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The microalgae represent the vast source of bioactive compounds with the potential for industrial products such as pharmaceuticals, 
cosmetics, food supplements, molecular probes, fine chemicals, and agrochemicals. Several novel metabolites with potent 
pharmacological properties have been discovered from the marine organisms among them, 25 percent are from algae. Astaxanthin is 
a strong antioxidant for several health applications. It is a metabolite of zeaxanthin and canthaxanthin, containing hydroxyl and ketone 
functional groups which is a lipophilic terpene made up of carbon precursors. Astaxanthin cannot be synthesized by humans, only can be 
absorbed alongside fatty acids via passive diffusion. They are transported to body tissues to protect the cells and lipid-based membranes 
against oxidative damage. The structure of astaxanthin facilitates it as an excellent antioxidant with free radical scavenging property, 
mitochondrial protection, anti-inflammatory effects, and protection from glycation. But for a beneficial strategy in health management 
and carry forward the further research using astaxanthin for gaining more reliable results, a piece of precise information is needed, which 
can only be accessed from good reviews. Here in this review, we will try to give information regarding the natural source of astaxanthin, 
market demands, and various applications specifically focused on the human health sector. 

Introduction
Astaxanthin (3,3'- dihydroxy-ß-carotene-4,4' -dione) is a bright red 
carotenoid synthesized by some microalgae, plants, yeast, bacteria, 
and found in many of our seafood including salmon, trout, red sea 
bream, shrimp, lobster and fish eggs [1, 2]. Haematococcus pluvialis 
biosynthesizes predominantly the 3S, 3' S stereoisomer, the most 
valuable one as evidenced from singlet oxygen quenching assay, and 
it was 50 times stronger than synthetic astaxanthin, and 20 times 
stronger in free radical elimination [3, 4]. The presence of the hydroxyl 
(OH) and keto (CdO) moieties on each ionone ring represents its unique 
features, the ability to be esterified, higher antioxidant activity, and 
a more polar nature than other carotenoids made it special bioactive 
compound different from others. In free form, it is unstable and 
particularly susceptible to oxidation. Hence it is found mostly either 
conjugated with proteins or esterified with one or two fatty acids[5]. 
Accumulation of the desired metabolites by the culture manipulation, 
the feasibility of setting large-scale cultures in various climates, and 
nonprofitable lands make microalgae even more attractive resources 
for bioactive compound production. But only a few species of 
microalgae are explored. By scientific evidence, Astaxanthin producers 
have demonstrated the safety of natural astaxanthin derived from 
Haematococcus [6].
There has been a growing demand for using natural ingredients in 
food supplements, which satisfies consumer safety and regulatory 
issues over the adverse effects of synthetic chemicals on human 
foodstuffs. Recent research into functional food ingredients has much 
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more priority now than before, and food containing algal ingredients 
is one of them [7, 8], which has been part of the human diet since 600 BC 
[9]. They have a diverse range of nutrients and bioactive compounds, 
such as polysaccharides, proteins, polyunsaturated fatty acids, 
minerals, and significant amounts of antioxidants[10, 11]. Astaxanthin 
is a carotenoid that was first commercially used in fish feed in the 
aquaculture industry for farmed salmonids to obtain the characteristic 
orange-red color of the flesh. Recently more extensive research is 
being carried out due to its potential health beneficial effects, including 
anticancer, antidiabetic, anti-inflammatory, and antioxidant activities 
as well as neuro-, cardiovascular, ocular, and skin-protective impact [12].
The global astaxanthin market size was estimated at USD 555.4 million 
in 2016 It is expected to reach USD 2.57 billion with CAGR: 18.9% by 2025 
with adoption of advanced technologies in various stages of natural 
astaxanthin production, such as microalgae harvesting, cultivation, 
extraction, and drying, have been major factors driving market growth 
[13].
Some of the global industries involved with astaxanthin market 
are Koninklijke DSM N.V., BASF SE, Cyanotech Corporation, Otsuka 
Pharmaceutical Co., Ltd, Valensa International, Fuji Chemical Industries 
Co., Ltd, Divis Laboratories Ltd, Beijing Ginko Group (BGG), Igene 
Biotechnology Inc, Piveg, Inc, Fenchem Biotek Ltd, Algatechnologies, 
Cardax, Inc, Supreme Biotechnologies and Parry Nutraceuticals[14]. 
So, there is a need for information regarding sources, production, 
processing technology advancement, and use with scientific evidence 
to facilitate research and production of astaxanthin at large scale.
Keeping view on growing demands on industrial astaxanthin 
production, this review discussed alternative natural sources of 
production, the feasibility of solving different health problems 
explaining the molecular mechanism of activity, possible use in 
aquaculture, animal feed due to greater demands on this sector 
and other new perspectives as a functional food. Information and 
innovations occurring in these areas will significantly expand the 

