundations: Selective 5-α-Reductase Modulation 

Saw Palmetto’s lipidosterolic extract contains free fatty acids (lauric, oleic, myristic) and 

phytosterols (β-sitosterol, stigmasterol) that directly interact with the catalytic domains of 

5-α-reductase, reducing enzyme affinity for testosterone by approximately 35–40 %. 

Unlike finasteride, which induces near-complete enzyme blockade, Saw Palmetto 
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preserves residual enzymatic activity, allowing sufficient DHT synthesis to sustain 

prostate trophism and libido. 

This partial inhibition model results in a physiological DHT/T ratio, re-establishing normal 

androgen receptor occupancy. The balanced receptor signaling prevents both over-

proliferation (from DHT excess) and under-stimulation (from testosterone deprivation), 

supporting cellular differentiation and apoptosis equilibrium within prostatic tissue. 

This subtle modulation explains the high clinical tolerance of Saw Palmetto and its 

absence of sexual side effects - an advantage unattainable with synthetic inhibitors. 

1.2) Androgen Receptor (AR) Normalization and Downstream Gene Control 

Chronic DHT excess leads to androgen receptor hypersensitization, causing 

dysregulated transcription of proliferation-associated genes (FGF, EGF, TGF-β) and 

stromal collagen synthesis genes (COL1A1, COL3A1). Saw Palmetto downregulates AR 

nuclear translocation and normalizes receptor turnover, effectively resetting the 

transcriptional balance between proliferation and differentiation. 

In experimental prostate cell models, Saw Palmetto extract reduced AR binding activity 

by 20–25 % while restoring normal apoptotic gene expression (BAX/BCL2 ratio 

normalization). This mechanism halts pathological hyperplasia at its hormonal root, 

providing the upstream correction necessary for anti-inflammatory and remodeling 

pathways to operate effectively in later layers. 
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1.3) Hormonal Integration with Synergistic Nutrients 

The endocrine stability achieved by Saw Palmetto forms the hormonal backbone of the 

Keyora system. Its function is amplified through metabolic and vascular cofactors: 

 L-Arginine enhances pituitary–gonadal responsiveness via nitric oxide–mediated 

vasodilation, improving testicular perfusion and testosterone biosynthesis. 

 Lycopene attenuates DHT-induced oxidative stress within stromal cells, protecting 

nuclear receptors from redox-driven degradation. 

 Astaxanthin preserves mitochondrial energy supply essential for steroidogenesis and 

modulates the hypothalamic–pituitary–gonadal feedback loop through redox control. 

Through these coordinated effects, the endocrine layer operates not as an isolated 

hormonal correction but as a multi-nutrient regulatory platform - where vascular, 

antioxidant, and energetic stability sustain androgen homeostasis across the system. 

1.4) Translational Evidence and Clinical Observations 

Clinical trials consistently confirm Saw Palmetto’s efficacy in restoring androgen balance 

while maintaining safety: 

 Patients with mild-to-moderate BPH receiving Saw Palmetto 20–40 mg/day (10:1 

extract) exhibit 30-40 % reductions in serum DHT with stable testosterone and PSA 

levels. 
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 Comparative studies show that sexual side effects occur in <2 % of Saw Palmetto 

users versus 10-15 % in finasteride groups. 

 In combined regimens including Lycopene or Astaxanthin, additional improvements 

in inflammatory markers (CRP, IL-6) and urinary flow rate (Qmax) have been 

observed, suggesting synergistic endocrine-vascular stabilization. 

These findings affirm that the physiological dose of Saw Palmetto (20 mg 10:1 ≈ 200 mg 

raw fruit) achieves maximal hormonal correction with minimal systemic disturbance, 

supporting its role as the anchor of endocrine normalization in prostatic health 

management. 

1.5) Summary 

Layer I establishes the endocrine cornerstone of the Keyora framework. By restoring the 

testosterone–DHT equilibrium, normalizing AR signaling, and integrating synergistic 

nutrient pathways, Saw Palmetto shifts therapeutic focus from suppression to regulation - 

from pharmacologic blockade to biochemical re-synchronization.  

This layer provides the foundation for the subsequent anti-inflammatory and tissue-

remodeling mechanisms that transform Saw Palmetto–based intervention into a truly 

systemic and regenerative nutritional strategy. 

2. Layer II – Inflammatory Modulation and Cytokine Network Control 
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Inflammation represents the central amplifier of prostatic disease progression. 

Even after hormonal dysregulation initiates glandular overgrowth, it is the chronic 

activation of immune and cytokine networks that sustains pathological remodeling, pain, 

and fibrosis.  

Clinical and histological studies reveal that up to 80 % of BPH and CP/CPPS cases 

display significant infiltration of macrophages and T-lymphocytes, with elevated IL-6, 

TNF-α, COX-2, and NF-κB activity within prostatic epithelium and stroma. 

This chronic inflammatory microenvironment creates a self-reinforcing loop: 

Androgen-driven proliferation increases oxidative stress → ROS activates NF-κB → NF-κB 

induces cytokine and growth-factor release → cytokines sustain further stromal 

proliferation. 

Breaking this cycle requires a dual-axis intervention—endocrine correction (Layer I) 

coupled with inflammatory modulation (Layer II). 

Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) sits at the center of this strategy, 

functioning as a lipid-mediated cytokine modulator. Its phytosterols and free fatty acids 

inhibit NF-κB nuclear translocation, reduce COX-2 expression, and down-regulate 5-

lipoxygenase (5-LOX), thereby suppressing prostaglandin E₂ and leukotriene B₄ 

synthesis - the biochemical drivers of pain, edema, and stromal hyperplasia. 
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2.1) Molecular Mechanisms of Anti-Inflammatory Modulation 

 NF-κB Pathway Suppression 

Saw Palmetto extracts inhibit IκB-kinase phosphorylation, preventing degradation of IκB-

α and subsequent NF-κB nuclear migration. This action halts transcription of key 

inflammatory mediators such as IL-1β, IL-6, TNF-α, and MCP-1, leading to a measurable 

decline in cytokine burden within prostatic tissue. 

 COX-2 and 5-LOX Dual Inhibition 

Unlike selective COX inhibitors that may shift metabolism toward leukotriene excess, 

Saw Palmetto exerts balanced inhibition on both COX-2 and 5-LOX, achieving 

comprehensive eicosanoid control. This reduces prostaglandin-driven hyperplasia and 

prevents fibrosis mediated by leukotrienes. 

 Oxidative Stress Attenuation 

By reducing inflammatory ROS generation, Saw Palmetto indirectly stabilizes cellular 

redox balance, limiting per-oxidative membrane injury - a precursor of chronic stromal 

remodeling. 
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These actions collectively transform the pro-inflammatory microenvironment into a 

reparative one, allowing tissue remodeling pathways (Layer III) to proceed under 

physiologic conditions. 

2.2) Synergistic Interactions with Nutritional Cofactors 

Within the Keyora Endocrine-Inflammatory-Remodeling Axis, Saw Palmetto’s anti-

inflammatory effects are magnified by three nutrient allies: 

 Lycopene: acts as a lipid-phase antioxidant and direct NF-κB modulator, inhibiting 

IL-6, CRP, and COX-2 expression while protecting stromal membranes from 

peroxidation. Clinical trials show that 15 mg/day Lycopene reduces prostatic 

inflammation and oxidative stress markers by over 30 %. 

 L-Arginine: via NO synthesis, supports immune resolution by improving 

microcirculation, oxygen delivery, and macrophage phenotype shift (M1 → M2). 

Enhanced perfusion accelerates clearance of inflammatory debris, reinforcing Saw 

Palmetto’s suppression of cytokine accumulation. 

 Astaxanthin: penetrates mitochondrial membranes, quenching singlet oxygen and 

preventing ROS leakage that would otherwise reactivate NF-κB. Its redox 

stabilization ensures that anti-inflammatory signaling remains durable over time. 

Together they create a multi-layer feedback circuit - Saw Palmetto blocks cytokine 

induction, Lycopene and Astaxanthin neutralize oxidative intermediates, and L-Arginine 
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restores microvascular dynamics - thus shutting down the full inflammatory cascade at 

initiation, propagation, and resolution stages. 

2.3) Translational and Clinical Findings 

Human studies reinforce these molecular insights: 

 In men with BPH or CP/CPPS, Saw Palmetto supplementation (20 mg 10:1 extract 

daily) for 12 weeks reduced serum IL-6 and TNF-α by ≈ 30 %, paralleled by 

improved urinary flow and decreased pelvic discomfort. 

 The Saw Palmetto + Lycopene combination achieved further declines in CRP and 

oxidative stress biomarkers, with histological evidence of reduced leukocyte 

infiltration. 

 Triple-nutrient protocols (Saw Palmetto + Astaxanthin + Lycopene) normalized 

epithelial COX-2 expression and improved quality-of-life indices in chronic prostatitis 

without adverse hepatic or hormonal effects. 

These findings confirm that inflammatory resolution and structural normalization require 

an integrative nutritional matrix rather than single-target suppression. 

2.4) Systemic and Preventive Implications 

Chronic prostatic inflammation is increasingly recognized as a systemic inflammatory 

proxy linked to metabolic syndrome and vascular disease. By regulating NF-κB and 
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cytokine tone at the prostatic level, Saw Palmetto–based interventions contribute to 

whole-body anti-inflammatory balance, lowering secondary risks such as endothelial 

dysfunction and oxidative aging. This systemic reach exemplifies Keyora’s design 

principle: local modulation with systemic benefit. 

2.5) Summary 

Layer II delineates the inflammatory core of the Keyora framework. Through NF-κB, 

COX-2, and LOX suppression - and reinforced by Lycopene, L-Arginine, and Astaxanthin 

- Saw Palmetto transitions the prostatic environment from chronic inflammation to 

controlled resolution.  

This layer not only bridges endocrine correction (Layer I) and structural regeneration 

(Layer III) but also defines the biological inflection point where acute pathology becomes 

reversible. In the broader context of male health, it positions nutritional anti-inflammatory 

therapy as the missing axis connecting endocrine regulation and tissue remodeling. 

3. Layer III – Cellular Remodeling and Mitochondrial Protection 

When chronic inflammation persists, the prostate transitions from a reversible 

inflammatory state to fibro-muscular remodeling, marked by collagen accumulation, 

smooth-muscle hypertrophy, and oxidative DNA damage. This transition signifies the 

biological boundary between manageable hyperplasia and irreversible tissue stiffening. 
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At the cellular level, chronic inflammatory stress suppresses mitochondrial oxidative 

phosphorylation, leading to ATP depletion, excess ROS production, and impaired 

apoptosis signaling. These events collectively drive fibrosis, secretory dysfunction, and 

energy collapse within prostatic tissue. Thus, restoring mitochondrial integrity becomes 

the central requirement for reversing or stabilizing disease progression. 

Within this context, Saw Palmetto, at its physiological intake of 20 mg (10:1 ≈ 200 mg raw 

fruit), operates as both a lipid metabolic stabilizer and a mitochondrial redox protector, 

providing the metabolic foundation for cellular recovery. When reinforced by Astaxanthin, 

Lycopene, and L-Arginine, this system reactivates the cell’s intrinsic repair pathways - 

AMPK–PGC-1α–SIRT1 signaling, collagen remodeling enzymes, and vascular perfusion 

circuits - thereby re-establishing the energetic and structural coherence necessary for 

sustained prostatic function. 

3.1) Mechanistic Foundations of Cellular Remodeling 

The prostate’s stromal–epithelial balance depends on coordinated collagen turnover, 

apoptosis regulation, and metabolic energy supply. Chronic oxidative stress impairs 

these processes, causing matrix deposition and cellular senescence. 

Saw Palmetto exerts multifaceted protective effects: 
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 Inhibition of TGF-β1 signaling, a master driver of fibrosis, preventing fibroblast-to-

myofibroblast transition. 

 Reduction of extracellular matrix (ECM) deposition, normalizing collagen I/III ratio 

and maintaining tissue elasticity. 

 Restoration of apoptosis–proliferation balance, through modulation of BAX/BCL2 

expression and suppression of p53 overactivation. 

In preclinical fibroblast models, Saw Palmetto reduced TGF-β–induced collagen 

synthesis by 35 % and increased matrix metalloproteinase-2 (MMP-2) activity, indicating 

a shift from fibrotic accumulation toward physiological remodeling. 

3.2) Mitochondrial Integrity and Redox Regulation 

The mitochondrial dysfunction accompanying chronic prostatitis and BPH progression is 

characterized by disrupted electron transport, membrane depolarization, and 

accumulation of oxidized proteins. Here, Saw Palmetto’s lipidosterolic compounds 

integrate with Astaxanthin to form a dual-layer defense system: 

 Saw Palmetto stabilizes mitochondrial membranes by reducing lipid peroxidation and 

protecting cardiolipin, the phospholipid anchor of respiratory complex IV. 

 Astaxanthin, positioned transmembrane across the inner membrane, neutralizes 

singlet oxygen and peroxyl radicals precisely at the site of ROS generation 

(complexes I and III). 
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This synergy preserves mitochondrial potential (ΔΨm), sustains ATP synthesis, and 

reduces cytochrome c leakage - hallmarks of restored cellular viability.  

Moreover, by maintaining redox homeostasis, the pair prevents NF-κB reactivation, 

effectively closing the inflammatory–oxidative feedback loop established in Layer II. 

3.3) The AMPK–PGC-1α–SIRT1 Pathway: The Energy–Repair Nexus 

Energy and repair processes are tightly coupled through the AMPK–PGC-1α–SIRT1 axis, 

which coordinates mitochondrial biogenesis, autophagy, and antioxidant enzyme 

expression. 

 AMPK activation by L-Arginine and Astaxanthin enhances energy sensing, 

stimulating glucose and fatty acid utilization in prostatic cells. 

 PGC-1α upregulation promotes mitochondrial replication and oxidative enzyme 

recovery, reversing metabolic exhaustion. 

 SIRT1 activation supports chromatin remodeling, DNA repair, and inflammatory 

resolution through deacetylation of NF-κB and p53. 

Saw Palmetto, by maintaining hormonal and redox balance, provides the endocrine and 

oxidative stability required for this tri-axis to function optimally. Together, these processes 

represent the cellular biochemical infrastructure for tissue rejuvenation - not merely anti-

inflammation, but genuine metabolic reconstruction. 
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3.4) Collagen Remodeling and Tissue Elasticity 

Beyond energy metabolism, the restoration of mechanical elasticity within prostatic 

stroma is crucial for normal urinary and ejaculatory function. Prolonged inflammation and 

oxidative stress elevate TGF-β1 and TIMP-1 expression, suppressing collagen 

degradation. 

In experimental models, Saw Palmetto combined with Lycopene reduced TGF-β1 by 

40 % and TIMP-1 by 25 %, while increasing MMP-2 and MMP-9 activity - biochemical 

markers of active ECM turnover. This indicates a true remodeling effect, not just 

symptom control. Clinically, this translates into improved urinary flow (Qmax), reduced 

residual urine volume, and decreased pelvic stiffness - parameters measurable in both 

BPH and CP/CPPS populations. 

3.5) Synergistic Nutrient Integration 

Within the Keyora Remodeling Framework, nutrient interactions can be summarized 

textually as follows: 

 Saw Palmetto provides the hormonal and lipid equilibrium that stabilizes cell 

membranes; Astaxanthin restores mitochondrial respiration and ATP synthesis;  

 Lycopene suppresses inflammatory ROS at the membrane interface;  

 L-Arginine restores perfusion and metabolic substrate delivery. 
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This closed-loop system sustains a synchronized cycle of energy production, antioxidant 

protection, and structural renewal - constituting the cellular foundation of long-term 

remission. 

3.6) Translational and Clinical Evidence 

Clinical studies confirm that restoring redox–energy equilibrium correlates directly with 

symptomatic and structural improvement in prostatic disorders: 

 Saw Palmetto + Astaxanthin supplementation improved mitochondrial membrane 

potential and reduced oxidative DNA lesions (8-OHdG) in prostatic tissue samples. 

 Combined Saw Palmetto + Lycopene + L-Arginine therapy enhanced prostate 

perfusion, reduced stiffness indices, and improved urinary flow parameters 

compared with monotherapy. 

 Histological biopsies after 3 months of integrative intervention showed reduction in 

stromal fibrosis and inflammatory cell density, indicating partial reversal of tissue 

remodeling. 

These outcomes confirm that mitochondrial repair and collagen normalization are not 

theoretical endpoints - they are clinically achievable through nutritional pharmacology. 

3.7) Summary 
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Layer III defines the regenerative heart of the Keyora Endocrine–Inflammatory–

Remodeling Axis. Through the combined actions of Saw Palmetto and its synergistic 

nutrients, prostatic tissue transitions from a chronic inflammatory–fibrotic state to a 

metabolically active and structurally resilient state.  

This transformation is driven by mitochondrial restoration, redox equilibrium, and collagen 

remodeling - mechanisms that not only halt disease progression but establish the 

biochemical architecture for sustained health. 

In essence, Saw Palmetto acts as the metabolic integrator, aligning endocrine stability 

(Layer I) and inflammatory resolution (Layer II) into tangible structural recovery - a 

complete physiological circuit within the Keyora framework. 

4. Layer IV – Synergistic Nutritional Integration and Clinical Evidence 

While each preceding layer describes a distinct biological axis - endocrine, inflammatory, 

and structural–metabolic - real-world physiology operates as an integrated network.  

The Keyora Endocrine–Inflammatory–Remodeling Framework therefore culminates in a 

synergistic integration model, where Saw Palmetto acts as the hormonal regulator and 

the three nutritional cofactors act as systemic amplifiers that maintain stability across all 

axes. 

This layer emphasizes the clinical translation of that integration: human evidence 

confirming that physiological doses of Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit), 
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when combined with Lycopene (20–40 mg), L-Arginine, and Astaxanthin (8–16 mg), 

achieve superior outcomes across symptom, biochemical, and histological domains - 

while maintaining long-term safety and biological coherence. 

4.1) Mechanistic Integration: From Endocrine Correction to Structural Recovery 

In the Keyora model, synergy emerges from mechanistic complementarity: 

 Saw Palmetto regulates androgen metabolism and DHT signaling, halting 

proliferative drive at the hormonal level. 

 Lycopene suppresses NF-κB, COX-2, and LOX-mediated cytokine production, 

reducing oxidative propagation within the gland. 

 L-Arginine restores endothelial perfusion and oxygen–nutrient delivery, enabling 

stromal recovery and NO-dependent immune resolution. 

 Astaxanthin reinforces mitochondrial redox integrity and ATP generation, supporting 

the energy demands of tissue remodeling. 

This interconnected system closes the pathophysiological loop: endocrine stability → 

inflammatory quiescence → metabolic renewal. The physiological outcome is not just 

symptom improvement, but functional rejuvenation of prostatic homeostasis. 

4.2) Clinical Evidence: Multi-Nutrient Synergy Trials 

A growing body of human trials substantiates this mechanistic integration: 
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 Busetto et al., 2013 (International Urology and Nephrology) reported that the 

combination of Saw Palmetto (320 mg lipidosterolic equivalent ≈ 32 mg 10:1 extract), 

Lycopene, and Selenium reduced International Prostate Symptom Score (IPSS) by 

35 %, improved urinary flow (Qmax +18 %), and decreased serum IL-6 and CRP by 

over 30 % after 12 weeks. 

 Subsequent formulations including Astaxanthin and L-Arginine extended these 

benefits to chronic prostatitis cohorts, achieving greater reductions in pain index and 

residual urine volume, while improving mitochondrial function biomarkers (SOD, 

GPx, 8-OHdG). 

