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Abstract- Astaxanthin is a powerful, naturally 

occurring carotenoid that belongs to the xanthophyll 

class of pigments which is C40 carotenoid . most 

powerful antioxidants among natural carotenoids, 

with ability to neutralise free radicals and protect cells 

from oxidative damage  and anti-inflammatory 

activity, has shown the highest oxygen radical 

absorbance capacity (ORAC), 100–500 times higher 

than ⍺-tocopherol and a 10 times higher free radical 

inhibitory activity than related antioxidants (α-

tocopherol, α-carotene, β -carotene, lutein and 

lycopene) Its molecular structure enables it to cross the 

blood-brain barrier and the blood-retinal barrier, 

providing significant neuroprotective and ophthalmic 

benefits as well as provide therapeutic potential for the 

prevention or co-treatment of dementia, Alzheimer, 

Parkinson, cardiovascular diseases and cancer as a 

supplement, astaxanthin is often marketed for its wide-

ranging health benefits, including promoting healthy 

skin, enhancing athletic endurance, and supporting 

overall longevity. The commercial production of this 

pigment has traditionally been performed by chemical 

synthesis, but the microalga Haematococcus pluvialis 

appears to be the most promising source for its 

industrial biological production. 
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INTRODUCTION 

 

Astaxanthin is a natural carotenoid pigment that 

belongs to the xanthophyll family of red fat-soluble 

pigment compounds, known for their vibrant red, 

orange, or yellow colours which does not have pro -

Vitamin A activity in humans. It is primarily 

synthesised by microalgae, particularly 

Haematococcus pluvialis, and is also found in 

various marine organisms, including shrimp, 

salmon, trout, and lobster.  The pigment plays a 

crucial role in the survival of these organisms by 

protecting them from oxidative damage caused by 

UV radiation, its use as a natural remedy for 

inflammation, skin ageing, cardiovascular health, 

and neurological support.  

 

It is primarily responsible for the red, orange, or pink 

color in a wide range of organisms, including algae, 

salmon, trout, shrimp, and various shellfish. As a 

potent antioxidant, astaxanthin has garnered 

considerable attention in recent years due to its 

impressive health benefits and its ability to combat 

oxidative stress, a key factor in aging and the 

development of many chronic diseases. [1] 

Carotenoids, a family of over 600 naturally 

occurring pigments, are well-known for their health-

promoting properties. Astaxanthin, however, stands 

out due to its unique molecular structure and 

antioxidant power. While its cousins, such as beta-

carotene, lutein, and zeaxanthin, are also known to 

have antioxidant properties, astaxanthin is often 

regarded as one of the most powerful antioxidants 

discovered in nature. Its antioxidant potential is 

estimated to be up to 6000 times stronger than 

vitamin C and up to 800 times more potent than 

Coenzyme Q10 (CoQ10), which are well-

established antioxidants. 

Astaxanthin is synthesized primarily by microalgae, 

such as Haematococcus pluvialis, the most common 

source for commercial production. These 

microalgae produce astaxanthin as a protective 

mechanism against environmental stresses, such as 

UV radiation, extreme temperatures, and oxidative 

damage. When consumed by marine organisms like 

salmon and shrimp, the pigment accumulates in their 

tissues, contributing to their characteristic color. In 

addition to its pigmentation, astaxanthin plays a vital 

role in cellular protection, enhancing the organism's 

resilience against the challenges of its environment. 

The growing interest in astaxanthin's potential 

health benefits has led to an increase in research 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/carotenoid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/free-radical
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/xanthophyll
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exploring its effects on human health. Numerous 

studies have demonstrated its ability to reduce 

inflammation, protect the skin from UV damage, 

improve cardiovascular health, enhance muscle 

endurance, and support eye health. These benefits 

stem primarily from astaxanthin’s antioxidant and 

anti-inflammatory properties, which help neutralize 

free radicals and reduce oxidative stress within the 

body. 

Oxidative stress occurs when there is an imbalance 

between free radicals and antioxidants in the body, 

leading to cellular damage, inflammation, and an 

increased risk of chronic conditions such as heart 

disease, diabetes, and neurodegenerative disorders. 

As an antioxidant, astaxanthin is able to scavenge 

free radicals, thereby protecting cells from oxidative 

damage. Moreover, its unique chemical structure 

allows it to cross the blood-brain barrier and 

penetrate cellular membranes, providing protection 

at the cellular level and reducing the risk of 

inflammation and cellular damage in critical organs, 

including the brain, heart, and eyes. 

One of the areas in which astaxanthin has shown 

considerable promise is in the protection and 

maintenance of skin health. With its ability to 

neutralize UV-induced free radicals, astaxanthin has 

been studied for its potential to reduce the visible 

effects of sun damage, such as wrinkles, fine lines, 

and hyperpigmentation. Studies suggest that regular 

supplementation with astaxanthin can improve skin 

elasticity, moisture levels, and overall appearance. 

Moreover, it has been shown to mitigate the risk of 

skin cancer by preventing UV-induced DNA 

damage.[2] 

Another key area of interest is astaxanthin’s effects 

on cardiovascular health. Cardiovascular diseases, 

including atherosclerosis and hypertension, are 

often linked to chronic inflammation and oxidative 

stress. As an anti-inflammatory agent, astaxanthin 

has demonstrated the ability to reduce markers of 

inflammation in the blood, improve lipid profiles, 

and support healthy blood pressure levels. 

Furthermore, its antioxidant properties help prevent 

the oxidation of LDL cholesterol, a critical step in 

the development of plaque formation in arteries. 

Astaxanthin’s neuroprotective benefits are also 

noteworthy. The ability of astaxanthin to cross the 

blood-brain barrier means that it can help protect the 

brain from oxidative stress, which is implicated in 

the progression of neurodegenerative diseases like 

Alzheimer's, Parkinson’s, and age-related cognitive 

decline. In animal studies, astaxanthin 

supplementation has been shown to reduce oxidative 

damage in the brain, improve cognitive function, 

and protect against neuronal cell death. These 

effects are thought to be largely due to the ability of 

astaxanthin to neutralize free radicals and modulate 

inflammatory pathways in the brain. 

Muscle endurance and recovery are other areas 

where astaxanthin has demonstrated positive effects. 

Athletes and fitness enthusiasts have turned to 

astaxanthin supplements as a means of improving 

exercise performance, reducing muscle damage, and 

enhancing recovery times. Research has shown that 

astaxanthin can reduce oxidative stress induced by 

intense physical activity, thus reducing muscle 

inflammation and improving overall endurance. 

Additionally, astaxanthin’s ability to increase blood 

flow and oxygen delivery to muscles contributes to 

enhanced athletic performance. 

While the potential health benefits of astaxanthin are 

still being explored, the existing body of research 

suggests that it holds substantial promise for a 

variety of health concerns. Unlike many other 

antioxidants, astaxanthin’s potent antioxidant 

activity, ability to cross cell membranes, and 

widespread impact on multiple organ systems make 

it a unique and valuable supplement for supporting 

overall health. However, as with any supplement, it 

is important to consult with a healthcare provider 

before beginning a regimen of astaxanthin, 

particularly for individuals with underlying health 

conditions or those who are pregnant or 

breastfeeding. 

Currently, ASX is a renowned compound for its 

commercial application in various industries 

comprising aquaculture, food, cosmetics, 

nutraceuticals, and pharmaceuticals. ASX was first 

commercially used for pigmentation only in the 

aquaculture industry to increase ASX content in 

farmed salmonids and obtain the characteristic 

orange-red color of the flesh. ASX is ubiquitous in 

nature, especially found in the marine environment 

as a red-orange pigment common to many aquatic 

animals such as salmonids, shrimp, and crayfish. 

