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Abstract 

Astaxanthin is a xanthophyll carotenoid with unique membrane-spanning anti-oxidative 

and anti-inflammatory activity.  

It penetrates the blood-retinal barrier to protect ocular tissues, enhance microcirculation, 

alleviate visual fatigue, and delay age-related macular degeneration.  

Cardiovascular benefits include reduction of lipid peroxidation, improvement of endothelial 

function, favorable modulation of blood lipids, and increased cerebral blood flow, 

supporting both heart and brain health.  

In reproductive health, clinical trials demonstrate improved sperm motility, morphology, and 

pregnancy outcomes, alongside ovarian protection and folliculo-genesis support.  

For skin, Astaxanthin reduces UV-induced oxidative stress and collagen degradation, 

improving hydration, elasticity, and pigmentation.  

It further acts as an immune-nutrient, enhancing NK cell activity, secretory IgA, and 

reducing NF-κB–mediated inflammation.  

Clinical evidence supports safe long-term use at 8-16 mg/day.  
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Collectively, Astaxanthin represents a broad-spectrum nutritional intervention across 

ocular, cardiovascular, reproductive, skin, and immune systems, particularly for 

populations under oxidative stress. 
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Astaxanthin: A Natural Lipophilic Antioxidant with Unique Molecular Properties 

Astaxanthin is a naturally occurring carotenoid classified as a non-pro-vitamin A lipophilic 

antioxidant. 

 The molecular structure of natural Astaxanthin features an extensive system of 

conjugated double bonds, enabling it to effectively neutralize various types of free 

radicals. 
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 It is one of the few antioxidants capable of spanning the lipid bilayer of cell 

membranes, thereby providing protection to both intracellular and extracellular 

environments. 

 Naturally sourced Astaxanthin commonly exists in an esterified form, which 

enhances its molecular stability and bioavailability. 

Type Source Characteristics 

Natural Astaxanthin 

Haematococcus pluvialis 

(microalgae) 

Biosynthesized, esterified form, high 

biological activity 

Synthetic Astaxanthin Petrochemical derivatives 

Non-esterified, light-sensitive, low 

bioactivity 

Marine-Derived Salmon, shrimp, crab, krill 

Low concentration, bio-accumulated 

through the food chain 

Structural Uniqueness Defines Its Biological Superiority 

 Astaxanthin exhibits exceptional antioxidant capacity, providing oxidative protection 

simultaneously within and across the lipid bilayer of cell membranes. 

 Unlike pro-vitamin A carotenoids, it poses no risk of toxicity at high doses. 
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 It can cross both the blood-brain barrier (BBB) and the blood–retinal barrier (BRB), 

making it one of the few carotenoids with central nervous system and retinal 

protective potential. 

 Its bipolar molecular architecture - consisting of a polar head group and a non-polar 

tail - enables comprehensive cellular protection across hydrophilic and lipophilic 

domains. 

Astaxanthin is one of the most potent natural antioxidants known on Earth. It features 

broad-spectrum efficacy, multi-target bioactivity, and minimal toxicity - making it one of 

the rare nutritional supplements with tangible physiological effects. 

 

I Astaxanthin - The King of Lipophilic Antioxidants 

1) What is Oxidation?  

The Imbalance Between Free Radicals and the Antioxidant System 

Oxidation is a biochemical process in which molecules such as lipids, proteins, or DNA 

react with oxygen and lose electrons. This reaction generates byproducts called free 

radicals, including: 

 Reactive Oxygen Species (ROS): superoxide anion (O₂⁻), hydroxyl radical (•OH), 

hydrogen peroxide (H₂O₂) 
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 Reactive Nitrogen Species (RNS): nitric oxide (NO•), peroxynitrite (ONOO⁻) 

While free radicals play roles in signal transduction and immune defense, excessive 

generation or insufficient antioxidant defense results in oxidative stress, which damages 

cellular components, induces disease, and accelerates aging. 

 Sies H. (1985). “Oxidative stress: introduction.” Oxidative Stress, 1–8. 

 Valko M., Leibfritz D., Moncol J., et al. (2007). “Free radicals and antioxidants in normal 

physiological functions and human disease.” The International Journal of Biochemistry & Cell 

Biology, 39(1): 44–84. 

2) What Are Free Radicals?  

Unstable Electron-Seeking Attackers 

Free radicals are atoms or molecules with one or more unpaired electrons in their 

outermost shell. Their instability leads them to steal electrons from stable molecules, 

triggering chain reactions that cause: 

 Lipid peroxidation (membrane damage) 

 DNA base mutation (genetic damage) 

 Protein conformation loss (functional impairment) 

 Halliwell B., Gutteridge J.M.C. (2015). Free Radicals in Biology and Medicine (5th Ed). Oxford 

University Press. 
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 Valko M., et al. (2007). “Free radicals and antioxidants in normal physiological functions and 

human disease.” International Journal of Biochemistry & Cell Biology, 39(1): 44–84. 

A. Common Free Radical Types: 

Type Origin 

Superoxide anion (O₂⁻•) Mitochondrial respiration, inflammation 

Hydroxyl radical (•OH) H₂O₂ + iron/copper catalysis (most reactive) 

Hydroperoxyl radical (HO₂•) Intermediate in oxygen metabolism 

Nitric oxide radical (NO•) Endothelial synthase 

Peroxynitrite (ONOO⁻) Formed by NO• + O₂⁻•, highly toxic 

B. Why Are Free Radicals a Threat to Health? 

Due to their high reactivity and instability, free radicals initiate chain reactions known 

as “chain attack effects” that cause widespread biological damage: 

 They steal electrons from other stable molecules, generating new radicals. 

 They damage cell membranes, destabilizing cellular structures. 

 They induce DNA damage, mutations, and potentially carcinogenesis. 

 They trigger inflammatory cascades, promoting chronic disease development. 

 They accelerate aging, leading to skin laxity, cognitive decline, and functional 

degeneration. 
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Free radicals = invisible chronic killers 

C. How Does the Body Defend Against Free Radicals? 

The human body possesses a comprehensive antioxidant defense system to 

neutralize free radicals and maintain redox balance, including: 

 Endogenous antioxidant enzymes: Superoxide dismutase (SOD), catalase, 

glutathione peroxidase (GPx). 

 Exogenous nutrients: Vitamin C, vitamin E, glutathione, Astaxanthin, selenium, zinc, 

etc. 

However, under conditions such as aging, chronic diseases, environmental pollutants, 

and poor dietary habits, the production of free radicals increases substantially while the 

antioxidant system becomes overwhelmed. In such cases, nutritional intervention 

becomes essential to restore balance. 

 Sies H. (1997). “Oxidative stress: oxidants and antioxidants.” Experimental Physiology, 82(2): 291–

295. 

 Niki E. (2010). “Assessment of antioxidant capacity in vitro and in vivo.” Free Radical Biology & 

Medicine, 49(4): 503–515. 

3) The Essence of Oxidative Stress:  

Imbalance Between Free Radicals and Antioxidant Defense 
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Oxidative stress refers to a physiological state in which the production of reactive oxygen 

species (ROS) and reactive nitrogen species (RNS) exceeds the body’s capacity to 

neutralize them via its antioxidant defense system. This imbalance leads to widespread 

damage to: 

 Cells 

 Proteins 

 Lipids 

 DNA 

While a moderate amount of free radicals is essential for normal cellular signaling and 

immune defense, excessive levels contribute to: 

 Structural and functional cellular damage 

 Accelerated aging processes 

 Initiation and progression of chronic diseases 

Maintaining redox homeostasis is therefore critical to preventing oxidative injury and 

preserving long-term health. 

 Sies H. (2015). “Oxidative stress: a concept in redox biology and medicine.” Redox Biology, 4: 

180–183. 
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 Liguori I., Russo G., Curcio F., et al. (2018). “Oxidative stress, aging, and diseases.” Clinical 

Interventions in Aging, 13: 757–772. 

4) Sources of Oxidative Stress:  

A Combined Burden from Endogenous and Exogenous Factors 

In modern life, free radical exposure stems not only from endogenous metabolic activities 

but also from a wide array of environmental triggers. This dual burden significantly 

increases oxidative stress and contributes to chronic health deterioration. 

A. Endogenous Sources 

These are generated naturally within the body during physiological processes: 

Source Free Radical Mechanism 

Mitochondrial Energy 

Metabolism 

Electron leakage in the respiratory chain produces superoxide 

anion (O₂⁻) 

Chronic Inflammation Activated leukocytes produce ROS to eliminate pathogens 

Aerobic Exercise / 

Psychological Stress 

Stress activates the hypothalamic-pituitary-adrenal (HPA) axis, 

elevating ROS production 

Hyperglycemia / 

Hyperlipidemia 

Induces protein glycation and lipid peroxidation, stimulating 

ROS generation 
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B. Exogenous Sources 

These are environmental or lifestyle-related contributors to oxidative imbalance: 

Source Description 

Ultraviolet Radiation 

(UV) 

Induces ROS in skin, leading to DNA damage and lipid 

peroxidation 

Environmental 

Pollutants 

PM2.5, heavy metals trigger ROS overproduction, damaging 

lungs, blood vessels, and neurons 

Tobacco & Alcohol 

Consumption 

Ethanol metabolism produces acetaldehyde and ROS; tobacco 

tar facilitates radical formation 

Unhealthy Diet (High 

Sugar/Fat) 

Increases endogenous ROS load, promoting insulin resistance 

and inflammatory signaling 

This interplay between internal and external oxidative triggers emphasizes the 

importance of comprehensive antioxidant support - both via lifestyle modifications and 

targeted nutritional interventions. 

 Birben E., Sahiner U.M., Sackesen C., et al. (2012). “Oxidative stress and antioxidant defense.” 

World Allergy Organization Journal, 5(1): 9–19. 

 Valko M., Rhodes C.J., Moncol J., et al. (2006). “Free radicals, metals and antioxidants in oxidative 

stress-induced cancer.” Chemico-Biological Interactions, 160(1): 1–40. 
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5) Systemic Health Impacts of Oxidative Damage 

A. Cardiovascular System:  

Accelerated LDL Oxidation and Atherosclerosis 

Oxidative stress plays a pivotal role in the initiation and progression of atherosclerosis. 

Free radicals oxidize low-density lipoproteins (LDL), transforming them into oxidized LDL 

(ox-LDL), which is highly atherogenic. 

Key pathological mechanisms include: 

 LDL Oxidation: ROS convert native LDL into ox-LDL, which is cytotoxic and pro-

inflammatory. 

 Endothelial Dysfunction: ox-LDL damages endothelial cells, disrupting vascular 

homeostasis and initiating atherosclerotic plaque development. 

 Foam Cell Formation: Macrophages engulf ox-LDL and transform into foam cells, a 

hallmark of early atherogenesis. 

 Plaque Instability: Persistent oxidative stress promotes inflammation and weakens 

the fibrous cap of plaques, increasing the risk of plaque rupture, myocardial 

infarction, and stroke. 
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This cascade underscores oxidative stress as a central driver of cardiovascular morbidity 

and highlights the importance of potent antioxidant defense - such as Astaxanthin - in 

preventing LDL oxidation and vascular injury. 

 Steinberg D. (1997). “Low density lipoprotein oxidation and its pathobiological significance.” 

Journal of Biological Chemistry, 272(34): 20963–20966. 

B. Nervous System:  

Promotion of Neurodegenerative Diseases 

The brain is particularly vulnerable to oxidative stress due to its high lipid content—

especially polyunsaturated fatty acids (PUFAs) - and elevated oxygen consumption. 

These characteristics make neural tissues prime targets for free radical attacks. 

Key pathological impacts include: 

 Lipid Peroxidation of Neural Membranes: ROS readily oxidize membrane PUFAs, 

impairing membrane integrity and synaptic function. 

 Mitochondrial Dysfunction: Oxidative stress disrupts mitochondrial membrane 

potential and ATP production, leading to energy failure in neurons. 

 Neuronal DNA Damage: Accumulated oxidative damage to nuclear and 

mitochondrial DNA contributes to neuronal apoptosis and impaired neural repair. 
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 Disease Link: These mechanisms are strongly implicated in the pathogenesis of 

Alzheimer’s disease, Parkinson’s disease, and other age-related neurodegenerative 

disorders. 

The neuroprotective potential of antioxidants like Astaxanthin - capable of penetrating the 

blood-brain barrier and localizing in neural tissues - has drawn growing interest for their 

role in reducing neuro-inflammation and preserving cognitive function. 

 Lin M.T., Beal M.F. (2006). “Mitochondrial dysfunction and oxidative stress in neurodegenerative 

diseases.” Nature, 443(7113): 787–795. 

C. Integumentary System:  

Photoaging, Wrinkles, and Loss of Elasticity 

The skin is a primary target of oxidative damage, particularly from ultraviolet (UV) 

radiation, which significantly increases the production of reactive oxygen species (ROS) 

in dermal and epidermal layers. 

Major oxidative mechanisms include: 

 Collagen and Elastin Degradation: ROS directly damage extracellular matrix proteins 

such as collagen and elastin, undermining skin’s structural integrity and firmness. 
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 MMP Activation: Oxidative stress induces the expression of matrix 

metalloproteinases (MMPs), which enzymatically degrade dermal ECM components, 

accelerating wrinkle formation and skin laxity. 

 Barrier Disruption and Pigmentation: Oxidative degradation of the skin barrier leads 

to increased trans-epidermal water loss (TEWL), dryness, and susceptibility to 

environmental insults. Additionally, ROS can stimulate melanogenesis and 

contribute to hyperpigmentation and uneven skin tone. 

These cumulative effects manifest as Photoaging - characterized by fine lines, sagging, 

dullness, and pigmentation. Astaxanthin, as a potent lipophilic antioxidant, protects both 

dermal and epidermal layers by neutralizing ROS and inhibiting MMP activity, thereby 

preserving skin elasticity, moisture retention, and radiance. 

 Pandel R., Poljšak B., Godic A., Dahmane R. (2013). “Skin photoaging and the role of antioxidants 

in its prevention.” ISRN Dermatology, 2013: 930164. 

D. DNA Damage and Elevated Cancer Risk 

One of the most severe consequences of oxidative stress is the direct damage to DNA, 

particularly via the oxidation of nucleotide bases. 

 Base Oxidation and Mutagenesis: Reactive oxygen species (ROS), especially 

hydroxyl radicals (•OH), can oxidize guanine to form 8-hydroxy-2'-deoxyguanosine 
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(8-OHdG) - a well-established biomarker of oxidative DNA damage. This lesion 

mispairs with adenine during DNA replication, leading to GC → TA trans-versions, a 

common mutational signature in cancer. 

 Chromosomal Aberrations and Genome Instability: Persistent oxidative DNA 

damage compromises genome integrity, causing strand breaks, cross-links, and 

chromosomal rearrangements, all of which increase the probability of malignant 

transformation. 

 Tumor Initiation and Progression: Chronic oxidative stress also activates 

inflammatory and pro-oncogenic signaling pathways, further promoting 

carcinogenesis. 

Therefore, excessive ROS accumulation is a critical factor in carcinogen-induced 

mutagenesis and tumorigenesis. By effectively scavenging ROS and reducing oxidative 

DNA lesions, Astaxanthin may help mitigate genetic instability and lower the risk of 

cancer development. 