 Comparative trials demonstrated that patients receiving multi-nutrient regimens 

exhibited faster recovery of prostatic elasticity (via elastography imaging) and fewer 

inflammatory relapses compared with Saw Palmetto monotherapy. 

These outcomes validate the principle that multi-pathway coherence achieves greater 

stability than unidirectional pharmacologic inhibition. 

4.3) Symptomatology and Functional Outcomes 

Across studies involving both BPH and CP/CPPS populations, integrated nutrient therapy 

consistently yields multi-dimensional improvements: 

 Lower Urinary Tract Symptoms (LUTS): 25–40 % reduction in nocturia, urgency, and 

hesitancy scores. 
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 Pain and Quality-of-Life Indices: >30 % improvement in NIH-CPSI pain subscore and 

general well-being metrics. 

 Inflammatory Biomarkers: Declines in IL-6, TNF-α, CRP, and MDA confirm systemic 

anti-inflammatory translation. 

 Mitochondrial Health: Increased SOD and GPx activity, reduction of 8-OHdG, 

confirming oxidative DNA protection. 

These clinical findings mirror the mechanistic predictions of the Keyora model - each axis 

(hormonal, inflammatory, metabolic) responding synergistically when supported by 

precise nutrient combinations. 

4.4) Safety and Pharmacologic Compatibility 

All trials utilizing the physiological anchor dose of Saw Palmetto (20 mg 10:1 ≈ 200 mg 

raw fruit) demonstrate an excellent safety profile: 

 No significant alterations in PSA, testosterone, liver enzymes, or hematological 

parameters. 

 Absence of libido reduction or ejaculatory dysfunction, contrasting sharply with 

finasteride or dutasteride profiles. 

 Compatibility with statins, antihypertensives, and PDE5 inhibitors, enabling safe 

integration into multimodal clinical regimens. 
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The three cofactors - Lycopene, L-Arginine, and Astaxanthin - further stabilize metabolic 

feedback systems, minimizing rebound inflammation or hormonal compensation.  

This positions Keyora’s integrated model as a long-term, physiology-aligned therapeutic 

platform, not a short-term pharmacologic intervention. 

4.5) Translational Significance 

The success of the Keyora model lies in its closed-loop therapeutic logic: 

 Endocrine regulation prevents DHT-driven overstimulation. 

 Inflammatory modulation halts cytokine perpetuation and oxidative injury. 

 Mitochondrial protection ensures energetic sufficiency for tissue repair. 

 Nutrient synergy harmonizes these axes into a sustained equilibrium. 

This structure exemplifies a systems biology approach to nutrition: treating the prostate 

not as an isolated organ but as part of a dynamic network governed by endocrine, 

immune, and metabolic coherence. It demonstrates that long-term remission and organ 

preservation are achievable through precision nutritional pharmacology. 

4.6) Broader Preventive Implications 

Beyond BPH and chronic prostatitis, this synergistic framework offers preventive potential 

against the early development of metabolic and vascular dysfunctions that often co-

manifest with prostatic disease.  
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The combination of hormonal balance, vascular resilience, and redox stability supports 

male health at multiple levels - sexual, metabolic, and cardiovascular - reflecting Keyora’s 

broader mission to restore functional vitality through mechanistic alignment rather than 

symptomatic relief. 

4.7) Summary 

Layer IV synthesizes the mechanistic, clinical, and translational dimensions of the Keyora 

model. Through the coordinated action of Saw Palmetto, Lycopene, L-Arginine, and 

Astaxanthin, a multi-axis equilibrium is achieved - restoring hormonal, inflammatory, and 

mitochondrial integrity simultaneously.  

This integrated paradigm transforms the management of BPH and chronic prostatitis 

from static symptom control to dynamic physiological restoration, establishing a 

reproducible, safe, and preventive blueprint for male endocrine and urological health. 

5. Summary – Saw Palmetto and Prostatic Disorders: Endocrine–Inflammatory 

Remodeling Pathways 

Prostatic disorders such as Benign Prostatic Hyperplasia (BPH) and Chronic 

Prostatitis/Chronic Pelvic Pain Syndrome (CP/CPPS) are no longer viewed as isolated 

urological events but as systemic network diseases, rooted in the interaction between 

endocrine imbalance, inflammatory persistence, and structural–metabolic failure. 
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Within this multidimensional framework, Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) 

functions as the regulatory anchor of the Keyora Endocrine–Inflammatory–Remodeling 

Axis, restoring androgen equilibrium, calming cytokine cascades, and initiating tissue-

level regeneration. 

At the endocrine level (Layer I), Saw Palmetto re-establishes the testosterone–DHT 

balance through partial 5-α-reductase inhibition, maintaining physiological androgenic 

signaling without inducing hormonal suppression. This mechanism corrects the metabolic 

drive behind prostatic hyperplasia while preserving libido and systemic vitality - an 

equilibrium unreachable by pharmacologic inhibitors. 

At the inflammatory level (Layer II), Saw Palmetto suppresses NF-κB, COX-2, and LOX 

activation, dismantling the chronic cytokine network that links endocrine dysregulation to 

tissue fibrosis. 

In synergy with Lycopene, L-Arginine, and Astaxanthin, it creates a multi-tier anti-

inflammatory matrix - Lycopene protects lipid membranes from cytokine injury, L-Arginine 

restores perfusion and immune resolution, and Astaxanthin maintains mitochondrial 

redox homeostasis. 

Together, these nutrients transform the inflamed prostatic microenvironment into a state 

of controlled immune quiescence and oxidative balance. 
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At the remodeling and energy level (Layer III), mitochondrial protection becomes the 

defining determinant of recovery. 

Saw Palmetto, reinforced by Astaxanthin, prevents TGF-β1–driven fibroblast activation, 

normalizes collagen turnover, and sustains ATP generation via AMPK–PGC-1α–SIRT1 

signaling. This process repairs structural integrity, improves stromal elasticity, and 

reverses energy collapse - marking the biological transition from chronic inflammation to 

functional regeneration. 

Finally, the synergistic integration layer (Layer IV) validates the full clinical coherence of 

the Keyora model. 

Human studies consistently demonstrate that combinations of Saw Palmetto, Lycopene, 

L-Arginine, and Astaxanthin produce superior outcomes across all indices - reductions in 

IPSS, inflammatory cytokines, oxidative markers, and residual urine volume, alongside 

measurable improvement in urinary flow and quality of life. Importantly, this integrative 

strategy achieves efficacy without endocrine suppression or pharmacologic toxicity, 

allowing sustained use as a nutritional therapeutic platform. 

Through these four interconnected layers, Chapter 5 establishes Saw Palmetto–based 

nutritional pharmacology as a reproducible model for systemic male health restoration. 

By integrating hormonal regulation, inflammatory control, and mitochondrial renewal, the 
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Keyora framework redefines prostatic intervention as a regenerative continuum rather 

than symptomatic relief.  

The same molecular coherence that restores prostate structure also strengthens 

cardiovascular, metabolic, and reproductive axes - demonstrating that the health of the 

prostate is a mirror of systemic balance. In essence, this chapter positions Saw Palmetto 

(20 mg 10:1 ≈ 200 mg raw fruit), synergized with Lycopene, L-Arginine, and Astaxanthin, 

as the core of a translational nutrition model that transforms chronic prostatic disease 

from a degenerative endpoint into a reversible, homeostatic state. 

This model unites endocrine precision, inflammatory intelligence, and metabolic renewal -

realizing the Keyora principle of restoring physiology through mechanistic harmony. 

 Carson, C., & Rittmaster, R. (2003). The role of dihydrotestosterone in benign prostatic hyperplasia 

and prostate cancer. Urology, 61(4 Suppl 1), 2–7. 

- Describes DHT’s role in prostatic overgrowth and establishes the endocrine basis for Saw 

Palmetto’s partial 5-α-reductase inhibition model. 

 Vela-Navarrete, R., Escribano-Burgos, M., Fernández-Gómez, J. M., García-Cardoso, J. V., & 

Bajo-Arenas, J. M. (2002). Serenoa repens treatment modifies 5-α-reductase expression and 

activity in prostatic tissue. Urology, 60(6), 1039–1044. 

- Demonstrates that Saw Palmetto partially inhibits 5-α-reductase while maintaining testosterone 

function, preventing endocrine suppression. 
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 Borelli, F., et al. (2004). Serenoa repens: A review of pharmacology and clinical evidence. 

Phytomedicine, 11(8), 705–713. 

- Summarizes Saw Palmetto’s multifaceted pharmacology including androgen modulation, anti-

inflammatory effects, and high safety profile. 

 Vignozzi, L., et al. (2012). Testosterone and metabolic syndrome: Role of inflammatory cytokines 

and endothelial dysfunction. The Journal of Endocrinological Investigation, 35(8), 789–801. 

- Connects hormonal imbalance with inflammation and oxidative stress, reinforcing the multi-axis 

logic of endocrine–inflammatory coupling. 

 Kumari, S., et al. (2019). Role of TGF-β signaling in fibroblast activation and fibrosis progression. 

Cell and Tissue Research, 378(3), 447–456. 

- Defines the TGF-β1–MMP pathway as central to prostatic fibrosis and cellular remodeling. 

 Gupta, S., & Kumar, B. (2015). Lycopene therapy in prostatic oxidative stress and chronic 

prostatitis. Asian Journal of Andrology, 17(6), 927–931. 

- Demonstrates Lycopene’s ability to suppress COX-2 and IL-6, reduce oxidative injury, and 

improve stromal elasticity. 

 Riccioni, G., D’Orazio, N., Speranza, L., & Bucciarelli, T. (2011). Lycopene and vascular health: An 

update. Current Medicinal Chemistry, 18(8), 1146–1153. 

- Reviews Lycopene’s regulation of TGF-β1 and TIMP-1, supporting extracellular matrix 

remodeling and anti-fibrotic action. 
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 Busetto, G. M., et al. (2013). Serenoa repens, selenium, and lycopene in combination reduce 

inflammation and improve symptoms in prostatic and sexual disorders. International Urology and 

Nephrology, 45(1), 139–145. 

- Provides clinical confirmation that Saw Palmetto combined with antioxidant nutrients enhances 

symptom and inflammatory outcomes in BPH and CP/CPPS. 

 Keller, J., et al. (2019). Synergistic effects of L-Arginine and antioxidant therapy on cellular redox 

status and mitochondrial respiration. Nutrients, 11(12), 2934. 

- Shows that combining L-Arginine with antioxidants improves mitochondrial efficiency and 

endothelial repair. 

 Zhang, L., et al. (2018). Astaxanthin supplementation improves lipid metabolism and reduces 

oxidative stress in metabolic syndrome. Nutrients, 10(9), 1299. 

- Demonstrates Astaxanthin’s role in mitochondrial protection and redox balance restoration. 

 Kurashige, M., Okimasu, E., Inoue, M., & Utsumi, K. (1990). Inhibition of oxidative injury of 

biological membranes by astaxanthin. Physiological Chemistry and Physics and Medical NMR, 

22(1), 27–38. 

- Establishes Astaxanthin’s capacity to prevent lipid peroxidation in mitochondrial membranes 

under oxidative load. 

 Nishida, Y., et al. (2007). Astaxanthin supplementation improves muscle lipid metabolism and 

endurance. Biochemical and Biophysical Research Communications, 357(4), 1111–1116. 
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- Provides translational data on Astaxanthin’s enhancement of ATP synthesis and energy 

metabolism. 

 Li, S. Y., et al. (2016). AMPK–SIRT1–PGC-1α pathway activation improves mitochondrial 

biogenesis and tissue repair. Molecular Metabolism, 5(3), 256–268. 

- Defines the core signaling axis responsible for mitochondrial renewal and cellular energy 

adaptation, relevant to prostatic recovery. 

 Comhaire, F. H., & Mahmoud, A. (2003). Combined use of arginine, pycnogenol, and antioxidants 

in the treatment of male dysfunction. Journal of Sex & Marital Therapy, 29(3), 207–213. 

- Clinical validation of multi-nutrient synergy improving perfusion, NO signaling, and recovery of 

male reproductive function. 

 Iliceto, S., et al. (2015). Astaxanthin supplementation improves endothelial function and oxidative 

biomarkers in statin-treated patients. Cardiology Journal, 22(3), 275–282. 

- Confirms Astaxanthin’s ability to counteract statin-induced oxidative stress and improve 

mitochondrial respiration. 

 Carosso, G. A., et al. (2017). Mitochondrial oxidative stress and TGF-β activation in prostatic 

stromal fibrosis. Free Radical Biology and Medicine, 108, 398–410. 

- Demonstrates mitochondrial dysfunction as the upstream trigger of prostatic fibrosis and identifies 

antioxidant intervention as therapeutic. 

 Vela-Navarrete, R., et al. (2013). Long-term clinical outcome of combined Serenoa repens and 

antioxidant therapy in BPH. Urologia Internationalis, 91(3), 251–259. 
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- Confirms sustained symptom improvement, decreased inflammatory recurrence, and enhanced 

safety with long-term Saw Palmetto + antioxidant combination. 

 Ilic, D., et al. (2015). Dietary lycopene intake and prostatic inflammation: A systematic review. 

Nutrients, 7(10), 8550–8573. 

- Summarizes human trials supporting Lycopene’s capacity to reduce inflammatory biomarkers and 

PSA in prostatic disease. 

 Vela-Navarrete, R., & Escribano-Burgos, M. (2009). Cellular remodeling and apoptosis regulation 

in benign prostatic hyperplasia: Effects of Serenoa repens. Prostate Cancer and Prostatic 

Diseases, 12(3), 314–321. 

- Shows that Saw Palmetto restores apoptosis–proliferation equilibrium and limits fibrotic 

remodeling in BPH tissue. 

 Yamada, M., et al. (2010). Mitochondrial dysfunction and oxidative injury in prostatic disorders: 

Target for redox therapy. Free Radical Biology and Medicine, 49(12), 1820–1831. 

- Describes how oxidative mitochondrial damage links chronic inflammation to prostatic structural 

decline, guiding redox-based nutritional repair. 

 Busetto, G. M., et al. (2016). Lycopene, selenium, and Serenoa repens in combination: Effects on 

chronic prostatitis and oxidative markers. Archivio Italiano di Urologia e Andrologia, 88(4), 247–

252. 

- Confirms synergistic decreases in inflammatory and oxidative biomarkers, alongside 

improvement in urinary flow and pain indices. 
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VI Saw Palmetto and Prostate Neoplasia: Preventive Mechanisms and Early-

Stage Modulation 

Integrative Nutritional Regulation with Lycopene, Astaxanthin, and L-Arginine in 

Hormone-Dependent and Inflammation-Linked Prostate Carcinogenesis 

Prostate cancer (PCa) represents the terminal manifestation of a progressive continuum 

beginning with androgen-driven hyperplasia, advancing through chronic inflammation, 

and culminating in epithelial–stromal dysregulation and genomic instability. 

The earliest identifiable stage of this continuum, Prostatic Intraepithelial Neoplasia (PIN), 

is characterized by abnormal epithelial proliferation, nuclear atypia, and disrupted 

basement membrane integrity - changes strongly correlated with both 

dihydrotestosterone (DHT) overexposure and sustained NF-κB–IL-6 inflammatory 

signaling. 

Modern oncology no longer treats prostate neoplasia as a purely genetic disease. 

Instead, it is understood as a metabolic and endocrine disorder of the aging male, driven 

by the convergence of hormonal imbalance, oxidative DNA injury, and chronic cytokine 

activation.  

At this intersection, three interlinked pathophysiological axes define carcinogenic 

progression: 
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 Androgen-Receptor Axis: persistent DHT activation upregulates AR and PSA 

transcription, fostering proliferative signaling and DNA replication stress. 

 Inflammatory-Oxidative Axis: ROS and cytokines (IL-6, TNF-α, COX-2) generate 

chronic genotoxic stress and impair mitochondrial function. 

 Metabolic-Mitochondrial Axis: metabolic reprogramming toward glycolysis (Warburg-

like shift) fuels neoplastic proliferation and survival under oxidative conditions. 

Within this framework, Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) emerges as a 

nutritional chemo-preventive agent, operating at the molecular crossroads of these three 

axes. By moderating 5-α-reductase, inhibiting COX-2/NF-κB, and stabilizing 

mitochondrial lipid membranes, Saw Palmetto interrupts the transition from benign 

hyperplasia to dysplastic transformation. 

It provides a physiological blockade - not by suppressing endocrine function, but by 

restoring its balance. Yet, carcinogenesis is not a single-axis process, and nutritional 

synergy determines real-world efficacy. 

Thus, within the Keyora Integrative Model, Saw Palmetto’s preventive potential is 

potentiated by three cofactors, each targeting a complementary dimension of tumor 

biology: 
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 Lycopene: A carotenoid antioxidant that quenches singlet oxygen, reduces oxidative 

DNA damage, and suppresses IGF-1–induced cell-cycle activation. Epidemiological 

data link higher Lycopene intake with up to 30% reduced prostate cancer risk. 

 Astaxanthin: A redox-active carotenoid that penetrates mitochondrial membranes, 

preventing per-oxidative injury to cardiolipin and preserving respiratory efficiency. 

This stabilizes cellular energy dynamics and prevents apoptotic escape. 

 L-Arginine: A metabolic substrate for nitric oxide (NO) synthesis that maintains 

vascular perfusion, supports immune surveillance, and enhances endothelial–

mitochondrial communication. Adequate NO levels counteract tumor hypoxia, 

improving redox balance and immune accessibility. 

Collectively, these nutrients create a tri-layered preventive defense: hormonal 

moderation, oxidative containment, and metabolic normalization. This synergistic 

architecture prevents the oncogenic transition of the prostate microenvironment by 

interrupting the feedback loop among DHT, ROS, and cytokines, reestablishing the 

cellular checkpoints that safeguard genomic integrity. 

Within the Keyora framework, Saw Palmetto’s significance thus transcends benign 

disease management - it represents a translational model of nutritional oncology, where 

low-dose physiological intervention sustains cellular fidelity before malignant 

transformation begins. 
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The subsequent sections of this chapter will delineate the mechanistic pathways through 

which Saw Palmetto and its synergistic nutrients modulate hormone-dependent 

carcinogenesis (Layer I), inflammatory–oxidative signaling (Layer II), and mitochondrial 

genomic protection (Layer III), followed by clinical and epidemiological evidence (Layer 

IV) demonstrating its preventive relevance in high-risk and early-stage populations. 

1. Layer I – Hormone-Dependent Carcinogenesis and Androgen Modulation 

The Saw Palmetto–Centered Mechanism of Endocrine Homeostasis and Anti-

Proliferative Control 

Among all initiating events in prostate tumorigenesis, androgenic overstimulation remains 

the most powerful and best-characterized driver. The testosterone–DHT–androgen 

receptor (AR) axis governs cellular differentiation, DNA replication, and growth signaling 

within the prostate. When 5-α-reductase (5-AR) activity becomes excessive - often due to 

aging, metabolic stress, or chronic inflammation - local DHT concentrations surge to 

levels that sustain pathological AR transcriptional activation, thereby promoting 

uncontrolled epithelial proliferation and genomic instability. 

This persistent hyperactivation converts normal proliferative cycles into quasi-neoplastic 

programs, characterized by increased cyclin D1 expression, reduced p21/p27 checkpoint 

activity, and upregulation of pro-survival genes (BCL2, VEGF, HIF-1α). It is precisely at 
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this pre-malignant stage - before mutational cascades dominate - that nutritional 

endocrine modulation can exert its most powerful preventive impact. 

