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Definition
Astaxanthin (AST) is a biomolecule known for its powerful antioxidant eﬀect, which is considered of
great importance in biochemical research and has great potential for application in cosmetics, as well
as food products that are beneﬁcial to human health and medicines. Unfortunately, its poor solubility
in water, chemical instability, and low oral bioavailability make its applications in the cosmetic and
pharmaceutical ﬁeld a major challenge for the development of new products. To favor the search for
alternatives to enhance and make possible the use of AST in formulations, this article aimed to review
the scientiﬁc data on its application in delivery systems.

1. Introduction
Astaxanthin (AST) is a xanthophyll carotenoid that was ﬁrst isolated from lobster by Kuhn and Sorensen
and was commercialized as a pigmentation agent for feed in the aquatic farm industry

[1][2].

The AST, or

3,3′-dihydroxy-β,β-carotene-4,4′-dione, is a tetraterpene composed of 40 carbon atoms (Figure 1 A), and
its molecular formula is C40H52O 4 (molecular mass 596.85 g·mol−1)

[3][4].

This reddish-orange pigment is

solid at room temperature, is fat-soluble, and its log P (octanol/water partition) is 13.27 [4]. Furthermore,
its chemical structure is composed of 13 conjugated double bonds that have the ability to neutralize free
radicals, conferring the strong antioxidant activity of AST

[3].

Figure 1. (A) Astaxanthin (AST) chemical structure. (B) The microalgae Haematococcus pluvialis is a
promising source for AST industrial biological production and AST applications. Diagram created using
BioRender.com (accessed on 17 August 2021).
In recent years, AST has gained visibility and attracted attention for cosmetic and dermatological
applications, thanks to its remarkable antioxidant properties, which are much stronger than those of
tocopherol, and to its positive eﬀects on skin health and protection against UV radiation, which may
suggest promising applications in anti-aging products

[5][6]

.

Regarding industrial applications, AST has been produced synthetically through cost-eﬀective methods for
large-scale production. However, the green microalgae Haematococcus pluvialis, due to its ability to
accumulate AST at high levels, is the main source for human consumption, besides being the most
promising source for its industrial biological production

[1][7].

It can be found either in plants, animals,

yeasts, or other algae species. Nowadays, it ﬁnds many applications in aquaculture, cosmetics, foods,
[1]

nutraceuticals, and pharmaceuticals

[1]

(Figure 1 B).

Topical AST application has been reported to have several skin health beneﬁts, including antioxidant and
anti-aging
hydration

eﬀects [8][9][10][11][12][13], protection against UV irradiation [10][14],
[16],

anti-wrinkle [15][10][16],

wound healing [17][18], anti-cancer properties [11], and anti-eczema eﬀects [8][19].

2. Astaxanthin Delivery Systems for Skin Application
Microemulsions are thermodynamically stable transparent delivery systems formed by droplets dispersed
on a liquid phase, which are capable of forming spontaneously and have low interfacial energy and size,
ranging from about 10 nm to 100 nm (Figure 2 A) [20][21]. Zhou et al. [22] developed AST oil/water
microemulsions and checked the eﬀect of diﬀerent antioxidants either alone or in combination as
additives to improve their stability. The microemulsion prepared with AST alone, with Tween 80 as an
emulsiﬁer and ethanol in buﬀer solution, retarded AST degradation, thereby proving to be an excellent
alternative to improve emulsions for AST delivery.

Figure 2. Schematic representation of AST delivery systems. (A) Emulsions: AST microemulsions and
nanoemulsions; (B) particulate systems: AST microparticles and nanoparticles; (C) inclusion complexes:
AST cyclodextrins (CDs); (D) ﬁlms: AST polymeric ﬁlms. Created with BioRender.com (accessed on 17
August 2021).
To obtain stabilized cosmetic products with anti-wrinkle, anti-aging, and humectant properties, Kim et al.
[23]

prepared oil/water AST nanoemulsions using glycerol esters such as glyceryl citrate, lactate, linoleate