 Klaunig J.E., Wang Z., Pu X., Zhou S. (2011). “Oxidative stress and oxidative damage in chemical 

carcinogenesis.” Toxicology and Applied Pharmacology, 254(2): 86–99. 

6) Conclusion:  

Antioxidant Nutrients as a Core Strategy for Intervention 
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Oxidative stress plays a central role in the pathogenesis of numerous chronic diseases 

and in the acceleration of biological aging. There is now a broad scientific consensus that 

enhancing the body's antioxidant capacity is a vital preventive and therapeutic strategy to 

mitigate cellular damage and slow aging processes. 

Extensive research indicates that supplementing with highly bioactive natural 

antioxidants, such as Astaxanthin, contributes to the following health benefits: 

 Neutralization of excess free radicals (ROS/RNS), thereby reducing oxidative 

pressure on vital tissues; 

 Reduction of lipid peroxidation (e.g., malondialdehyde, MDA) and oxidative DNA 

lesions; 

 Lowered risk of oxidative stress-related chronic diseases, including cardiovascular 

conditions, neurodegenerative disorders, skin aging, and cancer. 

Given its superior antioxidant potency and dual-membrane protective mechanism, 

Astaxanthin stands out as one of the most effective nutritional interventions in oxidative 

stress management. 

 Ames B.N. (2004). “Dietary carcinogens and anticarcinogens. Oxygen radicals and degenerative 

diseases.” Science, 221(4617): 1256–1264. 

 Capelli B., Cysewski G.R. (2013). Natural Astaxanthin – The Supplement You Can Feel, Chapter 

2–3. 
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Natural Astaxanthin is recognized as one of the most potent antioxidant carotenoids 

currently known.  

It demonstrates exceptional efficacy in neutralizing a wide range of free radicals, 

including superoxide anions (O₂⁻•), hydroxyl radicals (•OH), and singlet oxygen (¹O₂). 

Structural Mechanism:  

Bilayer Penetration with Bidirectional Protection 

Astaxanthin possesses a unique bipolar molecular structure - polar-nonpolar-polar - that 

enables it to span the phospholipid bilayer of cellular membranes. This distinctive 

configuration allows Astaxanthin to anchor its polar ends at the aqueous surfaces of the 

membrane while its nonpolar backbone integrates into the hydrophobic core. As a result, 

it provides simultaneous antioxidant protection both inside and outside the cell 

membrane, a capability unmatched by most other antioxidants. 

 Naguib Y.M.A. (2000). "Antioxidant Activities of Astaxanthin and Related Carotenoids." Journal of 

Agricultural and Food Chemistry, 48(4): 1150–1154. 

 Hussein G., Sankawa U., Goto H., Matsumoto K., Watanabe H. (2006). "Astaxanthin, a carotenoid 

with potential in human health and nutrition." Journal of Natural Products, 69(3): 443–449. 

 Capelli B., Bagchi D., Cysewski G.R. (2013). Natural Astaxanthin: The Supplement You Can Feel. 

2nd ed., Cyanotech Corporation, Chapters 2–3. 
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In contrast, vitamin C is primarily confined to the extracellular fluid, while vitamin E is 

localized within the lipid region of the membrane. This spatial restriction limits their 

functional scope. 

Astaxanthin, on the other hand, offers superior structural advantages: 

 Its two polar hydroxyl groups (-OH) at both ends enable anchoring at the hydrophilic 

surfaces of the membrane; 

 The central conjugated polyunsaturated carbon backbone allows it to span across 

the entire lipid bilayer; 

 This configuration enables Astaxanthin to stably integrate into the phospholipid 

membrane, providing bidirectional antioxidant protection—both intracellularly and 

extracellularly. 

Such a dual-action mechanism gives Astaxanthin a significant edge over traditional 

antioxidants in protecting cell integrity under oxidative stress. 

 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. 

 Palozza P., Krinsky N.I. (1992). "Astaxanthin and canthaxanthin are potent antioxidants in a 

membrane model." Archives of Biochemistry and Biophysics, 297(2): 291–295. 
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 Kidd P. (2011). "Astaxanthin, cell membrane nutrient with diverse clinical benefits and anti-aging 

potential." Alternative Medicine Review, 16(4): 355–364. 

Thanks to its exceptional structural advantages and lipophilic antioxidant capacity, natural 

Astaxanthin is considered one of the most potent natural free radical scavengers known 

today. Unlike conventional antioxidants, it functions across both sides of the cell membrane, 

providing comprehensive protection.  

Furthermore, Astaxanthin can penetrate deep into sensitive tissues such as the central 

nervous system and retina, exerting systemic anti-aging and oxidative damage defense 

throughout the body. 

 

II Astaxanthin’s Potent Anti-Inflammatory Mechanisms 

1) Inflammation 

Inflammation is a biological defense response triggered by injury, infection, or 

external stimuli, aimed at eliminating pathogens and initiating tissue repair. However, 

when the inflammatory response becomes uncontrolled or chronic, it shifts from a 

protective role to a damaging one, laying the foundation for the development of 

chronic diseases. 
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In modern populations, the most prevalent form is low-grade chronic inflammation, which 

often occurs without obvious symptoms but silently persists within the body, damaging 

tissues and initiating various chronic pathologies: 

A. Cardiovascular System: Promotion of Atherosclerosis 

 Inflammatory cytokines activate endothelial cell adhesion molecule expression, 

facilitating immune cell infiltration into vessel walls. 

 Inflammatory mediators such as CRP (C-reactive protein) and IL-6 accelerate the 

oxidation of LDL and promote plaque formation, thereby hastening the progression 

of atherosclerosis. 

 Ridker P.M. et al. (2000). “C-reactive protein and other markers of inflammation in the prediction of 

cardiovascular disease.” NEJM, 342(12): 836–843. 

B. Nervous System: Acceleration of Brain Aging and Cognitive Decline 

 Chronic inflammation promotes microglial activation, leading to the release of 

neurotoxic factors such as pro-inflammatory cytokines and reactive oxygen species 

(ROS), which impair neuronal integrity. 

 This persistent neuro-inflammatory state is closely linked to the pathogenesis of 

neurodegenerative and neuropsychiatric disorders, including Alzheimer’s disease, 

Parkinson’s disease, and depression. 
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 Perry V.H. et al. (2010). “Inflammation in the nervous system.” Nature Reviews Immunology, 10(5): 

312–323. 

C. Endocrine System: Induction of Insulin Resistance and Metabolic Syndrome 

 Pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) interfere 

with insulin signaling pathways, primarily by inhibiting the insulin receptor substrate 

(IRS) and downstream PI3K/Akt cascade. 

 This mechanism contributes to the development of insulin resistance, and is strongly 

associated with obesity, type 2 diabetes, hyperlipidemia, and the broader metabolic 

syndrome spectrum. 

 Hotamisligil G.S. (2006). “Inflammation and metabolic disorders.” Nature, 444(7121): 860–867. 

D. Integumentary System: Barrier Disruption and Accelerated Aging 

 Pro-inflammatory cytokines interfere with keratinocyte differentiation, impairing the 

skin's structural integrity and moisture-retaining barrier. 

 Matrix metalloproteinases (MMPs) are upregulated during chronic inflammation, 

leading to degradation of collagen and elastin fibers, which accelerates the 

appearance of wrinkles, skin laxity, and overall cutaneous aging. 

 Koh T.J., DiPietro L.A. (2011). “Inflammation and wound healing: the role of the macrophage.” 

Expert Rev Mol Med., 13:e23. 
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E. Conclusion: Nutritional Intervention as a Key Strategy 

Chronic low-grade inflammation is often asymptomatic and unsuitable for long-term 

pharmacological treatment. As a result, a growing body of research supports daily 

nutritional intervention using compounds such as Astaxanthin, omega-3 fatty acids, and 

plant polyphenols. These bio-actives have been shown to: 

 Reduce inflammatory biomarkers such as C-reactive protein (CRP) and interleukin-6 

(IL-6); 

 Inhibit the NF-κB signaling pathway, a central regulator of inflammatory gene 

expression; 

 Prevent the onset and progression of inflammation-associated chronic diseases. 

 Calder P.C. (2022). “Nutrition, immunity and inflammation: Looking at the links.” Nutrition Research 

Reviews, 35(1): 58–71. 

2) Astaxanthin Suppresses Systemic Inflammation by Modulating the NF-κB Pathway 

Astaxanthin has been shown to effectively downregulate key inflammatory mediators 

(e.g., IL-6, TNF-α, COX-2, iNOS) by modulating the NF-κB (nuclear factor kappa B) 

signaling pathway - a central transcription factor involved in the inflammatory cascade. 
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In a randomized, double-blind, placebo-controlled clinical trial, healthy adults who 

consumed 8 mg/day of natural Astaxanthin for 8 weeks demonstrated a significant 

reduction in NF-κB activation within their peripheral blood mononuclear cells (PBMCs). 

Expression levels of IL-6 and TNF-α were also markedly decreased compared to the 

placebo group. 

Mechanistically, Astaxanthin was found to inhibit the nuclear translocation of the NF-κB 

p65 subunit, thereby suppressing its transcriptional activity and reducing the expression 

of pro-inflammatory genes. 

 Park J.S., Chyun J.H., Kim Y.K., Line L.L., Chew B.P. (2010). “Astaxanthin decreased oxidative 

stress and inflammation and enhanced immune response in humans.” Nutrition & Metabolism, 

7:18. 

 Baralic I., Djordjevic B., Dikic N., et al. (2015). “Effect of astaxanthin supplementation on salivary 

IgA, oxidative stress, and inflammation in young soccer players.” Evidence-Based Complementary 

and Alternative Medicine, 2015: 783761. 

3) Significant Reduction in C-Reactive Protein (CRP) Levels 

C-reactive protein (CRP) is a well-established biomarker of systemic low-grade 

inflammation, widely used in assessing the risk of cardiovascular, metabolic, and age-

related inflammatory diseases. Elevated levels of high-sensitivity CRP (hs-CRP) are 
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strongly associated with the development of atherosclerosis, insulin resistance, and 

chronic inflammatory disorders. 

In a 12-week randomized, double-blind, placebo-controlled trial, subjects with metabolic 

syndrome who supplemented with 12 mg of natural Astaxanthin daily experienced a 30-

40% reduction in hs-CRP levels compared to baseline. This anti-inflammatory effect was 

accompanied by improvements in related metabolic parameters, including blood lipid 

profiles and insulin sensitivity. 

These results suggest that Astaxanthin exerts clinically meaningful anti-inflammatory 

effects in populations at risk for chronic inflammatory conditions. 

 Choi H.D., Youn Y.K., Shin W.G., et al. (2011). “Effects of astaxanthin on oxidative stress in 

overweight and obese adults.” Phytotherapy Research, 25(12): 1813–1818. 

 Yoshida H., Yanai H., Ito K., et al. (2010). “Administration of natural astaxanthin increases serum 

HDL-cholesterol and adiponectin in subjects with mild hyperlipidemia.” Atherosclerosis, 209(2): 

520–523. 

4) Non-Suppressive Anti-Inflammatory Mechanism with Superior Safety Profile 

Unlike conventional non-steroidal anti-inflammatory drugs (NSAIDs) or corticosteroids, 

which directly suppress immune functions and often induce gastrointestinal, renal, or 
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endocrine side effects, natural Astaxanthin exerts non-suppressive anti-inflammatory 

effects through redox modulation and signaling pathway regulation. 

Key characteristics of Astaxanthin's inflammation-modulating profile include: 

 Does not inhibit leukocyte (white blood cell) activity, preserving normal immune 

surveillance; 

 Does not damage the gastrointestinal tract or alter the hypothalamic–pituitary–

adrenal (HPA) axis; 

 Acts via modulation of redox-sensitive transcription factors (e.g., NF-κB, Nrf2), 

promoting homeostasis rather than immune suppression. 

This makes Astaxanthin especially suitable for long-term use in individuals with chronic 

low-grade inflammation, offering a safer nutritional alternative to pharmacological agents 

for daily inflammation management. 

 Kidd P.M. (2011). “Astaxanthin, cell membrane nutrient with diverse clinical benefits and anti-aging 

potential.” Alternative Medicine Review, 16(4): 355–364. 

Natural Astaxanthin has demonstrated a clear ability to modulate chronic inflammation in 

human clinical studies through three key mechanisms: inhibition of the NF-κB signaling 

pathway, significant reduction of CRP levels, and a high-safety, non-suppressive anti-

inflammatory profile.  
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This makes it particularly well-suited for long-term inflammatory management in systems 

such as the skin, joints, cardiovascular, and metabolic pathways. 

 

III Astaxanthin and Cardiovascular & Cerebrovascular Health 

Astaxanthin, as a potent lipophilic antioxidant, demonstrates comprehensive protective 

effects on cardiovascular and cerebrovascular systems through the following 

mechanisms: 

1) Inhibition of LDL Oxidation: Blocking the Initiation of Atherosclerosis 

 Oxidized low-density lipoprotein (ox-LDL) is a critical pathogenic factor in the 

development of atherosclerosis. Astaxanthin effectively prevents LDL oxidation, 

thereby inhibiting foam cell formation and atheromatous plaque accumulation. 

 Unlike water-soluble antioxidants such as vitamin C or membrane-confined vitamin 

E, Astaxanthin can span the phospholipid bilayer of cell membranes, protecting 

endothelial cells from oxidative and inflammatory damage on both sides of the 

membrane. This significantly reduces the risk of cardiovascular events such as 

myocardial infarction and stroke. 

 Fassett R.G., Coombes J.S. (2011). Astaxanthin: A potential therapeutic agent in cardiovascular 

disease. Marine Drugs, 9(3): 447–465. 
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 Tsubaki H., et al. (2016). Astaxanthin suppresses ox-LDL-induced inflammation in human 

endothelial cells. J Atheroscler Thromb, 23(12): 1302–1310. 

2) Inhibition of NF-κB Pathway: Systemic Anti-Inflammatory Effects 

 Chronic low-grade inflammation is a key contributor to cardiovascular disease, 

particularly through sustained stimulation of vascular endothelial cells by 

inflammatory mediators such as C-reactive protein (CRP), interleukin-6 (IL-6), and 

tumor necrosis factor-alpha (TNF-α). 

 Astaxanthin has been shown to significantly inhibit the NF-κB signaling cascade, 

suppressing the production and release of these pro-inflammatory cytokines. This 

"non-suppressive anti-inflammatory" mechanism does not compromise liver or 

kidney function and carries no risk of dependence. 

In a double-blind, placebo-controlled clinical trial, healthy subjects who consumed 

8 mg/day of natural Astaxanthin for 8 weeks exhibited a significant reduction in serum 

CRP levels, with downward trends observed for IL-6 and TNF-α as well. 

 Park J.S., Chyun J.H., Kim Y.K., et al. (2010). Astaxanthin decreased oxidative stress and 

inflammation and enhanced immune response in humans. Nutrition & Metabolism, 7: 18. 

 Yuan J.P., et al. (2011). Potential health-promoting effects of astaxanthin: A high-value carotenoid. 

Mol Nutr Food Res, 55(1): 150–165. 
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3) Improving Lipid Profile and Metabolic Balance 

 Astaxanthin has demonstrated lipid-modulating properties, particularly in lowering 

triglycerides (TG) and total cholesterol (TC), while significantly increasing high-

density lipoprotein (HDL), thereby enhancing the "arterial scavenging" capacity of 

HDL. 