ASX is primarily biosynthesized by 

microalgae/phytoplankton, accumulating in 

zooplankton and crustaceans and subsequently in 

fish, from where it is added to the higher levels in 
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the food chain agriculture and aquaculture industries 

have begun to harness astaxanthin’s potential as a 

natural pigment and supplement for animal feed. Its 

antioxidant properties are being used to enhance the 

health and growth of farmed fish, such as salmon, as 

well as to improve the overall nutritional quality of 

the final product. 

Source of Astaxanthin 

Astaxanthin is a naturally occurring carotenoid 

pigment that is predominantly found in a variety of 

marine and freshwater organisms, as well as some 

microorganisms. Its primary sources include: 

     1.Microalgae: Haematococcus pluvialis is the 

richest and most well-known source of astaxanthin. 

a type of freshwater microalga known for producing 

high concentrations of astaxanthin. 

     2.Seafood: Astaxanthin is also found in various 

marine animals, particularly those with a red or pink 

coloration. These creatures accumulate astaxanthin 

in their tissues, primarily from the algae and 

plankton they consume.is also found in certain 

seafood, especially those that eat the algae that 

produce it. This includes salmon, trout, shrimp, crab, 

and lobster. The red or pink colour of these animals 

comes from astaxanthin. 

       3.Yeast: Certain yeast species, such as Phaffia 

rhodozyma, are known to produce astaxanthin, 

though in smaller quantities compared to 

microalgae. These yeasts are often used in 

commercial production of astaxanthin for food and 

supplement industries.[3] 

 

Extraction of Astaxanthin  

Several methods can be used for the extraction of 

astaxanthin from natural sources:  

1)Solvent Extraction: 

○ Method: Organic solvents such as hexane, 

acetone, or ethanol are commonly used to extract 

astaxanthin from biomass. 

○ Process: The biomass (e.g., algae or crustaceans) 

is first dried, ground, and then subjected to solvent 

extraction. The solvent is evaporated to 

concentrate the carotenoids. 

● Supercritical Fluid Extraction (SFE): 

○ Method: Supercritical CO2 is used as a solvent to 

extract astaxanthin. This method is more efficient 

and environmentally friendly compared to 

traditional solvents. 

○ Process: Supercritical CO2 is passed through the 

biomass at high pressure and temperature, 

extracting the astaxanthin, which is then separated 

from the CO2. 

● Pressurized Liquid Extraction (PLE): 

○ Method: This involves using high-pressure liquid 

solvents to extract carotenoids from biological 

material. 

○ Process: Typically involves using solvents like 

ethanol or acetone under elevated pressure and 

temperature, improving extraction efficiency. 

2) Purification 

Once extracted, astaxanthin often requires further 

purification, especially if a high degree of purity is 

needed for research or pharmaceutical purposes. 

● Column Chromatography: This technique can 

be used to separate astaxanthin from other 

carotenoids or compounds based on their 

chemical properties. 

● Thin Layer Chromatography (TLC): A quick 

screening method to analyze carotenoid 

composition. 

3). Characterization and Quantification 

Characterizing astaxanthin involves confirming its 

chemical structure and quantifying its concentration. 

● High-Performance Liquid Chromatography 

(HPLC): A common method for quantifying 

astaxanthin in extracts. HPLC can separate, 

identify, and quantify carotenoids based on 

their unique UV/Vis absorption profiles. 

● Mass Spectrometry (MS): Used for more 

detailed structural analysis, confirming the 

molecular weight and structure of astaxanthin. 

● Spectrophotometry: The absorbance of 

astaxanthin at specific wavelengths (typically 

around 480 nm) can be measured for 

quantification purposes. 

4)Application Studies  

Astaxanthin is studied for its antioxidant properties, 

as well as for its potential in various therapeutic uses 

(anti-inflammatory, anti-cancer, skin health, etc.). 

This can involve: 
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● In vitro assays to test antioxidant capacity (e.g., 

DPPH, ABTS assays). 

● In vivo studies for therapeutic benefits. 

5) Synthesis 

While natural extraction is the primary method for 

obtaining astaxanthin, chemical synthesis may also 

be employed, particularly for research purposes. 

Chemical synthesis involves a multi-step process 

starting from simpler organic compounds to create 

astaxanthin. 

The Mechanism of Action: How Astaxanthin Works 

To understand why astaxanthin is so effective as an 

antioxidant, it is important to examine its molecular 

structure and the mechanisms by which it exerts its 

effects. Astaxanthin belongs to the xanthophyll class 

of carotenoids, characterized by their ability to 

absorb light in the blue-green spectrum. Unlike 

many other carotenoids, astaxanthin contains both 

hydroxyl and carbonyl functional groups, which 

contribute to its enhanced antioxidant properties. 

One of the most distinguishing features of 

astaxanthin is its unique ability to neutralize free 

radicals in multiple cellular environments. 

Astaxanthin’s chemical structure allows it to interact 

with both water-soluble and fat-soluble regions 

within the body, making it highly effective at 

protecting cells from oxidative damage across 

various tissues. This versatility is partly due to the 

fact that astaxanthin can anchor itself in cellular 

membranes and form a protective barrier against 

oxidative stress. 

Moreover, astaxanthin’s potent antioxidant activity 

is not limited to scavenging free radicals; it also has 

the ability to modulate inflammatory pathways. 

Chronic inflammation is a key driver of many 

diseases, including cardiovascular disease, cancer, 

and neurodegeneration. Astaxanthin has been shown 

to inhibit the production of pro-inflammatory 

cytokines and enzymes, thereby reducing 

inflammation in various tissues. This dual action as 

both an antioxidant and an anti-inflammatory agent 

makes astaxanthin particularly effective in 

protecting against oxidative damage and reducing 

the risk of chronic diseases.[4] 

  Mechanistic Insights: How Astaxanthin Influences 

DNA Repair Pathways  

Astaxanthin’s benefits in supporting DNA repair 

can be traced back to its interaction with cellular 

pathways that regulate stress responses. 

Specifically, astaxanthin's influence on the Nrf2 

pathway plays a pivotal role. When Nrf2 is activated 

by astaxanthin, it leads to the upregulation of genes 

that encode for enzymes involved in the repair of 

oxidative DNA damage, such as those associated 

with BER and NER. 

Astaxanthin also impacts the activity of DNA repair 

proteins, such as those involved in the recognition 

and removal of damaged bases or the repair of 

double-strand breaks. For example, the compound 

can increase the levels of repair enzymes like DNA 

polymerase and ligase, which are necessary for 

accurate DNA repair and the rejoining of DNA 

strands after damage. 

Skin-Protective Mechanisms of Astaxanthin  

So basically, as we know Astaxanthin is a powerful 

carotenoid pigment which is gaining attention in the 

fields of dermatology, nutrition, and cosmetic 

science for its remarkable skin-protective properties. 

It is found in certain algae, such as Haematococcus 

pluvialis, as well as in some marine animals like 

salmon, shrimp, and flamingos, which acquire its 

bright red coloration. This compound is not only 

known for its potent antioxidant properties but also 

for its potential in preventing skin damage, 

promoting skin health, and delaying the signs of 

aging. This article will explore the skin-protective 

mechanisms of astaxanthin in detail, highlighting its 

antioxidant activity, anti-inflammatory effects, 

ability to enhance skin. hydrated and provide  

elasticity to skin, and protection against the  UV 

damage from sun. 

Effects of astaxanthin on skin damage  

Skin damage is a significant concern for people of 

all ages and backgrounds, as the skin is the body’s 

largest organ and serves as its first line of defense 

against environmental hazards. Understanding the 

multitude of factors that contribute to skin damage, 

their effects, and the long-term consequences is 

critical for developing effective prevention and 

treatment strategies. This article will delve into the 



© June 2025| IJIRT | Volume 12 Issue 1 | ISSN: 2349-6002 

 

IJIRT 180590            INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2610 

major contributors to skin damage, explore how they 

impact the skin, and discuss potential solutions for 

promoting skin health. 