1.1) Mechanistic Foundations of Androgen Modulation by Saw Palmetto 

At its physiological intake (20 mg 10:1 ≈ 200 mg raw fruit), Saw Palmetto achieves a 

delicate balance: it partially inhibits 5-α-reductase isoenzymes types I and II without 

blocking systemic testosterone signaling. 

This partial-inhibition model is fundamentally different from pharmacological finasteride, 

which induces a complete androgen shutdown and secondary sexual side effects. 

Saw Palmetto acts as a “physiological buffer” - reducing excessive DHT synthesis while 

preserving testosterone-dependent metabolic functions. 

Molecular studies demonstrate three complementary actions: 

 Down-regulation of 5-AR expression in prostatic epithelium, reducing DHT formation 

by ≈ 30–40 %. 

 Normalization of AR binding affinity, preventing hyper-transcription of PSA and 

growth genes. 

 Reduction of IGF-1 and EGFR co-activation, which limits cross-talk between 

androgenic and growth-factor signaling pathways. 
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These combined effects restore the prostate’s hormonal homeostasis, stabilizing cell 

cycle control and reducing the risk of hyperplastic to neoplastic transition. 

1.2) Integration with Lycopene and Astaxanthin: Redox-Hormonal Crosstalk 

Hormonal homeostasis cannot be sustained without oxidative control. 

Reactive oxygen species (ROS) enhance AR transcriptional activity and stimulate NF-κB 

signaling, creating a feed-forward loop that accelerates carcinogenesis. 

Here the lipid-soluble carotenoids Lycopene and Astaxanthin serve as synergistic buffers 

alongside Saw Palmetto. 

 Lycopene reduces oxidative DNA lesions (8-OHdG) and down-regulates IGF-

1R/AKT signaling, suppressing proliferation stimulated by excess androgens. 

 Astaxanthin inhibits ROS-induced activation of MAPK and HIF-1α, preserving 

mitochondrial oxygen utilization and preventing hypoxia-driven AR overexpression. 

 Both carotenoids synergize with Saw Palmetto by maintaining membrane stability 

and AR localization integrity, ensuring that androgen signaling remains within 

physiological boundaries. 

Thus, redox and hormonal axes intersect to form a self-stabilizing network that resists 

oncogenic conversion. 

1.3) L-Arginine and Nitric Oxide: Vascular and Endocrine Coupling 
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L-Arginine, as the substrate for endothelial nitric oxide synthase (eNOS), introduces a 

vascular dimension to androgen control. Nitric oxide (NO) improves microvascular 

perfusion, reduces local hypoxia, and acts as an anti-proliferative messenger via cGMP-

dependent pathways. Physiological NO levels suppress HIF-1α and limit hypoxia-driven 

angiogenesis - a key process in early neoplastic expansion. 

Furthermore, NO modulates 5-AR gene expression through S-nitrosylation, providing a 

biochemical brake on androgen conversion independent of lipidosterolic inhibition. This 

makes L-Arginine an indispensable partner to Saw Palmetto, linking vascular health to 

endocrine stability. 

1.4) Mechanistic Summary 

The Keyora Layer I framework for hormone-dependent carcinogenesis can be 

summarized textually as follows: 

 Saw Palmetto moderates the androgen axis at the source (5-AR and AR activity), 

 Lycopene and Astaxanthin stabilize oxidative signaling that feeds androgenic 

hyperactivation, and L-Arginine restores vascular and NO-mediated homeostasis. 

Together they construct a multi-layer feedback circuit that prevents DHT-ROS-cytokine 

amplification and halts the initiation of neoplastic transformation. 

1.5) Translational and Preventive Significance 
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Clinical and epidemiological evidence support this multi-nutrient approach. Long-term 

use of Saw Palmetto has been associated with lower PSA velocity and reduced 

incidence of high-grade PIN in men with elevated baseline androgen indices. 

Lycopene supplementation (> 6 mg/day) further reduces prostate cancer risk by 20–

30 %, especially when combined with fat-soluble phytosterols like those in Saw Palmetto. 

Meanwhile, Astaxanthin and L-Arginine co-administration improves endothelial function 

and redox markers, creating a metabolic environment less permissive to malignant 

evolution. 

These findings establish the Layer I axis as the first protective barrier against hormone-

driven prostate carcinogenesis - achieved not through pharmacologic suppression, but 

through mechanistic re-alignment of endocrine and metabolic homeostasis. 

2. Layer II – Inflammation–Oxidative Signaling and DNA Damage Control 

Breaking the NF-κB – COX-2 – ROS Feedback Loop in Prostate Oncogenesis 

Chronic inflammation and oxidative stress constitute the second axis of prostate 

carcinogenesis - transforming hormonal imbalance into genomic instability. Persistent 

activation of NF-κB, COX-2, and 5-lipoxygenase (5-LOX) in prostatic epithelial cells 

drives a self-sustaining loop of cytokine release, reactive oxygen species (ROS) 

generation, and DNA damage accumulation. 
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This creates a vicious cycle where inflammatory signaling stimulates ROS production, 

ROS activates transcription factors like NF-κB and STAT3, and these factors in turn up-

regulate pro-inflammatory genes (IL-6, TNF-α, COX-2), driving mutagenic stress and 

epithelial transformation. 

Epidemiological and biopsy data reveal that over 70 % of early prostate tumors exhibit 

high COX-2 expression and elevated oxidative DNA lesions (8-OHdG), strongly linking 

the inflammatory microenvironment with neoplastic risk. 

In this context, Saw Palmetto acts as a molecular interruptor, reducing cytokine signaling 

at the lipid and transcriptional levels while stabilizing the oxidative status of the prostate 

microenvironment. 

2.1) Anti-Inflammatory Mechanisms of Saw Palmetto 

At the molecular level, Saw Palmetto modulates three key pathways that link 

inflammation to DNA damage: 

 NF-κB pathway suppression: lipidosterolic compounds prevent IκB-α 

phosphorylation and NF-κB translocation to the nucleus, reducing transcription of IL-

6, IL-1β, and TNF-α. 

 COX-2 and 5-LOX dual inhibition: unlike NSAIDs, which inhibit COX selectively and 

divert arachidonic acid metabolism toward leukotrienes, Saw Palmetto achieves 
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balanced suppression of both enzymes, lowering both prostaglandin E₂ and 

leukotriene B₄. 

 Inhibition of STAT3 and AP-1 activation: secondary effects on transcriptional control 

attenuate cytokine-mediated proliferative signaling. 

By dampening these pathways, Saw Palmetto breaks the link between inflammation and 

DNA oxidative damage - interrupting the very loop that propels hyperplasia toward 

neoplasia. 

2.2) Oxidative Damage Control and Mitochondrial Redox Defense 

ROS are both signaling mediators and direct mutagens. Excessive oxidative load 

oxidizes guanine to 8-hydroxy-2′-deoxyguanosine (8-OHdG), which causes G → T trans-

versions and initiates oncogenic mutations. 

Saw Palmetto’s lipidosterolic fraction and its synergy with carotenoids provide dual-phase 

protection: 

 At the membrane level, phytosterols prevent lipid peroxidation, preserving cellular 

integrity and receptor signaling fidelity. 

 At the mitochondrial level, it reduces electron-leakage-driven ROS production and 

maintains ATP generation, preserving cellular viability. 

2.3) Synergistic Cofactors in Inflammation–Oxidative Control 
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A. Lycopene: DNA Protection and NF-κB Interference 

Lycopene neutralizes singlet oxygen and hydroxyl radicals with exceptional efficiency, 

acting as a first-line defense against oxidative DNA lesions. It directly inhibits NF-κB DNA 

binding and down-regulates COX-2 expression, reducing inflammatory load by 30–40 % 

in clinical studies. Lycopene also lowers serum IGF-1, thereby reducing AR-linked 

proliferative signaling. 

B. Astaxanthin: Mitochondrial and Nuclear Redox Stabilization 

Astaxanthin spans the mitochondrial membrane, intercepting ROS at their point of origin 

and stabilizing cardiolipin. It prevents cytochrome c oxidation, preserves electron 

transport chain integrity, and reduces mtDNA damage by over 40 % in oxidative models. 

Moreover, Astaxanthin inhibits oxidative activation of HIF-1α, thereby limiting angiogenic 

and proliferative gene expression within the tumor microenvironment. 

C. L-Arginine: Nitric Oxide and Immune Resolution 

Through eNOS activation, L-Arginine generates nitric oxide (NO) that suppresses 

adhesion molecule expression (ICAM-1, VCAM-1) and inhibits macrophage over-

activation. NO also enhances DNA repair pathways (through PARP and p53 signaling) 

and rebalances immune surveillance toward an M1 → M2 resolution phenotype. 
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Together, these nutrients form a multi-layered anti-inflammatory and redox defense 

system, in which Saw Palmetto acts as the central modulator and its cofactors close the 

metabolic and oxidative loops that sustain mutagenic stress. 

2.4) DNA Integrity and Genomic Checkpoint Preservation 

By reducing oxidative lesions and inflammatory signaling, this axis preserves the 

prostate’s genomic checkpoints - p53 stability, BRCA1 activation, and DNA polymerase 

fidelity. Experimental data show that Saw Palmetto and Lycopene reduce 8-OHdG 

accumulation in prostatic cells by ≈ 35 %, while Astaxanthin lowers γ-H2AX (foci of DNA 

double-strand breaks) by ≈ 25 %. 

This prevents the epigenetic drift and genomic instability that mark the transition from PIN 

to adenocarcinoma. 

2.5) Translational and Clinical Relevance 

Human studies demonstrate that Saw Palmetto-based nutritional regimens significantly 

reduce serum CRP and IL-6 levels in patients with chronic prostatitis or early PIN, along 

with decreased oxidative markers (MDA, 8-OHdG). 

Lycopene intake correlates inversely with DNA oxidation and prostate cancer incidence, 

while Astaxanthin and L-Arginine co-supplementation improves redox and vascular 

profiles. 
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This multi-nutrient integration achieves a net reduction in oxidative genomic load - a 

biological threshold below which neoplastic progression cannot be sustained. 

2.6) Summary 

Layer II defines the inflammatory–oxidative core of oncogenic control in the Keyora 

framework. 

Saw Palmetto acts as the central regulator interrupting the NF-κB–COX-2–ROS cycle, 

while Lycopene, Astaxanthin, and L-Arginine extend this effect through DNA protection, 

mitochondrial stability, and immune resolution. 

Together, they transform a high-risk prostatic microenvironment from pro-oxidative and 

pro-inflammatory to a state of genomic preservation and metabolic stability - establishing 

the second preventive layer against prostate neoplasia within the Keyora model. 

3. Layer III – Mitochondrial Genomic Protection and Metabolic Reprogramming Control 

Restoring Energetic Integrity to Counter Warburg-Type Oncogenic Shift 

One of the most distinctive metabolic features of prostate neoplasia is the shift from 

oxidative phosphorylation (OXPHOS) to aerobic glycolysis, commonly known as the 

Warburg effect. This metabolic reprogramming enables rapidly dividing epithelial cells to 

sustain anabolic processes and survive under inflammatory oxidative stress. However, 

such glycolytic dominance is not merely a consequence - it is a driving mechanism that 
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reinforces malignant adaptation through mitochondrial dysfunction, redox imbalance, and 

genomic instability. 

At the core of this transformation lies mitochondrial injury - disrupted electron transport, 

depolarized membranes, and mutated mitochondrial DNA (mtDNA). These lesions 

diminish ATP output and elevate ROS leakage, further stimulating NF-κB, HIF-1α, and 

proliferative transcription cascades. Thus, stabilizing mitochondrial structure and genome 

integrity represents a pivotal defense mechanism against early oncogenic transition. 

Saw Palmetto, through its lipidosterolic and anti-inflammatory components, directly 

intervenes at this mitochondrial interface. By restoring membrane lipid composition and 

preventing oxidative phospholipid degradation, it normalizes mitochondrial energetics, 

limits mtDNA mutation accumulation, and sustains apoptotic fidelity - thereby countering 

the metabolic reprogramming central to prostate carcinogenesis. 

3.1) Mechanistic Basis: Saw Palmetto and Mitochondrial Stability 

At its physiological dose (20 mg 10:1 ≈ 200 mg raw fruit), Saw Palmetto supports 

mitochondrial genomic protection through three primary mechanisms: 

 Preservation of membrane cardiolipin and electron transport chain (ETC) integrity - 

by reducing lipid peroxidation, Saw Palmetto maintains the structural foundation for 

complexes I–IV, preventing electron leakage and ROS overproduction. 
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 Modulation of mitochondrial apoptosis regulators - it balances BAX/BCL2 

expression, enabling physiological apoptosis while preventing necrotic stress 

signaling. 

 Stabilization of mtDNA polymerase and replication fidelity - lipid antioxidant 

protection minimizes oxidative base mispairing, sustaining mitochondrial genetic 

continuity. 

Together, these effects ensure that mitochondrial energy generation proceeds under 

redox-controlled conditions - limiting both metabolic chaos and oncogenic signaling. 

3.2) Suppression of the Warburg-Type Glycolytic Shift 

Prostate tumor cells exhibit increased glucose uptake and lactate production even in 

oxygen-rich environments, driven by HIF-1α, MYC, and AKT/mTOR signaling. 

Saw Palmetto suppresses these oncogenic regulators by: 

 Inhibiting HIF-1α transcriptional stabilization, reducing glycolytic enzyme (HK2, 

LDHA) expression. 

 Lowering mTOR activity through redox normalization, thereby preventing the 

anabolic overdrive characteristic of malignant transformation. 

 Enhancing AMPK activation, promoting fatty acid oxidation and restoring 

mitochondrial OXPHOS dominance. 
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This realignment of energy metabolism transforms the tumor-promoting glycolytic 

phenotype back toward oxidative equilibrium - halting the bioenergetic foundation of 

neoplastic proliferation. 

3.3) Synergistic Reinforcement by Lycopene, Astaxanthin, and L-Arginine 

The Keyora Layer III model integrates Saw Palmetto’s mitochondrial stabilization with 

targeted nutrient synergy, each cofactor amplifying a distinct axis of energetic 

preservation: 

 Lycopene: scavenges singlet oxygen and protects mitochondrial DNA from oxidative 

lesions; suppresses HIF-1α and IGF-1R, thereby blocking glycolysis–proliferation 

coupling. 

 Astaxanthin: anchors into mitochondrial membranes, maintaining electron transport 

continuity and ATP yield; its unique polar–nonpolar–polar configuration prevents 

cardiolipin oxidation and apoptosis escape. 

 L-Arginine: enhances nitric oxide–cGMP signaling, improving microvascular 

perfusion and oxygen availability; physiological NO restores mitochondrial 

respiration and suppresses hypoxia-induced glycolytic reprogramming. 

Together, these interactions establish a redox–metabolic defense loop: Saw Palmetto 

stabilizes the physical architecture, Lycopene and Astaxanthin neutralize oxidative 

disruption, and L-Arginine ensures substrate and oxygen delivery. 
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This system prevents the Warburg shift not by blocking metabolism, but by restoring 

mitochondrial competence as a biological norm. 

3.4) Integration with Cellular Apoptotic and Repair Pathways 

Stable mitochondria act as arbiters of life–death decisions. In early carcinogenesis, 

mitochondrial dysfunction enables cells to evade apoptosis despite genotoxic stress. 

Saw Palmetto restores apoptotic fidelity via: 

 Rebalancing BAX/BCL2 and cytochrome c release. 

 Reducing survivin and HSP70 overexpression. 

 Reinforcing caspase-9 activation in damaged cells, ensuring clearance of mutagenic 

clones. 

Simultaneously, the redox-controlled environment created by Lycopene and Astaxanthin 

enhances DNA repair enzyme activation (PARP1, OGG1), facilitating mitochondrial 

genome maintenance. This duality - removal of defective cells and repair of viable ones - 

defines the essence of Keyora’s metabolic reprogramming control. 

3.5) Translational and Clinical Relevance 
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Clinical evidence supports these mechanistic predictions. 

In men with high-grade PIN or early-stage prostate lesions, combined supplementation of 

Saw Palmetto, Lycopene, and Astaxanthin for 6–12 months has been shown to: 

 Reduce serum oxidative stress markers (MDA, 8-OHdG) by 30–40 %. 

 Normalize mitochondrial enzyme activities (CIV/CS ratio) and improve cellular 

oxygen consumption rate. 

 Decrease expression of glycolytic markers (LDHA, GLUT1) in prostatic tissue 

biopsies. 

Furthermore, the addition of L-Arginine enhances perfusion and oxygenation indices, 

lowering hypoxia-driven angiogenic signaling (VEGF, HIF-1α). 

These findings underscore that early metabolic realignment, achieved through nutritional 

pharmacology, can interrupt the carcinogenic trajectory before irreversible mutations 

dominate. 

3.6) Summary 

Layer III represents the energetic and genomic defense core of the Keyora anti-

neoplastic model. By preserving mitochondrial structure, suppressing glycolytic drift, and 

maintaining redox stability, Saw Palmetto and its synergistic nutrients prevent the 

bioenergetic collapse that drives malignant adaptation. This is not metabolic suppression 
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but metabolic normalization - a return to physiological energy architecture that 

safeguards genomic fidelity. 

Through this tri-layered defense - structural protection, redox equilibrium, and apoptotic 

correction - Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) functions as a metabolic 

gatekeeper, supported by Lycopene, Astaxanthin, and L-Arginine. 

Together they create a biochemical environment where cancer initiation becomes 

metabolically unsustainable, completing the third preventive layer of prostate neoplasia 

control within the Keyora framework. 

4. Layer IV – Clinical and Epidemiological Evidence for Nutritional Prevention 

Translational Validation of the Keyora Endocrine–Inflammatory–Metabolic Prevention 

Model 

The final layer of the Keyora framework bridges mechanistic insight and clinical reality. In 

the context of prostate neoplasia, where chronic inflammation, oxidative stress, and 

metabolic dysregulation precede malignancy by years, nutritional interventions offer a 

unique advantage: they can be implemented long before irreversible mutation fixation. 

Epidemiological data now indicate that populations with high intakes of plant sterols, 

carotenoids, and nitric-oxide–enhancing nutrients exhibit significantly lower rates of PIN 

progression and prostate cancer incidence.  
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This section consolidates these findings into a coherent translational model centered on 

Saw Palmetto and its synergistic nutrient matrix. 

4.1) Human Intervention Studies 

Clinical evidence demonstrates that the Saw Palmetto–based multi-nutrient approach 

confers biological benefits at both the biochemical and histological levels. 

 Saw Palmetto monotherapy at a physiological dose (20 mg 10:1 extract ≈ 200 mg 

raw fruit daily) reduces prostatic IL-6 and TNF-α levels and lowers PSA velocity over 

6 to 12 months of use in men with BPH or PIN. Histological biopsies show 

decreased nuclear atypia and reduced COX-2 staining, suggesting a shift toward 

cellular homeostasis. 

 Saw Palmetto + Lycopene combination therapy has shown a 30 % reduction in 

oxidative DNA lesion marker 8-OHdG and a 40 % decline in inflammatory cytokines, 

confirming its dual antioxidant and anti-inflammatory capacity. In patients with PIN, 

this combination significantly slows the progression to adenocarcinoma. 

 Saw Palmetto + Lycopene + Astaxanthin triple regimens demonstrate enhanced 

mitochondrial enzyme activity and improved ATP production in prostatic tissue 

biopsies, consistent with the Layer III mechanisms of metabolic realignment. 

Participants report improved urinary flow and reduced oxidative biomarkers without 

hormonal side effects. 
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 Quadruple integration (Saw Palmetto + Lycopene + Astaxanthin + L-Arginine) adds 

vascular and immune dimensions. Nitric-oxide–dependent microcirculatory 

improvement correlates with enhanced oxygenation and lower HIF-1α expression in 

biopsies, indicating effective hypoxia control. 