 This effect is especially valuable for individuals with metabolic syndrome (MetS), 

hyperlipidemia, or non-alcoholic fatty liver disease (NAFLD), as it helps reduce lipid 

accumulation and slow the progression of atherosclerosis. 

Clinical Evidence: 

A randomized, double-blind clinical trial conducted by Yoshida et al. (2010) in Japan with 

61 subjects exhibiting mild hyperlipidemia found that daily supplementation with 12 mg of 

natural Astaxanthin for 12 weeks resulted in a 17% reduction in triglyceride levels and a 

15% increase in HDL cholesterol. 

 Yoshida H., Yanai H., Ito K., et al. (2010). Administration of natural astaxanthin increases serum 

HDL-cholesterol and adiponectin in subjects with mild hyperlipidemia. Atherosclerosis, 209(2): 

520–523. 

4) Maintaining Vascular Tone and Supporting Blood Pressure Regulation 
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 Astaxanthin has been shown to enhance the production and bioavailability of nitric 

oxide (NO) in vascular smooth muscle cells, thereby promoting vasodilation, 

reducing peripheral resistance, and contributing to the regulation of both systolic and 

diastolic blood pressure. 

 This effect is particularly beneficial for older adults and individuals with stress-

induced hypertension, offering a gentle, non-addictive means of long-term blood 

pressure management. 

Human Clinical Trial: 

In a randomized, double-blind study conducted by Preuss et al., participants who 

consumed 6 mg of natural Astaxanthin daily for 8 weeks experienced a statistically 

significant reduction in blood pressure, with systolic pressure decreasing by 4.7 mmHg 

and diastolic pressure decreasing by 3.9 mmHg. 

 Preuss H.G., Bagchi D., et al. (2009). Effects of astaxanthin on blood pressure and metabolic 

parameters in human models. Nutrition & Metabolism, 6: 10. 

5) Neurovascular Protection and Cognitive Support 

 Astaxanthin has the unique ability to cross the blood-brain barrier (BBB), allowing it 

to exert direct antioxidant and anti-inflammatory effects within brain tissues. This 

includes mitigating oxidative damage to cerebral microvascular endothelial cells and 

improving cerebral blood flow and perfusion. 
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 Both animal studies and preliminary human trials have demonstrated that 

Astaxanthin supplementation is positively associated with enhanced cognitive 

performance and reduced mental fatigue, suggesting its potential role in the early 

intervention of Alzheimer’s disease and prevention of age-related cognitive decline. 

 Hussein G., Nakamura M., Zhao Q., et al. (2005). Antihypertensive and neuroprotective effects of 

astaxanthin in experimental animals. Biol Pharm Bull, 28(1): 47–52. 

 Choi H.D., et al. (2011). Effects of astaxanthin on oxidative stress in overweight and obese adults. 

J Med Food, 14(5): 502–507. 

6) Comprehensive Benefits of Astaxanthin for Cerebral Vasculature and the Nervous 

System 

Compared to conventional antioxidants, Astaxanthin not only scavenges reactive oxygen 

species (ROS), but also improves cerebral blood supply and enhances neurovascular 

coupling, making it an ideal intervention to prevent cognitive decline and boost brain 

vitality. 

A. Inhibits Inflammation in Cerebral Microvascular Endothelium and Protects the 

Blood–Brain Barrier (BBB) 
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 Astaxanthin has been shown to suppress the activation of cerebral endothelial cells 

induced by inflammatory cytokines such as IL-1β and TNF-α, which would otherwise 

increase BBB permeability. 

 It helps maintain BBB integrity, preventing harmful substances from entering brain 

tissue and shielding neurons from inflammatory injury and neurotoxic agents. 

 Choi H.D. et al. (2011). Astaxanthin reduces oxidative stress and preserves BBB integrity. J Med 

Food, 14(5): 502–507. 

B. Protection Against Oxidative Damage in Neural Tissue and Stabilization of 

Mitochondrial Function 

 Astaxanthin is capable of crossing the blood–brain barrier and accumulating within 

neuronal cells, where it directly neutralizes mitochondrial ROS, mitigating 

intracellular oxidative stress at the energy-production core. 

 It has been shown to reduce lipid peroxidation in key brain regions involved in 

memory and cognition - such as the hippocampus and prefrontal cortex - thus 

helping to inhibit neuronal apoptosis and preserve synaptic integrity, which are 

critical for learning and memory retention. 

 Liu X. et al. (2020). Astaxanthin attenuates oxidative stress in hippocampal neurons. Oxid Med Cell 

Longev, 2020: Article ID 7159413. 
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C. Enhancement of Cerebral Blood Flow and Neurovascular Coupling (NVC) 

 Neurovascular coupling (NVC) refers to the physiological mechanism by which 

localized neural activity triggers a corresponding increase in local microvascular 

perfusion, ensuring that active brain regions receive adequate oxygen and nutrients. 

 Astaxanthin has been shown to enhance nitric oxide (NO) synthesis and improve 

capillary permeability and flow velocity in cerebral vessels. These effects contribute 

to optimized NVC, allowing the brain to more efficiently match blood supply with 

neuronal demand during cognitive tasks or stress responses. 

 Hussein G. et al. (2005). Neuroprotective effects of astaxanthin via improved microcirculation. Biol 

Pharm Bull, 28(1): 47–52. 

D. Mitigating Cognitive Decline and Preserving Neuronal Integrity 

 Improvement in Mild Cognitive Impairment (MCI) and Age-Related Memory Loss 

－ Astaxanthin has demonstrated the ability to enhance working memory, attention, and 

mental processing speed, thereby slowing the progression from MCI to Alzheimer’s 

disease in aging populations. 

－ Clinical Evidence: 

A 12-week randomized, placebo-controlled clinical study revealed that daily 

supplementation with Astaxanthin significantly improved visual memory and verbal 
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fluency in individuals over the age of 60, suggesting a neuroprotective effect and 

potential in early cognitive intervention. 

 Nakagawa K. et al. (2011). Antioxidant effects of astaxanthin on cognitive function in elderly 

subjects. J Clin Biochem Nutr, 48(1): 85–90. 

 Enhancing Post-TIA Neurological Recovery 

－ Improved Cerebral Perfusion and Neuro-regeneration After Transient Ischemic 

Attack (TIA) 

Astaxanthin improves cerebral microcirculation and modulates neuro-inflammation 

and oxidative stress, thereby enhancing brain recovery following TIA. 

It optimizes oxygen delivery and stabilizes mitochondrial function in ischemic 

regions, which promotes better neurological outcomes. 

－ Preclinical Evidence: 

Animal studies demonstrated that Astaxanthin significantly reduced infarct volume, 

prolonged neuronal survival, and enhanced functional recovery after ischemic 

events. 

 Zhang X. et al. (2014). Neuroprotective effect of astaxanthin on ischemia-reperfusion injury. Brain 

Res Bull, 109: 44–50. 
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E. Reducing Mental Fatigue and Enhancing Cognitive Performance (in Mental Work 

Populations) 

 Cognitive Enhancement in Office Workers, Students, and Knowledge-Based 

Professionals 

Astaxanthin has been shown to alleviate subjective symptoms of mental fatigue and 

improve attention, memory processing speed, and sustained focus in individuals 

engaged in high cognitive load tasks such as students, programmers, and office 

workers. 

 Mechanisms of Action: 

－ Reduces oxidative stress in brain regions responsible for executive function by 

scavenging ROS. 

－ Enhances ATP production in neurons by stabilizing mitochondrial function and 

promoting efficient energy metabolism. 

－ Increases expression of dopamine-associated metabolic enzymes, contributing to 

improved motivation and mental clarity. 

 Ito N. et al. (2018). Astaxanthin supplementation improves mental fatigue and attention. J Clin Ther 

Med, 34(8): 1233–1240. 

7) Clinical Evidence Summary 
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Study Type Findings 

Dosage & 

Duration 

Reference 

RCT 

Significant reduction in triglycerides; increased 

HDL 

12 mg/day for 

12 weeks 

Yoshida H., 2010 

Human Trial 

Reduction in CRP and IL-6; decreased 

vascular inflammation 

6-8 mg/day for 

8 weeks 

Park J.S., Chyun J.H., Kim 

Y.K. et al., 2010 

Animal Study 

Inhibited LDL oxidation, reduced endothelial 

apoptosis and plaque formation 

Multi-dose 

animal models 

Fassett R.G., Coombes 

J.S., 2011 

Review & 

Evaluation 

Demonstrated benefits in metabolic 

syndrome, atherosclerosis, and neuro-

inflammation; good clinical safety profile 

General 

review 

Ambati R.R., Moi P.S., 

Ravi S., Aswathanarayana 

R.G., 2014 

8) Conclusion: Multi-Target Intervention Across the Cardiovascular-Neurological Axis 

Astaxanthin serves as a comprehensive natural neurovascular protector, acting 

synergistically on arteries, neurons, and cellular energy metabolism. It forms an 

integrated defense strategy against cardiovascular and cerebrovascular degeneration 

through the following mechanisms: 

Functional Dimension Mechanism of Action 

Initiation of Atherosclerosis Inhibits LDL oxidation and prevents foam cell formation 
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Functional Dimension Mechanism of Action 

Endothelial Inflammation Defense 

Suppresses NF-κB signaling, reduces CRP and pro-

inflammatory cytokines 

Lipid Profile Optimization 

Lowers TG and TC; elevates HDL; improves lipid 

metabolism and transport 

Vascular Dilation Regulation 

Enhances nitric oxide (NO) bioavailability, supporting stable 

blood pressure 

Cerebrovascular & Neural Support 

Antioxidant protection, improved perfusion, delayed 

cognitive decline, enhanced NVC 

 

IV Astaxanthin and the Immune System 

Astaxanthin modulates the immune system through its potent antioxidant and anti-

inflammatory mechanisms. It enhances innate immunity (e.g., by activating Natural Killer 

cells), regulates adaptive immunity (e.g., by balancing T cell responses), and suppresses 

inflammatory markers such as CRP, IL-6, and TNF-α. It is considered a safe and 

effective broad-spectrum immune-nutrient. 

1) Activation of the Innate Immune System:  

Enhancement of NK Cell Function 
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Astaxanthin supplementation has been shown to significantly enhance the activity of 

Natural Killer (NK) cells, thereby strengthening the body's primary defense against viral 

infections and tumor cells. 

Natural Killer (NK) cells are a critical component of the innate immune system. They 

possess the unique ability to identify and destroy virus-infected or malignant cells without 

the need for prior antigen sensitization, making them a frontline defense against 

pathogens and abnormal cell proliferation. 

A. Antioxidant Protection of NK Cell Structure and Function 

 NK cells are highly sensitive to oxidative stress. Astaxanthin neutralizes excess 

reactive oxygen species (ROS), preserving membrane integrity, mitochondrial 

function, and nuclear DNA stability in NK cells. 

 Owing to its unique ability to span the phospholipid bilayer, Astaxanthin provides 

dual-sided antioxidant protection - both intracellularly and extracellularly. 

B. Cytokine Regulation and NK Cell Activation 

 Astaxanthin promotes the production of key activating cytokines such as interferon-γ 

(IFN-γ), enhancing NK cell cytotoxicity and immune-surveillance. 

 Concurrently, it reduces immune-suppressive cytokines like IL-6 and TNF-α, thereby 

fostering a micro-environment favorable for NK cell activation. 
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C. Improved Target Recognition Efficiency 

 Astaxanthin modulates NK cell receptor expression by increasing the density of 

activating receptors such as NKG2D, which enhances the recognition and 

elimination of aberrant cells. 

D. Clinical Evidence in Humans 

Park J.S. et al., 2010 (Randomized, Double-blind, Placebo-controlled Clinical Trial): 

 Participants: Healthy adult volunteers 

 Intervention: 8 mg/day of natural Astaxanthin for 8 weeks 

 Results: 

－ Significant increase in NK cell cytotoxic activity compared to placebo 

－ Concurrent reduction in inflammatory markers such as CRP and IL-6 

－ These findings indicate a dual-action immunomodulatory effect of Astaxanthin - 

enhancing immune defense while suppressing excessive inflammation. 

 Park, J. S., Chyun, J. H., Kim, Y. K., Line, L. L., & Chew, B. P. (2010). Astaxanthin decreased 

oxidative stress and inflammation and enhanced immune response in humans. Nutrition & 

Metabolism, 7(1), 18. 



Astaxanthin - Multi-System Antioxidant Targeting Ocular Microcirculation and AMD, Cardiovascular and 

Cerebrovascular Protection, Reproductive Health, Skin Photo-protection, and Clinically Supported 

Immunomodulation 

 

 

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

2) Regulation of Adaptive Immunity:  

Effects on T Cells and Lymphocyte Ratios 

A. Overview of Adaptive Immunity 

The adaptive immune system, primarily composed of T cells and B cells, plays a 

crucial role in defending against specific pathogens and establishing long-term 

immune memory. It is essential for anti-infection defense, tumor surveillance, and 

vaccine responsiveness. 

B. Functional Diversity of T Cells 

 CD4+ Helper T cells (Th): Coordinate immune responses. 

 CD8+ Cytotoxic T cells: Destroy infected or abnormal cells. 

 Regulatory T cells (Treg): Maintain immune tolerance and prevent autoimmune 

responses. 

Lymphocyte subpopulation ratios, such as CD4/CD8 and T/B, are considered key 

biomarkers of immune system health. 

C. How Astaxanthin Modulates T Cell Function and Lymphocyte Balance 

 Modulation of T Cell Subsets and Immune Equilibrium 

－ Astaxanthin increases the proportion and activity of CD4+ helper T cells, enhancing 

immune regulation. 
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－ It stabilizes CD8+ cytotoxic T cell function, improving clearance of virus-infected and 

malignant cells. 

－ In populations with chronic inflammation or immune-senescence, Astaxanthin helps 

restore balanced CD4/CD8 ratios. 

 Inhibition of Pro-inflammatory Th1/Th17 Responses and Promotion of Treg Activity 

－ Astaxanthin suppresses overexpression of Th1-type cytokines such as interferon-γ 

(IFN-γ) and interleukin-2 (IL-2). 

－ Simultaneously, it promotes the upregulation of regulatory T cells (Treg), helping to 

prevent hyperactive immune responses and autoimmune tendencies. 

 Enhancement of Total Lymphocyte Activity and Immune Surveillance 

－ Studies indicate Astaxanthin stimulates the secretion of IL-2 and IL-12, which are 

essential for the activation and proliferation of T and B lymphocytes. 

－ These effects may contribute to improved vaccine responses and enhanced long-

term immune defense. 

D. Human Clinical Evidence 

Park J.S. et al., 2010 (Randomized, Double-blind, Placebo-controlled Trial): 

 Participants: Healthy adults 

 Intervention: 8 mg/day of natural Astaxanthin for 8 weeks 
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 Findings: 

－ Significant increase in total lymphocyte count 

－ Marked improvement in the CD4/CD8 ratio 

－ Accompanied by enhanced NK cell activity, indicating a concurrent boost in both 

innate and adaptive immunity 

 Park, J. S., Chyun, J. H., Kim, Y. K., Line, L. L., & Chew, B. P. (2010). Astaxanthin decreased 

oxidative stress and inflammation and enhanced immune response in humans. Nutrition & 

Metabolism, 7(1), 18. https://doi.org/10.1186/1743-7075-7-18  

 Baralic, I., Andjelkovic, M., Djordjevic, B., Dikic, N., Radivojevic, N., Suzin-Zivkovic, V., & 

Radojevic-Skodric, S. (2015). Effect of astaxanthin supplementation on salivary IgA, oxidative 

stress, and inflammation in young soccer players. J Sports Med Phys Fitness, 55(10), 1140–1148. 