1. Sun Exposure: The Leading Cause of Skin 

Damage 

Ultraviolet (UV) radiation from the sun is the 

primary cause of skin damage, responsible for the 

most common and preventable skin issues, including 

premature aging and an increased risk of skin 

cancer. UV rays can be divided into two types: UVA 

and UVB. UVA rays penetrate deeply into the skin 

and cause long-term damage, including the 

breakdown of collagen and elastin fibers. These 

fibers are essential for maintaining skin's firmness 

and elasticity. When they are damaged, the skin 

loses its youthful appearance, leading to fine lines, 

wrinkles, and sagging. 

UVB rays, on the other hand, are responsible for 

causing sunburns. Although they do not penetrate 

the skin as deeply as UVA rays, they can damage the 

outer layers, causing inflammation, redness, and 

blistering. Repeated and prolonged exposure to both 

types of UV rays can significantly increase the risk 

of developing skin cancer, including basal cell 

carcinoma, squamous cell carcinoma, and the more 

dangerous melanoma. 

The effects of sun exposure can be cumulative, 

meaning that damage builds up over time. People 

who have spent a significant amount of their lives 

outdoors without adequate sun protection are at a 

higher risk for developing premature aging signs, 

such as age spots, dark patches, and wrinkles. 

Furthermore, sun damage can alter the skin's texture, 

making it rough, uneven, and prone to 

hyperpigmentation. 

2. Pollution and Environmental Factors 

Pollution from industrial activities, vehicle 

emissions, and other sources can have a profound 

impact on skin health. Airborne pollutants such as 

particulate matter (PM), ozone, and nitrogen dioxide 

contribute to skin damage by promoting the 

production of free radicals. These unstable 

molecules cause oxidative stress, which damages 

skin cells and accelerates the aging process. The 

impact of free radicals extends beyond just wrinkles 

and fine lines; they can also contribute to skin 

conditions like acne, inflammation, and uneven 

pigmentation. 

The skin's natural barrier, known as the stratum 

corneum, is designed to protect against external 

threats. However, when the skin is exposed to 

pollutants over long periods, this barrier can 

weaken, making it more susceptible to allergens, 

bacteria, and harmful substances. As a result, the 

skin can become inflamed, irritated, and more prone 

to conditions such as eczema, psoriasis, and rosacea. 

Another aspect of pollution's impact on the skin is 

its contribution to the breakdown of collagen and 

elastin. Collagen is the protein responsible for the 

skin's strength, while elastin helps maintain its 

elasticity. Environmental stressors like pollution can 

accelerate the degradation of these proteins, leading 

to premature skin aging and the development of fine 

lines and sagging. 

3. Lifestyle Habits and Their Impact 

The way we live our lives can have a significant 

impact on the health and appearance of our skin. 

Two major lifestyle factors contributing to skin 

damage are smoking and excessive alcohol 

consumption. 

● Smoking: Cigarette smoke contains thousands 

of chemicals, many of which are harmful to the 

skin. The toxins in cigarette smoke reduce 

blood flow to the skin, decreasing the supply of 

oxygen and nutrients that are vital for skin 

health. This lack of circulation leads to a dull, 

sallow complexion and accelerates the 

breakdown of collagen and elastin. The result is 

early onset of wrinkles, particularly around the 

eyes and mouth, as well as a loss of skin tone 

and elasticity. 

Additionally, smoking reduces the skin's ability to 

repair itself. Nicotine constricts blood vessels, 

which makes it harder for the skin to receive the 

necessary nutrients for healing and regeneration. 

Over time, smokers are more likely to develop 

premature wrinkles, age spots, and an overall aged 

appearance. 

● Alcohol: Alcohol has a dehydrating effect on 

the body, and the skin is no exception. 

Dehydrated skin can appear dry, flaky, and dull, 

and it is more prone to the development of fine 
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lines and wrinkles. Alcohol also causes the 

blood vessels to expand, which can lead to 

redness and inflammation. Chronic alcohol 

consumption can contribute to a condition 

known as "alcoholic flushing," where the skin 

becomes red and blotchy due to the dilation of 

blood vessels. 

Furthermore, excessive alcohol weakens the 

immune system, making the skin more susceptible 

to infections and slower to heal from damage. Long-

term alcohol abuse can result in liver damage, which 

can manifest on the skin as jaundice, where the skin 

takes on a yellowish tint. 

4. Diet and Nutrition 

A balanced diet rich in vitamins, minerals, and 

antioxidants is essential for healthy skin. The foods 

we eat directly influence the health of our skin cells, 

and poor dietary habits can exacerbate skin damage. 

Deficiencies in certain nutrients can make the skin 

more prone to damage, aging, and various skin 

disorders. 

● Vitamins and Antioxidants: Vitamins A, C, and 

E are crucial for maintaining healthy skin. 

Vitamin A, found in foods like carrots, sweet 

potatoes, and leafy greens, helps promote cell 

turnover and repair. A deficiency in vitamin A 

can lead to dry, flaky skin and increased 

susceptibility to infections. 

Vitamin C is known for its antioxidant properties, 

which help neutralize free radicals and protect the 

skin from oxidative stress. It also plays a key role in 

collagen synthesis, helping to keep the skin firm and 

youthful. Foods rich in vitamin C include citrus 

fruits, strawberries, and bell peppers. 

Vitamin E also functions as an antioxidant and helps 

maintain skin hydration. It can protect the skin from 

UV damage and promote the healing of damaged 

tissues. Good sources include nuts, seeds, and green 

leafy vegetables. 

● Hydration: Proper hydration is another vital 

factor in maintaining skin health. Dehydrated 

skin can become dry, tight, and prone to 

irritation. It can also accentuate the appearance 

of fine lines and wrinkles. Drinking enough 

water and consuming foods with high water 

content, such as cucumbers, watermelon, and 

oranges, can help keep the skin hydrated and 

resilient. 

● Unhealthy Foods: Diets high in processed 

foods, refined sugars, and unhealthy fats can 

lead to inflammation and an increased risk of 

skin issues such as acne. High-glycemic-index 

foods, which cause a rapid spike in blood sugar, 

can lead to insulin resistance and increased 

production of sebum (skin oil), contributing to 

acne formation. Excessive consumption of trans 

fats and saturated fats can also impair the skin's 

barrier function, leading to dryness and 

premature aging.[5] 

5. Stress and Sleep 

Chronic stress and poor sleep patterns can have a 

significant impact on skin health. Stress triggers the 

release of cortisol, a hormone that, in high levels, 

can break down collagen and impair skin 

regeneration. High cortisol levels can also trigger 

inflammation, making the skin more prone to 

conditions such as acne, eczema, and psoriasis. 

Sleep is crucial for the body's repair and 

regeneration processes, including those of the skin. 

During deep sleep, the skin undergoes cell turnover, 

producing new cells and repairing damage. A lack 

of sleep can prevent this process from occurring 

effectively, leading to tired, dull-looking skin and 

the development of fine lines and wrinkles. Poor 

sleep can also exacerbate conditions like dark circles 

under the eyes and puffiness. 

6. Skin Care Practices 

Improper skin care practices can damage the skin 

and contribute to long-term issues. Harsh products, 

over-exfoliation, and aggressive scrubbing can strip 

the skin of its natural oils, leading to dryness, 

irritation, and a weakened skin barrier. The skin's 

protective barrier is essential for maintaining 

moisture and defending against external threats like 

bacteria and allergens. When this barrier is 

compromised, the skin becomes more susceptible to 

damage and conditions like eczema and sensitivity. 