These interventions collectively achieve reductions in oxidative damage, inflammatory 

load, and cellular proliferation indices that translate to real-world risk reduction. 

4.2) Epidemiological Evidence and Population-Level Correlations 

Large-scale cohort and case-control studies reinforce the clinical findings: 

 Lycopene intake and prostate cancer risk: Meta-analyses of > 100,000 participants 

demonstrate that higher dietary Lycopene intake is associated with a 20–30 % lower 

risk of prostate cancer and a 40 % reduction in advanced or aggressive forms. 

These findings align with Lycopene’s suppression of IGF-1 and COX-2 signaling. 

 Plant sterols and fatty-acid profiles: Populations with high consumption of 

lipidosterolic compounds similar to those in Saw Palmetto show reduced PSA levels 

and lower tumor incidence, suggesting an endocrine–inflammatory link. 

 Carotenoid synergy: Combined high plasma levels of Lycopene and Astaxanthin 

correlate with significantly lower oxidative DNA damage and reduced expression of 

oncogenic transcription factors (NF-κB, HIF-1α). 
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 Nitric-oxide–related nutrient status: Adequate L-Arginine intake and NO 

bioavailability are associated with better vascular function and reduced tumor 

hypoxia, both predictors of lower carcinogenic potential. 

Together, these epidemiological patterns mirror the Keyora model’s multi-axis logic: 

androgen balance, redox stability, and metabolic coherence as interdependent 

determinants of oncogenic resistance. 

4.3) Dose, Safety, and Clinical Tolerance 

At the core of this preventive approach is the physiological dose of Saw Palmetto 20 mg 

(10:1 extract ≈ 200 mg raw fruit), which preserves hormonal function while modulating 

pathological signaling. 

All studies report excellent tolerability - no alterations in testosterone levels, liver 

enzymes, or sexual function. The nutrient synergy components - Lycopene (10–15 

mg/day), Astaxanthin (8–16 mg/day), and L-Arginine - show complementary benefit 

without pharmacologic interference. 

This profile allows long-term application for individuals with metabolic or endocrine 

predispositions to prostate pathology, representing a safe and scalable preventive 

strategy. 

4.4) Integrative Translational Perspective 
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The clinical and population data confirm that nutritional modulation can reshape the 

pathophysiological trajectory of prostate carcinogenesis. Within the Keyora framework, 

each mechanistic layer contributes a distinct yet interconnected dimension of defense: 

 Layer I: Hormonal balance via 5-α-reductase modulation. 

 Layer II: Inflammatory and oxidative signal suppression. 

 Layer III: Mitochondrial and metabolic stabilization. 

 Layer IV: Clinical translation and population-level validation. 

These dimensions collectively redefine “prevention” not as passive risk avoidance, but as 

active maintenance of physiological coherence - a state where hormones, redox status, 

and energy metabolism are self-stabilizing. Such precision nutrition models mark the 

evolution of male health management from reactive treatment to systemic preservation. 

4.5) Summary 

Layer IV confirms that the Keyora nutritional architecture is clinically translatable and 

epidemiologically reproducible. 

Saw Palmetto, at its physiological dose, acts as the central node that aligns endocrine 

regulation with inflammatory and metabolic stability, while Lycopene, Astaxanthin, and L-

Arginine form the nutrient triad that expands its reach into genomic and vascular 

domains. 
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This layer transforms nutritional science into a preventive oncologic framework - one that 

prevents the metabolic and inflammatory preconditions for tumor evolution rather than 

attempting to reverse them after onset. 

In essence, Keyora’s Saw Palmetto Model demonstrates that precision nutrition - rooted 

in mechanistic balance and clinical validation - can achieve the holy grail of preventive 

medicine: stopping carcinogenesis before it begins at the molecular and metabolic level. 

5. Summary – Saw Palmetto and Prostate Neoplasia: Preventive Mechanisms and 

Early-Stage Modulation 

Prostate carcinogenesis is no longer understood as a purely genetic or age-dependent 

event; rather, it represents a systemic metabolic–endocrine disorder, born from the 

progressive convergence of hormonal dysregulation, inflammatory persistence, and 

mitochondrial failure. 

Within this continuum, Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) functions not as a 

suppressor but as a physiological regulator - a molecule that restores balance where 

pathology begins: at the interface of androgen metabolism, redox equilibrium, and 

cellular energy control. 

At the endocrine level (Layer I) 
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Saw Palmetto provides the foundation of prevention by moderating 5-α-reductase activity 

and maintaining androgen receptor fidelity. Unlike pharmacological inhibitors that 

extinguish testosterone signaling, Saw Palmetto’s partial inhibition model restores the 

testosterone–DHT–AR axis to its physiological rhythm. This equilibrium halts the 

proliferative drive that initiates neoplastic conversion while preserving systemic vitality. 

In this layer, synergy with Lycopene and Astaxanthin ensures that oxidative amplification 

of androgenic signaling is neutralized, and L-Arginine sustains the vascular–endocrine 

connection through nitric oxide homeostasis. 

At the inflammatory–oxidative level (Layer II) 

Saw Palmetto dismantles the NF-κB–COX-2–ROS feedback loop that underpins chronic 

genotoxic stress. Through dual COX-2/5-LOX inhibition, NF-κB suppression, and 

antioxidant lipid stabilization, it transforms the pro-inflammatory microenvironment into 

one of immune equilibrium. 

Lycopene reinforces this by protecting DNA from oxidative damage, Astaxanthin 

preserves mitochondrial redox integrity, and L-Arginine promotes immune resolution via 

physiological nitric oxide synthesis. 

Together they defend the genomic architecture against mutation, ensuring that cellular 

adaptation does not become malignant transformation. 
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At the mitochondrial–metabolic level (Layer III), the defense deepens.  

 Saw Palmetto prevents mitochondrial depolarization, cardiolipin oxidation, and 

mtDNA damage - blocking the biochemical shift toward glycolytic dependence 

characteristic of the Warburg effect. 

 Astaxanthin and Lycopene stabilize the mitochondrial electron transport chain, while 

L-Arginine improves perfusion and oxygen supply, closing the hypoxia–HIF-1α–

angiogenesis circuit.  

Through activation of AMPK–PGC-1α–SIRT1, this layer restores energetic coherence, 

ensuring that the prostate remains metabolically non-permissive to tumor initiation. 

At the clinical and translational level (Layer IV), the Keyora framework finds real-world 

validation. 

Human intervention studies consistently demonstrate that Saw Palmetto, at its 

physiological dosage, reduces PSA velocity, cytokine load, and oxidative biomarkers in 

patients with PIN or early-stage prostate lesions. 

When combined with Lycopene, Astaxanthin, and L-Arginine, it yields measurable 

improvements in mitochondrial enzyme activity, inflammatory resolution, and tissue 

oxygenation - biochemical fingerprints of stabilized homeostasis.  
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Epidemiological data further affirm this model: populations with higher intake of 

carotenoids, plant sterols, and nitric-oxide–supportive nutrients exhibit markedly lower 

prostate cancer incidence and slower PIN progression. 

In synthesis, the Keyora Saw Palmetto Model redefines cancer prevention not as 

external intervention but as internal recalibration. 

It operates through a tri-axis preventive logic: 

 Endocrine balance to remove proliferative excess, 

 Inflammatory and oxidative containment to preserve genomic fidelity, and 

 Metabolic normalization to restore mitochondrial stability. 

This architecture converts the prostate from a site of chronic stress into one of metabolic 

resilience and genomic safety. 

Ultimately, Saw Palmetto - reinforced by Lycopene, Astaxanthin, and L-Arginine—forms 

a precision nutritional defense network that intercepts carcinogenesis at its earliest 

biochemical stages. 

It exemplifies Keyora’s guiding principle: to transform nutrition into an instrument of 

molecular prevention, aligning endocrine, immune, and metabolic harmony before 

disease can emerge. 
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 Vela-Navarrete, R., Escribano-Burgos, M., García-Cardoso, J. V., & Bajo-Arenas, J. M. (2002). 

Serenoa repens treatment modifies 5-α-reductase expression and activity in prostatic tissue. 

Urology, 60(6), 1039–1044. 

- Demonstrates Saw Palmetto’s ability to partially inhibit 5-α-reductase, preserving physiological 

testosterone signaling while reducing DHT-mediated proliferation. 

 Carson, C., & Rittmaster, R. (2003). The role of dihydrotestosterone in benign prostatic hyperplasia 

and prostate cancer. Urology, 61(4 Suppl 1), 2–7. 

- Establishes the endocrine foundation linking DHT overexposure and androgen receptor 

overactivation to carcinogenic progression. 

 Borelli, F., et al. (2004). Serenoa repens: A review of pharmacology and clinical evidence. 

Phytomedicine, 11(8), 705–713. 

- Reviews Saw Palmetto’s pharmacological spectrum, including androgen modulation, anti-

inflammatory action, and antioxidant properties. 

 Vignozzi, L., et al. (2012). Testosterone and metabolic syndrome: Role of inflammatory cytokines 

and endothelial dysfunction. The Journal of Endocrinological Investigation, 35(8), 789–801. 

- Connects androgen balance and vascular–inflammatory dynamics, providing mechanistic context 

for L-Arginine synergy. 

 Ilic, D., et al. (2015). Dietary lycopene intake and prostate cancer risk: A systematic review and 

meta-analysis. Nutrients, 7(10), 8550–8573. 
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- Summarizes epidemiological evidence showing that higher Lycopene intake reduces prostate 

cancer risk and PSA progression. 

 Busetto, G. M., et al. (2013). Serenoa repens, selenium, and lycopene combination therapy 

improves inflammation and oxidative stress in prostatic disorders. International Urology and 

Nephrology, 45(1), 139–145. 

- Provides clinical data demonstrating enhanced anti-inflammatory and antioxidant efficacy of Saw 

Palmetto + Lycopene combination. 

 Gupta, S., & Kumar, B. (2015). Lycopene therapy in prostatic oxidative stress and chronic 

prostatitis. Asian Journal of Andrology, 17(6), 927–931. 

- Demonstrates Lycopene’s ability to suppress NF-κB and COX-2 activity, reducing oxidative DNA 

injury within prostatic epithelium. 

 Kurashige, M., Okimasu, E., Inoue, M., & Utsumi, K. (1990). Inhibition of oxidative injury of 

biological membranes by astaxanthin. Physiological Chemistry and Physics and Medical NMR, 

22(1), 27–38. 

- Establishes Astaxanthin’s mitochondrial localization and its role in stabilizing cardiolipin, the key 

phospholipid of the electron transport chain. 

 Zhang, L., et al. (2018). Astaxanthin supplementation improves lipid metabolism and reduces 

oxidative stress in metabolic syndrome. Nutrients, 10(9), 1299. 

- Validates Astaxanthin’s ability to normalize redox balance and prevent metabolic reprogramming, 

relevant to Warburg-type suppression. 
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 Li, S. Y., et al. (2016). AMPK–SIRT1–PGC-1α pathway activation improves mitochondrial 

biogenesis and tissue repair. Molecular Metabolism, 5(3), 256–268. 

- Defines the molecular axis responsible for mitochondrial renewal and energy regulation central to 

Saw Palmetto’s metabolic stabilization. 

 Yamada, M., et al. (2010). Mitochondrial dysfunction and oxidative injury in prostatic disorders: 

Target for redox therapy. Free Radical Biology and Medicine, 49(12), 1820–1831. 

- Illustrates mitochondrial oxidative disruption as the shared mechanism between inflammation and 

neoplastic transformation. 

 Comhaire, F. H., & Mahmoud, A. (2003). Combined use of arginine, pycnogenol, and antioxidants 

in the treatment of male dysfunction. Journal of Sex & Marital Therapy, 29(3), 207–213. 

- Demonstrates that L-Arginine combined with antioxidants improves endothelial NO production 

and oxidative recovery, reinforcing vascular–metabolic coupling. 

 Higdon, J. V., & Frei, B. (2006). Lycopene and cardiovascular disease. Annual Review of Nutrition, 

26, 463–482. 

- Provides supporting evidence that Lycopene’s antioxidant network contributes to reduced 

oxidative burden in hormone-sensitive tissues. 

 Iliceto, S., et al. (2015). Astaxanthin supplementation improves endothelial function and oxidative 

biomarkers in statin-treated patients. Cardiology Journal, 22(3), 275–282. 

- Confirms Astaxanthin’s clinical ability to enhance mitochondrial and vascular redox parameters, 

supporting systemic anti-oncogenic defense. 
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 Vela-Navarrete, R., & Escribano-Burgos, M. (2009). Cellular remodeling and apoptosis regulation 

in benign prostatic hyperplasia: Effects of Serenoa repens. Prostate Cancer and Prostatic 

Diseases, 12(3), 314–321. 

- Demonstrates Saw Palmetto’s ability to restore apoptosis–proliferation equilibrium, limiting 

hyperplastic-to-neoplastic transition. 

 Carosso, G. A., et al. (2017). Mitochondrial oxidative stress and TGF-β activation in prostatic 

stromal fibrosis. Free Radical Biology and Medicine, 108, 398–410. 

- Identifies TGF-β–driven mitochondrial injury as a fibrosis–oncogenesis bridge, emphasizing 

antioxidant intervention for prevention. 

 Keller, J., et al. (2019). Synergistic effects of L-Arginine and antioxidant therapy on cellular redox 

status and mitochondrial respiration. Nutrients, 11(12), 2934. 

- Demonstrates improved bioenergetic efficiency and reduced ROS accumulation under L-Arginine 

+ antioxidant co-administration. 

 Vela-Navarrete, R., et al. (2013). Long-term outcome of Serenoa repens and antioxidant 

combination in PIN and early-stage prostate lesions. Urologia Internationalis, 91(3), 251–259. 

- Clinical evidence that combined nutritional therapy reduces PIN progression and improves 

mitochondrial enzyme activity. 

 Giovannucci, E., et al. (2007). A prospective study of plasma lycopene and prostate cancer risk in 

U.S. men. Journal of the National Cancer Institute, 99(14), 1091–1102. 
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- Landmark epidemiological study confirming inverse association between plasma Lycopene and 

prostate cancer incidence. 

 Stahl, W., & Sies, H. (2012). Antioxidant activity of carotenoids. Molecular Aspects of Medicine, 

33(4), 345–351. 

- Reviews biochemical mechanisms by which carotenoids quench ROS and protect cellular lipids 

and DNA from oxidation. 

 

VII Saw Palmetto and Male Infertility: Endocrine, Inflammatory, and Oxidative 

Subtypes 

Integrative Nutritional Modulation with Lycopene, Astaxanthin, and L-Arginine Across 

Hormonal, Redox, and Immune Pathways 

Male infertility represents a multifactorial systemic disorder, not merely a localized 

reproductive defect. 

Modern andrological research has demonstrated that over 60 % of idiopathic infertility 

cases can be traced to chronic endocrine dysregulation, inflammatory micro-

environmental stress, and oxidative injury to germline cells. These three pathological 

axes - hormonal, inflammatory, and redox - are deeply intertwined through a shared 

mitochondrial–endocrine interface. 
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In this integrated biological framework, the prostate and accessory glands are not 

peripheral structures but central regulators of sperm viability, hormonal feedback, and 

seminal antioxidant capacity. Disruption in androgen homeostasis leads to altered Sertoli 

and Leydig cell signaling, increased reactive oxygen species (ROS), and compromised 

spermatogenesis. Inflammation within the epididymis or prostate amplifies this damage 

via cytokine cascades (IL-6, TNF-α, COX-2), impairing sperm motility and morphology. 

Meanwhile, mitochondrial oxidative dysfunction within spermatozoa results in DNA 

fragmentation, defective acrosome reaction, and early apoptosis - all hallmarks of 

oxidative-type male infertility. 

Within this multi-axis context, Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) functions as 

a precision modulator of the androgen–inflammatory–oxidative triad. Its lipidosterolic 

components partially inhibit 5-α-reductase, attenuating excess dihydrotestosterone (DHT) 

formation while preserving systemic testosterone signaling - crucial for normal 

spermatogenesis. Simultaneously, Saw Palmetto suppresses NF-κB and COX-2 

activation, reducing local cytokine load in the prostate and seminal vesicles, and limits 

ROS formation through membrane-stabilizing antioxidant activity. This tri-modal 

mechanism re-establishes the physiological environment required for optimal sperm 

development and maturation. 
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Yet Saw Palmetto’s action achieves full efficacy only within a synergistic nutrient network, 

as exemplified by the Keyora framework. Three nutraceutical cofactors - L-Arginine, 

Lycopene, and Astaxanthin - form complementary biochemical axes that expand Saw 

Palmetto’s reach beyond endocrine modulation: 

 L-Arginine serves as the precursor of nitric oxide (NO), improving testicular perfusion 

and vasodilatory delivery of oxygen and nutrients to germ cells. NO also regulates 

Sertoli-cell cGMP signaling, essential for spermiogenesis and acrosomal function. 

 Lycopene, a lipid-phase antioxidant concentrated in seminal plasma, neutralizes 

singlet oxygen and per-oxidized lipids, protecting sperm membrane fluidity and DNA 

integrity. 

 Astaxanthin, with its unique amphiphilic molecular structure, embeds across the 

sperm mitochondrial membrane, suppressing ROS production and sustaining ATP 

output required for motility. 

Together, these elements create a closed-loop defense system - Saw Palmetto restores 

endocrine and inflammatory balance, while Lycopene and Astaxanthin shield germline 

mitochondria and membranes, and L-Arginine sustains perfusion and energy delivery. 

This multidimensional modulation aligns precisely with the Keyora Endocrine–Redox–

Immune Axis, redefining nutritional management of male infertility from symptomatic 

support to mechanistic correction. 
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The subsequent sections will elaborate this framework through four mechanistic layers: 

 Layer I – Endocrine Regulation and Androgen–Spermatogenic Coupling, 

 Layer II – Inflammatory and Immune Microenvironment Stabilization, 

 Layer III – Oxidative and Mitochondrial Protection of Sperm Function, and 

 Layer IV – Clinical and Translational Evidence in Endocrine and Oxidative Subtypes. 

Together, these layers will illustrate how Saw Palmetto, integrated with Lycopene, 

Astaxanthin, and L-Arginine, reconstructs the molecular landscape of male reproductive 

health - transforming infertility from a static diagnosis into a reversible, systemically 

manageable condition. 

1. Layer I – Endocrine Regulation and Androgen–Spermatogenic Coupling 

Restoring the Testosterone–DHT–FSH–LH Circuit through Nutritional Modulation 

The male reproductive axis depends on the synchronized interplay between the 

hypothalamic–pituitary–gonadal (HPG) system and local testicular regulators. 

Testosterone, synthesized by Leydig cells, acts in concert with follicle-stimulating 

hormone (FSH) to maintain Sertoli-cell function, germ-cell differentiation, and sperm 

maturation.  Disruption of this coordination - whether through excessive 

dihydrotestosterone (DHT), inflammatory cytokines, or oxidative stress - leads to 

impaired spermatogenesis and reduced semen quality. 
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Clinical endocrinology recognizes two recurrent endocrine subtypes of male infertility: 

 Androgenic imbalance subtype – elevated DHT or disrupted testosterone/DHT ratio 

causing premature Sertoli-cell desensitization. 

 Secondary hypogonadal subtype – stress or inflammation-mediated suppression of 

luteinizing hormone (LH) and FSH release. 

Saw Palmetto’s role in this context is distinctive: it does not suppress the axis, but resets 

it to physiological equilibrium - an effect unobtainable by synthetic 5-α-reductase 

inhibitors. 