production capacity, use, lower the production cost production of 
astaxanthin derived from microbial source for the high-value product 
generation
Astaxanthin sources
Astaxanthin usually imparted a pinkish-red color to the flesh of 
aquatic animals. But it cannot be synthesized by animals and must 
be provided in their diet [15, 16]. Some natural sources of astaxanthin 
include microalgae, salmon, plankton, northern shrimp, and Phaffia 
rhodozyma yeast. Among those microalgae appear to be the richest 
source for natural astaxanthin., Photobioreactor technology is being 
used commercially for Large scale production of microalgal biomass 
of two green algae, Chlorella zofingiensis and Haematococcus pluvialis 
in open pond culture and enclosed PBRs, or fermentation reactors are 
also being used, see Table 1. 
Microalgal Source
The development of foods containing algal materials as a functional 
food ingredient has got more attention and recent research interest 
[7, 8]. From 600 BC algae has been used as a part of the human diet 
for their high nutritional value and bioactive compounds such as 
polysaccharides [9], proteins, polyunsaturated fatty acids, minerals 
and antioxidants[10, 11]. 
Several algal species reported which can produce Astaxanthin in various 
amounts by such as Botryococcus braunii (up to 0.01% astaxanthin 
by dry weight [dwt])[17], Chlamydocapsa spp. (0.04% astaxanthin by 
dwt) [18], Chlamydomonas nivalis [19, 20], Chlorella zofingiensis (0.7% 
astaxanthin by dwt)or[21, 22], Chlorococcum sp. (0.7% astaxanthin by 
dwt.)[23, 24], Chloromonas nivalis (0.004% astaxanthin by dwt) [25, 26], 
Eremosphera viridis [27], Haematococcus pluvialis (4% astaxanthin 
by dwt) [28, 29], Neochloris wimmeri (1.9% astaxanthin by dwt) [21], 
Protosiphon botryoides (1.4% astaxanthin by dwt) [21], Scenedesmus 
sp. (0.3% astaxanthin by dwt) [21, 30], Scotiellopsis oocystiformis (1.1% 
astaxanthin by dwt)[21], and Trachelomonas volvocina [31] (Table-1). 

Astaxanthin source from microalgae % Astaxanthin by dwt References
Botryococcus braunii 0.01 [52]

Chlamydomonas nivalis 0.04 [21, 22]

Chlorella zofingiensis 0.7 [20, 22]

Chlorococcum sp. 0.7 [23, 24]

Chloromonas nivalis 0.004 [18, 20]

Eremosphera viridis [25]

Haematococcus pluvialis 4 [26,27],

Neochloris wimmeri 1.9 [21]

Protosiphon botryoides 1.4 [21]

Scenedesmus sp. 0.3 [21, 30]

Chlamydocapsa spp. 0.04 [18]

Scotiellopsis oocystiformis 1.1

Tetraselmis sp [52]

Bacterial Source
Agrobacterium aurantiacum 0.01 [53]

Paracoccus carotinifaciens(NITE SD 00017) 2.2 [54]