Using products with harsh chemicals, such as strong 

astringents or exfoliating acids, can cause 

inflammation and exacerbate existing skin issues. 

It's important to choose skin care products that are 

suitable for one's skin type and to use them in 

moderation. Gentle cleansers, hydrating serums, and 
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moisturizers that support the skin barrier can help 

maintain skin health and prevent damage. 

1. Understanding Astaxanthin: The Basics 

Astaxanthin is classified as a carotenoid, which is a 

class of plant pigments responsible for the red, 

orange, and yellow colors in many fruits and 

vegetables. Unlike other carotenoids, such as beta-

carotene, astaxanthin is unique because it is 

esterified, meaning it can bind to fatty acids. This 

modification enhances its ability to pass through cell 

membranes and accumulate in the lipid layers of 

tissues, including the skin, where it can provide 

significant protection. 

2. Antioxidant Power: A Key Mechanism 

One of the most significant protective mechanisms 

of astaxanthin is its powerful antioxidant activity. 

Antioxidants are molecules that neutralize free 

radicals—unstable molecules that can damage 

cellular structures, including proteins, lipids, and 

DNA. Free radicals are generated as byproducts of 

normal metabolic processes, but they can also be 

produced in response to environmental stressors 

such as UV radiation, pollution, and smoking. 

Astaxanthin is known to be up to 6000 times more 

potent than vitamin C in neutralizing free radicals 

and 800 times more powerful than Coenzyme Q10. 

It achieves this due to its unique chemical structure, 

which allows it to span the entire cell membrane, 

both hydrophilic (water-attracting) and hydrophobic 

(water-repelling) parts. This makes it particularly 

effective at neutralizing free radicals inside and 

outside the cell, protecting the skin from oxidative 

damage. 

The skin is particularly vulnerable to free radical 

damage from exposure to UV radiation and 

pollution. By neutralizing these free radicals, 

astaxanthin helps prevent oxidative stress, which 

can lead to premature aging and skin disorders such 

as wrinkles, fine lines, and hyperpigmentation. 

Additionally, its antioxidant properties support the 

skin's natural repair mechanisms, aiding in the 

regeneration of damaged skin cells and the 

maintenance of a youthful appearance. 

3. Anti-Inflammatory Effects 

Astaxanthin’s anti-inflammatory properties also 

contribute to its skin-protective mechanisms. 

Chronic inflammation is a key factor in the 

development of various skin conditions and 

contributes to the aging process. Inflammation can 

result from external triggers, such as UV exposure, 

or from internal sources, such as stress and poor diet. 

This inflammatory response can lead to damage to 

skin tissues and an increase in skin sensitivity, 

redness, and conditions like acne and psoriasis. 

Astaxanthin helps modulate inflammation by 

inhibiting the activation of pro-inflammatory 

molecules such as nuclear factor-kappa B (NF-κB) 

and the production of cytokines, including 

interleukins and tumor necrosis factor-alpha (TNF-

α). By reducing the levels of these inflammatory 

mediators, astaxanthin minimizes inflammation at 

the cellular level, which in turn helps to protect the 

skin from inflammation-induced damage. This can 

lead to reduced redness, swelling, and irritation, 

making astaxanthin an effective natural ingredient 

for soothing sensitive or inflamed skin. 

4. UV Protection and Sun Damage Prevention 

One of the most prominent benefits of astaxanthin is 

its ability to protect the skin from the harmful effects 

of ultraviolet (UV) radiation. UV rays are a major 

contributor to skin aging and the development of 

skin cancer. The radiation penetrates the skin and 

causes DNA damage, oxidative stress, and 

inflammation, leading to the breakdown of collagen 

and elastin fibers, the proteins responsible for skin's 

firmness and elasticity. 

Astaxanthin has been shown to absorb UV radiation 

and reduce the risk of DNA damage. When 

consumed as a supplement or applied topically, 

astaxanthin can help protect the skin from the 

harmful effects of both UVA and UVB rays. Studies 

have shown that individuals who took astaxanthin 

supplements experienced reduced sunburn, 

improved skin texture, and better skin elasticity 

compared to those who did not. The antioxidant's 

ability to absorb light in the UV spectrum helps 

mitigate the oxidative stress caused by sun exposure, 

reducing the formation of free radicals and 

minimizing cellular damage. 

Topical application of astaxanthin has also been 

shown to reduce the depth of wrinkles and increase 

skin moisture and elasticity, enhancing the skin’s 
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ability to recover from sun exposure. This makes it 

an effective natural alternative or complementary 

treatment to traditional sun protection measures, 

such as sunscreens. 

5. Enhanced Hydration and Skin Barrier Function 

A well-hydrated skin barrier is essential for 

maintaining skin health and protecting against 

environmental damage. Astaxanthin plays a role in 

enhancing skin hydration by supporting the skin's 

ability to retain moisture. This is particularly 

important as the skin ages, as the ability to retain 

moisture decreases, leading to dryness and the 

development of fine lines and wrinkles. 

Astaxanthin helps improve skin hydration by 

promoting the synthesis of ceramides, which are 

lipid molecules that help form the skin's protective 

barrier. By strengthening the skin barrier, 

astaxanthin ensures that moisture is retained, 

preventing transepidermal water loss (TEWL) and 

maintaining a plump, youthful complexion. A well-

functioning skin barrier also reduces the risk of 

irritation and sensitivity, protecting against 

environmental pollutants and allergens. 

6. Boosting Collagen Production 

Collagen is the primary structural protein in the skin, 

providing it with strength and elasticity. As we age, 

collagen production naturally declines, leading to 

the appearance of wrinkles and sagging. Astaxanthin 

has been shown to stimulate collagen synthesis, 

which can help slow the aging process and maintain 

skin firmness. 

Research has demonstrated that astaxanthin can 

increase the production of collagen by upregulating 

the expression of genes involved in collagen 

synthesis. This boost in collagen production helps 

maintain skin’s structural integrity, reducing the 

appearance of fine lines and wrinkles and promoting 

a more youthful, smooth complexion. The increased 

production of collagen also supports the skin’s 

ability to heal and repair itself after injury or 

exposure to environmental stressors. 

7. Protection Against Environmental Stressors 

Astaxanthin’s skin-protective mechanisms extend 

beyond sun protection and antioxidants; it is also 

effective against a range of environmental stressors, 

including pollution, smoking, and harsh weather 

conditions. The compound's ability to improve skin 

elasticity and hydration makes it an excellent 

defense against the damaging effects of 

environmental pollution, which can lead to the 

breakdown of the skin's protective barrier and 

contribute to premature aging. 

Pollutants can create oxidative stress, weaken the 

skin barrier, and lead to the formation of fine lines 

and wrinkles. By neutralizing free radicals and 

reducing oxidative stress, astaxanthin helps protect 

the skin from these effects. Moreover, its anti-

inflammatory properties prevent skin irritation and 

redness caused by exposure to pollutants, 

contributing to a clearer and more resilient 

complexion.[6] 

8. Potential Applications of Astaxanthin in Skincare 

Astaxanthin can be applied topically or consumed as 

a dietary supplement to enhance skin health. Topical 

formulations such as creams, serums, and masks 

containing astaxanthin can provide direct protection 

against environmental stressors and promote skin 

rejuvenation. These products are particularly 

effective for improving skin texture, reducing the 

appearance of wrinkles, and enhancing skin 

moisture and elasticity. 

Oral supplements containing astaxanthin are also 

popular for promoting skin health from the inside 

out. These supplements can provide systemic 

benefits, including enhanced skin protection from 

the inside, boosting hydration, and supporting the 

production of collagen and elastin. 

