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Abstract: Astaxanthin is a powerful biological antioxidant that exists in many living organisms. Various biological
activities of astaxanthin confirmed in experimental animals studies. Astaxanthin has enormous potential and
promising applications in food and medicine industry. In this paper, the sources,biological function,application of
astaxanthin were reviewed. The current review has helpful for the further study on astaxanthin and its applications.
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1. Introduction

Astaxanthin (C4Hs,0,4) is a strong antioxidant and
belongs to oxygenated carotenoids. It contains 11
unsaturated double bonds which making their chemical
properties very unstable and easily damaged by
external conditions such as light and heat (Li et al.,
2016). This structure provides electrons to reacts with
free radicals, converting them into more stable products
and terminating free radical chain reactions in a variety
of organisms. Astaxanthin has many isomers, all-trans
astaxanthin, 13-cis astaxanthin and 9-cis astaxanthin is
the most commen structure. Astaxanthin has two chiral
centers at the two-bonded ring structure of the
conjugated double bond chain, which can produce three
optical isomers: 3S, 3 'S, 3S, 3 R and 3R, 3 R (MAOKA
et al., 1985). Astaxanthin has extremely strong
biological activity and important physiological function,
which endows astaxanthin with extremely high
application value. In this paper, the source,
physiological activity and application of astaxanthins
were summarized, and the related data were analyzed.
To provide effective reference for the development of
astaxanthin resources.

2. Source of astaxanthin

2.1 Chemical synthesis

As the various functions of astaxanthin are valued, the
demand is also increasing. As the production of natural
astaxanthin could't meet the demand, synthetic
astaxanthin has also become an important source of
astaxanthin. The synthetic astaxanthin is difficult
process, and most of it is cis structure. Swiss
Hoffmann-LaRoche successfully synthesized
astaxanthin at the end of the twentieth century, with a
content of about 5-10% (Ambati et al., 2014). Synthetic
astaxanthin is mainly used for animal feed because of
its poor coloring ability and biological activity
compared to natural astaxanthin(Higuera-Ciapara et al.,
2006).

2.2 Biogenetic derivation

Astaxanthin in nature was ubiquitous in marine
organisms such as fish, shrimp, shellfish and algae.
And it was present in flamingo feathers and some fungi,
such as phaffia rhodozyma or Rhodotorula rubra
(Helliwell, 2010). The main natural sources of
astaxanthin are Haematococcus pluvialis, Phaffia
rhodozyma and Antarctic krill. Crustaceans are rich in
astaxanthin, and the extraction of astaxanthin from
discarded crustaceans was also an important resource
(Chen et al., 1983).

3. The function of astaxanthin

3.1 Antioxidant function

Oxidative damage was caused by free radicals and
reactive oxygen (ROS). Excessive oxidized molecules
may react with proteins, lipids, and DNA through a
chain reaction, resulting in oxidation of proteins and
lipids and DNA damage, causing various diseases. The
oxidized molecules could be inhibited by exogenous
antioxidants such as astaxanthin.  Astaxanthin
terminates the oxidation reaction by quenching singlet
oxygen and scavenging free radicals. It has been found
that oxidative stress accelerates skin aging, and
continuous supplementation of astaxanthin in the diet
produced powerful antioxidant effects and alleviate
skin aging, especially in obese people (Chalyk et al.,
2017).

3.2 Prevention of cardiovascular disease

The anti-oxidation of astaxanthin may cure
cardiovascular disease by improving oxidative stress.
Atherosclerosis is an inflammatory disease of the
arterial wall. Part of its pathological mechanism was
caused by oxidative stress and inflammation. The
severe clinical manifestations of myocardial infarction
and stroke are mainly rupture or erosion of
atherosclerotic plaque. Effective control and regulation
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of this response effectively alleviated the development
of the disease and related complications (Pashkow et
al., 2008). It has been found that astaxanthin could
prevent cardiovascular diseases by improving lipid
metabolism and inhibiting apoptosis (Chen et al., 2018).
Astaxanthin shows a strong ability to reduce lipid
oxidation, which helps to inhibit the formation of
thrombosis and atherosclerotic plaque (Zuluaga et al.,
2018). In a subchronic study of a 7-day oral
supplementation  with  synthesis of astaxanthin
derivatives in rat, the addition of astaxanthin reduced
the level of plasma peroxidation products. It could
reduce the damage of cardiomyocytes, inhibit the
apoptosis of cardiomyocytes and improve the survival
rate of cardiomyocytes. In addition, it reduced the
myocardial infarct size by decreasing blood lipid levels,
which had potential protective effect on the heart
(Gross et al., 2006).

3.3 Anti-aging effect

Aging is the gradual loss of tissue or cellular function
with age. Various theories such as telomere theory, free
radical theory, mitochondrial ~ theory  and
immunological theory have been proposed to explain
the process of aging (Tosato et al., 2007). Free radical
theory, as a possible explanation for the aging process,
is accepted by more and more geriatricians. Oxidative
stress caused by mitochondrial damage, plays an
important role in accelerating aging. Budding yeast is
an effective model for studying oxidative stress,
programmed cell death and aging. Astaxanthin
treatment has decreased ROS levels and lipid
peroxidation, and increased superoxide dismutase
activity in budding yeast. It showed that indicating that
astaxanthin protects cells from oxidative stress-induced
cell death. Astaxanthin could prolong the lifespan of
antioxidant-deficient strains by scavenging ROS
species (Sj et al., 2019).