Corynebacterium glutamicum, [44]

Brevundimonas sp. strain N-5. .36 [46]

Fungal source

Xanthophyllomyces dendrorhous (JH)) 0.5 [16]

Xanthophyllomyces dendrorhous (VKPM Y2476 0.5 [55]

Table 1: Sources of Astaxanthin
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Among those, the green microalga H. pluvialis is the most promising 
producer of astaxanthin in nature due to its ability to accumulate large 
amounts of astaxanthin under stress conditions[32, 33]. Recently, C. 
zofingiensis reported as an alternative astaxanthin producer, due to its 
fast growth ability (with a specific growth rate of 1.03 d/1 and biomass 
concentration of 53 gL-1 with glucose and adopting a mixotrophic or 
heterotrophic culture mode[21, 22, 34-36]. Still, Haematococcus pluvialis 
is the most important microalgae with a rich source of astaxanthin 
(4-10 %) and dietary fiber[37], see Table-1. Natural astaxanthin from 
microalgae is in the 3S, 3'S form. The 3S, 3'S form of astaxanthin, is 
reported to give a stronger pigmentation to rainbow trout and more 
stable than the free form than other forms[38].
Yeast (Xanthophyllomyces dendrorhous)
Another micro-organism which is red/pink pigmented 
heterobasidiomycetous yeast Xanthophyllomyces dendrorhous 
(the teleomorphic state of Phaffia rhodozyma) naturally produces 
astaxanthin [39]. This yeast can be considered as a microbial factory for 
the production of industrially valuable carotenoids and the genome of 
X. dendrorhous CBS6938 has been sequenced[40]. This facilitates and 
its biotechnology manipulation to produce more pigments [41, 42]. Again 
this yeast does not require light for the accumulation of astaxanthin 
and relatively high growth rate for biomass accumulation [43]. FDA 
approved for its use as a color stabilizer for fish feed supplementation 
The alga Haematococcus has a high concentration of astaxanthin 
(0.2 to 2%). Still, the industrial application is limited by the lengthy 
autotrophic cultivation and the requirement for adequate cell 
disruption method to liberate the carotenoid. The yeast P. rhodozyma 
rapid heterotrophic metabolism and production of higher biomass in 
fermenters, but its content of astaxanthin in wild strains are only 200 
to 300 μg/g yeast (0.02 to 0.03%). But mutants can produce >3000 μg 
total carotenoid per gram biomass of yeast (>0.30%) in shake flasks 
after 5 days of growth[44]. X. dendrorhous derived astaxanthin is in 
the 3R, 3'R form which is exceptional among known astaxanthin 
producing organisms [45].
Other microbial sources
Several other sources are also tried due to the high demand 
for astaxanthin. Corynebacterium glutamicum, which naturally 
synthesizes the carotenoid decaprenoxanthin, is an industrially 
important microorganism used for amino acid production. Recently 
a genome-reduced C. glutamicum with optimized precursor supply 
for astaxanthin production is reported by expression of heterologous 
genes encoding for lycopene cyclase CrtY, β-carotene ketolase CrtW, 
and hydroxylase CrtZ [46]. Carotenoid production in E. coli also achieved 
by heterologous expression of carotenoid synthesis genes where 
expression of the ketolases and hydroxylases closer to the promoter 
was done for higher astaxanthin purity [47]. Another marine bacterium, 
Brevundimonas sp. strain N-5. reported as astaxanthin-producing 
bacteria, with the remarkable amount (364.6 μg g–1 dry cells) of 
optically pure astaxanthin (3S, 3'S) isomer [48].
Production of natural Astaxanthin 
In 2014, Cyanotech Corporation started producing astaxanthin derived 
from Haematococcus pluvialis microalgae. Natural Algae Astaxanthin 
Association (NAXA) dedicated to promote awareness of natural 
astaxanthin from algae’s health benefits and to distinguish between 
the different sources of astaxanthin. The global nutraceuticals industry 
is estimated to have consumed the largest volume of Haematococcus 
pluvialis (H. pluvialis) microalgae for natural astaxanthin. In 2017 
accounting for 54.8%, which is likely to reach 190 metric tons by 2024. 
However, the emerging market of Food & Beverages for H. pluvialis 
microalgae astaxanthin consumption will be the highest between the 
period 2017 and 2024 (Research and Markets. com. August 27, 2018).