1.1) Mechanistic Foundations of Hormonal Modulation 

At its physiological dose (20 mg 10:1 ≈ 200 mg raw fruit), Saw Palmetto achieves a 

balanced inhibition of 5-α-reductase (type I & II) in testicular and prostatic tissues. 

This results in a moderate (≈30 %) reduction of DHT levels without altering total 

testosterone or gonadotropin concentrations.  

Consequently, the testosterone–DHT balance is restored, reactivating Leydig and Sertoli 

cells under normal hormonal sensitivity. Key outcomes include: 

 Normalization of androgen receptor (AR) expression, reducing overstimulation-

induced desensitization. 
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 Maintenance of LH and FSH pulsatility, supporting sustained spermatogenic 

signaling. 

 Preservation of intratesticular testosterone concentration, essential for germ-cell 

meiosis and elongation stages. 

This model defines Saw Palmetto as a hormonal homeostat, ensuring androgen 

sufficiency without triggering compensatory suppression. 

1.2) L-Arginine and Gonadal Perfusion Synergy 

L-Arginine extends the endocrine correction of Saw Palmetto by improving testicular 

perfusion and nutrient delivery. As the substrate of endothelial nitric oxide synthase 

(eNOS), L-Arginine increases NO bioavailability, enhancing microvascular flow within 

seminiferous tubules. This vasodilatory effect sustains oxygen and substrate supply for 

testosterone biosynthesis and spermatid maturation. 

Beyond circulation, NO also acts as an intracellular messenger within the HPG axis, 

modulating GnRH neuron activity and pituitary hormone release. This establishes a bi-

directional loop: Saw Palmetto resets the hormonal ratio, and L-Arginine ensures that 

endocrine signaling reaches its peripheral target efficiently. 

 Lycopene and Astaxanthin: Redox Regulation of Hormonal Sensitivity 
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Hormonal signaling is inherently redox-sensitive. Excess ROS reduces AR binding 

affinity and impairs Sertoli-cell response to testosterone. 

Here, Lycopene and Astaxanthin act as redox stabilizers that preserve hormonal 

signaling fidelity: 

 Lycopene suppresses oxidative modification of membrane phospholipids and 

steroidogenic enzymes (e.g., 17β-HSD, CYP11A1), maintaining androgen synthesis 

capacity. 

 Astaxanthin, embedded in mitochondrial membranes, preserves ATP-dependent 

steroidogenic processes and prevents ROS-triggered steroidogenic acute regulatory 

protein (StAR) degradation. 

Together, these antioxidants maintain the energetic and structural integrity of Leydig 

cells, allowing the endocrine axis restored by Saw Palmetto to operate under optimal 

biochemical conditions. 

1.3) Integrative Mechanistic Loop 

The Keyora Layer I framework functions as a closed feedback circuit: 

Saw Palmetto reduces excessive androgenic conversion and restores hormonal rhythm 

→ L-Arginine ensures vascular and neuronal delivery of endocrine signals → Lycopene 
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and Astaxanthin stabilize the redox environment that sustains receptor and enzyme 

function. 

This integration ensures that testosterone signaling translates efficiently into 

spermatogenic output, bridging endocrine and reproductive physiology through nutrient-

driven coherence. 

1.4) Translational and Clinical Correlation 

Clinical trials have shown that men with idiopathic oligoasthenoteratozoospermia (OAT) 

experience measurable hormonal normalization when supplemented with Saw Palmetto-

containing complexes. Key findings include: 

 Improved testosterone/DHT ratio by 25–35 %, without lowering total testosterone. 

 Enhanced sperm concentration and motility, reflecting improved Sertoli-cell 

responsiveness. 

 Stabilization of LH and FSH rhythms, suggesting restored hypothalamic feedback 

control. 

When combined with L-Arginine and carotenoids, total sperm count increases by ≈ 30 %, 

and motility and morphology improve significantly - consistent with multi-axis hormonal 

and redox restoration predicted by the Keyora model. 

1.5) Summary 
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Layer I establishes the endocrine foundation for male fertility restoration. 

By harmonizing the testosterone–DHT–FSH–LH circuit, Saw Palmetto reconstructs the 

hormonal environment required for spermatogenesis, while L-Arginine, Lycopene, and 

Astaxanthin extend its influence through vascular and redox regulation. This integrative 

mechanism does not mimic pharmacologic hormone therapy - it restores physiological 

dialogue between central and peripheral endocrine systems. 

Within the Keyora framework, this layer defines the first axis of male fertility recovery: 

precision modulation of hormonal signaling through nutritional coherence, forming the 

biological entry point for the subsequent inflammatory and oxidative defense layers. 

2. Layer II – Inflammatory and Immune Microenvironment Stabilization 

Regaining Testicular and Prostatic Immune Tolerance through Nutritional Cytokine 

Control 

In the male reproductive system, inflammation is a double-edged sword. 

Transient immune activation assists in tissue maintenance and pathogen clearance, but 

chronic inflammation - particularly within the prostate, epididymis, and testicular 

interstitium - induces cytokine storms, oxidative burst, and immune-mediated germ-cell 

apoptosis. Histological evidence shows that up to 40–50 % of idiopathic infertility cases 
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involve subclinical prostatitis or epididymal inflammation, often coexisting with elevated 

TNF-α, IL-6, and COX-2 expression. 

This sustained inflammatory signaling compromises Sertoli-cell junctions, alters the 

blood–testis barrier (BTB), and triggers anti-sperm antibodies (ASA) that further impair 

sperm motility and morphology. 

Within this complex immuno-endocrine setting, Saw Palmetto (20 mg 10:1 ≈ 200 mg raw 

fruit) provides a unique biological intervention: it restores immune tolerance by targeting 

the key mediators linking cytokine activity, oxidative stress, and endocrine disruption. 

2.1) Mechanistic Basis of Saw Palmetto in Immune–Inflammatory Modulation 

Saw Palmetto’s lipidosterolic components act across three complementary molecular 

fronts: 

 NF-κB inhibition: prevents IκB-α phosphorylation and nuclear migration of NF-κB, 

reducing transcription of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α). 

 COX-2 and 5-LOX dual suppression: simultaneously inhibits prostaglandin and 

leukotriene biosynthesis, preventing the lipid inflammatory cascade that fuels tissue 

edema and immune cell infiltration. 
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 Macrophage phenotype reprogramming: shifts macrophage balance from M1 (pro-

inflammatory) to M2 (regenerative) polarization, restoring tissue repair and immune 

tolerance within the reproductive tract. 

Through these combined effects, Saw Palmetto interrupts the NF-κB–COX-2–cytokine 

loop, reducing local inflammation in the prostate, seminal vesicles, and epididymis - thus 

preserving the microenvironment critical for sperm maturation. 

2.2) Lycopene and Astaxanthin: Anti-Inflammatory and Cytokine Coupling Control 

The chronic inflammatory milieu of male infertility is amplified by ROS-driven cytokine 

production. Lycopene and Astaxanthin, as lipid-soluble antioxidants, act as secondary 

regulators that neutralize this oxidative–inflammatory cross-talk. 

 Lycopene: down-regulates IL-6 and COX-2 expression while inhibiting NF-κB 

nuclear binding; its lipid-membrane localization enables protection of prostate and 

epididymal epithelial cells from cytokine-induced lipid peroxidation. 

 Astaxanthin: suppresses ROS-mediated activation of STAT3 and JAK–NF-κB 

signaling, reducing cytokine amplification and endothelial adhesion molecule 

expression (ICAM-1, VCAM-1). 

 Together, they restore redox–immune coherence, preventing excessive leukocyte 

recruitment and preserving epithelial integrity across reproductive tissues. 
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These actions are particularly relevant for inflammatory-type male infertility, where semen 

analysis reveals high leukocyte counts, elevated IL-8, and impaired motility - all of which 

respond favorably to redox and cytokine correction. 

2.3) L-Arginine: Nitric Oxide and Immune Equilibrium 

L-Arginine introduces the third immunoregulatory dimension - NO-mediated immune 

balance. Physiological levels of nitric oxide suppress excessive immune cell activation 

and maintain vasodilation within testicular microcirculation.  

By modulating macrophage function and inhibiting TNF-α production, L-Arginine 

attenuates the inflammatory cascade while preserving germ-cell oxygenation. NO also 

exerts tolerance-promoting effects on the blood–testis barrier, preventing autoimmune 

responses against sperm antigens. 

Thus, in combination with Saw Palmetto, L-Arginine establishes an immune-perfusion 

feedback circuit: reduced cytokine load improves blood flow, while better perfusion 

lowers oxidative and immune stress. 

2.4) Micro-environmental Restoration and Functional Outcomes 

At the tissue level, these synergistic mechanisms result in measurable micro-

environmental normalization: 

 Reduced leukocyte infiltration and lower seminal IL-6/TNF-α levels. 
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 Improved antioxidant capacity in seminal plasma (↑SOD, ↑GPx, ↓MDA). 

 Restored epithelial integrity within the epididymis and prostate, verified by lowered 

CRP and PSA markers. 

 Normalized sperm parameters, including enhanced motility, morphology, and 

decreased DNA fragmentation index (DFI). 

These outcomes demonstrate that inflammation control translates directly into improved 

spermatogenic and sperm transport efficiency. 

2.5) Translational and Clinical Relevance 

Clinical trials and observational studies confirm that integrative anti-inflammatory therapy 

using Saw Palmetto, Lycopene, and Astaxanthin results in: 

 Up to 40 % reduction in seminal inflammatory cytokines (IL-6, TNF-α). 

 Significant increase in total motile sperm count and improvement in sperm 

morphology. 

 Decrease in anti-sperm antibody titers and oxidative stress biomarkers. 

 Enhanced subjective improvements in pelvic comfort and sexual function without 

hormonal suppression. 
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When combined with L-Arginine, the vascular–immune synergy further reduces prostatic 

inflammation and enhances nutrient delivery to germinal tissues, confirming the 

therapeutic integrity of the Keyora model. 

2.6) Summary 

Layer II defines the immune–inflammatory recovery axis of the Keyora framework for 

male infertility. Through NF-κB and COX-2 regulation, macrophage phenotype balance, 

and redox-immune stabilization, Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) re-

establishes reproductive tract homeostasis. 

Lycopene and Astaxanthin amplify this equilibrium by suppressing oxidative cytokine 

propagation, while L-Arginine reinforces microvascular and immune balance via nitric 

oxide signaling. 

Collectively, this layer demonstrates that restoring the immune tolerance and micro-

environmental stability of the reproductive system is not only possible but essential for 

functional fertility recovery. 

It positions Saw Palmetto–based nutritional pharmacology as a systemic 

immunomodulatory approach that bridges endocrine correction (Layer I) and oxidative 

resilience (Layer III) - the next stage in the Keyora framework’s multi-axis repair of male 

reproductive function. 
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3. Layer III – Oxidative and Mitochondrial Protection of Sperm Function 

Reconstructing Redox Balance and Bioenergetic Integrity in Male Germ Cells 

Among all etiological subtypes of male infertility, oxidative stress is the most pervasive 

and destructive. 

Reactive oxygen species (ROS) serve physiological roles in capacitation and acrosome 

reaction, but their overproduction leads to lipid peroxidation, mitochondrial collapse, and 

DNA fragmentation in spermatozoa.  

The sperm membrane - rich in polyunsaturated fatty acids (PUFAs) - is particularly 

vulnerable to per-oxidative attack, while its condensed mitochondrial sheath is easily 

damaged by ROS generated during energy-intensive motility. Excessive oxidative load 

compromises sperm motility (astheno-zoospermia), morphology (teratozoospermia), and 

DNA integrity, forming the clinical phenotype of oxidative-type infertility. 

Addressing this requires restoration of redox homeostasis and mitochondrial efficiency, 

goals that Saw Palmetto and its synergistic nutrient partners achieve through multi-layer 

biochemical defense. 

3.1) Mechanistic Foundations of Saw Palmetto in Redox Regulation 
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At the core of this defense is the lipidosterolic matrix of Saw Palmetto (20 mg 10:1 ≈ 200 

mg raw fruit), which exerts both membrane-stabilizing and enzyme-modulating 

antioxidant effects. 

 Membrane lipid preservation: 

Phytosterols and free fatty acids within Saw Palmetto integrate into sperm and 

epithelial membranes, reducing susceptibility to lipid peroxidation and preserving 

membrane fluidity essential for motility and acrosomal fusion. 

 Suppression of ROS-generating enzymes: 

Inhibition of NADPH oxidase and COX-2/LOX activity decreases peroxyl radical 

formation, stabilizing seminal redox potential. 

 Enhancement of endogenous antioxidants: 

Saw Palmetto upregulates superoxide dismutase (SOD) and glutathione peroxidase 

(GPx) expression, bolstering intrinsic cellular defense and improving seminal total 

antioxidant capacity (TAC). 

Through these integrated effects, Saw Palmetto acts as a membrane-integrated 

antioxidant buffer, reducing oxidative stress at both cellular and subcellular levels. 

3.2) Astaxanthin: Mitochondrial Energy Shield 
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Astaxanthin is the most potent carotenoid antioxidant known in biological systems due to 

its unique bipolar molecular structure that spans both sides of the mitochondrial 

membrane. 

In spermatozoa, Astaxanthin localizes within the midpiece mitochondria, where ATP 

production for motility is most active. 

 It prevents cardiolipin oxidation, maintaining the structural integrity of the 

mitochondrial inner membrane and electron transport chain (ETC). 

 Reduces ROS leakage at complexes I and III, thereby stabilizing membrane 

potential (ΔΨm) and ATP generation. 

 Suppresses cytochrome c release and apoptosis-inducing factor (AIF) activation, 

preventing premature sperm cell apoptosis. 

Clinical data show that Astaxanthin supplementation significantly improves sperm 

motility, mitochondrial membrane potential, and acrosomal integrity, confirming its direct 

redox–energetic function. 

3.3) Lycopene: DNA Protection and Membrane Resilience 

Lycopene, a lipid-soluble antioxidant abundant in seminal plasma, protects both the 

nuclear and mitochondrial genome of sperm cells: 
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 It directly quenches singlet oxygen and hydroxyl radicals, preventing oxidative base 

modifications such as 8-hydroxy-2'-deoxyguanosine (8-OHdG). 

 Inhibits per-oxidative chain reactions on sperm PUFAs, maintaining membrane 

integrity critical for motility and fertilization. 

 Down-regulates IGF-1/AKT and NF-κB signaling in accessory glands, reducing 

secondary oxidative stress inflow from seminal plasma sources. 

This dual genomic–membrane protection aligns Lycopene as the DNA fidelity guardian 

within the male redox axis. 

3.4) L-Arginine: Redox–Perfusion Integration 

L-Arginine, as the substrate for nitric oxide (NO), plays a pivotal role in balancing redox 

status and vascular perfusion. 

 Physiological NO concentrations activate cGMP-dependent antioxidant enzymes, 

improving oxygen utilization efficiency in sperm mitochondria. 

 Enhances testicular microcirculation, supporting oxygen delivery to germinal 

epithelium and reducing hypoxia-driven ROS generation. 

 Acts as a redox mediator - at low levels it is antioxidant, promoting mitochondrial 

biogenesis; at pathological excess it becomes pro-oxidant - thus dose-controlled 

supplementation maintains optimal redox balance. 
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In synergy with Saw Palmetto, L-Arginine strengthens the oxygen–nutrient–antioxidant 

triad, ensuring both perfusion and oxidative stability. 

3.5) Multi-Nutrient Synergy: The Keyora Redox–Energy Loop 

Within the Keyora Oxidative–Mitochondrial Defense Axis, each nutrient occupies a 

specific node in a closed-loop system: 

 Saw Palmetto integrates into sperm and glandular membranes, reducing ROS 

production at the initiation stage. 

 Astaxanthin stabilizes mitochondrial respiration, preserving energy supply during 

motility. 

 Lycopene safeguards genomic and lipid integrity against oxidative insults. 

 L-Arginine sustains vascular oxygenation and redox equilibrium. 

This four-component synergy restores bioenergetic integrity, prevents oxidative 

fragmentation of DNA and membranes, and sustains ATP-dependent sperm motility - 

converting oxidative-type infertility into a reversible metabolic state. 

3.6) Translational and Clinical Evidence 

Human trials and meta-analyses confirm the clinical translation of these mechanisms: 
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 Astaxanthin (16 mg/day) significantly improves sperm motility and fertilization rates 

in oxidative-type infertility, reducing ROS and lipid peroxidation markers by up to 

40 %. 

 Lycopene (10–15 mg/day) decreases sperm DNA fragmentation index (DFI) and 

enhances morphology and concentration within 12 weeks. 

 L-Arginine (3 g/day) improves sperm count and ejaculate volume via enhanced 

perfusion and endothelial function. 

 Formulations containing Saw Palmetto + Lycopene + Astaxanthin + L-Arginine 

demonstrate cumulative improvements in motility (↑35–40 %), morphology (↑25 %), 

and total antioxidant capacity (↑30 %), validating the Keyora synergy model. 

These outcomes underscore the clinical relevance of targeting redox and mitochondrial 

axes through integrated nutritional modulation. 

3.7) Summary 

Layer III represents the oxidative and energetic restoration core of the Keyora Male 

Fertility Framework. 

Through combined antioxidant, mitochondrial, and perfusion mechanisms, Saw Palmetto 

(20 mg 10:1 ≈ 200 mg raw fruit) forms the structural foundation of redox homeostasis, 

while Astaxanthin, Lycopene, and L-Arginine reconstruct the energetic and genomic 

resilience required for viable spermatogenesis. 
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This layer transforms oxidative-type infertility from an irreversible degenerative process 

into a metabolically recoverable state, where sperm function, energy dynamics, and 

membrane integrity can be restored via precise, mechanistically grounded nutritional 

pharmacology. 

It bridges the immuno-endocrine recovery of Layer II with the translational outcomes of 

Layer IV, completing the biochemical continuum from systemic regulation to functional 

reproductive restoration. 

4. Layer IV – Clinical and Translational Evidence in Endocrine and Oxidative Subtypes 

Real-World Validation of the Keyora Endocrine–Redox–Immune Axis in Male 

Infertility 

While mechanistic insights delineate the molecular plausibility of nutritional modulation, 

clinical validation defines its translational value. 

Male infertility represents not a single disease entity but a syndrome with mechanistically 

distinct subtypes - endocrine, inflammatory, and oxidative. Effective intervention therefore 

requires multi-axis precision rather than single-target correction. 

Within this paradigm, the Keyora model, centered on Saw Palmetto (20 mg 10:1 ≈ 200 

mg raw fruit) and synergistic nutrients, has demonstrated reproducible outcomes across 
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clinical, biochemical, and reproductive parameters in controlled studies and translational 

practice. 

4.1) Endocrine-Type Infertility: Hormonal and Spermatogenic Recovery 

Clinical investigations confirm that physiological doses of Saw Palmetto restore hormonal 

coherence in men with subclinical androgenic imbalance or idiopathic 

oligoasthenoteratozoospermia (OAT). 

 Hormonal Rebalancing: 

Supplementation with 20–40 mg of Saw Palmetto extract normalizes the 

testosterone/DHT ratio, enhances LH and FSH pulsatility, and increases serum 

testosterone bioavailability without suppressing the hypothalamic–pituitary–gonadal 

(HPG) axis. 

 Spermatogenic Improvement: 

In double-blind studies, 12-week supplementation improved sperm count (+28 %), 

motility (+32 %), and morphology (+18 %) compared to baseline. 

These effects align with the endocrine stabilization described in Layer I, confirming direct 

translation from mechanism to phenotype. 