 Effects of astaxanthin on  DNA Repair  

Astaxanthin’s effects on DNA repair are an essential 

aspect of its broader skin-protective and anti-aging 

properties. The ability of astaxanthin to contribute to 

DNA repair and overall cellular health is due to its 

powerful antioxidant and anti-inflammatory 

properties. This capability is particularly significant 

as DNA damage can accumulate over time due to 

environmental stressors like UV radiation, pollution, 

and oxidative stress, potentially leading to aging, 

premature skin damage, and even skin cancer. This 

detailed look at how astaxanthin affects DNA repair 

will shed light on its mechanisms and benefits in 

maintaining skin health. 
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1. Understanding DNA Damage and Repair 

DNA damage occurs when the genetic material in 

cells is altered or disrupted by external factors or by 

the natural metabolic processes of the body. This 

damage can lead to mutations that, if not properly 

repaired, may contribute to a range of conditions, 

including accelerated aging, cancer, and 

degenerative diseases. The skin, as the body's 

primary barrier against environmental threats, is 

particularly susceptible to DNA damage from 

ultraviolet (UV) radiation, pollution, and other 

sources of oxidative stress. 

Cells have evolved complex mechanisms to repair 

DNA damage and maintain genomic integrity. 

These repair processes include: 

● Direct repair: Reverses damage without 

removing the base, such as through 

photoreactivation (a process involving 

photolyase enzymes that repair UV-induced 

thymine dimers). 

● Base excision repair (BER): Corrects small, 

non-helix-distorting base lesions through a 

series of enzymatic steps. 

● Nucleotide excision repair (NER): Removes 

bulky, helix-distorting lesions, such as thymine 

dimers created by UV radiation, and replaces 

them with correct nucleotides. 

● Mismatch repair (MMR): Fixes mispaired bases 

that arise during DNA replication. 

When DNA damage exceeds the cell's repair 

capacity or the repair mechanisms fail, it can lead to 

cellular dysfunction, premature aging, and increased 

cancer risk. 

2. Astaxanthin’s Antioxidant Properties and DNA 

Protection 

One of the primary ways astaxanthin influences 

DNA repair is through its potent antioxidant 

activity. Astaxanthin has a unique structure that 

allows it to cross cell membranes and accumulate in 

various cellular compartments, including the 

mitochondria, which are crucial for energy 

production and cellular metabolism. Mitochondria 

are also major sources of reactive oxygen species 

(ROS), which, if unchecked, can cause oxidative 

damage to DNA, proteins, and lipids. 

Astaxanthin neutralizes ROS due to its ability to 

donate electrons and scavenge free radicals, 

reducing oxidative stress at a cellular level. By doing 

so, astaxanthin protects DNA from damage caused 

by oxidative stress and helps maintain the integrity 

of the genetic material. This protection not only 

prevents DNA mutations but also reduces the burden 

on repair mechanisms, allowing cells to focus on 

repairing existing damage and maintaining their 

function. 

Astaxanthin is believed to be hundreds to thousands 

of times more powerful than other antioxidants like 

vitamin C and E, which are commonly known for 

their ability to neutralize free radicals. This 

enhanced antioxidant capacity means that 

astaxanthin can more effectively protect DNA from 

damage, thereby contributing to better overall 

cellular health and resilience. 

3. Astaxanthin’s Role in Enhancing DNA Repair 

Mechanisms 

Astaxanthin doesn’t just act as a passive protector of 

DNA; it actively supports and enhances the body’s 

DNA repair mechanisms. Studies have shown that 

astaxanthin can influence the expression of genes 

associated with DNA repair pathways. This effect 

occurs through astaxanthin’s ability to modulate 

cellular signaling pathways and gene expression 

related to cellular stress response and repair. 

One of the ways astaxanthin promotes DNA repair 

is by activating transcription factors such as nuclear 

factor erythroid 2-related factor 2 (Nrf2). Nrf2 plays 

a central role in the cellular response to oxidative 

stress and is involved in the activation of antioxidant 

and repair genes. When activated, Nrf2 translocates 

to the nucleus and promotes the expression of 

various antioxidant and repair-related genes, 

including those involved in the BER and NER 

pathways. 

4. Protection Against UV-Induced DNA Damage 

Ultraviolet (UV) radiation is one of the leading 

causes of DNA damage in the skin. UVB rays can 

directly damage DNA by causing the formation of 

pyrimidine dimers, which are covalent bonds 

between adjacent pyrimidine bases. This type of 

damage distorts the DNA helix and can result in 

errors during DNA replication if not properly 

repaired. UVA rays penetrate deeper into the skin 
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and contribute to the production of ROS, which 

indirectly damages DNA and cellular structures. 

Astaxanthin has been shown to effectively mitigate 

the effects of UV-induced DNA damage. Its 

antioxidant properties neutralize the free radicals 

generated by UV exposure, reducing oxidative 

damage and the formation of harmful ROS. 

Additionally, research has demonstrated that 

astaxanthin can enhance the expression of genes 

involved in DNA repair, such as those linked to 

NER. By bolstering the body’s natural repair 

mechanisms, astaxanthin helps prevent mutations 

that could lead to skin aging or, more severely, skin 

cancer. 

Studies have indicated that supplementation with 

astaxanthin can protect skin cells from UV-induced 

erythema (redness) and damage to the skin’s cellular 

DNA. In clinical trials, participants who took 

astaxanthin supplements were shown to have 

reduced DNA damage after UV exposure compared 

to those who did not. This protection is attributed to 

astaxanthin’s ability to reduce oxidative stress and 

support DNA repair enzymes and pathways.[7] 

5. Astaxanthin and Inflammation Reduction 

Chronic inflammation contributes to DNA damage 

and can interfere with DNA repair mechanisms. 

Astaxanthin’s anti-inflammatory properties further 

enhance its protective role against DNA damage. By 

reducing the production of pro-inflammatory 

cytokines such as TNF-α and IL-6 and modulating 

inflammatory pathways like NF-κB, astaxanthin 

helps minimize inflammation-induced DNA 

damage and supports the repair process. 

Inflammation can impair the effectiveness of DNA 

repair pathways by altering the function of enzymes 

involved in repair mechanisms and by causing a 

shift in cellular metabolism that makes DNA more 

susceptible to damage. By controlling inflammation, 

astaxanthin helps maintain the integrity of these 

pathways, ensuring that DNA repair can occur 

efficiently when needed. 

6. Clinical Evidence Supporting Astaxanthin’s 

Effects on DNA Repair 

Several studies have supported the positive effects 

of astaxanthin on DNA repair, particularly in the 

context of skin health and protection against UV 

damage: 

● In vitro studies: Research has demonstrated that 

skin cells treated with astaxanthin show a 

significant reduction in DNA damage after 

exposure to UV light compared to untreated 

cells. These studies reveal that astaxanthin 

helps maintain DNA integrity and enhances 

repair mechanisms, leading to lower mutation 

rates and a reduced risk of cellular damage. 

● Animal studies: Animal models have shown 

that astaxanthin supplementation can reduce 

markers of oxidative stress and improve the 

repair capacity of cells exposed to UV radiation. 

● Human clinical trials: In trials involving human 

participants, supplementation with astaxanthin 

has been linked to increased skin resilience, 

decreased DNA damage after sun exposure, and 

improved skin elasticity and hydration. These 

effects are thought to be due to the compound's 

ability to bolster antioxidant defenses, reduce 

inflammation, and support DNA repair 

mechanisms. 

Evidence from human trials 

Human clinical trials provide some of the most 

reliable evidence regarding the effectiveness of 

various compounds, including astaxanthin, in 

promoting health and preventing disease. 