More than 70 companies were involved in the cultivation of Chlorella, 
and the largest producer is Taiwan Chlorella Manufacturing and Co. 
(Taipei, Taiwan), which produces 400 tons of dried biomass/year. A 
significant production of Chlorella was achieved in a German company 
(Klotze, Germany) by using a tubular photobioreactor, and it produces 
130–150 tons dry biomass/year. The annual world sales of Chlorella 
exceed 38 billion US$[49]. Barrow and Shahidi et al. (2008) noted that 
the extract of Chlorella sp. showed several health benefits, also can be 
manipulated to produce astaxanthin[50].
Synthetic source
The current use of astaxanthin consumption is dominated by synthetic 
astaxanthin. The price for synthetic astaxanthin is above $2,000 kg-
1, and the total market coast of astaxanthin is over $240 M per year 
[18, 50]. Synthetic astaxanthin contains a mixture of 3S, 3'S; 3R, 3'S; 
and 3R, 3'R isoforms with a ratio of 1: 2: 1. Whereas astaxanthin from 
microalgae is predominantly the 3S, 3'S isomer. The 3S, 3'S astaxanthin 
isomer is a preferable form as a feed additive in aquaculture due to 
its higher impact on pigmentation in rainbow trout than the synthetic 
astaxanthin[51].
Bioavailability of Astaxanthin
Bioavailability of natural astaxanthin in humans shown the 
accumulation of astaxanthin more specifically in LDL, VLDL and HDL, 
after consumption[56, 57]. The absorption increases for the free form 
compared to esterified astaxanthin from algae[58]. Carboxyl ester 
lipase produced in the pancreatic juice is the main actor of hydrolysis 
of carotenoid esters in the intestinal lumen then absorption of the free 
form by the enterocytes occurs [59].
Astaxanthin is a lipophilic compound with low oral bioavailability; 
however, it can be enhanced in the presence of fat and other forms of 
particles. Nanoemulsion systems can be used to improve efficiency for 
the bioavailability of astaxanthin [60]. The preparation of nanoemulsions 
with astaxanthin is getting importance to improve absorption and 
stability of the same. A limited number of clinical studies have reported 
on the bioavailability of astaxanthin from algae [61, 62] or a synthetic 
esterified form[55, 63] in pharmacokinetics. Astaxanthin nanodispersions 
was reported in skimmed milk, orange juice in food application to 
enhance stability and availability[64].
Lipid-based formulations like palm oil, polysorbate 80, glycerol 
mono- and dioleate and polysorbate 80 can enhance bioavailability, 
ranging from 1.7 to 3.7 times. The elimination half-life of astaxanthin 
found 15.9 hrs (n=32) [65]. The free form is the only form of astaxanthin 
found in human blood after supplementation with either esterified 
or unesterified nature-identic[55, 56, 61]. Astaxanthin incorporated 
into lipoproteins can act as an antioxidant to reduce the oxidation 
state of these lipoproteins and so support heart health through this 
mechanism of action [66-70].
Dose of Astaxanthin
Several shreds of evidence are supporting the use of astaxanthin for 
human applications, for heart health, immune benefits, skin, and eye 
health at doses ranging from 2-22 mg/d. This level of use is according 
to the Acceptable Daily Intake (ADI) calculated by astaxanthin safety 
data. ADI provides an intake of 0.4 mg/kg bw/day for man. For a 60 or 
70 kg person, this equates to 24 or 28 mg/day, respectively. The DSM 
proposed supplement dosage is well below the calculated safe ADI 
dosage that is starting at 2 mg/day to as high as 22 mg/d. 
4 mg astaxanthin supplements have been on sale in the EU and the 
USA since the 1990s – millions of capsules with no adverse reactions 
reported. Over 100 human clinical trials from 4mg -20mg per day 
consumption of natural Astaxanthin from algae reported no adverse 
effects. Higher doses like in Japan at least 6mg/day and in the USA 24 
mg/day have been reported. 
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Application in the Food Industry
Astaxanthin in Aquaculture and Poultry feed 
Synthetic astaxanthin has been widely used for pigmentation of fish 
since many years ago. Haematococcus astaxanthin supplementation 
is also reported for adequate growth, pigmentation, the survival of 
fry, and reproduction of some important fish species like Salmonid, 
Red sea bream, rainbow trout, ornamental fishes and shrimps [71-