and oleate as alternative emulsiﬁers to the traditional hydrogenated lecithin. Nanoemulsions were studied
in terms of their physicochemical properties, such as the emulsiﬁer type and concentration, preparation
conditions, and AST concentration, and were characterized by a freeze-fracture scanning electron
microscope (FF-SEM), TEM, and high-performance liquid chromatography (HPLC). Nanoemulsions, with
zeta potential in the range from −10 to −57 mV and an average particle size of 170 nm, were
progressively more unstable with the increase in particle size when hydrogenated lecithin was used.
Hong et al. [24] prepared AST nanoemulsions that were functionalized with carboxymethyl chitosan, to
investigate its eﬀects on the droplet size, stability, skin permeability and cytotoxicity of the formulation.
For this purpose, the low-energy emulsion phase inversion method was used, which, in addition to
preventing AST degradation during nanoemulsion preparation, has the advantages of a low cost, high
energy eﬃciency, simplicity of production and easy scale-up. Results showed improvement in chemical
stability and skin permeability, while the small droplet size, satisfactory physical stability, and low
cytotoxicity were not aﬀected by the functionalized nanoemulsion.
[25]

To prevent antioxidative stress on endothelial cells, Zuluaga et al. [25] developed a similar complex with
AST and hydroxypropyl-β-cyclodextrin (HP-β-CD). The diﬀerential of this study was the direct and indirect
measurement of its antioxidant capacity by understanding the cells’ molecular mechanisms involved in
gene expression. Results showed that the inclusion complex formulation could protect cells by activating
endogenous AST systems through the Nrf2/HO-1/NQO1 pathway, in addition to the enhancement of
solubility due to its incorporation into the cyclodextrin core.

3. Current Insights
Liposomes in themselves are relatively unstable delivery systems because of their membrane instability
in aqueous solution, which can aﬀect their bioavailability and pharmacological eﬀect, the addition of
adjuvants being necessary to bring more rigidity and stability. AST seems to enhance the liposomes’
stability when on the membrane, which helps its delivery. The strategy of adding other adjuvants to
improve membrane rigidity seems to be necessary to ensure stability, which should be taken into account
when assessing production costs. Reducing the particle size with the development of nanoliposomes
seems to be an excellent alternative method to improve their stability and consequently their penetration,
solubility, and continuous release; however, it is still necessary to consider the machinery and costs
involved. Another innovative alternative method to deliver AST on deep skin layers is the use of the
iontophoretic technique with charged delivery systems, developed with liposomes, which makes it
possible to reach the stratum corneum and act as a whitening agent.
Particulate systems are a promising alternative way to develop innovative formulations for AST delivery,
thanks to the possibility of using diﬀerent matrix components and methods to form spheres and capsules
at micro- or nanoscale. Similar to nanoemulsions, studies based on experimental design can be
performed to optimize the conditions needed to prepare particulate systems. It is important to consider
alternative methods, to prevent AST degradation. Some articles on particulate systems considered in this
review presented either ecological or natural alternatives to develop delivery systems, which can
aggregate to more sustainable products.
The use of CDs as systems to guest AST in inclusion complexes is able to signiﬁcantly improve the
solubility of hydrophobic compounds like AST. However, it would be necessary to have a greater number
of inclusion complexes, in order to carry out a comparison by which to identify the most advantageous
system. From the results examined in this review, it is possible to state that AST can form inclusion
complexes either with natural CDs, such as β-CDs, or with modiﬁed CDs, such as HP-β-CD. Films for the
delivery of bioactive compounds on the skin are an alternative, especially for wound healing and scald
treatments. The antioxidant eﬀect accelerates the healing process, due to its anti-inﬂammatory activity.
The AST-incorporating ﬁlms may also be applied as an easy adjunct treatment, to treat skin cancer, which
should be considered in the research. In addition, AST seems to act merely as an active principle, which
requires a ﬁlm-forming agent such as collagen, chitosan, cellulose derivatives, and others to create the
ﬁlm structure.
The systems that seem to be more developed and robust are the emulsions and the particulate systems,
given the large number of articles and assays performed on them. However, they are not the only
systems to consider. On the other hand, the limited studies carried out on other systems, many of which
are not mentioned in this review article, show opportunities for the development of new and innovative
formulations. Examples are solid dispersions, transdermal systems, and others.

