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Abstract

Maintaining eye health requires a multi-targeted approach, as oxidative stress,
inflammation, and vascular insufficiency contribute to degenerative eye diseases
such as macular degeneration, cataracts, and glaucoma. This paper presents an
AI-driven methodology for designing a nutraceutical supplement targeting vision
preservation and enhancement. The formulation incorporates **lutein, zeaxan-
thin, astaxanthin, DHA, polyphenols, vitamins C and E, zinc, taurine, alpha-lipoic
acid (ALA), and piperine** to optimize absorption. Mechanisms of action include
**antioxidant defense, blue light filtration, neuroprotection, and ocular circulation
support**. This research proposes a validated framework for developing **scientif-
ically backed, bioavailable eye health supplements** that meet **FDA, EFSA, and
USDA Organic** safety standards.

1 Introduction

1.1 The Need for Vision-Enhancing Supplements

Age-related macular degeneration (AMD), cataracts, and diabetic retinopathy are lead-
ing causes of vision impairment worldwide. Oxidative stress, chronic inflammation, and
vascular dysfunction are primary contributors to these diseases [1]. Nutritional interven-
tion with bioactive compounds offers a preventive strategy by targeting **photoreceptor
protection, lens integrity, and retinal vascular health**.

1.2 AI-Assisted Supplement Formulation

This study employs an AI-driven nutraceutical development framework based on **phy-
tochemical literature mining, molecular docking analysis, and bioavailability optimiza-
tion** [?]. The optimized formulation is computed using:

Cvision =
n∑

i=1

(Mi × Vi × Pi ×Bi × Si ×Ri ×Di) (1)

where: - Mi = AI-identified molecule with validated ocular benefits - Vi = Evidence
score from preclinical/clinical studies - Pi = Pharmacokinetic properties (absorption,
metabolism) - Bi = Bioavailability enhancers (liposomes, piperine) - Si = Synergy co-
efficient (multi-pathway activation) - Ri = Regulatory compliance factor (FDA, EFSA,
USDA) - Di = Dosage safety coefficient (aligned with NOAEL limits)
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2 Methods

2.1 AI-Guided Molecule Selection

A systematic **PubMed and Bing-assisted AI search** identified **nutraceuticals with
evidence-based eye health benefits**. The selection criteria included: 1. **Antioxidant
potential** (ROS scavenging, lipid peroxidation inhibition) 2. **Retinal photoprotec-
tion** (blue light absorption, photoreceptor maintenance) 3. **Vascular and neuropro-
tective effects** (capillary stability, optic nerve function)

2.2 Bioavailability Enhancement

To **maximize absorption and retinal bioavailability**, the formulation integrates **piper-
ine for improved polyphenol uptake, liposomal carriers for lutein and zeaxanthin, and
DHA for neuroretinal delivery**.

3 Results: AI-Optimized Supplement Formulation

3.1 Core Ingredients and Justification

4 Discussion: Mechanisms of Action

4.1 Antioxidant and Anti-Inflammatory Effects

Lutein, zeaxanthin, and astaxanthin accumulate in the macula to **neutralize reactive
oxygen species (ROS) and absorb blue light**, reducing oxidative damage to photore-
ceptors [2]. Vitamin C, E, and zinc further **enhance antioxidant defenses**, protecting
the lens and retina from **UV-induced degradation**.

4.2 Neuroprotection and Vascular Support

DHA, taurine, and alpha-lipoic acid **prevent optic nerve degeneration and support
neurovascular integrity**. Bilberry and grape seed extract improve **retinal microcircu-
lation**, ensuring oxygen and nutrient delivery to photoreceptors [?].

4.3 Bioavailability Enhancement Strategies

**Liposomal carriers** improve absorption of fat-soluble carotenoids, while **piperine
enhances polyphenol uptake**, ensuring effective delivery of **lutein, zeaxanthin, and
curcumin** into the **retinal tissues** [3].

5 Conclusion

This AI-driven **phytochemical formulation for vision health** integrates **scientifically
validated ingredients** targeting **macular protection, antioxidant support, neurovascu-
lar integrity, and hydration**. Future clinical trials will assess its efficacy in preventing
**age-related macular degeneration, dry eye syndrome, and glaucoma**. The supplement
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Ingredient Dose Mechanism of Action
Lutein 10 mg Filters blue light; reduces oxidative stress in

macula
Zeaxanthin 2 mg Synergizes with lutein to prevent macular de-

generation
Astaxanthin 6 mg Crosses blood-retina barrier; reduces inflam-

mation
DHA (Omega-3) 500 mg Enhances retinal cell integrity; prevents dry

eyes
Quercetin 50 mg Anti-inflammatory; improves retinal capil-

lary function
Bilberry Extract 100 mg Enhances night vision and microcirculation
Grape Seed Extract 50 mg Antioxidant; protects against UV damage
Vitamin C 250 mg Reduces cataract risk; supports collagen syn-

thesis
Vitamin E 200 IU Synergizes with Vitamin C; prevents lipid ox-

idation
Zinc 10 mg Essential for vitamin A transport and pho-

toreceptor health
Copper 1 mg Prevents zinc-induced deficiency; maintains

ocular health
Selenium 55 mcg Supports glutathione peroxidase; reduces

retinal stress
Taurine 250 mg Prevents retinal degeneration; regulates os-

motic balance
Alpha-Lipoic Acid 100 mg Neuroprotective; reduces oxidative stress in

retina
N-Acetylcysteine 150 mg Enhances glutathione levels; supports lens

clarity
Piperine 10 mg Enhances absorption of lutein, zeaxanthin,

and curcuminoids

Table 1: Optimized Formulation for Vision Health

aligns with **FDA and EFSA safety guidelines**, with all dosages adhering to **NOAEL
limits**.

6 Regulatory Disclaimer

This formulation is for **research purposes only** and has not been evaluated by the
FDA or EFSA. Clinical trials are required to determine safety and efficacy.
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