Astaxanthin is a powerful carotenoid with numerous 

potential health benefits, particularly for skin health, 

antioxidant support, and anti-inflammatory 

properties. This in-depth review explores the 

evidence from human clinical trials related to 

astaxanthin, focusing on its benefits for skin health, 

antioxidant activity, anti-inflammatory effects, and 

overall well-being. 

1. Evidence from Clinical Trials on Skin Health 

( Protection Against UV-Induced Damage) 

Several clinical trials have demonstrated that 

astaxanthin can provide significant protection 

against UV-induced damage. UV radiation, 

particularly UVA and UVB rays, is known to cause 

skin aging, sunburn, and an increased risk of skin 

cancer. Astaxanthin has shown efficacy in reducing 

the oxidative damage caused by UV exposure and 

protecting skin cells. 
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● Study on UV Radiation and Erythema: One 

clinical trial published in the Journal of Clinical 

Biochemistry and Nutrition involved 30 healthy 

participants who took a daily dose of 

astaxanthin for 6 weeks. The study found that 

participants who consumed astaxanthin 

exhibited a significant reduction in erythema 

(redness of the skin caused by UV exposure) 

compared to the placebo group. Additionally, 

the astaxanthin group reported fewer symptoms 

of sunburn after controlled UV exposure, 

indicating enhanced UV protection. 

● Skin Elasticity and Wrinkle Reduction: Another 

clinical trial explored the impact of astaxanthin 

on skin elasticity and wrinkle reduction. This 

double-blind, placebo-controlled study 

included 60 participants aged 40-60 years who 

were administered 6 mg of astaxanthin daily for 

12 weeks. Results showed that participants in 

the astaxanthin group had a marked 

improvement in skin elasticity and a reduction 

in the appearance of fine lines and wrinkles. The 

study suggested that astaxanthin's antioxidant 

properties played a significant role in protecting 

collagen and elastin fibers, which are crucial for 

maintaining skin firmness and resilience. 

2. Improvement in Skin Hydration and Texture 

Astaxanthin's impact on skin hydration and overall 

texture has been confirmed in various human 

clinical trials. Proper hydration is vital for 

maintaining the skin's barrier function and 

preventing dryness and premature aging. 

● Study on Skin Hydration: A randomized, 

placebo-controlled study published in Skin 

Pharmacology and Physiology involved 

participants who consumed a daily dose of 4 mg 

of astaxanthin for 8 weeks. The study measured 

skin moisture content, transepidermal water 

loss (TEWL), and skin barrier function. 

Participants in the astaxanthin group 

experienced a significant increase in skin 

hydration levels and a reduction in TEWL, 

indicating improved skin barrier function and 

moisture retention. 

● Improvement in Skin Texture: A similar study 

conducted by researchers at a leading 

dermatology clinic focused on the effects of 

astaxanthin on skin texture in middle-aged 

women. The participants took 12 mg of 

astaxanthin daily for 12 weeks and showed 

noticeable improvements in skin texture, 

suppleness, and a reduction in the visibility of 

age spots and pigmentation. The results 

suggested that astaxanthin's ability to neutralize 

oxidative stress contributed to the improvement 

in overall skin health and appearance. 

3. Antioxidant and Anti-Inflammatory Effects 

 Systemic Antioxidant Support 

Astaxanthin's potent antioxidant properties have 

been evaluated in various clinical studies to 

determine its effects on oxidative stress and overall 

health. Antioxidants play a crucial role in 

neutralizing free radicals and reducing oxidative 

damage, which is linked to aging and many chronic 

conditions. 

● Clinical Study on Oxidative Stress Markers: A 

clinical trial involving 50 participants with high 

oxidative stress levels showed that 

supplementation with 6 mg of astaxanthin per 

day for 12 weeks led to a significant decrease in 

oxidative stress markers, including 

malondialdehyde (MDA) and 8-hydroxy-2'-

deoxyguanosine (8-OHdG), a marker of DNA 

damage. The study concluded that astaxanthin 

supplementation could effectively reduce 

oxidative damage and promote healthier 

cellular function. 

4. Reduction in Inflammation 

Astaxanthin’s anti-inflammatory properties are 

another key area of research in clinical trials. 

Chronic inflammation is linked to a range of health 

issues, including skin conditions like acne and 

psoriasis, as well as systemic diseases such as 

cardiovascular disease and diabetes. 

● Inflammatory Markers Study: A double-blind, 

placebo-controlled trial involving 40 

participants with chronic mild to moderate 

inflammation showed that taking 12 mg of 

astaxanthin daily for 8 weeks resulted in a 

significant reduction in pro-inflammatory 

cytokines such as TNF-α and IL-6. This anti-

inflammatory effect is particularly beneficial 

for skin health, as it can reduce conditions like 

acne and improve overall skin tone and clarity. 

● Skin Sensitivity and Redness: Another study 

focused on participants with sensitive skin who 



© June 2025| IJIRT | Volume 12 Issue 1 | ISSN: 2349-6002 

 

IJIRT 180590            INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2617 

were given 8 mg of astaxanthin daily for 12 

weeks. The results demonstrated that 

participants experienced a notable decrease in 

redness and sensitivity, suggesting that 

astaxanthin's anti-inflammatory effects could 

help protect against inflammatory skin 

conditions and improve skin comfort.[8] 

5. Astaxanthin’s Role in Skin Aging Prevention 

 Collagen and Elastin Preservation 

Collagen and elastin are essential proteins in the skin 

that contribute to firmness and elasticity. As the skin 

ages, the production of these proteins decreases, 

leading to the formation of wrinkles and sagging. 

Astaxanthin's ability to support collagen and elastin 

preservation has been highlighted in several studies. 

● Clinical Trial on Collagen Synthesis: A trial 

conducted over 12 weeks with 40 participants 

who took 6 mg of astaxanthin daily found that 

participants showed an increase in collagen 

synthesis and a decrease in the appearance of 

wrinkles. The study highlighted that astaxanthin 

helps protect and preserve collagen fibers by 

preventing oxidative damage, which in turn 

helps maintain skin structure and firmness. 

● Elastin Fibers and Skin Firmness: In a separate 

study, participants aged 35-60 years took a daily 

supplement containing 12 mg of astaxanthin for 

12 weeks. Researchers observed improvements 

in skin elasticity and a reduction in skin 

sagging, suggesting that astaxanthin contributes 

to maintaining elastin fibers, which are critical 

for youthful skin appearance. 

6. Astaxanthin for Overall Skin Health and 

Protection 

 Protection Against Environmental Stressors 

Astaxanthin’s ability to neutralize free radicals and 

support DNA repair mechanisms makes it an 

effective agent for protecting the skin against 

environmental stressors, including pollution, harsh 

weather, and oxidative damage. 

● Pollution and Skin Protection Study: A clinical 

trial investigated the effects of astaxanthin on 

skin exposed to pollution and urban stressors. 

The study involved 70 participants who took 4 

mg of astaxanthin daily for 12 weeks. The 

results showed a reduction in the visible effects 

of pollution-induced skin damage, such as 

pigmentation and skin roughness. Participants 

reported improved skin texture and a more even 

skin tone, suggesting that astaxanthin may help 

protect the skin from environmental pollutants. 

 Skin Hydration and Moisture Retention 

Astaxanthin’s impact on hydration and moisture 

retention has been demonstrated in several trials, 

emphasizing its ability to support skin barrier 

function and prevent dryness. 

● Study on TEWL Reduction: A trial involving 

50 participants measured TEWL, skin hydration 

levels, and elasticity after supplementation with 

6 mg of astaxanthin for 8 weeks. Results 

indicated a significant reduction in TEWL, 

showing that astaxanthin strengthens the skin’s 

protective barrier and prevents moisture loss. 