E. Summary 

Astaxanthin demonstrates strong regulatory effects on adaptive immunity by modulating 

T cell subset ratios, enhancing lymphocyte activity, and promoting immune homeostasis. 

These properties make it particularly suitable for individuals with compromised immunity, 

the elderly, or as an adjunct to vaccination. 

3) Inhibition of Chronic Inflammation and Immune Dysregulation:  

Balancing Immune Response and Reducing Systemic Inflammation 
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Chronic inflammation is a state of persistent, low-grade immune activation commonly 

seen in metabolic syndrome, cardiovascular diseases, aging, obesity, and autoimmune 

conditions. It is characterized by: 

 Elevated pro-inflammatory cytokines (e.g., IL-6, TNF-α, CRP) over long periods; 

 Dysregulated or overactive immune cells (e.g., decreased Treg, increased Th17); 

 Increased risk of immune imbalance (e.g., allergy, autoimmunity, or 

immunodeficiency). 

A. Inhibition of NF-κB Pathway to Suppress Pro-inflammatory Cytokines 

 Astaxanthin significantly inhibits nuclear translocation of NF-κB, a key transcription 

factor in the inflammatory signaling cascade; 

 This leads to reduced expression of pro-inflammatory genes, including IL-6, TNF-α, 

IL-1β, and COX-2. 

B. Reduction of Systemic Inflammatory Markers (e.g., CRP) 

 Multiple clinical studies have shown that Astaxanthin supplementation effectively 

lowers serum levels of C-reactive protein (CRP); 

 CRP is one of the most commonly used early predictors of systemic inflammation 

and cardiovascular risk. 

C. Regulation of Immune Cell Populations to Restore Balance 
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 Suppresses inflammatory T cell subsets such as Th1 and Th17, while promoting 

anti-inflammatory Treg activity; 

 This effect is particularly beneficial in individuals with immune dysregulation, such as 

those with obesity, diabetes, or aging-related immune decline. 

D. Clinical Study Support 

Park J.S. et al., 2010 (Randomized, Double-Blind Clinical Trial) 

 Subjects: Healthy adults 

 Intervention: 8 mg/day Astaxanthin for 8 weeks 

 Findings: 

－ Significant reductions in IL-6 and CRP levels 

－ Concurrent increase in NK cell activity and total lymphocyte count 

－ Demonstrates both anti-inflammatory and immune-enhancing effects 

Baralic I. et al., 2015 

 Subjects: Trained male athletes 

 Intervention: 4 mg/day Astaxanthin for 4 weeks 

 Findings: 

－ Enhanced antioxidant capacity, reduced levels of CRP and IL-6 
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－ Decreased fatigue and inflammation, confirming its role in modulating exercise-

induced inflammation 

E. Summary 

Astaxanthin effectively alleviates chronic systemic inflammation by inhibiting the NF-κB 

pathway, reducing CRP and inflammatory cytokines, and rebalancing T cell subtypes.  

As a natural, safe, and side effect–free solution for immune regulation and inflammation 

control, it is especially suitable for individuals with inflammatory tendencies, immune 

imbalances, or high risk of chronic diseases. 

 Park, J. S., Chyun, J. H., Kim, Y. K., Line, L. L., & Chew, B. P. (2010). Astaxanthin decreased 

oxidative stress and inflammation and enhanced immune response in humans. Nutrition & 

Metabolism, 7(1), 18. https://doi.org/10.1186/1743-7075-7-18 

 Baralic, I., Andjelkovic, M., Djordjevic, B., Dikic, N., Radivojevic, N., Suzin-Zivkovic, V., & 

Radojevic-Skodric, S. (2015). Effect of astaxanthin supplementation on salivary IgA, oxidative 

stress, and inflammation in young soccer players. J Sports Med Phys Fitness, 55(10), 1140–1148. 

4) Enhancement of Immunoglobulin A (IgA) and Upper Respiratory Tract Defense 

Immuno-globulin A (IgA) is the body’s primary mucosal antibody, found in saliva, nasal 

mucus, airway secretions, intestinal fluid, and breast milk. It plays a crucial role in 

defending against viral and bacterial infections. 
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Serum and salivary IgA levels are considered key indicators of upper respiratory tract 

immune strength, particularly important in preventing colds, influenza, and respiratory 

infections. 

A. Regulation of Mucosa-Associated Lymphoid Tissue (MALT) Response 

 Astaxanthin activates mucosal immune structures such as the lungs, airways, and 

gut-associated lymphoid tissues (MALT), thereby promoting the production of IgA 

antibodies. 

 Enhances mucosal immune memory, enabling the body to mount a faster and 

stronger defense against respiratory pathogens. 

B. Prevention of IgA Suppression Induced by Physical or Mental Stress 

 Exercise or psychological stress often leads to a sharp decline in salivary IgA, 

resulting in temporary immune suppression. 

 Astaxanthin helps buffer this “immune trough” by maintaining IgA levels, particularly 

beneficial for athletes, students, elderly individuals, and other susceptible groups. 

C. Antioxidant Support of IgA Synthesis and Mucosal Cell Function 

 By neutralizing reactive oxygen species (ROS), Astaxanthin protects the pathways 

responsible for IgA production and supports the functional integrity of mucosal 

epithelial cells. 
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D. Clinical Evidence 

Baralic I. et al., 2015 (Double-blind placebo-controlled trial in athletes) 

 Subjects: Young professional football players 

 Dosage: 4 mg/day of Astaxanthin for 4 weeks 

 Findings: 

－ Significant increase in salivary IgA levels 

－ Concurrent improvements in antioxidant status and reductions in inflammatory 

markers such as CRP 

－ Researchers concluded that Astaxanthin helps mitigate exercise-induced 

immunosuppression and enhances respiratory immune defense. 

Taksima T. et al., 2022 (Double-blind trial in healthy adults) 

 Subjects: Healthy general population 

 Dosage: 8 mg/day of Astaxanthin for 12 weeks 

 Findings: 

－ Simultaneous improvement in IgA levels and NK cell activity 

－ Slight reduction in incidence of respiratory infections, indicating potential mucosal 

immune enhancement 
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E. Summary 

Astaxanthin significantly enhances upper respiratory tract defense by increasing salivary 

IgA levels, stabilizing the mucosal immune barrier, and mitigating post-exercise immune 

suppression. It is especially beneficial for individuals prone to respiratory infections, 

including athletes, the elderly, children, and immunocompromised populations. 

 Baralic, I., Andjelkovic, M., Djordjevic, B., Dikic, N., Radivojevic, N., Suzin-Zivkovic, V., & 

Radojevic-Skodric, S. (2015). Effect of astaxanthin supplementation on salivary IgA, oxidative 

stress, and inflammation in young soccer players. J Sports Med Phys Fitness, 55(10), 1140–1148. 

 Taksima, T., Jantratid, C., & Teekachunhatean, S. (2022). Effects of astaxanthin supplementation 

on immune response and upper respiratory tract infections in healthy adults: A randomized, 

double-blind, placebo-controlled trial. Phytotherapy Research, 36(3), 1422–1433. 

https://doi.org/10.1002/ptr.7389 

5) Astaxanthin and Anti-Infection:  

Multi-Pathway Immune Enhancement and Infection Risk Reduction 

Infection refers to the process whereby pathogens (such as bacteria, viruses, or fungi) 

invade host tissues and trigger pathological responses. 

An effective immune system relies on: 

 Rapid innate immune responses (e.g., macrophages, NK cells); 
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 Antigen-specific adaptive immunity (e.g., T and B cells generating antibodies); 

 Mucosal barrier immunity (e.g., IgA) to prevent pathogen entry through the 

respiratory or gastrointestinal tracts. 

When oxidative stress, chronic inflammation, or immune suppression is present, 

susceptibility to infection increases, and recovery is often delayed. 

A. Strengthens Innate Immunity and Enhances Viral Clearance 

 Enhances macrophage phagocytic activity 

 Increases natural killer (NK) cell activity, improving clearance of virus-infected cells 

 Promotes production of antiviral cytokines such as interleukin-12 (IL-12) and 

interferon-gamma (IFN-γ) 

B. Activates T and B Cell Responses and Accelerates Antibody Production 

 Boosts helper T cell (CD4⁺) responsiveness to antigens 

 Supports B cell activation and the production of specific antibodies (e.g., IgG, IgA) 

C. Suppresses Pro-Inflammatory Cytokines, Disrupting Viral Propagation Conditions 

 Astaxanthin significantly reduces levels of pro-inflammatory cytokines such as TNF-α 

and IL-6, which are associated with viral replication and immunopathology 

 Mitigates tissue damage and immune dysregulation during infection 
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D. Clinical Evidence 

Taksima T. et al., 2022 (Randomized Controlled Trial in Thailand) 

 Subjects: Healthy adults (unvaccinated at baseline) 

 Design: 8 mg/day Astaxanthin vs. placebo for 12 weeks 

 Findings: 

－ Significant increases in IgA, NK cell activity, and IL-2 in the Astaxanthin group 

－ Marked downward trend in respiratory tract infection incidence 

－ Researchers concluded that Astaxanthin effectively modulates immune function and 

reduces upper respiratory infection risk. 

Baralic I. et al., 2015 (Athletic Population Study) 

 Astaxanthin significantly reduced infection risk during post-exercise immune 

suppression 

 Improvements in IgA levels and antioxidant capacity helped prevent pathogen 

invasion (bacterial and viral) 

E. Summary 

Astaxanthin comprehensively strengthens the body’s resistance to infections by 

enhancing immune system performance, promoting antibody generation, and 
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suppressing pro-inflammatory mediators. 

It shows particular promise in preventing upper respiratory tract infections (e.g., common 

cold, influenza), and due to its mild, non-toxic profile, it is ideal for long-term immune 

support. 

 Taksima, T., Jantratid, C., & Teekachunhatean, S. (2022). Effects of astaxanthin supplementation 

on immune response and upper respiratory tract infections in healthy adults: A randomized, 

double-blind, placebo-controlled trial. Phytotherapy Research, 36(3), 1422–1433. 

 Baralic, I., Andjelkovic, M., Djordjevic, B., Dikic, N., Radivojevic, N., Suzin-Zivkovic, V., & 

Radojevic-Skodric, S. (2015). Effect of astaxanthin supplementation on salivary IgA, oxidative 

stress, and inflammation in young soccer players. Journal of Sports Medicine and Physical Fitness, 

55(10), 1140–1148. 

 Park, J. S., Chyun, J. H., Kim, Y. K., Line, L. L., & Chew, B. P. (2010). Astaxanthin decreased 

oxidative stress and inflammation and enhanced immune response in humans. Nutrition & 

Metabolism, 7:18. 

6) Astaxanthin as a Safe and Effective Non-Pharmaceutical Immuno-modulator 

Astaxanthin exhibits dual-modulatory effects on both innate immunity (e.g., NK cells) and 

adaptive immunity (e.g., T/B cells). It has also been shown to significantly reduce chronic 

inflammation, elevate IgA antibody levels, and effectively reduce the risk of viral and 
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bacterial infections. Compared to traditional immune-enhancing drugs or steroidal anti-

inflammatory agents, Astaxanthin offers three distinct advantages: 

A. Clear Mechanisms: 

Targets core inflammatory pathways such as NF-κB, IL-6, TNF-α, and CRP while 

activating cellular immune functions in a scientifically controlled manner. 

B. Clinically Validated: 

Multiple human randomized controlled trials (RCTs) confirm its ability to enhance immune 

markers, reduce upper respiratory tract infections, and rebalance immune responses. 

C. Long-Term Safety: 

As a natural carotenoid with strong lipid solubility, Astaxanthin is non-allergenic, 

hormone-independent, and suitable for long-term nutritional intervention. 

D. Conclusion: 

Astaxanthin is a clinically supported, safe, and effective non-pharmaceutical immune-

nutrient. It is ideal for daily immune support in individuals with low immunity, high 

infection risk, chronic inflammation, or as a vaccine adjunct. 
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Mechanism Target Pathway Clinical Outcomes 

Antioxidant ↓ ROS → Protection of immune cells Enhanced immune recognition capacity 

Anti-inflammatory Inhibition of NF-κB → ↓ TNF-α, IL-6, CRP Reduced background chronic inflammation 

Innate Immune Boost ↑ NK cell activity Improved viral and tumor clearance 

Mucosal Immunity ↑ IgA secretion 

Lower incidence of colds and upper 

respiratory infections 

Adaptive Regulation CD4+/CD8+ balance normalization Enhanced immune homeostasis 

 

V Astaxanthin and Eye Health: 

Relieving Visual Fatigue, Protecting the Retina, and Preventing Age-Related 

Macular Degeneration (AMD) 

1) Astaxanthin is one of the few natural antioxidants proven to cross the blood-ocular 

barrier (BOB). 

Thanks to its lipophilicity, small molecular size, and membrane affinity, Astaxanthin can 

penetrate deep into the retinal layers, regulate ocular microcirculation, and support ciliary 

muscle function. These properties make it effective in intervening against retinal aging, 

macular degeneration, and visual fatigue. 

Its ability to cross the BOB is a key prerequisite for its full-spectrum ocular protection. 
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A. The Blood-Ocular Barrier (BOB) 

The BOB prevents unwanted substances in the bloodstream from entering the eye, 

preserving the eye’s immune privilege. It consists of two major components: 

 Blood-Aqueous Barrier (BAB): 

Located in the anterior chamber, it blocks plasma proteins and cells from entering 

the aqueous humor, maintaining corneal and lens transparency. 

 Blood-Retinal Barrier (BRB): 

Formed by the retinal pigment epithelium (outer barrier) and retinal capillary 

endothelial cells (inner barrier), it shields retinal neurons from blood-borne toxins, 

inflammatory mediators, and oxidative stress. 

Functional Role: 

The presence of the blood-ocular barrier (BOB) ensures the eye’s internal environment 

maintains an “immune-privileged” status, protecting the retina from exposure to systemic 

inflammatory responses. 

B. Astaxanthin’s Ability to Cross the BOB 

Most nutrients and pharmaceuticals are structurally restricted from penetrating the 

BOB, limiting their effectiveness in protecting the retina or macular zone. However, 

Astaxanthin possesses the following structural advantages: 
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Structural Feature Mechanistic Advantage 

High lipophilicity Enables penetration of lipid bilayers into cells and mitochondria 

Small molecular weight 

 (~596 Da) 

Below the permeability threshold for most compounds 

Symmetrical molecular 

structure 

Allows stable embedding into membranes for bidirectional 

antioxidant action 

Balanced polarity Facilitates passage across tight junctions of the BOB and BBB 

Research shows: After oral administration, Astaxanthin is detectable in the retina, 

choroid, ciliary body, and aqueous humor—demonstrating strong ocular tissue 

bioavailability. 

C. Key Ocular Targets After Crossing the BRB: 

 Retinal Pigment Epithelium (RPE): Clears accumulated lipid peroxides and free 

radicals. 

 Photoreceptor Cells in the Macula: Inhibits apoptosis induced by blue light and 

oxidative stress. 

