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Abstract

Macroalgae, similarly known as macroscopic marine algae, benthic, photosynthetic, nonflowering plants belong to Kingdom
Plantae. They are commonly found attached with rocks, sand particles, pebbles, shells, in shallow water, or other anchoring
with aquatic plants. Macroalgae are rich in bioactive constituents such as carbohydrates, proteins, lipids, fatty acids, amino
acids, vitamins, minerals, pigments, etc. These phyco compounds have great attention for many biological activities which can
be beneficial in skin cosmetics. Many researchers reported useful activities of these phyco compounds in the protection of the
skin against UU induced damaging effects and skin dehydration. Macroalgae possess photoprotective substances to include
mycosporine-like amino acids (MAAs), sulfated polysaccharides, carotenoids, and polyphenols. These compounds also show
UV absorbing activity as well as antioxidant activity. Other research reported role of seaweed such carbohydrates, fatty acids,
lipids as well as sulfated polysaccharides in skin moisturizing activity. Hence, such unique seaweed-derived bioactive
compounds have been regarded as having potential for use in skincare, cosmetics, and pharmaceutical products. The present
review study aims to check the applicability of marine macroalgae in skin cosmeceutical activities such as skin moisturization

and photoprotection.
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Introduction

Marine macroalgae, similarly known as seaweed which is a
macroscopic, benthic, and non-flowering plant. It is
commonly found on attached with rocks, dead corals,
pebbles, shells, grooves of rocks, or by anchoring with send
particles M. It is commonly divided into three different types
based on the presence of its photosynthetic pigments such as
green algae (Chlorophyta), brown algae (Phaeophyta) and
red algae (Rhodophyta) . It possesses a widevariety of
pigments in it such as former phylum contains chlorophyll
a, chlorophyll b, carotenoids, xanthophyll whereas
brownalgae possess Phaeophyceae, xanthophyll,
carotenoids, etc. And the last phylum showed eryhrophycin,
phycocyanin, phycoerythrin, chlorophyll a and b,
carotenoids, etc [, Indian coastal line is about 7500 km with
diversified habitat and rich biota. The total 271 genera and
1153 species of marine algae, including different types and
varieties have been reported from the Indian waters [,
Another study showed about 184 species of green, 166
species of brown, and 420 species of red seaweeds have
been reported from different parts of the Indian coastal line
Bl In India, several species of macroalgae with luxuriant
growth occur along the southeast coast of Tamilnadu. It was
found from Rameshwaram to Kanyakumari covering 21
Islands in the Gulf of Mannar. However, the cultivation of
seaweed carried out at the highest level on the coast of
Tamilnadu . The pattern of ecology, distribution, and
seasonal succession of the littoral algae of the Indian coast
studied by Krishnamurthy V and HV Joshi (1970) with a
checklist containing 525 species and 830 species of marine
algae along in Indian coast reported byUntawale et al.
(1983), Oza RM and Zaidi SH (2001) ["-89],

Srinivasan (1960) reported Gujarat has the longest coastline
about 1600 km consisting of the Gulf of Kutch and Gulf of

Khambhat with a rich diversity of seaweeds %, These two
gulf regions have diversified coastal habitat as well as
ecological significance. The former one region is the biggest
gulf on the west coast of India in the Arabian sea and
contains 42 islands with the high tidal amplitude of the
Saurashtra coast . There are many sites where marine
macroalgae found such as Okha to Dwarka and Vumani,
Adhatra, Saurashtra Diu, Gopnath, Porbandar, and Veraval
sites (2. Different species of seaweed belonging to
Rhodophyta, Phaeophyta, and Chlorophyta recorded by H
Kalasariya et al. (2020) [*31. Many researchers evaluated and
characterized different species of macroalgae such as fatty
acid analysis, amino acid analysis, polysaccharide, and fatty
acid analysis, phenolic compounds, and Pigments content,
etc M. These types of characterization helpful to know its
active biological constituents and lead to predicting its
biological activities %1, It can be applied in various
industrial ~ applications such as  pharmaceuticals,
cosmeceuticals, food and dairy industry, textile industry, as
well as the chemical industry [*°1, These seaweeds are also
utilized in different uses such as bioremediation, medicines,
fertilizers, biofuels, cosmetics, food ingredients, etc 7). Due
to over expanding the market of cosmeceuticals, cosmetic
industries are formulating cosmetic products by using
synthetic chemicals or harmful toxic constituents. These
harmful toxic chemicals accumulate in skin layers and
create toxicity. It may cause dryness of the skin, blotch,
harmful rashes, dark patches and spots, browning of the
skin, skin cancer as well as itching with side symptoms
nausea, allergies, eye burns, headache, vomiting, etc [8],
Instead of harmful sides of application, people are more
attentive to deal with an alternative ingredient that is natural
and to reduce the usage of toxic chemicals. Many alternative
natural sources such as herbal, plant extracts, marine
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resources such as animal products, seaweed, aquatic plants,
etc. The marine ecosystem is a rich source of renewable
resources and an abundant source of bioactive substances
with both pharmaceutical and cosmetic properties. For many
years, seaweeds have become a key ingredient in cosmetic
products such as soaps, lotion, shampoos, moisturizers,
powders, creams, lipsticks, and sprays, etc [ Use of
seaweed in the cosmetic industry in bioactive ingredient to
reduce toxic chemicals. Among them, a wide applicability
of seaweeds in skin cosmetic benefits such as skin
whitening effects skin hydration, in photoprotection, skin
aging, wound healing effect, antimicrobial effects, skin
wrinkle activity, anticellulite activity, etc %, This noted
skin beneficiary applications due to the presence of such
bioactive phycocompounds. Phycompounds have potential
effects on enzyme tyrosinase inhibition, inhibition of Matrix
Metalloprotein  Complex (MMP), radical scavenging
activity, reduce UV induced damage, light absorption, Anti-
collagenase, and anti-elastase activity, etc 1. These
compounds are incorporate into cosmetics to optimize their
properties; their capacity to stabilize and preserve products
and expressed its activities [?2,