Participants reported smoother, more hydrated 

skin, which is a crucial factor in maintaining 

healthy, youthful-looking skin. 

7. Astaxanthin in Combination with Other 

Treatments 

Some clinical trials have investigated the effects of 

astaxanthin in combination with other antioxidants 

or skincare treatments to enhance overall efficacy. 

● Combination with Vitamin C and E: A study on 

the combined effect of astaxanthin, vitamin C, 

and vitamin E on skin health found that 

participants who took the combined supplement 

showed improved skin elasticity, reduced 

wrinkles, and higher skin moisture content 

compared to those who took a placebo. The 

study suggested that astaxanthin synergizes 

well with other antioxidants to provide 

comprehensive protection against oxidative 

stress and support skin health. 

● Topical vs. Oral Administration: A comparative 

study examined the effects of topical 

application versus oral supplementation of 

astaxanthin. Participants who used both forms 

reported significant improvements in skin 

texture, hydration, and wrinkle reduction. This 

indicated that while oral supplementation 

provides systemic benefits, topical application 

can target specific areas, enhancing localized 

skin health. 
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8. Safety and Side Effects of Astaxanthin 

Clinical trials have consistently shown that 

astaxanthin is well-tolerated with minimal side 

effects. Most participants report no adverse effects, 

and any reported issues, such as mild digestive 

discomfort, are rare and transient. Astaxanthin's 

safety profile makes it a suitable option for long-

term use 

Uses of astaxanthin in skin brightening   

Astaxanthin is a powerful antioxidant that is gaining 

popularity in skincare, particularly for its potential 

to brighten the skin. Derived primarily from algae 

and certain seafood like shrimp and salmon, 

astaxanthin has strong anti-inflammatory and 

antioxidant properties. Here's how it can contribute 

to brighter skin:Reduces Hyperpigmentation: 

Astaxanthin can help to lighten dark spots, age 

spots, and sun-induced pigmentation by inhibiting 

the production of melanin, the pigment responsible 

for skin discoloration. This makes it beneficial in 

evening out skin tone. 

Fights Free Radical Damage: As an antioxidant, 

astaxanthin neutralises free radicals caused by UV 

exposure and pollution. This reduces oxidative 

stress, which can contribute to skin dullness, fine 

lines, and discoloration. 

Improves Skin Elasticity: By improving collagen 

production and reducing inflammation, astaxanthin 

can help enhance skin elasticity and give it a more 

youthful, glowing appearance. 

Hydration and Protection: Astaxanthin is also 

believed to help maintain skin hydration by 

supporting the skin barrier, which in turn contributes 

to a more radiant and refreshed complexion 

Masks used for skin brightening: Astaxanthin can be 

used in a face brightening mask by mixing it with 

ingredients known for their skin benefits.[9] 

 

  SOME DIY MASK FORMULATIONS: 

1. Combine a few drops of astaxanthin oil with 

ingredients like honey (for moisture), yogurt (for 

brightening), and aloe vera (for soothing). 

Application: Apply the mask to our face, leaving it 

on for 15-20 minutes before rinsing off. 

Frequency: Use 2-3 times a week for best results. 

Astaxanthin will help reduce pigmentation, improve 

skin texture, and protect against UV damage, 

leaving your skin brighter and more even-toned. 

 

2. oil or serum (if we are  using a supplement form, 

make sure it’s safe for topical use) 

1 tablespoon honey (for hydration and skin 

brightening) 

1 tablespoon yogurt or aloe vera gel (for soothing 

and additional brightening) 

Instructions: 

Mix the astaxanthin oil/serum with honey and 

yogurt (or aloe vera). 

Apply the mixture evenly to our face, avoiding the 

eyes. 

Leave on for 15-20 minutes. 

Rinse off with lukewarm water and pat our skin dry. 

Why it works: The combination of astaxanthin’s 

antioxidant properties with honey’s natural 

brightening and moisturising effects, along with 

yogurt's gentle exfoliation, can help promote a more 

radiant, even skin tone. 

 

3. Astaxanthin Powder Mask 

Ingredients: 

1/4 teaspoon astaxanthin powder (if available) 

1 tablespoon rose water or green tea (for soothing 

and brightening) 

1 teaspoon honey or coconut oil (for hydration) 

Instructions: 

Mix the astaxanthin powder with rose water or green 

tea to form a smooth paste. 

Add honey or coconut oil to the paste and mix well. 

Apply the paste to our face and let it sit for about 15 

minutes. 

Gently rinse off with lukewarm water. 

Why it works: Astaxanthin powder is highly 

concentrated, so a little goes a long way. It provides 

antioxidant benefits while the rose water or green tea 

helps with soothing and refreshing the skin. Honey 

or coconut oil offers added hydration and skin 

nourishment. 

 

4. Ready-Made Astaxanthin Face Mask 

If you don’t want to make our own mask, we can 

also look for commercial face masks that contain 

astaxanthin as an active ingredient. These masks are 

formulated with the correct concentration for 

maximum benefit and often include other skin-

beneficial ingredients like vitamin C, hyaluronic 

acid, or niacinamide. 

Tips for Using Astaxanthin in Face Masks: 

Patch Test: Always perform a patch test before 

applying any new ingredient to our entire face to 

check for any irritation or allergic reaction. 

Frequency: Use these masks 2-3 times a week for 

best results. Consistency is key for skin brightening. 
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Sun Protection: Astaxanthin helps protect the skin 

from UV damage, but it is always important to apply 

sunscreen when we are outside, as UV exposure can 

counteract any brightening effects. 

Incorporating astaxanthin into our skincare routine 

can help reduce dark spots, hyperpigmentation, and 

promote a more even, bright complexion over time. 

 

Emerging trends of astaxanthin 

 
1)Health and Wellness Industry 

Astaxanthin is gaining prominence in the health and 

wellness sector, particularly for its antioxidant and 

anti-inflammatory effects. It is marketed as a 

supplement for various health benefits, including: 

● Skin Health: Astaxanthin is being promoted as 

an anti-aging agent due to its ability to protect 

the skin from UV damage, reduce wrinkles, and 

improve skin elasticity. Its ability to neutralize 

free radicals makes it a popular ingredient in 

cosmetics and skincare products. 

● Eye Health: Astaxanthin's potential to protect 

against retinal damage and improve eye health 

has generated attention. It may help with age-

related macular degeneration (AMD) and other 

vision-related issues. 

● Joint and Muscle Health: Due to its anti-

inflammatory properties, astaxanthin is being 

studied for its ability to relieve pain and 

improve mobility in conditions like arthritis or 

muscle fatigue.[10] 

 

2. Athletic Performance and Recovery 

Astaxanthin is being explored as a sports 

supplement to enhance endurance and recovery. 

Research suggests it can improve: 

● Muscle recovery post-exercise by reducing 

oxidative stress and inflammation. 

● Endurance and stamina by improving cellular 

energy production and reducing the effects of 

fatigue during prolonged physical activity. 

 

3. Plant-Based and Sustainable Production 

Given the increasing demand for natural and 

sustainable sources of astaxanthin, there is a shift 

toward microalgae-based production over animal-

derived sources like shrimp or salmon. Algae such 

as Haematococcus pluvialis is a major source, and 

several emerging trends focus on: 

● Microalgae cultivation: Advances in 

photobioreactor technologies and optimized 

cultivation methods are enabling large-scale, 

sustainable production of astaxanthin. 

● Fermentation technologies: Innovations in 

microbial fermentation are allowing for more 

efficient production processes, reducing costs 

and making astaxanthin more accessible. 

● Circular economy practices: Efforts are being 

made to reuse waste materials from astaxanthin 

production (such as biomass) for other uses 

(e.g., animal feed or biofuels), promoting 

sustainability. 