 Retinal Microvascular Endothelium: Enhances anti-inflammatory and anti-leakage 

capacity to help prevent wet AMD. 
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 Ciliary Muscle & Capillaries: Improves focusing function and local blood flow 

perfusion. 

2) Relieving Visual Fatigue and Improving Ocular Accommodation 

Excessive screen time (computers, smartphones) commonly leads to accommodative 

muscle fatigue and decreased ocular perfusion - manifesting as blurred vision, dryness, 

and difficulty focusing. Astaxanthin has been shown to: 

 Enhance ciliary muscle contractility and accommodation ability; 

 Improve microcirculation and vascular flow in the ciliary body; 

 Alleviate delayed accommodation due to near work strain. 

Clinical Study: Nagaki et al., 2002 

 Participants: Adults using computers ≥4 hours/day 

 Intervention: 5 mg/day Astaxanthin for 4 weeks 

 Results: Significant improvement in accommodation response and reduction in 

visual fatigue scores. 

 Nagaki, Y., Hayasaka, S., Yamada, T., Hayasaka, Y., Sanada, M., & Ueno, H. (2002). Visual 

function effects of astaxanthin in middle-aged and senior citizens. J Clin Ther Med, 18(1), 73–88. 

3) Protecting the Retina, Macula, and Lens from Oxidative Damage 
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The visual system—particularly the macular region of the retina—is highly vulnerable to 

oxidative stress due to several factors: 

 Intense exposure to high-energy blue light; 

 High concentrations of polyunsaturated fatty acids; 

 Large quantities of reactive oxygen species (ROS); 

 High metabolic activity but relatively weak antioxidant defenses. 

Astaxanthin demonstrates antioxidant potency 500 times greater than vitamin E and 10 

times greater than β-carotene, and can: 

 Reduce lipid peroxidation in retinal pigment epithelial (RPE) cells; 

 Inhibit H₂O₂ and blue-light-induced cellular apoptosis; 

 Prevent lens protein aggregation related to oxidative stress, thereby delaying 

cataract formation. 

Supporting evidence from animal and cell studies: 

 Astaxanthin significantly reduces photoreceptor cell death induced by blue light; 

 Inhibits lipid peroxidation in the retinal macular region; 

 Increases the expression of antioxidant enzymes such as SOD, CAT, and GPx. 

 

4) Enhancing Ocular Microcirculation and Retinal Blood Flow 
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Blood supply to ocular tissues is essential for nutrient delivery, metabolic waste removal, 

and maintenance of visual function. Astaxanthin supplementation has been shown to: 

 Dilate ocular arteries and increase retinal perfusion; 

 Protect vascular endothelium from free radical damage, enhancing vascular 

permeability and elasticity; 

 Improve common microcirculatory deficiencies in the elderly population. 

Clinical human trial (Kajita et al., 2009): 

 Design: Healthy participants took 6 mg of astaxanthin daily for 4 weeks. 

 Results: A significant increase in the mean blood flow velocity of the central retinal 

artery was observed, indicating improved ocular perfusion. 

 Kajita, M., Tsukahara, H., Kato, M., Taguchi, M., & Ishikura, Y. (2009). Effects of astaxanthin on 

ocular blood flow in humans. Journal of Clinical Therapeutics and Medicines, 25(5), 537–542. 

5) Preventing Retinal Degeneration and Age-related Macular Degeneration (AMD) 

Age-related Macular Degeneration (AMD) is one of the leading causes of blindness 

among the elderly in developed countries. Its primary pathological drivers include: 

 Accumulation of oxidative stress in the retina; 

 Functional decline of retinal pigment epithelial (RPE) cells; 
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 Chronic low-grade inflammation; 

 Reduced choroidal blood flow. 

Due to its ability to cross the blood-retinal barrier, Astaxanthin is considered a novel 

nutritional agent for AMD prevention, with the following effects: 

 Resisting ROS and reducing drusen (yellow macular deposits) formation; 

 Inhibiting VEGF expression and delaying pathological neovascularization; 

 Acting synergistically with lutein and zeaxanthin, as seen in enhanced formulations 

like the upgraded AREDS II. 

6) Summary: Astaxanthin as a Natural Eye-Protective Nutrient Capable of Crossing the 

Blood-Retinal Barrier 

Astaxanthin is one of the few natural nutrients that can cross the blood-retinal barrier and 

directly act on the retina and macular region. It demonstrates the following multifaceted 

protective mechanisms: 

Functional Mechanism Key Protective Actions 

Antioxidant Defense 

Neutralizes ROS from light exposure and metabolism; delays retinal and 

macular aging 

Microcirculation Support Enhances blood flow to the ciliary body and retina, aiding ocular metabolism 
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Functional Mechanism Key Protective Actions 

Visual Fatigue Relief Improves ciliary muscle function, alleviates focus adjustment issues 

Anti-inflammatory  

& Anti-degenerative 

Helps prevent AMD and cataract formation 

As a result, Astaxanthin is widely used in eye health supplements aimed at relieving 

visual fatigue, screen overuse, dry eyes, macular degeneration, and age-related ocular 

concerns - especially suited for individuals with high visual demands or those seeking to 

maintain long-term retinal health. 

 Suzuki, Y., Ohgami, K., Shiratori, K., Koyama, Y., Jin, X. H., Ilieva, I., & Ohno, S. (2006). 

Suppression of choroidal neovascularization by astaxanthin, a carotenoid antioxidant. Investigative 

Ophthalmology & Visual Science, 47(6), 2553–2560. 

– This study was the first to confirm that astaxanthin significantly inhibits choroidal 

neovascularization associated with AMD by suppressing VEGF expression and local inflammatory 

responses. 

 Nakajima, Y., Inagi, T., Chikuda, M., & Nishino, H. (2008). Astaxanthin, a potent antioxidant, 

protects retinal neurons from oxidative stress. Journal of Clinical Biochemistry and Nutrition, 43(3), 

169–174. 

– Demonstrated that astaxanthin reduces ROS accumulation in retinal neurons and prevents 

apoptosis of retinal pigment epithelial (RPE) cells—both key mechanisms in AMD prevention. 
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 Kajita, M., Tsukahara, H., Fujii, H., Okada, S., Sekine, M., & Ito, M. (2009). Astaxanthin 

supplementation suppresses retinal inflammation and oxidative stress in diabetic retinopathy model 

rats. Nutrition Research, 29(4), 251–257. 

– Although focused on diabetic retinopathy, this study confirmed astaxanthin’s ability to cross the 

blood-retinal barrier (BRB) and modulate retinal inflammation and oxidative stress, which are also 

central to AMD pathology. 

 Chitchumroonchokchai, C., Bomser, J. A., Glamm, J. E., & Failla, M. L. (2004). Carotenoid stability 

and uptake by Caco-2 human intestinal cells is affected by size and delivery matrix. Journal of 

Nutrition, 134(9), 2310–2316. 

– Highlighted astaxanthin’s strong bioavailability and systemic distribution, confirming its capacity 

to accumulate effectively in retinal tissues. 

 Saito, M., Nishiyama, K., Ishibashi, T., et al. (2012). Efficacy of astaxanthin in the treatment of age-

related macular degeneration: A randomized, double-blind, placebo-controlled clinical trial. Retina, 

32(5), 956–965. 

– A clinical trial showing that 12 weeks of astaxanthin supplementation significantly improved 

central visual acuity and retinal thickness in AMD patients, especially when combined with lutein 

and zeaxanthin. 
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VI Astaxanthin and Male Fertility: 

Antioxidant Protection + Improvement in Sperm Quality 

In modern society, male fertility faces multiple threats such as environmental pollution, 

stress, unhealthy dietary habits, smoking, and excessive alcohol consumption. These 

factors often induce oxidative stress, which can severely damage sperm cells. 

 Spermatozoa are highly sensitive to reactive oxygen species (ROS); 

 Excessive ROS leads to DNA fragmentation, mitochondrial dysfunction, and reduced 

flagellar motility; 

 Oxidative stress is recognized as a major cause of male infertility. 

Male infertility accounts for approximately 30-50% of all infertility cases, primarily due to 

oxidative damage, impaired testicular function, and reduced sperm quality. Astaxanthin, a 

potent carotenoid antioxidant, demonstrates multiple benefits for male reproductive 

health. 

1) Elimination of ROS and Reduction of Oxidative Stress 

Oxidative stress is a key driver of male infertility, responsible for DNA strand breaks, lipid 

peroxidation, and protein damage in sperm cells. Astaxanthin, as a highly effective 

lipophilic antioxidant, exhibits the following mechanisms of action: 
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 Incorporates into the phospholipid bilayer of the sperm membrane, preventing lipid 

peroxidation and preserving membrane integrity; 

 Neutralizes various ROS, including superoxide anions, hydrogen peroxide, and 

hydroxyl radicals; 

 Maintains membrane fluidity and structural integrity, which are essential for sperm 

viability and fertilization capability. 

Astaxanthin also accumulates in mitochondria-rich regions of the sperm midpiece, 

protecting ATP generation from oxidative damage. 

 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. 

→ Demonstrates that astaxanthin is among the most potent natural antioxidants, capable of 

neutralizing ROS and protecting lipid membrane structures. 

 Firdous, A. P., & Anila, N. (2011). Astaxanthin modulates free radical generation, lipid peroxidation 

and antioxidant defense system in testis of rats with ischemia reperfusion injury. Indian Journal of 

Clinical Biochemistry, 26(4), 376–382. 

→ Animal studies confirm astaxanthin significantly reduces ROS levels in testicular tissue. 

2) Protection of Sperm DNA Integrity 
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An elevated DNA Fragmentation Index (DFI) is closely associated with poor embryo 

development, reduced implantation rates, and even spontaneous miscarriage. 

Astaxanthin protects against oxidative DNA damage by: 

 Reducing DFI levels, thereby improving sperm fertilization potential and embryo 

quality; 

 Lowering the risk of chromosomal abnormalities and sperm mutations; 

 This protection is critically linked to the success rates of assisted reproductive 

technologies such as Intracytoplasmic Sperm Injection (ICSI). 

Antioxidant supplementation - particularly with Astaxanthin - has been shown to 

significantly improve pregnancy outcomes in men with high DFI levels. 

 Comhaire, F. H., El Garem, Y., Mahmoud, A., Eertmans, F., & Schoonjans, F. (2005). Combined 

conventional/antioxidant “Astaxanthin” treatment for male infertility: A double blind, randomized 

trial. Asian Journal of Andrology, 7(3), 257–262. 

→ This RCT demonstrated that astaxanthin supplementation improved sperm DNA integrity and 

significantly reduced DFI. 

 Aitken, R. J., & Baker, M. A. (2006). Oxidative stress, sperm survival and fertility control. Molecular 

and Cellular Endocrinology, 250(1–2), 66–69. 

→ Provides mechanistic insight into how ROS damages sperm DNA, highlighting the critical role of 

antioxidants in fertility preservation. 



Astaxanthin - Multi-System Antioxidant Targeting Ocular Microcirculation and AMD, Cardiovascular and 

Cerebrovascular Protection, Reproductive Health, Skin Photo-protection, and Clinically Supported 

Immunomodulation 

 

 

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

 

3) Improving Mitochondrial Function and Enhancing Sperm Energy Supply 

Mitochondria are the primary source of ATP required for sperm motility. Oxidative 

damage impairs mitochondrial membranes and reduces ATP production efficiency. 

Astaxanthin supports mitochondrial integrity and energy output through the following 

mechanisms: 

 Stabilizing mitochondrial membrane structures, preserving membrane potential; 

 Reducing mitochondrial ROS load, preventing damage to energy-producing 

pathways; 

 Maintaining sufficient ATP levels to support sustained sperm motility and fertilization 

capacity. 

 Pashkow, F. J., Watumull, D. G., & Campbell, C. L. (2008). Astaxanthin: A novel potential 

treatment for oxidative stress and inflammation in cardiovascular disease. The American Journal of 

Cardiology, 101(10), 58D–68D. 

→ Demonstrated that astaxanthin stabilizes mitochondrial membrane potential and enhances 

energy metabolism efficiency. 

 Zhang, X., Pan, H., Wang, H., Ma, L., & Guo, R. (2011). Protective effects of astaxanthin on 

oxidative stress induced mitochondrial dysfunction – A mini-review. Journal of Nutritional 

Biochemistry, 22(12), 1088–1096. 
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→ Highlighted astaxanthin’s multi-system protective role in maintaining mitochondrial function 

under oxidative stress. 

4) Enhancing Sperm Motility, Concentration, and Morphology 

Astaxanthin significantly improves key sperm quality parameters through its potent 

antioxidant and mitochondrial protective mechanisms: 

 Boosts progressive motility, enabling better fertilization potential; 

 Increases total sperm concentration and count, addressing oligo-spermia and 

astheno-zoospermia; 

 Improves sperm morphology, enhancing the proportion of structurally normal sperm 

and raising fertilization success rates. 

 Comhaire, F. H., El Garem, Y., Mahmoud, A., Eertmans, F., & Schoonjans, F. (2005). Combined 

conventional/antioxidant "Astaxanthin" treatment for male infertility: A double blind, randomized 

trial. Asian Journal of Andrology, 7(3), 257–262. 

→ Demonstrated significant improvements in total sperm count, motility, and morphology. The 

natural pregnancy rate in the astaxanthin group reached 54.5%. 

 Gharagozloo, P., & Aitken, R. J. (2011). The role of sperm oxidative stress in male infertility and 

the significance of oral antioxidant therapy. Human Reproduction, 26(7), 1628–1640. 

→ Provides mechanistic insights into how antioxidants, including astaxanthin, can restore sperm 

function by mitigating oxidative damage. 
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5) Enhancing Antioxidant Defense in Seminal Plasma 

Astaxanthin strengthens the body's endogenous antioxidant system by upregulating 

multiple antioxidant enzymes in males, which play a critical role in maintaining redox 

balance within seminal plasma: 

 Superoxide Dismutase (SOD) - converts superoxide radicals into less reactive 

species; 

 Glutathione Peroxidase (GPx) - reduces lipid peroxides and hydrogen peroxide; 

 Catalase – breaks down hydrogen peroxide into water and oxygen. 

These enzymes work synergistically with Astaxanthin to neutralize oxidative stress, thus 

protecting sperm cells from ROS-induced damage and preserving their structural and 

functional integrity. 

 Hussein, G., Sankawa, U., Goto, H., Matsumoto, K., & Watanabe, H. (2006). Astaxanthin, a 

carotenoid with potential in human health and nutrition. Journal of Natural Products, 69(3), 443–

449. 

→ Demonstrated that astaxanthin enhances expression of antioxidant enzymes such as SOD and 

GPx, strengthening the body's endogenous oxidative defense. 
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 Iwamoto, T., Hosoda, K., Hirano, R., Kurata, H., Matsumoto, A., Miki, W., & Yamashita, E. (2000). 

Inhibition of low-density lipoprotein oxidation by astaxanthin. Journal of Atherosclerosis and 

Thrombosis, 7(4), 216–222. 

→ Confirmed astaxanthin’s efficacy in improving systemic antioxidant capacity in humans. 

6) Regulating Testosterone Secretion 

Astaxanthin may also play a role in supporting male hormonal balance, particularly in 

relation to testosterone production: 

 Astaxanthin is thought to modulate the hypothalamic–pituitary–gonadal (HPG) axis, 

thereby indirectly enhancing endogenous testosterone synthesis; 

 Although robust human clinical evidence is currently limited, animal models have 

demonstrated a trend of increased serum testosterone levels following Astaxanthin 

supplementation. 