75]. Li et al., 2014 reported a comparison diet supplemented with H. 
pluvialis and synthetic astaxanthin that can improve large yellow 
croaker fish growth more with a natural one. Astaxanthin mostly 
used for salmonid pigmentation[76, 77] and is responsible for 6-8% of 
the total Atlantic salmon production cost[75]. The retention of dietary 
carotenoids varies from only 2-22 % in salmonid species [76-78]. According 
to Torrissen and Christiansen (1995a)[76], astaxanthin should be added 
at a level above 10 mg/kg dry feed as a vitamin. Natural astaxanthin 
has shown efficient pigmentation of egg yolks, egg production in hen 
[78], and tissue improvement and higher feed intake in broiler chicken 
[79]. It also improves the health and fertility efficiency of chicken and 
decreases their mortality rate[80].
Functional Food
FDA has approved astaxanthin and astaxanthin dimethyl succinate, 
Haematococcus algae meal, and X. dendrorhous as food colorings and 
additives for using in animal and fish feeds. However, as food color 

astaxanthin use should not exceed 80 mg/kg of the processed feed [80]. 
There are some reports regarding use of astaxanthin in lipid-protein 
matrices in dairy foods, liquids, and semi-liquids, such as flavored milks 
and yogurts; Immunoglobulin-rich milk; astaxanthin from 1 to 20 ppm 
in dairy products[81]; dairy products in general[82]; milks with different 
fats contained as well as plain and diet yoghurt[73]. But the color 
stability studied only for seven days to use astaxanthin in skimmed, 
semi-skimmed and whole milk in the cold storage by Astaxanthin is 
being marketed as a functional food ingredient in many places of the 
world[83]. Natural astaxanthin is nowadays used as dietary supplements 
in different forms (e.g., soft gels, tablets, capsules, syrups, oils, 
and creams), due to the potent antioxidant and reactive oxygen 
scavenging effects[12, 83, 84]. However, there are only a few reports about 
its stability and bioavailability [12, 84].
Replacement of synthetic colors with natural colors in the food 
industry is not yet at applicable state, as natural colors are generally 
more sensitive to light, pH, UV, temperature, oxygen, and heat, 
leading to color loss and a decreased shelf life. Some natural pigments 
are sensitive to metal ions, proteins, or organic compounds [85, 86] 
again, cost-effective recovery and separation techniques for microbial 
pigments are also not fully developed. Large-scale separation of 
pigments using conventional methods is still not economically feasible. 
That's why the astaxanthin coast is very high in the market.

Applications in the health sector
Astaxanthin for cancer prevention
Several reports have been published in recent years, stating the anti-
cancer efficiency of astaxanthin in various in vivo and in vitro cancer 
models. Besides, it has been reported that the astaxanthin arrest cell 
cycle progression and exerts its anti-apoptosis and anti-proliferative 