This present study aims to check the effect of marine
macroalgae in skin cosmetic beneficial activities such as
skin moisturization and photoprotection. This activity is
helpful to predict the usefulness of seaweeds in skin
hydration as well as protect skin from photodamaging
effects.

Applications of Seaweed in Cosmetics

In vitro studies also demonstrated that the phenolic
compounds are UV protective, or have an inhibitory effect
on melanogenesis %1, Carrageenan and alginate are derived
from seaweeds wused in the cosmetic industry.
Fucusvesiculosus extract contains algarol, which is used in
the fragrance products >, A seaweed Carotenoid called
astaxanthin being used in anti-aging products. Milled
seaweeds are packed and sold as bathwater additives along
with essential oils. They are also commercially sold with
bath salts 2],

Review study on photoprotection activity

When the skin is exposed to UV radiation, UV rays
penetrate dermis and epidermis and induce the production of
ROS which causes damage to DNA. This results in
hyperpigmentation, premature aging, sunburn, skin cancer,
etc 261, Hence, seaweeds serve as an excellent source for
cosmetic products. Marine algal photoprotective substances
exhibit a wide selection of biological activities like UV
absorbing, antioxidants, matrix-metalloproteinase, anti-
aging, and immune-modulatory activities 71, Sunlight UV
radiation is still the most common cause of skin cancer
pathogenesis %1, The photoprotective preparation from
seaweeds proved to be safer and more effective. It filters
UV radiation that helps to prevent several types of skin
damages like sunburn, photo-aging, photodermatoses, or
even skin cancer %1, Bioactive components able to absorb
UV radiation can protect human fibroblast cells from UV-
induced damage and suppressphotoaging in human skin [,
Macroalgae have developed mechanisms to prevent damage
from UVB and UVA radiations, either by producing screen
pigments, like carotenoids or by phenolics. The macroalgae
are exposed to extreme conditions such as UV radiation and
it produces the ROS. Secondary metabolites from seaweeds
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play its role as an antioxidant that helps to combat those
ROS. These antioxidant substances included pigments like
fucoxanthin, carotenoids, mycosporine-like amino acids
(MAA), and phenols such as phlorotannins and scytonemins
31, These bioactive components are capable of absorbing
the UV radiation and keep the human fibroblast cells from
UV-induced aging. These secondary metabolites that act as
UV filters/sunscreen with antioxidant activity can be
extensively used in cosmetic products 2 %I studied the
photoprotection ability of fucoxanthin on UV induced
human fibroblast cells and showed to significantly inhibit
the cell damage at 61.24% at 250 UM due to the presence of
conjugated polyene and terminal ring moieties of
astaxanthin help to trap the radicals and therefore exhibit
potent antioxidative and photo-protective  agents.
Tetraprenyltoluquinolchromanemeroterpenoid extracted
from Sargassum muticum (Yendo) Fensholt showed potent
photoprotection against UV-A radiation and also inhibit the
accumulation of intracellular ROS in human dermal
fibroblast cells 4. Phlorotannins extracted from E. cava
and E. stolonifera also provided photoprotection towards
UVB rays by reducing the cell damage caused by UVB
radiation which is measured by comet assay. It also showed
the inhibition against UVB induced oxidative damage with
antioxidant activities and also upgrading in cell viability [,
Phlorotannins extracted from Halidryssiliquosa (Linnaeus)
Lyngbye proved the sunscreen ability based on the sun
protection factor and UV-A protection factor. It also was
shown to exhibit strong antioxidant activity and proved to
have the ability to Kill bacteria °1. The aqueous extracts of
Hydropuntia  cornea  (J.Agardh) M.J.Wynne and
Gracilariopsislongissima (S.G.Gmelin) Steentoft,
L.M.Irvine&Farnhamexhibited a photo-protective activity
with the sun protection factor of 7.5 and 4.8. The MAA
MAA can also absorb UV light and also act as a sunscreen
[37.38]_ Tt also acts as a better UV filter compared to synthetic
sunscreens 3% 401 The applicability of different macroalgae
in photoprotection activities tabulated in table no.1.