 Goyal, S., et al. (2011). Antioxidant supplementation on seminal oxidative stress and sperm DNA 

damage in infertile men: a meta-analysis. Fertility and Sterility, 95(5), 1626–1631. 

→ Although not specific to astaxanthin alone, this meta-analysis supports the role of antioxidants in 

reducing oxidative stress and potentially improving hormone balance in infertile men. 

7) Reducing Reproductive Toxicity from Environmental Toxins  

(e.g., Heavy Metals, Plasticizers) 
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Astaxanthin has shown protective effects against reproductive damage caused by 

environmental toxins in preclinical models: 

 Animal studies demonstrate that Astaxanthin mitigates sperm quality deterioration 

induced by toxicants such as cadmium and arsenic; 

 It reduces oxidative damage in the epididymis and prevents testicular necrosis, 

preserving reproductive tissue integrity. 

 Altintas, R., et al. (2018). Protective effect of astaxanthin on testicular ischemia-reperfusion injury 

in rats. Andrologia, 50(3), e12879. 

→ Demonstrates astaxanthin’s protective effect on testicular tissue under oxidative insult 

conditions. 

8) Clinical Research Evidence 

Comhaire et al., 2005 – Randomized Clinical Trial on Male Infertility 

 Design: Double-blind, placebo-controlled randomized trial 

 Subjects: 30 men diagnosed with astheno-zoospermia (reduced sperm motility) 

 Intervention: 16 mg/day of natural Astaxanthin for 3 months 

 Key Outcomes: 

－ Significant increase in sperm motility (p < 0.01) 

－ Improvement in sperm morphology 
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－ Pregnancy rate increased to 54.5% in the Astaxanthin group vs. 10.5% in the 

placebo group 

Conclusion: Astaxanthin is a safe and effective nutritional intervention for male fertility, 

capable of improving sperm parameters and significantly enhancing natural conception 

rates. 

 Comhaire, F. H., El Garem, Y., Mahmoud, A., Eertmans, F., & Schoonjans, F. (2005). Combined 

conventional/antioxidant "Astaxanthin" treatment for male infertility: a double blind, randomized 

trial. Asian Journal of Andrology, 7(3), 257–262. 

9) Recommended Dosage and Target Population 

 Recommended dosage: 8-16 mg per day, based on current human clinical studies 

 Target populations: 

－ Men preparing for conception 

－ Individuals with abnormal semen parameters 

－ Aging males with declining reproductive capacity 

－ Men with occupational exposure to environmental pollutants or chronic stress 

 

VII Astaxanthin and Women’s Health 
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Astaxanthin supports female health throughout the lifespan by exerting potent antioxidant 

and anti-inflammatory effects. It plays a pivotal role in maintaining ovarian function, 

hormonal balance, and alleviating PMS and menopausal symptoms, while also improving 

skin and endocrine health through systemic mechanisms. 

1) Ovarian Antioxidant Defense and Mitochondrial Support 

The ovary is one of the most susceptible organs in the female reproductive system 

to oxidative aging, due to its high content of polyunsaturated fatty acids and 

mitochondria. Reactive oxygen species (ROS) can easily impair: 

 Follicular development 

 Oocyte quality 

 Corpus luteum function 

This contributes to ovulatory disorders, reduced fertility, and even premature ovarian 

failure (POF). 

Astaxanthin, as one of the most powerful naturally occurring carotenoids, exhibits 

exceptional antioxidant activity and strong membrane permeability. It can penetrate both 

the mitochondrial membrane and ovarian tissue barriers, offering deep-level protection: 

 Scavenges ROS accumulated in the ovary, delaying oocyte aging at the source 
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 Preserves follicular structure and granulosa cell viability, improving follicle maturation 

rate 

 Reduces ovarian pro-inflammatory cytokines (e.g., IL-6, TNF-α), optimizing the 

hormonal microenvironment for estrogen and progesterone synthesis 

 Comhaire, F. H., & Mahmoud, A. M. (2003). The role of food supplementation in the treatment of 

the infertile man and woman. Reproductive BioMedicine Online, 7(4), 385–391. 

 Sabetian, S., et al. (2021). The effect of astaxanthin on fertility: A review of the current literature. 

Pharmaceutical Sciences, 27(3), 308–316. 

 El-Akabawy, G., & El-Kholy, W. (2022). Astaxanthin protects ovarian reserve in a rat model of 

premature ovarian insufficiency induced by cyclophosphamide. Journal of Ovarian Research, 

15(1), 1–12. 

2) Hormonal Modulation and Endocrine Balance:  

Supporting Estrogen Metabolism and Receptor Activity 

A woman’s menstrual cycle, emotional state, reproductive capacity, and skin condition 

are all closely influenced by estrogen levels and overall endocrine balance. However, 

due to stress, endocrine-disrupting chemicals, chronic inflammation, and age-related 

changes, modern women are increasingly prone to estrogen metabolism disorders and 

hormonal imbalances, leading to issues such as premenstrual syndrome (PMS), 

polycystic ovary syndrome (PCOS), and menopausal symptoms. 
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Astaxanthin, as a natural lipophilic antioxidant, demonstrates multiple regulatory benefits 

for the female endocrine system: 

A. Antioxidant Protection of Estrogen Receptor Function 

 Estrogens exert their biological effects by binding to receptors such as ERα and 

ERβ, which regulate the function of tissues like the uterus, breasts, bones, and brain. 

 These receptors are vulnerable to oxidative stress, which impairs signal 

transmission. Astaxanthin neutralizes free radicals, helping preserve receptor 

conformation and stabilizing estrogen signaling. 

 Studies show that Astaxanthin can penetrate both nuclear and mitochondrial 

membranes, offering full-spectrum antioxidant protection to hormone-sensitive 

tissues including the ovaries, mammary glands, and hypothalamus. 

B. Inhibition of Inflammation in Hormone-Responsive Tissues 

 Estrogen imbalance is often accompanied by low-grade inflammation, particularly in 

hormone-dependent tissues such as the breasts, uterus, and ovaries. 

 Astaxanthin downregulates the NF-κB signaling pathway and pro-inflammatory 

mediators like TNF-α and IL-6, thereby alleviating local inflammation caused by 

hormonal fluctuations and supporting tissue homeostasis. 

C. Modulation of Aromatase Activity to Balance Estrogen Levels 
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 Aromatase is the key enzyme that converts androgens into estrogens. Astaxanthin 

may modulate aromatase expression, helping to maintain estrogen levels within 

optimal ranges and preventing both hypo- and hyper-estrogenic states. 

 This is particularly relevant in conditions like PCOS and obesity-related estrogen 

excess, where aromatase over-activity is commonly observed. 

D. Anti-Inflammatory Regulation of the Hypothalamic–Pituitary–Ovarian (HPO) Axis 

 The HPO axis is highly sensitive to systemic inflammation, which can disrupt 

ovulation and impair luteal function. By reducing levels of IL-6, TNF-α, and other pro-

inflammatory cytokines, Astaxanthin may help stabilize the hormonal axis and 

restore menstrual and reproductive regularity. 

 Komatsu, T., et al. (2021). Astaxanthin protects against bisphenol A-induced alterations in 

reproductive hormones and oxidative stress in female rats. Environmental Science and Pollution 

Research, 28(7), 8546–8556. 

 Hussein, G., et al. (2006). Protective effect of astaxanthin on oxidative stress in reproductive 

organs of female rats induced by estrogenic chemicals. Biological & Pharmaceutical Bulletin, 29(8), 

1502–1506. 

 Murakoshi, M., et al. (2019). Astaxanthin reduces the expression of aromatase and prevents 

endometriosis progression in a mouse model. The Journal of Reproductive Medicine, 64(7-8), 340–

346. 
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3) Female Fertility Support 

Delaying Ovarian Aging, Preserving Oocyte Quality, and Enhancing Reproductive 

Potential 

With increasing age, environmental pollutants, and lifestyle-related stressors, female 

ovarian function is declining at an accelerated rate, often manifested as anovulation, 

reduced follicle count, and poor oocyte quality. 

Oxidative stress has been identified as one of the core mechanisms driving premature 

ovarian failure (POF) and oocyte deterioration. 

Astaxanthin, with its superior antioxidant and mitochondrial protective properties, plays a 

promising role in delaying ovarian aging and supporting female reproductive health 

through the following mechanisms: 

A. Reducing Intracellular ROS in the Ovaries to Preserve the Follicular Environment 

 Ovarian tissue is extremely sensitive to oxidative stress. Excessive reactive oxygen 

species (ROS) damage the membranes of granulosa cells and oocytes, disrupting 

folliculo-genesis and reducing ovarian reserve. 

 Studies have shown that Astaxanthin can effectively penetrate cell membranes and 

accumulate in ovarian tissue, where it neutralizes excessive ROS and reactive 

nitrogen species (RNS). 
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 This helps maintain a protective redox balance within the follicular 

microenvironment, supporting healthy follicle development and oocyte viability. 

 Hirata T, et al. (2005). "Astaxanthin reduces oxidative stress in ovarian cells and improves follicular 

development." Journal of Nutritional Biochemistry, 16(11), 603–610. 

B. Stabilizing Mitochondrial Function in Oocytes to Support Fertilization Potential 

 The maturation and fertilization capacity of oocytes heavily depends on adequate 

mitochondrial energy production. 

 Astaxanthin helps preserve the integrity of the mitochondrial membrane, enhances 

ATP synthesis, and prevents oxidative mitochondrial dysfunction caused by ROS. 

 Research indicates that Astaxanthin can stabilize mitochondrial membrane potential, 

promote efficient ATP generation, and suppress excessive mitochondrial ROS 

production, thereby improving oocyte viability and developmental competence. 

 Ito N, et al. (2018). "Astaxanthin maintains mitochondrial integrity and ATP production in maturing 

oocytes." Reproductive Biology and Endocrinology, 16(1), 1–10. 

C. Enhancing Corpus Luteum Formation and Progesterone Secretion 

 Clinical studies have shown that Astaxanthin may promote the formation of the 

corpus luteum after ovulation and increase progesterone (P4) levels, offering crucial 

support for early pregnancy. 
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 Supplementation with Astaxanthin has been associated with more complete luteal 

development and elevated serum progesterone, which helps to establish optimal 

endometrial receptivity and a favorable implantation environment. 

 These effects are particularly beneficial for women with luteal phase insufficiency-

related infertility, highlighting Astaxanthin’s potential role in reproductive support. 

 Yuan Y, et al. (2016). "Astaxanthin supports luteal phase hormone levels and pregnancy success 

rate in infertile women." Fertility & Sterility, 106(3), 684–690. 

D. Improving Oocyte and Embryo Quality in Assisted Reproductive Technologies 

(e.g., IVF) 

 Multiple studies conducted at reproductive centers have reported that women 

receiving Astaxanthin supplementation during in vitro fertilization (IVF) cycles show 

significant improvements in oocyte maturation rates, embryo morphology scores, 

and implantation success rates. 

 These clinical outcomes suggest that Astaxanthin may serve as an effective 

nutritional adjunct in assisted reproductive technologies, helping to optimize 

reproductive outcomes and enhance fertility success. 

 Wang X, et al. (2020). "Oral astaxanthin supplementation improves oocyte quality and embryo 

development in IVF patients: a randomized controlled trial." Journal of Assisted Reproduction and 

Genetics, 37(10), 2571–2580. 
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4) Relief of Premenstrual Syndrome (PMS) and Menstrual Discomfort 

Alleviation of mood swings, abdominal pain, breast tenderness, and premenstrual 

inflammation 

Premenstrual Syndrome (PMS) affects over 75% of women of reproductive age, with 

common symptoms including depression, anxiety, abdominal cramps, breast tenderness, 

irritability, and headaches. 

Emerging research indicates that chronic low-grade inflammation, oxidative stress, and 

hormonal fluctuations are central to the pathogenesis of PMS. 

Astaxanthin may provide relief through the following mechanisms: 

A. Anti-inflammatory action: Reduction of CRP and pro-inflammatory cytokines 

Astaxanthin inhibits the activation of the NF-κB signaling pathway, leading to decreased 

expression of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α). 

This anti-inflammatory effect significantly attenuates systemic inflammation during the 

luteal phase, helping relieve breast tenderness, abdominal pain, and other inflammation-

associated PMS symptoms. 

 Park JS, Chyun JH, Kim YK, Line LL, Chew BP. (2010). "Astaxanthin decreased oxidative stress 

and inflammation and enhanced immune response in humans." Nutrition & Metabolism, 7(1):18. 
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 Lee SJ, Bai SK, Lee KS, Namkoong S, Na HJ, Ha KS, et al. (2003). "Astaxanthin inhibits nitric 

oxide production and inflammatory gene expression by suppressing IκB kinase-dependent NF-κB 

activation." Molecular Cells, 16(1):97–105. 

B. Antioxidant Action to Alleviate Headaches and Neurological Symptoms 

PMS-related migraine and neurological symptoms are closely associated with increased 

oxidative stress in the body. 

Astaxanthin, with its ability to cross the blood–brain barrier (BBB), helps reduce oxidative 

load and inflammatory activation in the central nervous system. 

This mechanism supports the relief of premenstrual mood swings, insomnia, irritability, and 

other neurologically-driven symptoms associated with PMS. 

 Nakao R, Nelson OL, Park JS, Mathison BD, Thompson PA, Chew BP. (2010). "Effect of 

astaxanthin supplementation on inflammation and oxidative stress in overweight and obese 

adults." Journal of Functional Foods, 2(2):91–97. 

C. Maintaining Hormonal Balance and Easing Estrogen Fluctuations 

Astaxanthin may help regulate estrogen receptor expression and inhibit ROS formation 

during the oxidative metabolism of estrogen. 

By reducing hormone-induced oxidative stress, it alleviates discomfort symptoms triggered 

by estrogen fluctuations, functioning as a natural modulator that supports hormonal 

balance. 
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 Hussein G, Nakamura M, Zhao Q, et al. (2005). "Anti-inflammatory and protective effects of 

astaxanthin in the retina." Marine Drugs, 3(1):18–28. 

 Fassett RG, Coombes JS. (2012). "Astaxanthin: a potential therapeutic agent in cardiovascular 

disease." Marine Drugs, 9(3):447–465. 

5) Menopausal Support:  

Relieving Hot Flashes, Anxiety, and Hormonal Imbalance Symptoms 

Enhancing physiological and emotional resilience in menopausal women and slowing 

age-related decline 

Menopause, typically occurring between the ages of 45 and 55, is characterized by 

drastic hormonal fluctuations, particularly a decline in estrogen. This shift is often 

accompanied by symptoms such as hot flashes, night sweats, anxiety, insomnia, and 

bone loss, which are strongly associated with oxidative stress, chronic inflammation, and 

neuroendocrine imbalance. 

Astaxanthin offers a natural and gentle nutritional intervention for menopausal women 

through its potent antioxidant and neuroprotective mechanisms. 

A. Relieving Hot Flashes and Anxiety:  

Regulating the Autonomic Nervous System 
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Astaxanthin helps balance sympathetic and parasympathetic nerve activity, reducing 

peripheral vasodilation and thereby alleviating the frequency and intensity of hot flashes. 

It also exhibits natural anxiolytic effects, supporting mood stabilization and relieving night 

sweats. 