activities on the cancer cells. The astaxanthin has also attributed to 
have anti-invasion properties by effecting the janus kinase-1 (JAK-1), 
signal transducers and activators of transcription-3 (SAT-3), nuclear 
factor kappa-light-chain-enhancer of activated B cells (NF-κB), 
extracellular signal-regulated kinase (ERK), NF-E2-related factor 2 
(Nrf2), c-Jun N-terminal kinases (JNK), and peroxisome proliferator-
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activated receptor-gamma (PPARγ). The anti-cancer efficiency of 
the astaxanthin in vivo rat model fed with a carcinogen along with 
astaxanthin had significantly lowered the incidence of cancer than 
the rat with only the carcinogen[86]. Dietary intake of astaxanthin 
has shown to increase the cancer-fighting efficiency in mammary 
cancer by reducing the growth by 50%[87]. To clinically translate the 
astaxanthin in the clinical settings, it has become important to its 
cytotoxicity in the normal cells. The comparative evaluation of the ATX 
has shown that it has a significant difference in the anti-proliferative 
activity of the cancer cell lines than the non-cancerous human-derived 
cell lines. Thus, suggesting the great prospective of astaxanthin for 
anti-cancer therapy[88]. The easy solubility of the astaxanthin in the fats 
makes it easier to be involved in the dietary form. It has been reported 
that the astaxanthin can be easily incorporated into high-density 
lipoprotein (HDL) and low-density lipoprotein (LDL), making it easier 
to be distributed inside the body via circulation, in turn, increasing 
anti-cancer efficiency[56]. However, considering all such progress of 
astaxanthin in cancer therapy, we envision that further clinical trail 
along with the development of novel delivery mechanisms[89]. Further 
understanding its anti-cancer action could make it a potential molecule 
of pharmaceutical interest. 
Astaxanthin for antioxidative role
Byproducts of the oxygen metabolism during normal metabolic 
reactions and other bodily functions such as highly reactive singlet 
oxygen and free radicals i.e., peroxyl and hydroxyl radicals are 
potentially toxic to the living cells in a process also known as ̀ `oxidative 
stress``. However, to counteract the oxidative stress the body utilizes 
minerals and vitamins also known as antioxidants. Although oxidative 
stress is the part of normal human body mechanisms, they are 
certainly increased due to different sources of pollutions, diseased 
conditions, physiological stress, high UV and toxic chemical exposures. 
The generations of the free radicals and singlet oxygen can highly 
dysfunction the molecular mechanism of the living cells by damaging 
proteins, DNA and lipidic membranes. Oxidative damage has been 
also correlated with diseases like age-related macular degeneration, 
atherogenesis, infant retinopathy, ischemia-reperfusion injury and 
carcinogenesis[87]. The use of dietary sources of the carotenoids like 
astaxanthin is the potential antioxidant and can act as a scavenger to 
absorb the excited energy of the singlet oxygens into its carotenoid 
chain. Thus, preventing the damage caused due to the oxidative 
stress on the normal body cells[88, 90]. It has been already reported that 
the astaxanthin has several folds of higher antioxidant properties 
compared to canthaxanthin, β-carotenoids and vitamin-E[91, 92]. Surplus 
to all the benefits of astaxanthin, they are also observed to influence 
the expression of heme oxygenase-1 enzymes (HO-1) which in turn 
helps the cells to adapt the oxidative stress[93]. Such enzymes are 
regulated by nuclear factor erythroid 2-related factor (Nrf2) oxidative 
stress-sensitive transcription factors, which can bind efficiently to the 
antioxidant response elements in the promoter region detoxifying 
enzymes[93]. HO-1 is regulated via various stress-sensitive transcription 
factors, including nuclear factor erythroid 2-related factor (Nrf2), 
which binds to antioxidant response elements in the promoter regions 
of enzymes of the detoxifying metabolism [94]. We believe that the 
antioxidant properties of astaxanthin can play a key role in protecting 
the body from all the diseases state caused due to the natural or 
unnatural oxidative stress.
Astaxanthin for eye health.
Eye health is a risk related to two main disorders associated with 
age i.e., cataracts and macular degeneration is the leading cause of 
blindness and visual impairment[86, 95]. Those diseases are generally 
appearing due to the oxidative process induced by light in the eyes. 