Applicability of seaweed for skin moisturization

Skin moisturizer is a formulation that is made up of a
complex mixture of harmless natural ingredientsthat
hydrates the skin and layers. Acne aggravation, eczema,
physical texture as well as smoothness of skin arise if the
skin is not properly moisturized ™. Moisturizing and
hydration are crucial for skincare and are essential to
maintain its healthy appearance and elasticity, while also
strengthening its role as a barrier to harmful factors 2,
Thereby, moisturizers help in retaining the moisture content
of the skin that improves skin dryness, bruising, and
wrinkles. Some studies suggested that water along with
certain acids such as hyaluronic helps in moisturizing the
human skin “3. Many scientists characterized the profile of
polysaccharides and evaluated its beneficiary skin
moisturization activities 4. Polysaccharides such as
alginate, agar, carrageenan, and fucoidans from certain algal
species help to regulate the distribution of water in the skin
431, Polysaccharides play a very important role in cosmetic
formulations as humectants and moisturizers. According to
Wang and colleagues 1, polysaccharides extracted from
Saccharina japonica revealed better moisturizing properties
than hyaluronic acid, suggesting that these polysaccharides
could be an interesting ingredient for cosmetics. A cosmetic
formulation containing 5-10% extract of Laminaria
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japonica improved skin moisture 7, This purpose serves
many benefits with non-toxic, economical, abundant algal
biomass which can be used as an alternative for harmful
preparation containing acetyl alcohol, or silicone-derived
ingredients (81, Many Studies reported polysaccharides from
certain algal species like S. japonica, Chondrus crispus, and
Codium tomentosum helps in the absorption of water or
moisture, providing soothing effect, that regulates water
circulation which keeps the skin moisturized in extremely
hot and dry environments “°, The skin hydration activities
of different seaweeds expressed in table no.2.

Discussion

Macroalgal derived phycocompounds have been used in
skin cosmetic formulations due to their beneficial
properties. Due to increasing attention towards an
alternative source of ingredients in cosmetic production.

http://www.botanyjournals.com

Macroalgae considered a source of value-added compounds,
with scientific output showing their usefulness for human
health and wellbeing. These aspects be an advantage for
many growing industrial applications such as in
pharmaceuticals, cosmetic industry, food and dairy, polymer
industry, etc. Among them, seaweeds have many biological
effects such as skin whitening effect by melanin inhibition,
antiaging, antioxidant, maoisturizing, collagen-boosting,
antiwrinkle, photoprotection to relieve UV induced damage,
anti-inflammatory, anti-cellulite and slimming,
antimicrobial activity such as antiviral, antibacterial,
antifungal, etc. This review has summarized some of the
possible applications of macroalgae as active ingredients in
photoprotection as well as skin hydration which is an
alternative for synthetic cosmetic products. Also, many
other beneficial properties will be put forward by the
cosmetic industries for further evaluation.

Table 1: Role of different macroalgae in the protection of the skin against photodamage.

No. Marine Macroalgae Activities/Effects | References
1 Catenellarepens Photoprotection (50,51)
2 Porphyra sp. Photoprotection (52)
3 Dunaliellasalina Photoprotection (53)
4 Ulvalactuca Photoprotection (53)
5 Tetraselmisuecica Photoprotection (54)
6 Porphyratenera Photoprotection (55)
7 Ecklonia cava Photoprotection (56)
8 Chlorella sorokiniana Photoprotection (57)
9 Eucheumacottonii (Kappaphycusalvarezii) Photoprotection (57)
10 | Eucheumaspinosum (Eucheumadenticulatum) Photoprotection (58)

Table 2: Role of different macroalgae in skin moisturization.

No. Algal Species Activities/Effects | References
1 GenusWakame Skin moisturizer (59)
2 Spirulina sp. Skin moisturizer (59)
3 Chlorella sp. Skin moisturizer (59)
4 Codiumtomentosum Moisturizer (60)
5 Ulvaaustralis (as Ulvapertusa) Skin moisturizer (61,62)
6 Ulva. Lactuca Skin moisturizer (63,64)
7 C. tomentosum Skin moisturizer (65,66)
8 Vertebratalanosa, Polysiphonialanosa Skin moisturizer (65,66)
9 Undariapinnatifida Skin moisturizer (65,66)
10 ChondrusCrispus Skin moisturizer (65,66)
11 Palmari Palmate Moisturizer (61,62)
12 Palmariumbilicalis Moisturizer (61,62)
13 Rhizocloniumhieroglyphicum Moisturizer (67)
14 Laminaria japonica Skin moisturizer (68)
15 Irish moss Moisturizer (69)
16 Postelsiapalmaeformis Moisturizer (70)
17 Laminaria hyperborean Moisturizer (71,72)
18 Saccharina japonica Moisturizer (65,66)
19 S. japonica Moisturizer (65,66)
20 Macrocystis sp. Moisturizer (73,74)
21 Chlorella vulgaris Moisturizer (75)
22 Cladosiphonokamuranus Moisturizer (65,66)
23 Spirulina sp. Moisturizer (76)
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