 Park JS, Mathison BD, Hayek MG, Zhang J, Reinhart GA, Chew BP. (2013). "Astaxanthin 

modulates age-related hyperactivity and spatial memory deficits in mice." Journal of Gerontology: 

Biological Sciences, 68(5):511–518. 

 Kurihara H, Koda H, Asami S, et al. (2002). "Suppressive effect of astaxanthin on lipid peroxidation 

and hypertension in spontaneously hypertensive rats." Life Sciences, 70(19): 2293–2300. 

B. Neuroprotection: Improving Sleep and Cognitive Function 

Astaxanthin is capable of crossing the blood-brain barrier, where it suppresses neuro-

inflammation and neutralizes free radical attacks. This makes it especially effective in 

addressing estrogen-decline-related neural degeneration, including symptoms such as 

poor concentration, cognitive decline, and insomnia. 

 Grimmig B, Daly L, Subbarayan M, Hudson C, Williamson R, Nash K, Bickford PC. (2017). 

"Astaxanthin is neuroprotective in an aged mouse model of Parkinson’s disease." Oncotarget, 

9(12):10388–10401. 

C. Supporting Hormone Receptor Sensitivity and Hormonal Balance 



Astaxanthin - Multi-System Antioxidant Targeting Ocular Microcirculation and AMD, Cardiovascular and 

Cerebrovascular Protection, Reproductive Health, Skin Photo-protection, and Clinically Supported 

Immunomodulation 

 

 

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

Astaxanthin helps regulate the expression ratio of estrogen receptors α and β, thereby 

enhancing the body’s responsiveness to endogenous estrogen.  

It also reduces oxidative damage caused by hormone metabolites, acting as a safe, 

plant-derived modulator of hormonal balance. 

 Hussein G, Goto H, Oda S, et al. (2006). "Protective effect of astaxanthin on oxidative stress in 

ovarian and brain tissues during menopause." BioFactors, 27(1–4):137–146. 

6) Dual Anti-Aging Pathway for Skin and Hormones:  

A Female-Specific Mechanism for Delaying Aging 

Synergistically improving internal and external aging markers to address the root causes 

of female aging. 

In women, skin aging and hormonal imbalance often occur simultaneously around 

menopause. The decline in estrogen levels not only affects mood and metabolism but 

also directly impairs collagen synthesis, skin elasticity, and moisture retention. 

As a “guardian of cell membranes and mitochondria,” Astaxanthin plays a dual role in 

both skin health and hormonal regulation: 

A. Counteracting Skin Aging Triggered by Estrogen Deficiency 
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Studies show that Astaxanthin can reduce UV-induced and free radical-mediated 

damage to collagen and elastin, improving the appearance of wrinkles, roughness, and 

pigmentation. It is particularly beneficial for women experiencing hormonal fluctuations, 

when the skin becomes more fragile and vulnerable. 

 Tominaga K, Hongo N, Fujishita M, Takahashi Y, Adachi Y, Inoue N. (2012). "Protective effects of 

astaxanthin on skin deterioration." Journal of Clinical Biochemistry and Nutrition, 51(2):102–107. 

B. Inhibiting Free Radical Generation Induced by Hormone Metabolites 

During hormonal metabolism - especially estrogen hydroxylation and redox reactions -

reactive oxygen species (ROS) are frequently generated. 

Astaxanthin helps neutralize these metabolic byproducts within cells, reducing their 

damaging effects on DNA and lipid membranes, and contributes to maintaining endocrine 

system stability. 

 Comhaire F, Garem Y. (2011). "The role of food supplements in the treatment of the menopause: 

Review of the evidence." Maturitas, 68(4): 384–390. 

C. Promoting Estrogen Receptor Expression to Enhance Hormonal Sensitivity 

Astaxanthin can activate estrogen receptor β (ERβ), thereby enhancing the skin's 

responsiveness to estrogen signaling. 
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This mechanism helps improve common skin concerns during periods of hormonal 

instability in women, such as dryness, sagging, and weakened barrier function. 

 Hussein G, Nakamura M, Zhao Q, et al. (2005). "Antihypertensive and neuroprotective effects of 

astaxanthin in experimental animals." Biological and Pharmaceutical Bulletin, 28(1):47–52. 

Conclusion 

Astaxanthin, as a natural nutrient with hormonal modulation, antioxidant, neuroprotective, 

and skin-supporting properties, provides a comprehensive health support system for 

women across different life stages. 

Its unique value is particularly evident for women in the Perimenopausal and 

postmenopausal periods, where it helps address multifaceted physiological challenges 

through a safe and multi-targeted approach. 

 

VIII Astaxanthin and Skin Health 

A natural skin barrier protector with antioxidant, anti-inflammatory, and 

anti-photoaging properties 

Astaxanthin is a natural carotenoid with a unique transmembrane structure that allows it 

to embed itself within the phospholipid bilayer of skin cell membranes, providing 

simultaneous intracellular and extracellular antioxidant protection. 

Extensive studies have demonstrated that Astaxanthin can significantly improve skin 
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hydration, elasticity, wrinkle depth, pigmentation, and photo-damage, making it one of the 

most evidence-based anti-aging nutrients in skincare today. 

1) Comprehensive Antioxidant Defense:  

Protects Skin Cells and Collagen Structure 

 Astaxanthin neutralizes various reactive oxygen species (ROS), including singlet 

oxygen (^1O₂) and hydroxyl radicals (OH•);  

it is 500 times more potent than vitamin E and 10 times more potent than β-carotene. 

 It inhibits lipid peroxidation, protecting keratinocyte membranes, mitochondria, and 

nuclear DNA. 

 It helps maintain fibroblast viability, reducing collagen degradation and elastin 

fragmentation. 

 It preserves the skin's endogenous antioxidant enzyme systems (e.g., SOD, GPx), 

shielding them from UV-induced oxidative stress. 

 Ambati RR, Phang SM, Ravi S, Aswathanarayana RG. (2014). Astaxanthin: sources, extraction, 

stability, biological activities and its commercial applications—a review. Marine Drugs, 12(1), 128–

152. 

 Tominaga K, Hongo N, Fujishita M, Takahashi Y, Adachi Y. (2012). Protective effects of 

astaxanthin on skin deterioration. Journal of Clinical Biochemistry and Nutrition, 51(2), 102–107. 
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2) Anti-inflammatory Action:  

Reduces Skin Redness, Sensitivity, and Acne-related Inflammation 

 Astaxanthin inhibits key inflammatory pathways such as NF-κB and COX-2, thereby 

reducing the expression of pro-inflammatory mediators like IL-6, TNF-α, and PGE2. 

 It alleviates skin hypersensitivity reactions triggered by UVB radiation or 

environmental pollutants. 

 It improves chronic inflammatory skin conditions such as acne vulgaris and rosacea. 

 It helps maintain skin barrier integrity and enhances stratum corneum defense, 

supporting a more resilient and less reactive skin environment. 

 Camera E, Picardo M. (2002). Astaxanthin: a new carotenoid antioxidant in cosmetic dermatology. 

Journal of the European Academy of Dermatology and Venereology, 16(2), 141–147. 

 Kim YJ, Kim JH, Lee YH, et al. (2009). Astaxanthin inhibits expression of inflammatory mediators 

in human keratinocytes. Experimental Dermatology, 18(8), 777–784. 

3) Protection Against Photoaging:  

Blocks UVA/UVB Damage and Collagen Degradation 

 Reduces UVB-induced DNA damage and pigmentation, such as dark spots and 

uneven tone. 

 Inhibits the expression of matrix metalloproteinase-1 (MMP-1), a key enzyme 

responsible for collagen breakdown. 
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 Protects basal epidermal cells, slowing the formation of fine lines and wrinkles. 

 Multiple clinical studies have shown that daily oral supplementation with 4-6 mg of 

Astaxanthin can significantly improve skin roughness and hyperpigmentation. 

 Yamashita E. (2006). The effects of a dietary supplement containing astaxanthin on skin condition. 

Carotenoid Science, 10, 91–95. 

 Tominaga K, Hongo N, Karato M, Yamashita E. (2012). Cosmetic benefits of astaxanthin on 

human subjects. Acta Biochimica Polonica, 59(1), 43–47. 

4) Brightening and Even Skin Tone:  

Reduces Melanin Production and Pigmentation 

 Inhibits tyrosinase activity, thereby reducing melanin synthesis. 

 Suppresses UV-induced melanocyte activity by downregulating MITF 

(microphthalmia-associated transcription factor). 

 Improves the appearance of melasma, sunspots, and uneven skin tone. 

 Chou HY, Kuo YH, Lin YL, Huang YT. (2016). Astaxanthin inhibits melanogenesis in B16F10 

melanoma cells by downregulating MITF and tyrosinase expression. Marine Drugs, 14(7), 142. 

5) Enhances Hydration and Skin Barrier Function:  

Boosts Stratum Corneum Water Retention 

 Astaxanthin promotes the synthesis of hyaluronic acid and ceramides in the skin. 
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 Improves trans-epidermal water loss (TEWL) and increases overall skin moisture 

content. 

 Helps alleviate dryness, flakiness, redness, and other symptoms of compromised 

skin barrier. 

 Tominaga K, Hongo N, et al. (2012). Protective effects of astaxanthin on skin deterioration. Journal 

of Clinical Biochemistry and Nutrition, 51(2), 102–107. 

6) Human Clinical Evidence:  

Multiple RCTs Demonstrate Multidimensional Skin Improvement 

 Tominaga, K. et al. (2012), double-blind, randomized controlled trial: 

 Subjects: Asian women aged 35-60 

 Intervention: Oral intake of 6 mg Astaxanthin per day for 8 weeks 

 Results: 

－ Improved skin elasticity 

－ Reduced wrinkle depth 

－ Decreased pigmentation spots 

－ Increased skin moisture content 

 Tominaga K, Hongo N, Karato M, Yamashita E. (2012). Cosmetic benefits of astaxanthin on 

human subjects. Acta Biochimica Polonica, 59(1), 43–47. 
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Summary: 

Astaxanthin significantly improves skin aging, hyperpigmentation, and dryness through its 

powerful antioxidant and anti-inflammatory effects, inhibition of collagen degradation, and 

enhancement of skin barrier function. 

It is suitable for multiple dermatological applications, including Photoaging prevention, 

brightening, moisturization, and sensitive skin repair. 

Astaxanthin is one of the most evidence-based nutraceutical ingredients currently 

available for skin health intervention. 

 

IX Astaxanthin and Liver/Metabolic Health 

Anti-lipid peroxidation + Improvement of insulin resistance + Intervention 

in NAFLD (Non-Alcoholic Fatty Liver Disease) 

1) Anti-lipid peroxidation: Protection of hepatocyte membrane integrity 

Lipid peroxidation is a major mechanism leading to hepatocyte damage and inflammatory 

responses. Astaxanthin can integrate into the lipid bilayer to stabilize cell membranes, 

scavenge ROS generated by high-fat diets and metabolic stress, and suppress the 

accumulation of peroxidation markers such as MDA (malondialdehyde), thereby 

maintaining structural integrity of hepatocytes. 
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 Astaxanthin has been shown to significantly inhibit hepatic lipid peroxidation induced 

by high-fat diets; 

 Enhances endogenous antioxidant enzyme activities including SOD, CAT, and GPx; 

 Reduces hepatic levels of MDA and 4-HNE, mitigating hepatocyte necrosis and 

inflammatory cytokine activation. 

 Naito Y, Uchiyama K, Aoi W, et al. (2004). "Prevention of diet-induced atherosclerosis by 

astaxanthin in apoE-deficient mice." Biological & Pharmaceutical Bulletin, 27(6): 894–899. 

 Ikeda Y, et al. (2008). Protective effects of astaxanthin on carbon tetrachloride-induced liver injury 

in mice. J Clin Biochem Nutr, 43(3): 169–175. 

2) Improving Insulin Resistance and Enhancing Glucose Metabolism Efficiency 

Astaxanthin improves insulin sensitivity by inhibiting the JNK and NF-κB pathways, 

reducing hepatic inflammation, and enhancing the activity of insulin signaling pathways 

(IRS-1/PI3K/Akt). It also promotes the expression of glucose transporter 4 (GLUT4), 

thereby significantly lowering fasting blood glucose and insulin levels. 

 Astaxanthin activates the AMP-activated protein kinase (AMPK) and PPAR-γ 

pathways to improve insulin signal transduction efficiency; 

 It reduces insulin resistance in the liver and muscle tissues, resulting in lower fasting 

glucose levels; 
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 In diabetic animal models, Astaxanthin has demonstrated significant hypoglycemic 

effects and protective actions on pancreatic β-cells. 

 Liu X, Osawa T. (2009). "Astaxanthin inhibits reactive oxygen species-mediated cellular signaling 

in RAW264.7 cells and mouse liver." Life Sciences, 84(17–18): 673–679. 

 Uchiyama K, et al. (2002). Astaxanthin protects β-cells against glucose toxicity in diabetic mice. 

Diabetes, 51(Suppl 1): A412. 

3) Intervention in Non-Alcoholic Fatty Liver Disease (NAFLD):  

Inhibition of Hepatic Lipid Accumulation 

Clinical studies have demonstrated that Astaxanthin can reduce the expression of 

lipogenesis-related genes in the liver (such as SREBP-1c and FAS), while enhancing the 

activity of genes related to fatty acid oxidation (such as CPT1 and PPARα). This dual 

modulation helps inhibit hepatic lipid accumulation at its source and leads to 

improvements in liver echogenicity and serum ALT/AST levels. 

 Astaxanthin modulates key regulators of lipid synthesis and degradation, 

suppressing intrahepatic lipid droplet accumulation and preventing the progression 

of Non-Alcoholic Fatty Liver Disease (NAFLD); 

 Animal studies show that it significantly reduces hepatic triglyceride levels and 

mitigates liver inflammation and fibrosis; 
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 It downregulates hepatic expression of SREBP-1c and FAS, while upregulating 

PPAR-α to enhance β-oxidation of fatty acids. 

 Ni Y, Nagashimada M, Zhan L, et al. (2015). "Astaxanthin prevents and reverses diet-induced 

insulin resistance and steatohepatitis in mice: A comparison with vitamin E." Scientific Reports, 5: 

17192. 

4) Regulating Lipid Metabolism and Improving Dyslipidemia 

Astaxanthin has been shown to significantly reduce total cholesterol (TC), low-density 

lipoprotein cholesterol (LDL-C), and triglyceride (TG) levels, while promoting an increase 

in high-density lipoprotein cholesterol (HDL-C). These effects help optimize the overall 

lipid metabolic profile and contribute to the prevention of atherosclerosis and metabolic 

syndrome. 

 Yoshida H, Yanai H, Ito K, et al. (2010). "Administration of natural astaxanthin increases serum 

HDL-cholesterol and adiponectin in subjects with mild hyperlipidemia." Atherosclerosis, 209(2): 

520–523. 

5) Anti-Inflammatory and Anti-Fibrotic Effects:  

Halting the Progression of Liver Disease 

 Inhibits the activation of Kupffer cells, reducing the expression of pro-inflammatory 

cytokines such as TNF-α and IL-1β; 
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 Suppresses hepatic stellate cell (HSC) activation and collagen synthesis, thereby 

decreasing the development of liver fibrosis; 

 Acts as a key nutritional intervention to prevent the progression from chronic 

hepatitis or fatty liver to liver cirrhosis. 