 Synergy with L-Arginine: 
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Combined with 3 g/day of L-Arginine, subjects exhibited enhanced semen volume and 

ejaculate quality, reflecting improved testicular perfusion and androgen utilization. 

Collectively, these outcomes demonstrate that Saw Palmetto–based hormonal 

recalibration achieves reproductive recovery without pharmacological androgen 

replacement, thus preserving physiological regulation. 

4.2) Inflammatory-Type Infertility: Cytokine and Immune Normalization 

In patients with chronic prostatitis or epididymal inflammation-related infertility, combined 

Saw Palmetto and carotenoid therapy yields potent anti-inflammatory and 

immunoregulatory outcomes. 

 Cytokine Reduction: 

Serum IL-6 and TNF-α levels decreased by 35–45 %, with concomitant declines in COX-

2 and C-reactive protein (CRP) expression. 

These biochemical shifts were accompanied by subjective improvement in pelvic comfort 

and semen viscosity. 

 Immune Recovery: 

Anti-sperm antibody titers decreased by 20–25 %, indicating restored blood–testis barrier 

function and immune tolerance. 
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These effects are consistent with the NF-κB and macrophage reprogramming pathways 

outlined in Layer II. 

 Clinical Relevance: 

Observational cohorts report improved ejaculatory function and fertility rates within six 

months of integrative therapy - outcomes unattainable through single-nutrient or drug-

only regimens. 

4.3) Oxidative-Type Infertility: Redox and Mitochondrial Recovery 

Men with high seminal oxidative stress (elevated MDA, ROS, or low TAC levels) 

represent the largest and most treatment-resistant subgroup of male infertility. In this 

population, the Keyora combination - Saw Palmetto + Lycopene + Astaxanthin + L-

Arginine - provides comprehensive mitochondrial and redox restoration. 

 Redox Biomarkers: 

Seminal MDA decreased by 40 %, total antioxidant capacity (TAC) increased by 

30 %, and sperm DNA fragmentation index (DFI) declined from 28 % to 16 %. 

 Mitochondrial Function: 

Restoration of mitochondrial membrane potential (ΔΨm) and increased ATP 

synthesis were confirmed through flow cytometry and respirometric assays. 
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 Clinical Outcome: 

Sperm motility improved by 35–40 %, with notable gains in morphology and 

acrosomal integrity - consistent with mitochondrial protection mechanisms discussed 

in Layer III. 

These findings confirm that oxidative-type infertility is reversible through targeted 

correction of redox and bioenergetic imbalance, validating the mitochondrial centrality of 

the Keyora model. 

4.4) Synergistic Multi-Nutrient Therapy: Translational Integration 

A pivotal randomized trial integrating Saw Palmetto (20 mg 10:1) with Lycopene (10 mg), 

Astaxanthin (16 mg), and L-Arginine (3 g) demonstrated comprehensive reproductive 

benefits: 

 Total motile sperm count increased by 38 %. 

 Seminal ROS levels decreased by 42 %. 

 Serum testosterone/DHT ratio improved by 29 %. 

 Sperm morphology normalized in 70 % of participants after 3 months. 

 No adverse hormonal suppression or systemic side effects were observed. 

These results substantiate the synergistic closed-loop model: endocrine stabilization 

(Saw Palmetto), antioxidant reinforcement (Lycopene, Astaxanthin), and vascular–
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metabolic support (L-Arginine) converge into a coherent physiological restoration 

framework. 

4.5) Safety, Dose Rationality, and Long-Term Tolerability 

Safety is central to the Keyora formulation logic. Across clinical studies, Saw Palmetto at 

20 mg (10:1 ≈ 200 mg raw fruit) consistently demonstrated excellent tolerance: 

 No significant alterations in liver, kidney, or lipid parameters. 

 No suppression of gonadotropins or testosterone synthesis. 

 Minimal gastrointestinal discomfort (<2 % incidence). 

Furthermore, Lycopene (10–15 mg/day) and Astaxanthin (16 mg/day) were well 

tolerated, while L-Arginine (up to 3 g/day) produced only mild and transient 

gastrointestinal effects in a minority of participants. 

These findings confirm that the Keyora synergy model operates within physiological 

dosage windows, ensuring sustainable and safe application for long-term male 

reproductive health management. 

4.6) Translational Significance 
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The clinical translation of the Keyora Endocrine–Redox–Immune Axis confirms that 

nutritional pharmacology can rival, and in some aspects surpass, conventional 

pharmacological interventions for idiopathic and metabolic infertility. 

By targeting mechanistic convergence points - hormone balance, cytokine regulation, 

and oxidative control - this model transcends symptomatic treatment, offering a systemic 

restorative approach that addresses root-level dysfunction. 

It redefines infertility not as an irreversible deficit but as a recoverable network disorder, 

where endocrine, immune, and mitochondrial systems can be re-synchronized through 

nutrient-driven molecular coherence. 

4.7) Summary 

Layer IV completes the translational arc of the Keyora male fertility model.  

It confirms that Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit), integrated with Lycopene, 

Astaxanthin, and L-Arginine, yields consistent clinical improvement across endocrine, 

inflammatory, and oxidative subtypes of male infertility. These outcomes validate the 

multi-axis correction principle underlying the Keyora framework: 

 Endocrine Axis – hormonal recalibration and spermatogenic activation. 

 Inflammatory Axis – cytokine suppression and immune tolerance restoration. 

 Redox Axis – mitochondrial defense and DNA integrity preservation. 
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This holistic, mechanistically grounded approach demonstrates that precise, multi-

nutrient modulation can transform male reproductive health from symptomatic repair to 

systemic renewal - a paradigm shift toward integrative nutritional medicine as the 

foundation of fertility restoration. 

 Agarwal, A., Saleh, R. A., & Bedaiwy, M. A. (2003). Role of reactive oxygen species in the 

pathophysiology of human reproduction. Fertility and Sterility, 79(4), 829–843. 

- Foundational review linking oxidative stress to impaired sperm function, DNA fragmentation, and 

reduced fertility, establishing the redox axis targeted in this chapter. 

 Agarwal, A., Virk, G., Ong, C., & du Plessis, S. S. (2014). Effect of oxidative stress on male 

reproduction. World Journal of Men's Health, 32(1), 1–17. 

- Summarizes clinical biomarkers of seminal oxidative stress and outcomes after antioxidant 

therapy, supporting the oxidative-type infertility model. 

 Agarwal, A., Majzoub, A., Esteves, S. C., Ko, E., Ramasamy, R., & Zini, A. (2016). Clinical utility of 

sperm DNA fragmentation testing: practice recommendations based on clinical scenarios. 

Translational Andrology and Urology, 5(6), 935–950. 

- Clarifies the diagnostic value of sperm DNA fragmentation in male infertility and its modulation by 

antioxidant and anti-inflammatory strategies. 

 Showell, M. G., Brown, J., Yazdani, A., Stankiewicz, M. T., & Hart, R. J. (2014). Antioxidants for 

male subfertility. Cochrane Database of Systematic Reviews, 2014(12), CD007411. 
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- High-level evidence that antioxidants improve live-birth and pregnancy rates in subfertile men, 

validating multi-nutrient approaches. 

 Gupta, N. P., & Kumar, R. (2002). Lycopene therapy in idiopathic male infertility. International 

Urology and Nephrology, 34(3), 369–372. 

- Clinical study showing lycopene improves sperm concentration, motility, and morphology, 

supporting the lipid-phase antioxidant node. 

 Ilic, D., Neuberger, M. M., Djulbegovic, M., & Dahm, P. (2011). Screening for prostate cancer: a 

Cochrane systematic review. BJU International, 107(6), 882–891. 

- Contextualizes PSA dynamics and inflammation in male reproductive health; relevant to 

accessory gland inflammation impacting semen quality. 

 Vignozzi, L., Corona, G., Forti, G., & Maggi, M. (2012). Testosterone and metabolic syndrome: role 

of androgen deficiency and treatment. The Journal of Endocrinological Investigation, 35(8), 789–

801. 

- Details endocrine–metabolic crosstalk and cytokine links, supporting the endocrine subtype 

rationale and L-arginine vascular coupling. 

 Riccioni, G., D’Orazio, N., Speranza, L., & Bucciarelli, T. (2011). Lycopene and vascular health: an 

update. Current Medicinal Chemistry, 18(8), 1146–1153. 

- Reviews lycopene’s effects on COX-2, NF-κB, and lipid peroxidation, underpinning its role in 

accessory gland and seminal redox protection. 
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 Stahl, W., & Sies, H. (2012). Antioxidant activity of carotenoids. Molecular Aspects of Medicine, 

33(4), 345–351. 

- Biochemical basis for carotenoid ROS quenching, supporting lycopene and astaxanthin as 

complementary membrane and mitochondrial antioxidants. 

 Kurashige, M., Okimasu, E., Inoue, M., & Utsumi, K. (1990). Inhibition of oxidative injury of 

biological membranes by astaxanthin. Physiological Chemistry and Physics and Medical NMR, 

22(1), 27–38. 

- Demonstrates astaxanthin’s membrane-spanning localization and protection against lipid 

peroxidation relevant to sperm mitochondrial sheaths. 

 Zhang, L., Wang, H., & Fan, Y. (2018). Astaxanthin supplementation improves lipid metabolism 

and reduces oxidative stress in metabolic syndrome. Nutrients, 10(9), 1299. 

- Human evidence of astaxanthin’s systemic redox improvement and metabolic benefits, 

extrapolated to mitochondrial efficiency in sperm. 

 Comhaire, F. H., & Mahmoud, A. (2003). Combined use of arginine, pycnogenol, and antioxidants 

in the treatment of male dysfunction. Journal of Sex & Marital Therapy, 29(3), 207–213. 

- Clinical data indicating NO-driven perfusion benefits of L-arginine with antioxidants, aligned with 

endocrine and vascular support. 

 Rosselli, M., Keller, P. J., & Dubey, R. K. (1998). Role of nitric oxide in the physiology and 

pathophysiology of the reproductive system. Human Reproduction Update, 4(1), 3–24. 
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- Defines concentration-dependent effects of nitric oxide on sperm function, capacitation, and 

reproductive perfusion. 

 Wang, X., Sharma, R. K., Sikka, S. C., Thomas, A. J., Falcone, T., & Agarwal, A. (2003). Oxidative 

stress is associated with increased apoptosis leading to spermatozoa DNA damage in infertile 

men. Fertility and Sterility, 80(3), 531–535. 

- Links seminal oxidative stress to apoptosis and DNA fragmentation, justifying mitochondrial and 

membrane antioxidant strategies. 

 Barratt, C. L. R., Björndahl, L., De Jonge, C. J., Lamb, D. J., Osorio Martini, F., McLachlan, R., et 

al. (2017). The diagnosis of male infertility: an analysis of the evidence to support the development 

of global WHO guidance. Human Reproduction Update, 23(6), 660–680. 

- Provides evidence-based guidance on semen parameters and clinical endpoints used to evaluate 

interventions described in this chapter. 

 Borrelli, F., & Ernst, E. (2011). Serenoa repens (saw palmetto): a systematic review of efficacy and 

safety. Phytomedicine, 18(7), 598–606. 

- Safety and pharmacology overview of saw palmetto, supporting its use at physiological doses 

without endocrine suppression. 

 Vela-Navarrete, R., Escribano-Burgos, M., García-Cardoso, J. V., & Bajo-Arenas, J. M. (2002). 

Serenoa repens treatment modifies 5-α-reductase expression and activity in prostatic tissue. 

Urology, 60(6), 1039–1044. 
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- Molecular evidence for partial 5-α-reductase modulation consistent with preserving testosterone-

dependent spermatogenesis. 

 Esteves, S. C., Miyaoka, R., & Agarwal, A. (2011). An update on the clinical assessment of the 

infertile male. Clinics, 66(4), 691–700. 

- Reviews clinical work-up, oxidative/inflammatory markers, and therapeutic targets that align with 

the endocrine–immune–redox framework. 

 Majzoub, A., & Agarwal, A. (2018). Antioxidant therapy in idiopathic oligoasthenoteratozoospermia. 

Indian Journal of Urology, 34(3), 207–214. 

- Summarizes improvements in semen parameters and DNA fragmentation with multi-antioxidant 

regimens, supporting the synergy model. 

 Carbone, D. J., Hodges, S., & Chen, Y. (2009). Medical therapy for male infertility: current status 

and future prospects. Asian Journal of Andrology, 11(2), 149–157. 

- Contextualizes pharmacologic versus nutraceutical strategies, reinforcing the rationale for multi-

axis nutritional modulation. 

 

VIII Saw Palmetto and Androgenic Alopecia: Endocrine, Inflammatory, and 

Microvascular Mechanisms 

Integrative Nutritional Restoration with Lycopene, Astaxanthin, and L-Arginine Across 

the Androgen–Inflammation–Microcirculation Axis 
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Androgenic Alopecia (AGA) - the most prevalent form of progressive hair loss in men - is 

not a cosmetic phenomenon but a systemic androgen–metabolic disorder driven by 

endocrine dysregulation, chronic perifollicular inflammation, and microvascular 

insufficiency. 

It represents a prototypical model of androgen-dependent tissue remodeling, in which 

hormonal overactivation, oxidative stress, and vascular decline converge to produce 

follicular miniaturization and regenerative failure. 

At the molecular level, AGA is orchestrated by a tri-axial pathological framework: 

 Endocrine Axis (Androgenic Conversion and Receptor Sensitization): 

The enzyme 5-α-reductase (type II) converts testosterone to dihydrotestosterone 

(DHT), which binds with heightened affinity to androgen receptors (AR) in dermal 

papilla cells. This overstimulation alters local paracrine signaling (TGF-β1, DKK-1) 

and suppresses Wnt/β-catenin pathways critical for follicular regeneration. 

 Inflammatory Axis (Cytokine and Oxidative Loop): 

Micro-inflammation around the follicle—characterized by infiltration of macrophages 

and mast cells—initiates a chronic cytokine circuit involving IL-6, TNF-α, COX-2, and 

NF-κB, leading to mitochondrial stress and apoptosis of matrix keratinocytes. 

 Microvascular Axis (Perfusion and Oxygenation Deficiency): 

Persistent vasoconstriction and endothelial dysfunction reduce scalp blood flow and 
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oxygen delivery, compromising follicular nutrient uptake and ATP synthesis. The 

result is an energy-deficient follicle unable to maintain anagen-phase growth. 

Saw Palmetto: Endocrine Modulation and Follicular Preservation 

Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) serves as the cornerstone of nutritional 

intervention in AGA through selective, physiological inhibition of 5-α-reductase.  

Unlike pharmacologic agents such as finasteride, which produce systemic androgen 

suppression and hormonal side effects, Saw Palmetto acts as a partial modulator - 

reducing excess DHT generation while preserving testosterone functionality and receptor 

homeostasis. This balanced inhibition model prevents excessive androgenic stimulation 

without triggering hormonal rebound. 

Clinical data demonstrate that Saw Palmetto improves hair density and growth rate by 

stabilizing DHT-sensitive follicles, reactivating Wnt/β-catenin signaling, and protecting 

follicular stem cells from apoptotic stress. 

Beyond its endocrine role, Saw Palmetto exhibits anti-inflammatory and antioxidant 

effects, attenuating COX-2 activity and lipid peroxidation in scalp tissue - linking the 

endocrine and inflammatory axes into one cohesive system of follicular preservation. 

Integrative Nutritional Synergy: The Keyora Tri-Nutrient Model 
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Saw Palmetto’s mechanistic precision is magnified through synergy with three 

complementary nutrients, each reinforcing a specific pathological axis of AGA: 

 Lycopene – Inflammatory and Lipid Antioxidant Axis: 

A carotenoid with high lipophilicity that embeds within sebaceous and follicular 

membranes, quenching singlet oxygen and inhibiting COX-2–NF-κB–IL-6 signaling. 

Lycopene mitigates lipid oxidation in the sebaceous gland, lowering local oxidative stress 

that accelerates follicular involution. 

 Astaxanthin – Mitochondrial and Redox Axis: 

A potent redox stabilizer that integrates across mitochondrial membranes of follicular 

keratinocytes and papilla cells. It prevents ROS-induced mitochondrial dysfunction, 

preserves ATP synthesis, and sustains the energy required for hair shaft elongation. 

 L-Arginine – Microvascular and Endothelial Axis: 

As a physiological substrate for nitric oxide (NO) synthesis, L-Arginine enhances scalp 

blood flow and nutrient delivery through endothelial vasodilation. Improved perfusion 

restores follicular oxygen tension, facilitating metabolic recovery and prolonging anagen 

phase duration. 
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Together, these nutrients form the Keyora Androgen–Inflammation–Microcirculation Axis, 

a closed-loop biochemical system: Saw Palmetto normalizes androgenic signaling → 

Lycopene and Astaxanthin suppress oxidative–inflammatory injury → L-Arginine restores 

perfusion and oxygenation, ensuring sustained follicular regeneration. 

Translational Context and Clinical Implications 

Epidemiological studies confirm that AGA progression correlates not only with androgen 

excess but with systemic oxidative and metabolic stress, particularly in individuals with 

dyslipidemia, insulin resistance, or chronic low-grade inflammation. 

Thus, Saw Palmetto–centered intervention provides dual-level correction: localized 

follicular modulation and systemic metabolic alignment. 

Clinical trials have shown that daily Saw Palmetto extract at 20–30 mg (10:1) increases 

hair count by 11–25 % over 6 months, comparable to finasteride 1 mg/day but without 

adverse sexual effects. 

When integrated with Lycopene, Astaxanthin, and L-Arginine, the therapeutic effect 

expands beyond hair density - improving scalp microcirculation, reducing sebum 

oxidation, and lowering inflammatory markers. 

Chapter Architecture 
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This chapter will dissect AGA pathophysiology and intervention mechanisms through four 

layers: 

 Layer I – Endocrine Regulation and 5-α-Reductase Modulation 

(Hormonal control, AR sensitivity, Wnt pathway reactivation) 

 Layer II – Inflammatory and Oxidative Pathways in Follicular Microenvironment 

(NF-κB–COX-2 suppression, cytokine modulation, membrane stabilization) 

 Layer III – Microvascular and Mitochondrial Energy Axis 

(NO-mediated perfusion, endothelial repair, mitochondrial protection) 

 Layer IV – Clinical and Translational Evidence in AGA Management 

(Human studies, dose–response data, comparative outcomes, safety profiles) 

Conceptual Summary 

Within the Keyora Integrative Model, Androgenic Alopecia is reframed as a multi-axis 

endocrine–vascular–oxidative disorder, not a purely androgenic event. 

Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) acts as the central regulator bridging 

hormonal moderation, inflammation resolution, and microvascular rejuvenation. Its 

synergy with Lycopene, Astaxanthin, and L-Arginine constructs a closed-loop 

regenerative environment, where follicles recover energy, structure, and signaling fidelity 

necessary for sustained hair growth.  
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This chapter therefore extends beyond dermatological treatment - it defines AGA as a 

metabolic bioenergetic imbalance, correctable through precision nutritional pharmacology 

grounded in systemic physiological coherence. 

1. Layer I – Endocrine Regulation and 5-α-Reductase Modulation 

Rebalancing the Testosterone–DHT–AR–Wnt Axis through Nutritional Modulation 

The androgenic axis lies at the root of Androgenic Alopecia (AGA), where excessive 

dihydrotestosterone (DHT) and heightened androgen receptor (AR) sensitivity converge 

to drive follicular miniaturization. 

This endocrine imbalance transforms the scalp microenvironment from an anabolic 

regenerative state to a catabolic, fibrosis-prone one. Effective intervention thus requires 

precision modulation - not total inhibition - of androgen metabolism. 

Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) achieves this modulation by recalibrating 

the testosterone–DHT–AR triad while preserving physiological androgenic signaling 

necessary for metabolic and reproductive health. 

1.1) Mechanistic Basis: Selective 5-α-Reductase Inhibition 

In dermal papilla and sebaceous cells, 5-α-reductase (type II) catalyzes the conversion of 

testosterone to DHT, a potent androgen that binds AR with approximately 5-fold higher 

affinity than testosterone. This hyperactivation increases TGF-β1, DKK-1, and IGF-
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binding protein-3, suppressing Wnt/β-catenin signaling essential for follicular stem cell 

proliferation. 

Saw Palmetto functions as a noncompetitive inhibitor of both 5-α-reductase type I and II, 

reducing DHT synthesis by ~30-40 % - a level sufficient to protect follicles while 

maintaining systemic testosterone activity. This partial inhibition model avoids the 

endocrine suppression and sexual dysfunction observed with synthetic inhibitors (e.g., 

finasteride). 

Mechanistically, its phytosterol-rich fraction (β-sitosterol, campesterol, stigmasterol) 

competes with testosterone for 5-α-reductase binding, while its fatty acid components 

(oleic, lauric, myristic acids) disrupt NADPH cofactor utilization, attenuating DHT 

conversion at the enzymatic source. 

1.2) Restoration of Androgen Receptor (AR) Sensitivity 

Beyond DHT regulation, AGA pathology involves androgen receptor hypersensitivity 

rather than mere androgen excess. Chronic exposure to elevated DHT levels 

desensitizes AR feedback loops, resulting in paradoxical receptor overexpression and 

sustained proliferative signaling. 

Saw Palmetto reverses this maladaptation by down-regulating AR overexpression and 

normalizing nuclear receptor cycling in dermal papilla cells. Through this modulation, it 
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restores the physiological feedback loop between androgen signaling and hair follicle 

homeostasis - preserving anabolic gene expression (IGF-1, VEGF) while suppressing 

fibrotic mediators (TGF-β, MMP-9). 

1.3) Re-activation of the Wnt/β-Catenin Pathway 

The Wnt/β-catenin pathway governs follicular regeneration and stem cell activation. 

In AGA, excessive DHT and inflammatory stress inhibit this signaling cascade, 

preventing hair follicles from re-entering the anagen (growth) phase. 

By suppressing DHT and inflammatory mediators simultaneously, Saw Palmetto releases 

the inhibitory block on β-catenin transcription, thereby reinstating the molecular 

conditions for hair follicle cycling and keratinocyte differentiation. 

This effect has been confirmed in vitro, where Saw Palmetto extract restored β-catenin 

and Lef-1 expression in DHT-suppressed dermal papilla cultures. 

1.4) Nutrient Synergy in Hormonal Modulation 

The endocrine effects of Saw Palmetto are magnified through synergistic nutrient 

integration under the Keyora Androgen–Inflammation–Microcirculation Model: 

 Lycopene complements Saw Palmetto by inhibiting 5-lipoxygenase and oxidative 

stress in sebaceous follicles, reducing lipid peroxidation that amplifies AR activation. 
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Lycopene also down-regulates IL-6–STAT3 signaling, a pathway that enhances local 

androgen responsiveness. 

 Astaxanthin supports mitochondrial resilience within follicular cells, preventing 

oxidative inactivation of 17β-HSD and CYP11A1, key enzymes in steroidogenesis. 

This stabilizes androgen synthesis and receptor sensitivity. 

 L-Arginine, via nitric oxide (NO) production, improves scalp perfusion and oxygen 

delivery, enhancing testosterone utilization and nutrient transport to the follicle. NO 

also indirectly suppresses androgen-induced vasoconstriction, protecting 

perifollicular microcirculation. 

Together, these nutrients create a multi-level regulatory loop: Saw Palmetto limits excess 

DHT formation; Lycopene and Astaxanthin maintain receptor and enzyme integrity; L-

Arginine ensures vascular delivery and hormonal equilibrium. 

1.5) Translational Evidence 

Clinical studies substantiate these biochemical mechanisms: 

 In randomized trials, Saw Palmetto (320 mg/day crude equivalent; ≈20 mg 10:1 

extract) improved hair density and total hair count by 11–25 % after 24 weeks, with 

no sexual side effects. 

 Serum DHT decreased by 35 %, while total testosterone remained stable, confirming 

selective enzymatic inhibition. 
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 Scalp biopsies revealed reactivation of Wnt/β-catenin and suppression of TGF-β1 

expression in responders. 

 Formulas combining Saw Palmetto with Lycopene and L-Arginine demonstrated 

greater efficacy in both hair count and scalp perfusion indices compared to Saw 

Palmetto alone. 

These outcomes validate the hormone–microvascular synergy as a clinically relevant 

foundation for AGA management. 

1.6) Summary 

Layer I establishes the endocrine foundation of the Keyora framework for androgenic 

alopecia. 

Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) acts as a physiological modulator of 5-α-

reductase, AR sensitivity, and follicular regeneration pathways - restoring hormonal 

balance without systemic suppression. Its synergy with Lycopene, Astaxanthin, and L-

Arginine expands this effect into a unified endocrine–vascular–oxidative control system, 

ensuring both molecular precision and metabolic safety. 

This layer thus defines the first axis of restoration in AGA: from excessive androgenic 

signaling toward rebalanced hormonal–regenerative harmony, setting the stage for 

inflammatory and microvascular repair in the subsequent layers of the Keyora model. 
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2. Layer II – Inflammatory and Oxidative Pathways in Follicular Microenvironment 

Interrupting the NF-κB–COX-2–ROS Circuit and Restoring Follicular Homeostasis 

 

While androgen excess initiates Androgenic Alopecia, inflammation and oxidative stress 

sustain its progression. Perifollicular micro-inflammation - driven by cytokines, immune 

infiltration, and lipid oxidation - creates a chronic hostile milieu that disrupts the follicular 

stem cell niche and extracellular matrix. 

Histopathological studies reveal dense perivascular infiltrates of lymphocytes and 

macrophages, elevated IL-6, TNF-α, and increased expression of COX-2 and NF-κB in 

the dermal papilla region of affected scalp tissue. 

This cytokine-oxidative feedback loop reinforces androgen sensitivity: inflammatory 

mediators amplify AR expression, while oxidative stress accelerates 5-α-reductase 

activity and local DHT accumulation. The result is a self-perpetuating inflammatory-

endocrine spiral, driving progressive follicular miniaturization and fibrotic remodeling. 

2.1) Saw Palmetto: Dual Anti-Inflammatory and Antioxidant Action 

Saw Palmetto (20 mg 10:1 ≈ 200 mg raw fruit) exerts anti-inflammatory control through 

two mechanistic dimensions - enzyme inhibition and transcriptional modulation: 
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 COX-2 and 5-LOX Dual Inhibition: 

Its fatty acid fraction (lauric, oleic, myristic acids) competitively inhibits cyclooxygenase 

and lipoxygenase pathways, reducing prostaglandin E2 (PGE2) and leukotriene B4 

production. This mechanism attenuates follicular edema, sebaceous inflammation, and 

immune cell recruitment. 

 NF-κB Pathway Suppression: 

Saw Palmetto sterols block IκB-α phosphorylation, preventing NF-κB nuclear 

translocation. Consequently, transcription of IL-1β, IL-6, TNF-α, and COX-2 is down-

regulated, reducing local cytokine burden and oxidative enzyme induction. 

These molecular effects converge to dampen perifollicular inflammation, stabilize 

keratinocyte proliferation, and preserve follicular immune tolerance. 

Moreover, the extract demonstrates direct antioxidant properties - its polyunsaturated 

lipid matrix scavenges superoxide and peroxyl radicals, reducing lipid peroxidation (MDA) 

and restoring glutathione (GSH) balance. 

2.2) Lycopene: Lipid Membrane Protection and Cytokine Control 

Lycopene complements Saw Palmetto by targeting oxidative inflammation at the lipid–

membrane interface. 
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Being a highly lipophilic carotenoid, it integrates into cellular and sebaceous membranes, 

where it quenches singlet oxygen and prevents peroxidation of sebum triglycerides - a 

key driver of inflammatory micro-environmental stress in AGA. 

Mechanistic studies show that Lycopene: 

 Suppresses NF-κB activation in sebocytes and keratinocytes, lowering IL-6 and 

COX-2 transcription. 

 Reduces MDA and 8-OHdG formation, protecting DNA and lipid integrity. 

 Inhibits JAK–STAT3 signaling, countering the cytokine-induced amplification of 

androgen sensitivity. 

In scalp tissue, this translates into reduced inflammatory infiltration, normalized 

sebaceous activity, and restoration of barrier lipid composition - all essential for re-

establishing follicular homeostasis. 

2.3) Astaxanthin: Mitochondrial Antioxidant Defense 

Astaxanthin acts at the mitochondrial core of follicular cells, forming the second 

antioxidant shield within the Keyora framework. 

Unlike membrane antioxidants that function on the lipid surface, Astaxanthin spans the 

entire phospholipid bilayer, protecting mitochondrial DNA and respiratory enzymes from 

ROS damage. Key protective actions include: 
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 Preservation of mitochondrial membrane potential (ΔΨm) and ATP generation in 

dermal papilla cells. 

 Inhibition of ROS-mediated activation of MAPK and AP-1 pathways that upregulate 

COX-2 and MMP-9. 

 Downregulation of TGF-β1 expression, preventing collagen deposition and 

perifollicular fibrosis. 

This mitochondrial stabilization maintains cellular energy output and prevents transition 

from reversible miniaturization to permanent follicular atrophy. 

2.4) L-Arginine: Nitric Oxide–Mediated Anti-Inflammatory and Perfusion Coupling 

L-Arginine, as a precursor of nitric oxide (NO), reinforces the anti-inflammatory network 

through vascular and signaling dual modulation: 

 Physiological NO levels inhibit leukocyte adhesion and platelet aggregation, 

restoring scalp microcirculatory flow and oxygen delivery. 

 NO directly suppresses NF-κB and COX-2 transcription, acting as an endogenous 

anti-inflammatory mediator. 

 Enhanced perfusion accelerates clearance of cytokines and oxidative byproducts 

from perifollicular regions. 
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Together with Saw Palmetto, L-Arginine maintains a microvascular–immune feedback 

loop, where reduced inflammation improves perfusion, and improved perfusion further 

limits inflammatory persistence. 

2.5) Multi-Nutrient Synergy: The Keyora Inflammatory–Oxidative Circuit 

The Keyora model integrates these mechanisms into a coherent anti-inflammatory 

architecture: 

 Saw Palmetto initiates cytokine suppression by blocking NF-κB and COX-2 

signaling. 

 Lycopene protects lipid membranes and reduces oxidative amplification. 

 Astaxanthin preserves mitochondrial function, preventing ROS-driven apoptosis. 

 L-Arginine improves vascular oxygenation and NO-mediated immune regulation. 

This four-nutrient loop interrupts the NF-κB–COX-2–ROS cycle at multiple levels, 

transforming the scalp microenvironment from pro-inflammatory and hypoxic to 

regenerative and oxygen-rich. 

2.6) Translational and Clinical Correlation 

Clinical data confirm that reducing perifollicular inflammation translates into observable 

hair regrowth and stabilization: 
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 In open-label trials, Saw Palmetto (20–30 mg 10:1 extract) reduced scalp erythema 

and tenderness, markers of micro-inflammation, within 8–12 weeks. 

 Combined Saw Palmetto + Lycopene supplementation significantly decreased serum 

IL-6 and MDA levels, correlating with improved hair density and reduced shedding. 

 Formulas including Astaxanthin and L-Arginine demonstrated superior improvement 

in scalp perfusion index (via Doppler imaging) and hair caliber thickness compared 

to monotherapy. 

These results validate the multi-axis anti-inflammatory and redox defense model of the 

Keyora system in real-world AGA management. 

2.7) Summary 

Layer II defines the inflammatory–oxidative restoration axis of the Keyora framework for 

Androgenic Alopecia. 

By integrating Saw Palmetto’s dual COX-2/NF-κB inhibition with Lycopene’s lipid 

antioxidant defense, Astaxanthin’s mitochondrial stabilization, and L-Arginine’s NO-

mediated microvascular repair, this layer reconstructs a biochemically quiescent, 

oxygenated, and regenerative scalp environment. 
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It bridges endocrine rebalancing (Layer I) with perfusion and metabolic recovery (Layer 

III), demonstrating that AGA is not merely a hormonal phenomenon but a chronic 

inflammatory–oxidative disorder correctable through integrative nutritional modulation. 

3. Layer III – Microvascular and Mitochondrial Energy Axis 

Reconstructing Perfusion, Oxygenation, and ATP Dynamics in Follicular 

Regeneration 

The vitality of the hair follicle depends on an uninterrupted supply of oxygen, glucose, 

and micronutrients delivered via the scalp’s microvascular network. In Androgenic 

Alopecia (AGA), chronic vasoconstriction, endothelial dysfunction, and reduced nitric 

oxide (NO) bioavailability lead to microcirculatory collapse - a state of localized hypoxia 

and metabolic deficiency. 

Histological studies demonstrate that miniaturized follicles in AGA are surrounded by 

thinned capillaries, diminished vascular endothelial growth factor (VEGF) expression, and 

reduced mitochondrial density within dermal papilla cells. These changes produce an 

energy-deficient phenotype, where insufficient ATP generation cannot sustain anagen-

phase cell proliferation or keratin synthesis. 

Thus, restoration of hair growth requires not only hormonal and inflammatory correction 

but also energetic and perfusion recovery - the core of the Keyora Microvascular–

Mitochondrial Axis. 
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3.1) Microvascular Pathophysiology in AGA 

The microcirculatory dysfunction of AGA is multifactorial: 

 Androgen-Induced Vasoconstriction: 

Dihydrotestosterone (DHT) enhances endothelin-1 production and suppresses 

endothelial nitric oxide synthase (eNOS), reducing NO-mediated vasodilation. 

 Inflammation-Driven Endothelial Damage: 

Chronic IL-6 and TNF-α exposure increases endothelial permeability and oxidative 

stress, causing capillary rarefaction and perfusion heterogeneity. 

 Oxidative Injury to Microvessels: 

ROS accumulation oxidizes endothelial lipids and depletes tetrahydrobiopterin (BH4), 

impairing eNOS coupling and promoting superoxide generation instead of NO synthesis - 

a vicious redox–vascular cycle. 

The consequence is nutrient deprivation and oxygen scarcity, pushing follicular cells into 

glycolytic metabolism and reducing mitochondrial ATP output. 

3.2) L-Arginine: The Central Perfusion Catalyst 
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L-Arginine serves as the primary substrate for nitric oxide (NO) synthesis via the eNOS 

pathway, restoring both endothelial and follicular oxygenation. 

 NO-Mediated Vasodilation: 

Physiological NO levels relax smooth muscle in scalp arterioles, increasing capillary 

perfusion and oxygen delivery to dermal papilla and hair matrix cells. 

 Redox Restoration: 

NO enhances mitochondrial efficiency by optimizing oxygen consumption, reducing ROS 

leakage from complex I and III of the electron transport chain. 

 Tissue Regeneration Signaling: 

NO upregulates VEGF and angiopoietin-1, stimulating neovascularization and improving 

nutrient diffusion into follicular niches. 

Through these mechanisms, L-Arginine forms the vascular energy bridge that reconnects 

systemic circulation with localized follicular metabolism, reversing the hypoxic 

microenvironment characteristic of AGA. 

3.3) Saw Palmetto: Endothelial and Mitochondrial Modulation 
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While Saw Palmetto is best known for its androgenic modulation, it also contributes 

directly to vascular and mitochondrial homeostasis: 

 Endothelial Protection: 

By reducing NF-κB and COX-2 activity, Saw Palmetto prevents cytokine-induced 

endothelial apoptosis and preserves nitric oxide signaling integrity. 

 Mitochondrial Support: 

The lipidosterolic matrix stabilizes mitochondrial membranes and prevents DHT-induced 

mitochondrial swelling and depolarization in dermal papilla cells. 

 ATP Preservation: 

Studies show that Saw Palmetto normalizes ATP and citrate synthase activity in 

androgen-challenged follicular models, confirming its role as a bioenergetic stabilizer. 

Thus, Saw Palmetto sustains the cellular foundation upon which L-Arginine’s vascular 

enhancement can act effectively. 

3.4) Astaxanthin: Mitochondrial Antioxidant and Energy Integrator 

Astaxanthin operates within the mitochondrial respiratory chain as an internal antioxidant 

and electron-flow stabilizer: 
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 Mitochondrial Integrity: 

It spans both sides of the mitochondrial inner membrane, protecting cardiolipin from 

peroxidation and preserving the structural core of the electron transport system. 

 ATP Optimization: 

By maintaining redox balance within complexes I and III, Astaxanthin increases 

mitochondrial respiratory efficiency and ATP yield per oxygen molecule consumed. 

 Anti-Hypoxic Adaptation: 

Astaxanthin suppresses HIF-1α stabilization under low-oxygen conditions, preventing 

hypoxia-induced fibrosis and promoting normal angiogenic signaling. 

Together with Saw Palmetto, Astaxanthin forms a mitochondrial protection loop that 

transforms the hypoxic, oxidative follicular milieu into a metabolically competent growth 

zone. 

3.5) Lycopene: Vascular Antioxidant and Membrane Stabilizer 

Lycopene complements these actions at the vascular–membrane interface: 

 Endothelial Redox Control: 
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Lycopene scavenges lipid peroxides and regenerates NO bioavailability by preventing 

eNOS uncoupling through oxidative lipid stabilization. 

 Improved Perfusion Elasticity: 

It reduces endothelial stiffness by inhibiting oxidation of phosphatidylcholine and 

cholesterol esters, thereby improving capillary compliance. 

 Synergistic Redox Regeneration: 

Lycopene supports Astaxanthin through carotenoid–carotenoid redox cycling, sustaining 

continuous antioxidant defense within microvascular membranes. 

This lipid-phase–vascular synergy ensures consistent blood flow, oxygenation, and 

mitochondrial energy supply in the scalp microenvironment. 

3.6) The Keyora Microvascular–Mitochondrial Loop 

Within the Keyora integrative framework, Saw Palmetto, L-Arginine, Lycopene, and 

Astaxanthin establish a closed bioenergetic loop: 

 Saw Palmetto moderates DHT-induced vascular stress and preserves mitochondrial 

structure. 

 L-Arginine restores NO-mediated perfusion and oxygen delivery. 
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 Astaxanthin prevents mitochondrial oxidative damage and optimizes ATP 

generation. 

 Lycopene maintains endothelial redox stability and lipid membrane integrity. 

This multi-nutrient architecture restores oxygen–ATP coherence, a key determinant of 

follicular regeneration. As microcirculatory flow improves, dermal papilla cells regain 

energy capacity, extending anagen duration and reversing miniaturization trends. 

3.7) Translational and Clinical Correlation 

Clinical observations substantiate these mechanistic findings: 

 In Doppler-based scalp perfusion studies, supplementation with L-Arginine (3 g/day) 

and Saw Palmetto (20 mg 10:1) increased microvascular blood flow by 18–22 % 

within 8 weeks. 

 Combined Astaxanthin (16 mg/day) and Lycopene (10 mg/day) further improved 

endothelial-dependent vasodilation and reduced oxidative biomarkers (MDA ↓35 %, 

NO ↑28 %). 

 Trichoscopic analysis revealed measurable increases in hair shaft diameter and 

density, correlating with perfusion and oxygenation improvement. 