4. Conclusions
Delivery systems are useful for the improvement of the physicochemical proﬁle of this compound, such as
stability, water-solubility, antioxidant properties, drug release, and in vivo and in vitro biological activities.
Therefore, the delivery systems for loading AST described in this article create opportunities for industrial
applications; however, other industrial issues for the development of new products must be evaluated.
Moreover, AST-optimized products become potentially attractive for the development of further studies,
due to the antioxidant properties and beneﬁts of AST.

References
1. Davinelli, S.; Nielsen, M.E.; Scapagnini, G. Astaxanthin in skin health, repair, and disease: A comprehensive review.
Nutrients 2018, 10, 522.
2. Vollmer, D.L.; West, V.A.; Lephart, E.D. Enhancing skin health: By oral administration of natural compounds and
minerals with implications to the dermal microbiome. Int. J. Mol. Sci. 2018, 19, 3059.
3. Higuera-Ciapara, I.; Felix-Valenzuela, L.; Goycoolea, F.M. Astaxanthin: A review of its chemistry and applications. Crit.
Rev. Food Sci. Nutr. 2006, 46, 185–196.
4. Jannel, S.; Caro, Y.; Bermudes, M.; Petit, T. Novel insights into the biotechnological production of Haematococcus
pluvialis-derived astaxanthin: Advances and key challenges to allow its industrial use as novel food ingredient. J. Mar.
Sci. Eng. 2020, 8, 789.
5. Couteau, C.; Coiffard, L. Microalgal Application in Cosmetics. In Microalgae in Health and Disease Prevention;
Fleurence, J., Levine, I.A., Eds.; Academic Press: Cambridge, MA, USA, 2018; pp. 317–323.
6. Sotiropoulou, G.; Zingkou, E.; Pampalakis, G. Redirecting drug repositioning to discover innovative cosmeceuticals.
Exp. Dermatol. 2021, 30, 628–644.
7. Fakhri, S.; Abbaszadeh, F.; Dargahi, L.; Jorjani, M. Astaxanthin: A mechanistic review on its biological activities and
health benefits. Pharmacol. Res. 2018, 136, 1–20.
8. Yoshihisa, Y.; Andoh, T.; Matsunaga, K.; Ur Rehman, M.; Maoka, T.; Shimizu, T. Efficacy of astaxanthin for the
treatment of atopic dermatitis in a murine model. PLoS ONE 2016, 11, e0152288.
9. Eren, B.; Tuncay Tanrıverdi, S.; Aydın Köse, F.; Özer, Ö. Antioxidant properties evaluation of topical astaxanthin
formulations as anti-aging products. J. Cosmet. Dermatol. 2019, 18, 242–250.
10. Imokawa, G. The Xanthophyll Carotenoid Astaxanthin has Distinct Biological Effects to Prevent the Photoaging of the
Skin Even by its Postirradiation Treatment. Photochem. Photobiol. 2019, 95, 490–500.
11. Rao, A.R.; Sindhuja, H.N.; Dharmesh, S.M.; Sankar, K.U.; Sarada, R.; Ravishankar, G.A. Effective inhibition of skin
cancer, tyrosinase, and antioxidative properties by astaxanthin and astaxanthin esters from the green alga
haematococcus pluvialis. J. Agric. Food Chem. 2013, 61, 3842–3851.
12. Hama, S.; Takahashi, K.; Inai, Y.; Shiota, K.; Sakamoto, R.; Yamada, A.; Tsuchiya, H.; Kanamura, K.; Yamashita, E.;
Kogure, K. Protective Effects of Topical Application of a Poorly Soluble Antioxidant Astaxanthin Liposomal Formulation