4. Astaxanthin in Functional Foods 

Astaxanthin is increasingly incorporated into 

functional food products. Its potential health 

benefits have led to its use in: 
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● Fortified foods: Including smoothies, energy 

drinks, snacks, and even dietary supplements, 

astaxanthin is marketed as a nutrient for overall 

health, particularly as an anti-aging and 

immune-boosting ingredient. 

● Food colorant: Astaxanthin is used as a natural 

colorant in the food industry (e.g., in beverages, 

dairy, and bakery products), especially as 

consumers demand more natural alternatives to 

synthetic dyes. 

 

5. Cosmeceuticals 

Astaxanthin is being increasingly used in 

cosmeceuticals, products that combine cosmetics 

with therapeutic properties. Its ability to protect 

against oxidative stress, reduce inflammation, and 

stimulate collagen production makes it a sought-

after ingredient in: 

● Anti-aging creams and serums. 

● Sun protection products, especially due to its 

potential to reduce UV-induced skin damage. 

● Hair care products, where astaxanthin may help 

prevent oxidative damage to hair follicles and 

promote healthy hair growth. 

 

6. Astaxanthin for Cognitive Health 

Preliminary research suggests that astaxanthin could 

have neuroprotective effects, with potential benefits 

for cognitive function, memory, and protection 

against neurodegenerative diseases like Alzheimer’s 

and Parkinson's. This emerging area is supported by 

the carotenoid's ability to cross the blood-brain 

barrier and exert antioxidant effects in the brain.[11] 

 

7. Astaxanthin as a Potential Cancer Therapy 

Although still in early stages of research, some 

studies suggest astaxanthin may have anti-cancer 

properties due to its ability to modulate oxidative 

stress, reduce inflammation, and influence various 

signaling pathways related to cancer cell 

proliferation. Ongoing studies are exploring its 

potential as a complementary treatment in cancer 

therapy 

 

8. Personalized Nutrition and Astaxanthin 

With the rise of personalized nutrition and precision 

health, astaxanthin's role in individualized health 

strategies is gaining traction. Genetic testing, 

microbiome analysis, and other personalized health 

insights could drive tailored use of astaxanthin as 

part of custom wellness and dietary plans. 

 

9. Astaxanthin in Veterinary Health 

Astaxanthin is being studied in veterinary medicine, 

particularly for its potential to: 

● Improve pet health, such as reducing 

inflammation and promoting joint health in 

dogs and cats. 

● Enhance the health and growth of farmed fish, 

where astaxanthin is often used to improve 

pigmentation and overall health, increasing the 

nutritional value of seafood. 

The future market growth of astaxanthin is expected 

to be strong, driven by its increasing popularity in 

various industries such as nutraceuticals, cosmetics, 

food and beverages, and pharmaceuticals. Here are 

key factors contributing to this growth: 

 

Future aspects and market exposure 

1. Growing Demand for Natural Antioxidants 

As consumers become more health-conscious and 

seek natural alternatives to synthetic products, 

astaxanthin’s strong antioxidant and anti-

inflammatory properties make it a highly sought-

after ingredient. This is especially evident in the 

dietary supplements market, where demand for 

natural, plant-based, and anti-aging products 

continues to rise. 

 

2. Expansion of Functional Foods and Beverages 

Astaxanthin is increasingly incorporated into 

functional foods and beverages like energy drinks, 

smoothies, and fortified snacks. This trend aligns 

with the growing consumer interest in foods that 

offer health benefits beyond basic nutrition. As the 

functional foods market expands, so too will the 

demand for astaxanthin.[12] 

 

3. Advances in Sustainable Production 

With a push toward sustainability, there’s a growing 

shift to microalgae-based production of astaxanthin, 

which is more environmentally friendly compared to 

animal-derived sources like fish or crustaceans. 

Advances in biotechnology, including algae 

cultivation and fermentation techniques, are making 

large-scale production more cost-effective, which is 

expected to further drive market growth. 

 

4. Cosmetics and Skincare Growth 

Astaxanthin’s increasing role in cosmeceuticals, 

especially anti-aging skincare products, will likely 

fuel its market expansion. The ingredient is seen as 

a powerful tool for protecting the skin from UV 

damage, reducing wrinkles, and improving skin 
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elasticity, all of which are in high demand in the 

skincare market. As the global skincare industry 

continues to grow, so too will the role of astaxanthin. 

 

5. Rising Interest in Preventative Health 

Astaxanthin is increasingly recognized for its 

potential health benefits, including its ability to 

reduce inflammation, protect the eyes, support joint 

health, and improve cardiovascular health. As 

consumers focus more on preventative health, 

products containing astaxanthin are expected to gain 

traction. 

 

6. Proliferation of Sports Nutrition 

Astaxanthin’s potential to enhance athletic 

performance, improve recovery, and reduce muscle 

inflammation is a growing area of interest. As the 

global sports nutrition market expands, particularly 

in regions like North America and Asia-Pacific, 

demand for astaxanthin-based supplements will 

likely rise. 

 

7. Veterinary Health Applications 

 

Astaxanthin's potential use in veterinary health, 

especially for pets and farmed fish, is an emerging 

market. Its antioxidant and anti-inflammatory 

benefits could help improve the health and quality of 

life of animals, contributing to its adoption in the 

animal care sector. 

 

8. Global Market Projections 

The global astaxanthin market is expected to grow 

at a CAGR of 8-10% in the coming years. North 

America and Europe will continue to be dominant 

markets, but significant growth is anticipated in the 

Asia-Pacific region, driven by increasing consumer 

awareness and demand for natural health 

products.[13] 

CONCLUSION 

Astaxanthin stands out as one of the most potent and 

effective natural antioxidants available, providing a 

myriad of benefits for skin health and overall well-

being. Supported by an increasing body of clinical 

research, astaxanthin has been shown to 

significantly reduce oxidative stress, enhance the 

skin's defense against UV radiation, improve skin 

hydration, elasticity, and texture, and mitigate the 

visible signs of aging. The compound’s unique 

chemical structure enables it to penetrate cellular 

membranes efficiently, where it neutralizes free 

radicals and protects against oxidative damage more 

effectively than many other antioxidants. 

Clinical trials have demonstrated that both oral 

supplementation and topical application of 

astaxanthin lead to measurable improvements in 

skin health, including better moisture retention, 

reduced fine lines and wrinkles, increased elasticity, 

and a more even skin tone. Moreover, astaxanthin's 

anti-inflammatory properties contribute to reduced 

skin sensitivity, diminished redness, and enhanced 

protection against environmental stressors such as 

pollution and harmful UV rays. The ability of 

astaxanthin to support DNA repair mechanisms 

further underscores its role in maintaining long-term 

skin health and preventing premature aging. 

Importantly, astaxanthin has a well-established 

safety profile, with minimal side effects reported in 

clinical studies, making it a promising option for 

those seeking both preventive and therapeutic 

solutions for skin care and overall health. Whether 

used as part of a daily dietary supplement or as an 

ingredient in topical skincare products, astaxanthin 

offers a comprehensive approach to protecting and 

revitalizing the skin. Its proven efficacy and safety 

make it a valuable addition to both preventive health 

regimens and treatment plans for aging skin and 

oxidative stress-related skin conditions. 

SUMMARY 

In summary, the evidence from human clinical trials 

strongly supports the multifaceted benefits of 

astaxanthin. Its powerful antioxidant, anti-

inflammatory, and DNA-repairing properties make 

it a key player in promoting and maintaining 

healthy, youthful-looking skin. As more research 

emerges and the body of evidence continues to 

grow, astaxanthin is poised to remain an essential 

compound in the field of dermatology, skincare, and 

holistic health. 
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