3.4 Anti-inflammatory effect

The antioxidant properties of astaxanthin also exhibit
an anti-inflammatory  effect.  Protein  tyrosine
phosphorylation is an important mechanism that plays
an important role in cell signal transduction,
physiological functions and pathological processes
(Lee et al., 2011). SHP-1 is a protein tyrosine
phosphatase (PTP), a negative regulator of immune
cytokine signaling, and SHP-1 deficiency had been
found to promote the expression of inflammatory genes.
When studying U937 monocytes, it was resported that
astaxanthin was most likely to restore the level of
SHP-1 and inhibit the production of inflammatory
cytokines (Speranza et al., 2012). In studies of the
effects of lipopolysaccharide-induced inflammatory
responses, treatment with astaxanthin reduced the
number of inflammatory cells. In particular, 100 mg/kg
astaxanthin ~ showed the same intensity of
anti-inflammatory effects as prednisolone at a dose of
10 mg/kg (Ohgami et al., 2003).
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3.5 Hypoglycemic effect

Diabetes is a metabolic disorder characterized by
hyperglycemia and urinary glucose. Diabetes rely on
hypoglycemic drugs to control blood sugar, but
long-term use of hypoglycemic drugs lead to
dependence and adverse reactions (ElI-Demerdash et al.,
2005). Chen Zhigiang's research indicates that
astaxanthin has  hypoglycemic  effects on
alloxan-modeled and adrenaline- and glucose-induced
diabetic mice (Chen et al., 2008). Complications of
diabetes are also difficult to treat. Long-term
hyperglycemia can cause damage to many organs such
as blood wvessels, liver, kidney and nerves.
Hyperglycemia and oxidative stress caused by diabetes
are closely related to the cognitive function of patients.
Studies have shown that astaxanthin has an inhibitory
effect on neuronal apoptosis, and could protect neurons
in diabetic mice from inflammatory damage, thereby
improving cognition (Zhou et al., 2015).

4. Astaxanthin application

4.1 Health product

By improving the mitochondrial redox state,
astaxanthin can alleviate the body's stress state caused
by high-intensity exercise. At the same time, it also has
the ability to lower blood uric acid and clear lactic acid,
and it is expected to become a health care product for
athletes to relieve fatigue and enhance muscle
endurance (Wang et al., 2017). The elderly is
characterized by a gradual loss of exercise capacity,
and muscular dystrophy and decreased endurance are
important factors in this intolerance. Astaxanthin could
improve the muscle strength of elderly. And it has been
shown that the right amount of astaxanthin combined
with functional training can significantly improve the
muscle strength, endurance and flexibility of the
elderly (Liu et al., 2018). The edible history of
astaxanthin has been in existence for more than 20
years and there has been no safety problems.

4.2 Food Additive

Astaxanthin has the effect of delaying the oxidation of
fat and has a protective effect on lipids including fatty
acids and cholesterol. It was discovered through
research on the storage of raw mutton and cooked
mutton products. Meat products containing 20-80
mg/kg of natural astaxanthin could be placed in aerobic
refrigeration for a longer time, helping to increase the
shelf life of the product (Carballo et al., 2018).
Research has so far reported no significant side effects
of astaxanthin consumption in humans.

4.3 Feed additives

Astaxanthin is synthesized by plants and could be
absorbed in animals without conversion. Animals taked
in astaxanthin from the diet and stored it in tissues such
as muscles and skin. In general, consumption of
astaxanthin could blush the skin in animals. The
addition of astaxanthin in diet maked the muscles
appear bright orange-red, such as salmon and rainbow
trout. A large amount of astaxanthin not only improved
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the appearance of fish but also increased the disease
resistance of fish (Xun et al., 2012). Astaxanthin
decreased tumor incidences and has a superior
preventive effect toward photo-oxidative. Astaxanthin
accumulation was observed when astaxanthin was fed
to rats and, the main site of astaxanthin accumulation
was the hairless skin of the tail (Rao et al., 2013). In
rats cancer study, antioxidant enzymes such as
superoxide dismutase and glutathione peroxidase levels
significantly increased after diet with astaxanthin (Petri
and Lundebye, 2007).

4.4 Cosmetics

Astaxanthin was widely used in the production of
cosmetics due to its antioxidant and anti-aging
functions, and it has been developed to anti-aging
products with strong free radical scavenging activity
(Jiang et al., 2017). Astaxanthin could absorb
ultraviolet light with a wavelength between 240 and
400 nm, and had a good sunscreen effect after
compounding with titanium dioxide (Jiao et al., 2017).
The mask made by combination of astaxanthin and
triglyceride had better ability to scavenge free radicals
than vitamin E, indicating a strong antioxidant capacity
(Cheng et al., 2018). One study found that sunscreen
and serum added astaxanthin which has great stability
and applicability (Yang et al., 2015).

5. Conclusion

Astaxanthin has great demand in food, feed,
nutraceutical and cosmetics applications. Meanwhile,
astaxanthin has broad development potential and great
development space in medicine fields. In conclusion,
astaxanthin is suggested as a promising product in
health promotion, futher study will find more
physiological activity and application.
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