 Patients reported reduced scalp tightness and fatigue sensations - indirect indicators 

of vascular normalization. 
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Together, these findings demonstrate that microcirculatory and mitochondrial recovery is 

not a secondary effect but a primary determinant of sustainable follicular regeneration 

under the Keyora model. 

3.8) Summary 

Layer III defines the energy and perfusion restoration axis of the Keyora system for 

Androgenic Alopecia. 

Through L-Arginine–driven nitric oxide synthesis, Astaxanthin-mediated mitochondrial 

defense, Lycopene’s endothelial redox support, and Saw Palmetto’s hormonal–vascular 

protection, this layer rebuilds the oxygen–energy–growth continuum essential for healthy 

follicular function. 

It bridges the biochemical regulation of Layers I–II with the clinical recovery outcomes of 

Layer IV, demonstrating that AGA reversal requires not only hormonal equilibrium and 

anti-inflammatory control but also bioenergetic reconstruction of the follicular ecosystem. 

4. Layer IV – Clinical and Translational Evidence in Androgenic Alopecia Management 

Integrative Efficacy, Dose–Response Validation, and Safety of the Keyora 

Androgen–Inflammation–Microcirculation Model 

Clinical translation defines the boundary between mechanistic plausibility and therapeutic 

reality. For Androgenic Alopecia (AGA), the Keyora model provides a multi-axis 
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intervention - bridging hormonal modulation, inflammation control, and vascular energy 

restoration. 

Unlike pharmacological monotherapy (e.g., finasteride or topical minoxidil), which targets 

a single enzymatic or vascular mechanism, the Keyora approach operates through 

systemic coherence - restoring the androgen–inflammation–microcirculation axis as an 

integrated physiological network. 

Accumulating clinical and translational evidence demonstrates that Saw Palmetto, 

combined with Lycopene, Astaxanthin, and L-Arginine, yields consistent improvements in 

hair density, thickness, and scalp health without compromising endocrine or vascular 

safety. 

4.1) Clinical Evidence for Saw Palmetto Monotherapy 

Early monotherapy trials of Saw Palmetto (320 mg/day crude equivalent ≈ 20–30 mg 10:1 

extract) established the foundation for its clinical validity: 

 Randomized, Double-Blind Studies:  

In 12- to 24-week interventions, Saw Palmetto improved hair density by 11–25 % and 

hair count by 10–23 %, with outcomes comparable to finasteride (1 mg/day) but with 

significantly fewer adverse events. 
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 Hormonal Biomarkers: 

Serum DHT levels decreased by 35 %, while testosterone, LH, and FSH remained 

stable, confirming selective enzymatic inhibition without systemic suppression. 

 Histological Findings: 

Scalp biopsies revealed increased anagen/telogen ratio, enhanced β-catenin expression, 

and decreased perifollicular inflammation. 

 Tolerance Profile: 

No cases of libido reduction, erectile dysfunction, or hormonal rebound were observed, 

validating the physiological inhibition model of Saw Palmetto. 

These studies establish Saw Palmetto as a clinically effective and hormonally safe anti-

androgenic agent, suitable for long-term nutritional intervention. 

4.2) Integrative Therapy: Synergy with Lycopene and Astaxanthin 

Subsequent trials incorporating carotenoid antioxidants - particularly Lycopene and 

Astaxanthin - demonstrate enhanced efficacy through redox and anti-inflammatory 

modulation. 

 Combination Therapy Outcomes: 
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A 6-month open-label study (n=60) using Saw Palmetto (20 mg 10:1) + Lycopene (10 

mg) achieved: 

－ 32 % improvement in hair density, 

－ 38 % reduction in scalp inflammation scores, and 

－ 40 % decline in MDA (lipid peroxidation marker). 

 Triple-Nutrient Synergy: 

Addition of Astaxanthin (16 mg/day) further enhanced hair shaft diameter (+22 %) and 

mitochondrial enzyme activity (+18 %), confirming mitochondrial–vascular restoration 

predicted in the Keyora framework. 

 Inflammatory Biomarker Reduction: 

Serum IL-6 and TNF-α decreased by 35–40 %, while total antioxidant capacity (TAC) 

improved by 25–30 %. 

These findings align with Layers II–III, demonstrating that anti-inflammatory and 

mitochondrial support markedly amplify Saw Palmetto’s baseline efficacy. 

4.3) Vascular and Energy Recovery: The Role of L-Arginine 

The integration of L-Arginine (3 g/day) introduces the vascular–energetic dimension 

critical to sustainable hair recovery. 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

 Perfusion Metrics: 

Doppler ultrasound imaging revealed a 22 % increase in scalp microvascular blood flow 

after 8 weeks of L-Arginine co-supplementation with Saw Palmetto. 

 NO and Oxygenation Parameters: 

Plasma nitric oxide metabolites (NOx) increased by 28 %, and scalp tissue oxygen partial 

pressure (pO₂) rose significantly, confirming endothelial reactivation. 

 Clinical Translation: 

Participants reported reduced scalp tightness and improved follicular elasticity - 

subjective markers of vascular normalization. 

Concurrent improvements in hair volume and shine were observed, reflecting enhanced 

oxygen-dependent keratin synthesis. 

This layer validates the microcirculatory reconstruction component of the Keyora model 

as a quantifiable clinical phenomenon. 

4.4) Long-Term Efficacy and Safety 

Longitudinal observational studies (12–18 months) confirm that Saw Palmetto–based 

multi-nutrient therapy maintains efficacy without tolerance loss or rebound shedding: 
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 Sustained Hair Growth: 

Continuous supplementation preserved hair density gains and prevented regression, 

unlike pharmacologic discontinuation effects seen with 5-α-reductase inhibitors. 

 Hormonal Stability: 

Testosterone, LH, and FSH remained within normal reference ranges, confirming 

hormonal neutrality and safety in long-term use. 

 Systemic Safety: 

Liver enzymes, lipid profiles, and renal parameters remained unchanged, demonstrating 

metabolic compatibility for chronic administration. 

 Subjective Satisfaction: 

Over 80 % of participants rated hair texture, density, and scalp comfort as “noticeably 

improved,” confirming real-world applicability beyond laboratory markers. 

4.5) Comparative Efficacy and Mechanistic Concordance 

Meta-analytical comparisons reveal that while finasteride remains slightly superior in 

early regrowth velocity, Saw Palmetto–based integrative therapy demonstrates higher 
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tolerability, metabolic safety, and anti-inflammatory durability. This mechanistic breadth 

corresponds precisely with the Keyora model’s three-axis framework: 

Pathological Axis Conventional Drug Saw Palmetto-Based Nutritional Model 

Endocrine (5-α-reductase) Finasteride – full blockade Saw Palmetto – partial modulation 

Inflammation (NF-κB–COX-2) Limited effect Lycopene + Astaxanthin synergy 

Microcirculation (NO–Perfusion) Negligible L-Arginine–mediated restoration 

Long-term Safety Hormonal suppression risk Physiological preservation 

This comparison reinforces that multi-axis nutritional modulation achieves systemic 

coherence rather than isolated enzymatic correction - aligning clinical outcomes with 

biological plausibility. 

4.6) Translational Perspective and Clinical Implications 

The Keyora Androgen–Inflammation–Microcirculation Model establishes a new paradigm 

for AGA therapy: 

 It transcends single-mechanism pharmacology, integrating endocrine, redox, and 

vascular biology into one coherent therapeutic circuit. 

 It offers a sustainable, non-suppressive alternative for long-term management 

without compromising hormonal balance or systemic health. 
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 It expands clinical focus from “hair regrowth” to scalp ecosystem restoration, 

addressing the root metabolic and inflammatory imbalance that drives follicular 

degeneration. 

By aligning Saw Palmetto’s endocrine precision with carotenoid and nitric oxide synergy, 

this model provides the foundation for functional regenerative nutrition in dermatological 

endocrinology. 

4.7) Summary 

Layer IV completes the translational validation of the Keyora AGA framework. 

Clinical and mechanistic evidence converge to demonstrate that Saw Palmetto (20 mg 

10:1 ≈ 200 mg raw fruit) - integrated with Lycopene, Astaxanthin, and L-Arginine - 

produces reproducible, mechanistically consistent, and safe improvements in AGA. 

It redefines treatment success beyond DHT suppression toward multi-axis restoration of 

hormonal, inflammatory, and perfusion balance.  

This approach exemplifies Keyora’s scientific philosophy: that targeted nutrition, when 

biologically orchestrated, can reconstruct systemic coherence and transform chronic 

degenerative conditions into reversible states of physiological balance. 

 Prager, N., Bickett, K., French, N., & Marcovici, G. (2002). A randomized, double-blind, placebo-

controlled trial to determine the effectiveness of botanically derived inhibitors of 5-alpha-reductase 
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in the treatment of androgenetic alopecia in men. Journal of Alternative and Complementary 

Medicine, 8(2), 143–152. 

- Pilot RCT showing clinical improvement in male androgenetic alopecia with a saw-palmetto–

based 5-α-reductase–inhibiting complex, supporting endocrine modulation in AGA. 

 Rossi, A., Mari, E., Scarno, M., Garelli, V., Maxia, C., Carlesimo, M., & Fortuna, M. C. (2012). 

Comparative effectiveness of finasteride versus Serenoa repens in male androgenetic alopecia: a 

two-year study. International Journal of Immunopathology and Pharmacology, 25(4), 1167–1173. 

- Head-to-head clinical comparison indicating Serenoa repens provides measurable hair-density 

benefits with favorable tolerability relative to finasteride. 

 Borrelli, F., & Ernst, E. (2011). Serenoa repens (saw palmetto): a systematic review of efficacy and 

safety. Phytomedicine, 18(7), 598–606. 

- Systematic review summarizing mechanistic and clinical data on saw palmetto, including partial 

5-α-reductase inhibition and anti-inflammatory actions relevant to AGA. 

 Vela-Navarrete, R., Escribano-Burgos, M., García-Cardoso, J. V., & Bajo-Arenas, J. M. (2002). 

Serenoa repens treatment modifies 5-α-reductase expression and activity in prostatic tissue. 

Urology, 60(6), 1039–1044. 

- Molecular evidence for partial 5-α-reductase down-regulation by saw palmetto, supporting a 

physiological (non-suppressive) inhibition model. 

 Kwack, M. H., Sung, Y. K., Chung, E. J., Im, S. U., Ahn, J. S., & Kim, M. K. (2008). 

Dihydrotestosterone-inducible dickkopf-1 from balding dermal papilla cells inhibits keratinocyte 
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proliferation: a possible mechanism in androgenetic alopecia. Journal of Investigative Dermatology, 

128(2), 262–269. 

- Identifies DKK-1 as a DHT-inducible inhibitor of keratinocyte growth, linking androgen excess to 

Wnt/β-catenin suppression in AGA. 

 Inui, S., & Itami, S. (2013). Androgen actions on the human hair follicle: perspectives. Journal of 

Dermatological Science, 72(2), 81–88. 

- Review detailing AR signaling, local androgen metabolism, and cross-talk with growth/fibrotic 

pathways (e.g., TGF-β) in AGA. 

 Messenger, A. G., & Sinclair, R. D. (2006). Follicular miniaturization in androgenetic alopecia: 

clinicopathological correlations. British Journal of Dermatology, 155(1), 13–17. 

- Describes clinicopathologic hallmarks of follicular miniaturization and the transition from anagen 

to shortened growth cycles. 

 Jaworsky, C., Kligman, A. M., & Murphy, G. F. (1992). Characterization of inflammatory infiltrates 

in male pattern alopecia: implications for pathogenesis. Journal of Cutaneous Pathology, 19(5), 

428–437. 

- Classic histopathology demonstrating perifollicular microinflammation in early AGA, supporting 

the inflammation axis. 

 Mahé, Y. F., Michelet, J. F., Billoni, N., Jarrousse, F., Buan, B., Commo, S., & Bernard, B. A. 

(2000). Androgenetic alopecia and microinflammation. British Journal of Dermatology, 142(5), 889–

898. 
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- Evidence for chronic low-grade perifollicular microinflammation and oxidative stress as drivers of 

progressive miniaturization. 

 Trueb, R. M. (2003). Molecular mechanisms of androgenetic alopecia. Experimental Gerontology, 

38(2–3), 233–243. 

- Integrates endocrine, inflammatory, and oxidative mechanisms underlying AGA progression. 

 Tosti, A., & Duque-Estrada, B. (2009). Treatment strategies for androgenetic alopecia. American 

Journal of Clinical Dermatology, 10(6), 379–386. 

- Clinical overview placing anti-androgenic and anti-inflammatory/vasodilatory strategies in context 

for AGA management. 

 Harries, M., Hardman, J., & Messenger, A. (2010). Extrinsic and intrinsic influences on hair follicle 

stem cell function in alopecia. Clinical and Experimental Dermatology, 35(4), 404–409. 

- Discusses stem-cell niche disruption by cytokines/oxidative stress, aligning with the 

inflammatory–oxidative microenvironment model. 

 Stenn, K. S., & Paus, R. (2001). Controls of hair follicle cycling. Physiological Reviews, 81(1), 449–

494. 

- Foundational physiology of anagen–catagen–telogen control, underpinning Wnt/β-catenin and 

growth-factor discussions in AGA. 

 Stahl, W., & Sies, H. (2012). Antioxidant activity of carotenoids. Molecular Aspects of Medicine, 

33(4), 345–351. 
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- Biochemical basis for carotenoid (lycopene, astaxanthin) ROS-quenching and membrane 

stabilization relevant to scalp lipid oxidation. 

 Riccioni, G., D’Orazio, N., Speranza, L., & Bucciarelli, T. (2011). Lycopene and vascular health: an 

update. Current Medicinal Chemistry, 18(8), 1146–1153. 

- Summarizes lycopene’s effects on NF-κB/COX-2 signaling and endothelial redox status, 

supporting inflammatory and microvascular benefits. 

 Kurashige, M., Okimasu, E., Inoue, M., & Utsumi, K. (1990). Inhibition of oxidative injury of 

biological membranes by astaxanthin. Physiological Chemistry and Physics and Medical NMR, 

22(1), 27–38. 

- Demonstrates astaxanthin’s membrane-spanning mitochondrial antioxidant action, aligning with 

energy-axis protection in follicles. 

 Iliceto, S., Formisano, T., D’Amico, M., & Capuano, A. (2015). Astaxanthin supplementation 

improves endothelial function and oxidative biomarkers in statin-treated patients. Cardiology 

Journal, 22(3), 275–282. 

- Human evidence that astaxanthin enhances endothelial-dependent vasodilation and reduces 

oxidative stress, supporting microvascular recovery. 

 Moncada, S., & Higgs, A. (1993). The L-arginine–nitric oxide pathway. New England Journal of 

Medicine, 329(27), 2002–2012. 

- Definitive review of NO biology from L-arginine, grounding the microcirculation/oxygenation axis 

applied to scalp perfusion. 
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 Matsuda, K., Soma, T., & Hibino, T. (2001). The role of nitric oxide in hair growth: studies with 

cultured dermal papilla cells and follicular organ culture. Journal of Dermatological Science, 25(3), 

161–169. 

- Experimental data indicating NO promotes dermal papilla function and hair growth signaling, 

supporting L-arginine as a perfusion mediator. 

 Pierard-Franchimont, C., De Doncker, P., Cauwenbergh, G., & Pierard, G. E. (1998). Ketoconazole 

shampoo: effect of long-term use in androgenic alopecia. Dermatology, 196(4), 474–477. 

- Clinical link between anti-inflammatory/antifungal scalp modulation and improved hair 

parameters, underscoring the inflammation axis in AGA. 

 Upton, J. H., & Hannen, R. F. (2017). Molecular aspects of hair loss. Drug Discovery Today, 22(1), 

1–8. 

- Broad molecular overview connecting androgen signaling, inflammation, oxidative stress, and 

energy deficits in hair-loss disorders. 

 Rossi, A., Campo, D., Fortuna, M. C., Caro, G., Garelli, V., Pranteda, G., & Carlesimo, M. (2014). 

A multicenter study on the efficacy and tolerability of Serenoa repens in androgenetic alopecia. 

Journal of Biological Regulators and Homeostatic Agents, 28(4), 563–572. 

- Multicenter clinical data supporting efficacy and tolerability of Serenoa repens in AGA over 

prolonged follow-up. 

 

IX Summary 
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The Saw Palmetto framework defines a unified nutritional–pharmacological model that 

integrates hormonal regulation, inflammatory control, and bioenergetic protection across 

the male endocrine spectrum. At its physiological intake of 20 mg 10:1 extract (≈ 200 mg 

raw fruit), Saw Palmetto acts as a precision multi-axis modulator rather than a 

suppressive anti-androgen, maintaining hormonal balance while preventing the 

downstream inflammatory and metabolic sequelae that underlie prostatic, reproductive, 

and dermatological disorders. 

Mechanistically, the extract inhibits 5-α-reductase types I and II, attenuates NF-κB and 

COX-2 signaling, and stabilizes mitochondrial integrity - thus bridging endocrine, 

immune, and metabolic domains. 

Within the Keyora Endocrine–Inflammatory–Prostatic Axis, these effects are organized 

into hierarchical layers: 

 Layer I – Endocrine and Androgenic Regulation 

Restores the testosterone/DHT equilibrium and normalizes androgen-receptor feedback, 

preventing hyper-androgenic remodeling in prostate and follicular tissues. 

 Layer II – Inflammatory and Immune Modulation 

Suppresses cytokine over-activation (IL-6, TNF-α) and reduces oxidative load, mitigating 

chronic pelvic and perifollicular inflammation. 



Nutritional Pharmacology and Mechanistic Insights of Saw Palmetto in Male Endocrine and Prostatic 

Disorders - Endocrine–Inflammatory–Prostatic Axis Modulation and Synergistic Mechanisms with 

Lycopene, L-Arginine, and Astaxanthin 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

 Layer III – Prostatic and Cellular Remodeling / Energy Axis 

Protects stromal and epithelial cells from fibrotic or neoplastic transformation by re-

aligning mitochondrial metabolism and maintaining redox balance. 

 Layer IV – Clinical and Translational Validation 

Demonstrates measurable improvements in hair density, urinary flow, hormonal stability, 

and inflammatory biomarkers, confirming axis-level restoration rather than symptomatic 

relief. 

Synergistic Nutritional Integration 

The Keyora Tri-Nutrient Synergy amplifies Saw Palmetto’s physiological precision 

through co-modulation with: 

 Lycopene – lipid-phase antioxidant reinforcing AR/NF-κB control and protecting 

against oxidative cytokine signaling. 

 Astaxanthin – mitochondrial antioxidant stabilizing ATP generation and redox 

homeostasis. 

 L-Arginine – NO-dependent perfusion enhancer restoring endothelial flow and 

microcirculation. 
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This synergy forms an Androgen–Inflammation–Redox Tri-Axis, a closed biochemical 

loop linking hormonal equilibrium, immune quiescence, and oxidative resilience. 

Translational Outcome 

Human studies confirm that this multi-nutrient integration reduces PSA velocity, oxidative 

DNA lesions (8-OHdG), and inflammatory cytokines, while improving microvascular 

oxygenation and ATP production. 

Unlike pharmacologic inhibitors that impose hormonal suppression, the Keyora approach 

achieves homeostatic normalization, maintaining libido, endocrine feedback, and 

systemic safety over long-term use. 

Conceptual Synthesis 

In essence, the Saw Palmetto paradigm transitions male health management from 

symptom suppression to systems restoration. 

By linking endocrine modulation, redox stabilization, and vascular rejuvenation, it 

redefines nutritional therapeutics as a precision network intervention - a biologically 

coherent strategy capable of preventing and reversing degenerative endocrine, prostatic, 

and follicular conditions through integrative nutritional synergy. 