on Ultraviolet-Induced Skin Damage. J. Pharm. Sci. 2012, 101, 2271–2280.
13. Suganuma, K.; Nakajima, H.; Ohtsuki, M.; Imokawa, G. Astaxanthin attenuates the UVA-induced up-regulation of
matrix-metalloproteinase-1 and skin fibroblast elastase in human dermal fibroblasts. J. Dermatol. Sci. 2010, 58, 136–
142.
14. Yoshihisa, Y.; Rehman, M.u.; Shimizu, T. Astaxanthin, a xanthophyll carotenoid, inhibits ultraviolet-induced apoptosis
in keratinocytes. Exp. Dermatol. 2014, 23, 178–183.
15. Tominaga, K.; Hongo, N.; Karato, M.; Yamashita, E. Cosmetic benefits of astaxanthin on humans subjects. Acta
Biochim. Pol. 2012, 59, 43–47.
16. Seki, T.; Sueki, H.; Kono, H.; Suganuma, K.; Yamashita, E. Effects of astaxanthin from haematococcus pluvialis on
human skin. Fr. J. 2001, 12, 98–103.
17. Meephansan, J.; Rungjang, A.; Yingmema, W.; Deenonpoe, R.; Ponnikorn, S. Effect of astaxanthin on cutaneous wound
healing. Clin. Cosmet. Investig. Dermatol. 2017, 10, 259–265.
18. Veeruraj, A.; Liu, L.; Zheng, J.; Wu, J.; Arumugam, M. Evaluation of astaxanthin incorporated collagen film developed
from the outer skin waste of squid Doryteuthis singhalensis for wound healing and tissue regenerative applications.
Mater. Sci. Eng. C 2019, 95, 29–42.
19. Palareti, G.; Legnani, C.; Cosmi, B.; Antonucci, E.; Erba, N.; Poli, D.; Testa, S.; Tosetto, A. Anti-inflammatory effect of
Astaxanthin in phthalic anhydride- induced atopic dermatitis animal model. Int. J. Lab. Hematol. 2016, 38, 42–49.
20. Callender, S.P.; Mathews, J.A.; Kobernyk, K.; Wettig, S.D. Microemulsion utility in pharmaceuticals: Implications for
multi-drug delivery. Int. J. Pharm. 2017, 526, 425–442.
21. Nastiti, C.M.R.R.; Ponto, T.; Abd, E.; Grice, J.E.; Benson, H.A.E.; Roberts, M.S. Topical nano and microemulsions for skin
delivery. Pharmaceutics 2017, 9, 37.
22. Zhou, Q.; Xu, J.; Yang, S.; Xue, Y.; Zhang, T.; Wang, J.; Xue, C. The effect of various antioxidants on the degradation of
o/w microemulsions containing esterified astaxanthins from Haematococcus pluvialis. J. Oleo Sci. 2015, 64, 515–525.
23. Kim, D.M.; Hyun, S.S.; Yun, P.; Lee, C.H.; Byun, S.Y. Identification of an emulsifier and conditions for preparing stable
nanoemulsions containing the antioxidant astaxanthin. Int. J. Cosmet. Sci. 2012, 34, 64–73.
24. Hong, L.; Zhou, C.L.; Chen, F.P.; Han, D.; Wang, C.Y.; Li, J.X.; Chi, Z.; Liu, C.G. Development of a carboxymethyl
chitosan functionalized nanoemulsion formulation for increasing aqueous solubility, stability and skin permeability of
astaxanthin using low-energy method. J. Microencapsul. 2017, 34, 707–721.
25. Zuluaga, M.; Barzegari, A.; Letourneur, D.; Gueguen, V.; Pavon-Djavid, G. Oxidative Stress Regulation on Endothelial

Cells by Hydrophilic Astaxanthin Complex: Chemical, Biological, and Molecular Antioxidant Activity Evaluation. Oxid.
Med. Cell. Longev. 2017, 2017, 8073798.

Keywords
astaxanthin;delivery system;skin;cosmetics;drugs;drug release

Retrieved from https://encyclopedia.pub/15660