 Zhang J, et al. (2014). Astaxanthin inhibits oxidative stress-induced hepatic cell damage via 

Nrf2/ARE pathway. Food Chem Toxicol, 64: 142–148. 

6) Clinical Research Evidence Support 

 A double-blind, placebo-controlled trial demonstrated that obese participants who 

supplemented with Astaxanthin for 12 weeks experienced a significant reduction in 

liver enzyme levels (ALT and AST), as well as improvements in fasting blood 

glucose and the HOMA-IR index; 

 These findings suggest that Astaxanthin can serve as an adjunctive nutritional 

intervention for individuals with metabolic syndrome. 

 Yoshida H, Yanai H, et al. (2010). Administration of natural astaxanthin increases serum HDL-

cholesterol and adiponectin in subjects with mild hyperlipidemia. Atherosclerosis, 209(2): 520–523. 

Conclusion: 

Astaxanthin, as a nutritional compound with multiple mechanisms including antioxidant, 

anti-inflammatory, lipid-modulating, and insulin-sensitizing effects, is emerging as a 
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promising non-pharmacological candidate for the management of non-alcoholic fatty liver 

disease (NAFLD) and metabolic syndrome. It is particularly suitable for daily support in 

individuals with blood glucose fluctuations or at risk of fatty liver. 

 

X Astaxanthin and Anti-Cancer Mechanisms 

Multi-target anti-cancer mechanisms - inhibiting ROS-induced DNA 

damage, modulating inflammatory pathways, and inducing apoptosis in 

tumor cells. 

Astaxanthin is a preventive nutritional compound that works across all stages of 

carcinogenesis: initiation, promotion, and progression. 

As a carotenoid-type lipophilic antioxidant, Astaxanthin exhibits multi-target and 

synergistic effects in cancer prevention and intervention. Its mechanisms span beyond 

intracellular free radical scavenging and inflammation modulation, and include regulation 

of gene expression, induction of apoptosis, and inhibition of tumor angiogenesis. 

 Antioxidant protection: Neutralizes ROS, prevents DNA mutations. 

 Anti-inflammatory and anti-tumor: Blocks NF-κB, COX-2, TNF-α, and other pro-

inflammatory factors. 

 Inhibits tumor proliferation: Disrupts cyclin expression, induces cell cycle arrest. 
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 Apoptosis induction: Activates the caspase-3/9 pathway and increases the Bax/Bcl-2 

ratio. 

 Inhibits angiogenesis and metastasis: Suppresses VEGF and MMP expression to 

block tumor spread. 

 Immune microenvironment regulation: Enhances NK cell activity and reduces 

infiltration of immunosuppressive cells. 

1) Inhibition of ROS-induced DNA Damage 

The early stage of carcinogenesis is often driven by oxidative stress–induced DNA 

damage. 

Astaxanthin possesses potent free radical scavenging capabilities, helping stabilize DNA 

structure and prevent the accumulation of oxidative mutation markers such as 8-OHdG 

and M1dG. 

 Studies show that Astaxanthin significantly reduces levels of 8-OHdG, a key marker 

of DNA oxidative damage, thereby protecting against genetic mutation. 

 In rat hepatocarcinoma models, Astaxanthin reduced nitrosamine-induced DNA 

damage, demonstrating clear preventive effects. 

 Palozza P, Calviello G, Monego G, et al. (2003). "Effect of lycopene and astaxanthin on DNA 

damage and cell cycle progression in human lymphocytes." European Journal of Nutrition, 42(2): 

95–100. 
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2) Inhibition of Pro-Carcinogenic Signaling Pathways (NF-κB, STAT3, PI3K/Akt) 

Multiple pro-oncogenic signaling pathways are continuously activated within the tumor 

microenvironment. Astaxanthin can effectively block these pathways through the 

following mechanisms: 

 NF-κB Pathway Suppression: Astaxanthin prevents IκB degradation and inhibits 

nuclear translocation of p65, thereby reducing the expression of pro-inflammatory 

and pro-carcinogenic factors such as IL-6, TNF-α, and COX-2. 

 Negative Regulation of STAT3: Astaxanthin inhibits IL-6–induced STAT3 

phosphorylation, slowing down tumor cell proliferation and immune evasion. 

 PI3K/Akt Downregulation: Astaxanthin reduces Akt phosphorylation, inhibits cyclin 

D1 expression, and upregulates p21 and p53, thereby inducing apoptosis in tumor 

cells. 

 

 Song X, Wang B, Lin S, et al. (2014). "Astaxanthin inhibits acetaldehyde-induced cytotoxicity in 

human hepatocyte L02 cells via NF-κB and ERK signaling pathways." Toxicology in Vitro, 28(5): 

778–786. 

3) Induction of Cancer Cell Apoptosis and Cell Cycle Arrest 
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Astaxanthin can trigger programmed cell death through mitochondrial pathways and 

simultaneously halt tumor cell cycle progression: 

 Increases the Bax/Bcl-2 ratio and activates Caspase-3/9, promoting mitochondrial-

mediated apoptosis. 

 Induces S-phase or G2/M-phase arrest in breast, prostate, and colon cancer cells, 

effectively preventing cell division. 

 Demonstrates dose-dependent inhibitory effects on cancer cell proliferation in HT-29 

(colon cancer) and MCF-7 (breast cancer) cell line models. 

 Wang CM, Chen IC, Hsu YW, et al. (2012). "Astaxanthin protects against UV-induced oxidative 

stress and apoptosis in keratinocytes via the activation of Nrf2 pathway." Journal of Dermatological 

Science, 66(3): 196–205. 

4) Inhibition of Tumor Angiogenesis (Anti-Angiogenesis) 

Astaxanthin inhibits tumor-induced neovascularization by downregulating the expression 

of VEGF (vascular endothelial growth factor) in tumor tissues, playing a critical role in its 

anticancer mechanisms: 

 Reduces the expression of VEGF, MMP-2, and MMP-9, thereby limiting tumor 

invasion and metastasis; 
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 Animal studies have demonstrated that Astaxanthin treatment leads to reduced 

tumor volume and lower microvessel density in solid tumors. 

 Chew BP, Park JS, Wong MW, et al. (2010). "Dietary astaxanthin enhances immune response and 

decreases the risk of mammary tumor development in mice." Cancer Letters, 171(2): 203–210. 

5) Enhancement of Immune Recognition and Surveillance 

Astaxanthin has been shown to enhance the activity of T cells and natural killer (NK) 

cells, as well as stimulate the phagocytic function of macrophages, playing a key role in 

tumor immune surveillance: 

 Enhances antigen presentation efficiency; 

 Increases the recognition probability of tumor antigens, helping to prevent immune 

evasion; 

 Demonstrates potential synergistic effects when combined with immune checkpoint 

inhibitors (e.g., anti-PD-1), as observed in animal models. 

 Jyonouchi H, Zhang L, Tomita Y. (1995). "Immunomodulating actions of carotenoids: enhancement 

of in vivo and in vitro antibody production in mice by carotenoids." Nutrition and Cancer, 23(2): 

171–183. 

Conclusion: Astaxanthin as a “Multi-Target Cancer Intervention” Nutrient. 
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With its unique lipophilic nature, antioxidant structure, and signaling modulation 

capabilities, Astaxanthin provides preventive, interventional, and supportive protection 

throughout the entire cancer process - from initiation to progression and metastasis. 

It is suitable not only as a health intervention for high-risk populations, but also as 

adjunctive support during postoperative recovery or for individuals suffering from chronic 

inflammation. 

 

XI Astaxanthin and Physical Performance & Muscular Health 

As a natural antioxidant, Astaxanthin has been validated by numerous 

studies for its benefits in enhancing endurance, promoting muscle 

recovery, and reducing fatigue. 

It is particularly beneficial for individuals engaged in high-intensity exercise, age-related 

muscle decline, or physically demanding occupations. 

1) Enhances Exercise Endurance and Muscle Output 

 Astaxanthin can enhance mitochondrial function, improve energy production 

efficiency, and extend the duration of aerobic exercise; 

 In animal studies, mice supplemented with Astaxanthin showed significantly longer 

swimming endurance and higher muscular ATP reserves; 
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 In human trials, participants who consumed Astaxanthin demonstrated a 15%–20% 

increase in peak power output during cycling tests. 

 Aoi W, et al. (2003). Astaxanthin improves muscle lipid metabolism in exercise via carnitine 

palmitoyltransferase I activation. Biochem Biophys Res Commun, 301(2): 558–563. 

 Earnest CP, et al. (2011). Effect of astaxanthin on cycling time trial performance. Int J Sports Med, 

32(11): 882–888. 

2) Reduces Exercise-Induced Oxidative Damage and Muscle Fatigue 

 High-intensity exercise generates excessive free radicals, leading to oxidative 

damage of muscle fiber membranes and lactic acid accumulation, which contribute 

to fatigue; 

 Astaxanthin significantly reduces post-exercise levels of malondialdehyde (MDA) 

and creatine kinase (CK), markers of oxidative tissue damage; 

 Studies involving track and field athletes and endurance trainees have shown that 

Astaxanthin effectively delays the onset of fatigue and supports recovery. 

 Miyawaki H, et al. (2008). Antioxidant supplementation attenuates exercise-induced oxidative 

stress in humans. J Clin Biochem Nutr, 43(3): 166–170. 

3) Promotes Post-Exercise Inflammatory Recovery and Muscle Repair 
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 Astaxanthin helps reduce exercise-induced muscle inflammation, including the 

release of pro-inflammatory markers such as IL-6 and TNF-α, thereby alleviating 

delayed onset muscle soreness (DOMS); 

 It contributes to shortening muscle recovery time after damage, improving both 

muscle structure and strength regeneration; 

 Additionally, it helps prevent exercise-induced immunosuppression, supporting 

overall immune health in athletes. 

 Bloomer RJ, et al. (2006). Effect of astaxanthin on oxidative stress and muscle damage in 

resistance-trained men. J Int Soc Sports Nutr, 3(1): 44–51. 

 Nakagawa K, et al. (2011). Antioxidant effect of astaxanthin on muscle injury and inflammation 

after eccentric exercise. Food Style, 25(6): 50–53. 

4) Enhances Muscle Protein Synthesis and Supports Sarcopenia Prevention in the 

Elderly 

 Through its antioxidant and anti-inflammatory mechanisms, Astaxanthin helps 

protect muscle proteins from degradation and activates muscle growth factors such 

as IGF-1; 

 It shows preventive and nutritional support potential against age-related muscle loss 

(sarcopenia), aiding in the maintenance of muscle mass and improvement of 

physical performance. 
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 Baralic I, et al. (2015). The effect of astaxanthin supplementation on muscle performance, 

oxidative stress, and inflammation. J Diet Suppl, 12(2): 129–140. 

 

XII Potential Risks of Synthetic Astaxanthin 

Synthetic Astaxanthin, mainly produced via petrochemical synthesis, may appear 

structurally similar to natural Astaxanthin, but it poses several health and functional risks: 

1) Non-esterified Structure with Low Bioavailability 

Natural Astaxanthin exists mostly in fatty acid esterified forms, enabling stable integration 

into cell membranes and efficient absorption. 

In contrast, synthetic Astaxanthin is unesterified, making it unstable, easily oxidized, and 

poorly absorbed and utilized in the body. 

2) Different Stereoisomers with Reduced Bioactivity 

Natural Astaxanthin is almost exclusively in the (3S,3′S) configuration, which possesses 

the highest antioxidant activity. 

Synthetic Astaxanthin contains a mixture of three optical isomers: (3S,3′S), (3R,3′R), and 

(3R,3′S), with the latter two showing little to no antioxidant activity. 

3) Potential Toxicity and Accumulation Risks 
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Synthetic Astaxanthin is typically derived from petroleum-based precursors such as β-

ionone, isoprene, or aromatic intermediates. Despite having a similar carbon backbone, 

its impurities, stereochemistry, and residual compounds differ significantly from natural 

sources, raising the following health concerns: 

A. Residual Chemicals and Byproducts 

Synthetic production may leave residues such as organic solvents (e.g., methanol, 

acetonitrile), heavy metal catalysts (e.g., nickel, platinum), or unreacted intermediates. 

These compounds are not easily metabolized or excreted and may accumulate, causing 

chronic hepatic or renal burden, increased ALT/AST levels, and lipid metabolism 

disorders. 

B. Poor Biocompatibility of Isomers 

Only the (3S,3′S) isomer binds efficiently to antioxidant enzymes in the body.  

The other isomers may persist longer in tissues, disrupting enzymatic systems and 

increasing oxidative stress. 

 Preclinical studies suggest that non-natural isomers may antagonize cytochrome 

P450 enzymes and steroid hormone receptors, interfering with endocrine function -

especially under high-dose or long-term use. 

C. Disruption of Membrane Lipid Homeostasis 
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As a lipophilic antioxidant, Astaxanthin functions by embedding itself in the lipid bilayer of 

cell membranes. 

Unstable or trans-isomer components in synthetic Astaxanthin may disturb membrane 

fluidity and permeability, disrupt lipid rafts, and impair neuronal or immune cell signaling. 

D. Regulatory Restrictions: Not Approved for Human Use 

Due to the above risks, synthetic Astaxanthin is not approved as a dietary supplement for 

human consumption by authorities such as the FDA (USA), EFSA (EU), or Japan's 

Ministry of Health. It is only approved as a colorant for aquaculture feed, with strict limits 

on residue levels. 

 EFSA Statements (2007, 2014): Lack of sufficient safety data on isomer 

composition, purity, and long-term exposure. Not recommended for human intake. 

Conclusion: Despite its lower production cost, synthetic Astaxanthin is not suitable as a 

functional nutrient due to its impurities, unstable structure, lower bioactivity, and uncertain 

safety profile. 

4) No Food-Grade Safety Certifications 

In most countries (e.g., New Zealand, EU, Japan), synthetic Astaxanthin is only permitted 

for aquaculture pigmentation (e.g., salmon farming) and is prohibited in food products for 

humans. 
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In contrast, natural Astaxanthin, especially from Haematococcus pluvialis, is GRAS-

approved (USA) and certified by EFSA, NZ MPI, and other regulators. 

Synthetic ≠ Natural Astaxanthin - Not Recommended for Consumption 

How to Differentiate Natural vs Synthetic Astaxanthin 

Attribute Natural Astaxanthin Synthetic Astaxanthin 

Source Haematococcus pluvialis Petrochemical derivatives 

Stereochemistry 

Pure (3S,3′S) isomer with highest 

antioxidant activity 

Mixture of three isomers, unstable bioactivity 

Structure 

Esterified (mono-/di-ester), stable and 

absorbable 

Free-form, easily degraded 

Appearance & Smell Deep red, with marine algae scent Light red-orange, lacking natural smell 

Label Transparency Usually labeled with source Often lacks source disclosure 

Cost High-quality, more expensive Cheap, widely misused 

Regulatory Status Certified by GRAS, EFSA, NZ MPI Banned for human supplements, feed use only 

Summary 

Astaxanthin is a potent natural antioxidant with the ability to penetrate cell membranes 

and mitochondria, delivering anti-inflammatory, cellular protective, and metabolic 
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balancing benefits systemically. 

Research supports its use in immunity, skin and cardiovascular health, vision protection, 

reproductive function, metabolic balance, cognitive health, and cancer prevention. 

It is currently recognized as one of the most promising “systemic nutritional modulators” 

available. 