As discussed in the above section ‘oxidative stress' has been one of 
the important factors to increase the chances of the and macular 
degeneration by epidemiological studies. Oxidation has been shown 
in epidemiological studies to be related to an elevated risk for AMD. 
The other carotenoids such as zeaxanthin and lutein often have shown 
to be highly beneficial in eye healthcare and are available in the diet. 
Their sources often are commonly found in kale, spinach, and other 
vegetables, henceforth avoiding the intake of the supplements. The 
structure of the zeaxanthin and lutein are correlated with astaxanthin, 
but when compared with the healthcare benefits astaxanthin 
outstands as strong anti-oxidant and UV-protecting agents[95]. It should 
be noted that the astaxanthin cannot be found in the food. However, 
trace amounts are found in the seafood, depending on the food 
they feed. Recent studies in the in vivo, model have shown that the 
astaxanthin can cross the blood-brain barrier can be deposited on the 
retinal receptors similar to lutein[96]. Also, it was seen that the in vivo 
model which was needed with astaxanthin recovered fast the retinal 
damage than the one without astaxanthin feed. From this study, it can 
be understood that the astaxanthin can reduce the oxidative stress 
in the eye and can act as a strong barrier in protecting eyes from UV-
damages. 
Free radicals and singlet oxygen over time manifest diseases such as 
blindness caused by macular degeneration or dementia caused by 
Alzheimer’s[96]. The research established an optimum daily dose for 
eye fatigue at 6 mg per day[97]. Additional studies demonstrated at 6 
mg per day of Natural Astaxanthin supplementation for four weeks 
can reduce eye soreness, dryness, tiredness and blurred vision[97, 98]. 
Natural Astaxanthin serves to prevent eye fatigue from occurring in 
healthy people[99]. It is essential to have sufficient blood flow to the 
eyes and the retina. A human clinical study examined the ability of 
Astaxanthin to improve retinal capillary blood flow[67].
Astaxanthin for Inflammation
The chronic inflammation caused due to oxidative stress leading 
cause of many diseases related with skin damage, cancer and, 
neurodegeneration leading to many diseases such as Parkinson’s, 
Alzheimer’s, Huntington’s, and amyotrophic lateral sclerosis,) and has 
been investigated extensively in the last decades[94, 100]. However, in 
Crohn's disease, the phagocytic leucocytes along with the neutrophils 
accumulation at inflammation sites lead to the release of ROS causing 
the imbalance of the antioxidative vitamins and overexpression of the 
oxidative biomarkers along with lipid peroxidation at the inflammation 
sites[94].
Astaxanthin has shown high anti-inflammatory activity in recent 
studies. It has been already reported that the astaxanthin can inhibit 
the gene overexpression of the interleukin-6 (IL-6), interleukin-1β (IL-
1β), and tumor necrosis factor-α (TNF-α) in atopic dermatitis animal 
model[101]. It has been reported that the astaxanthin can specifically 
inhibit the nuclear translocation of kappa B (NF-κB)p65 subunit and 
led to the degradation of IκBα through inhibiting the enzyme NκB 
kinase (IKK) activity[29]. In another way, astaxanthin can block NF-κB 
activation in human keratinocytes, inhibiting the production of the 
inflammatory mediators[102]. This result suggests that the astaxanthin 
can be a potent therapeutic molecule for treating inflammatory skin 
diseases, indicating that it may offer an attractive new strategy for 
treating skin inflammatory diseases. In another study, it was found that 
the Astaxanthin can reduce the symptoms of ulcer diseases caused by 
bacterial infections of Helicobacter pylori[91]. Although many reports 
are available for the anti-inflammatory properties of the Astaxanthin, 
a more specific study is needed at the molecular level to understand 
its mode of action. 
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Astaxanthin for neurodegenerative diseases
Other studies of interest make reference to the usefulness of 
astaxanthin as an enhancer in increasing the proliferation of neuronal 
progenitors obtained from adult pluripotent stem cells, it was reported 
that a dose of 10 ng / mL induces neural progenitors to proliferate in 
an expansion almost double that the index observed in neural parents 
that had not been stimulated with astaxanthin. It also induces NeuroD 
gene expression[103]. The study also demonstrated that Astaxanthin 
could prevent brain damage due to ischemia[104]. It was found in a case 
study that the rats fed with Astaxanthin had 40% less brain damage 
than the control group[105].
Astaxanthin-based supplements can be an effective addition in the 
treatment of rheumatoid arthritis[106]. Other report says natural 
Astaxanthin at a moderate dose of 4 mg per day completely prevents 
joint pain after exercise[107].
Astaxanthin for Diabetes.
Cookies made from three flours (wheat, barley, and oat) included with 
Astaxanthin demonstrated a significant glycemic response reduction 
during in vitro digestion together with an increase in the total phenolic 
content (TPC) and antioxidant capacity of the food. Lower free glucose 
release was observed significantly when cookies with 15% astaxanthin, 
followed by 10%, and then 5% astaxanthin was supplied to humans in 
comparison with control cookies[108]. Research with animal models 
has proven that astaxanthin improves insulin sensitivity and glucose 
metabolism in a diet with a high amount of fat and fructose. The 
increase in insulin sensitivity is caused by the reduction of oxidative 
stress and inflammation, but also through the activation of IRS, P13K, 
PKB (insulin receptor substrates, phosphatidylinositol 3-kinase, protein 
kinase), signaling pathway of the liver and striated muscles (Ranga Rao 
et al., 2014). The use of supplements with astaxanthin decreases the 
risk that insulin resistance leads to Type II Diabetes mellitus. Thanks 
to its high antioxidant potential since it protects the beta cells of the 
pancreas from damage caused by oxidative stress and inflammation 
caused by high glucose levels as a result of insulin resistance. In 
addition to protecting kidney nephrons from glucose damage, it has 
been reported that doses administered in humans range from 2 to 40 
mg of astaxanthin[109]. In diabetic mice with streptozotocin induction, 
it was reported that astaxanthin was acting to protect pancreatic β 
cells against the toxicity of high plasma glucose content[110]. On the 
other hand, in studies of pancreatic embryological development, it has 
been reported that the NeuroD gene in the case of pancreatic beta-
cell development is a target of Ngn3[111], so we infer that its expression 
could benefit the development of pancreatic beta cells. Ambati et al, 
2014 reported astaxanthin can reduce the oxidative stress caused by 
hyperglycemia in patients with diabetes mellitus, acting as a protector 
of pancreatic cells protecting them from the toxic effects of glucose [2]. 
Effects in Immune systems
Several studies demonstrated astaxanthin significantly influences 
immune function. Studies on human lymphocytes demonstrated 
enhancement immunoglobulin production in response to T cell-
dependent stimuli by astaxanthin[112]. In support of this hypothesis, 
it was found that astaxanthin can enhance the antibody production 
in the mouse splenocytes, polyclonal antibody G and M in the spleen 
cells of murine and could resort to the humoral immune response 
in the old mice[113, 114]. The immunomodulatory action has also been 
reported in dogs and cats by astaxanthin. Astaxanthin may regulate 
NK cells that serve as an immunosurveillance system against tumors 
and virus-infected cells[114]. The inclusion of the astaxanthin is reported 
to enhance the mitogen-induced lymphocyte proliferation, delay-type 
hypersensitivity response, enhance the natural killer cytotoxicity and 
also, to enhance the B and T-cells counts in the peripheral blood. In the 

recent study by Lin et al., has reported that the astaxanthin tends to 
have the property of modulating the production of T-helper cytokines 
such as IL-2 and IFN-γ without any significant side-effects on the in 
primary cultured lymphocytes [111]. All such reports suggest the great 
prospective of the astaxanthin in the preventive and therapeutic 
management of immune diseases.
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