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Microalgae: A Promising New Source of Inmune-Boosting Compounds from the Sea
@M$1992: MuidentnuiWaiasunAUNURINADYN:LA

Microalgae cultivation presents a promis-
ing strategy for achieving net-zero emis-
sions while simultaneously producing
valuable bio-based products. These fast-
growing, photosynthetic microorganisms
efficiently capture carbon dioxide from
the atmosphere or industrial emissions,
contributing to climate change mitigation.
Beyond carbon sequestration, microalgae
serve as arenewable and sustainable
source of high-value compounds, includ-
ing biofuels, nutraceuticals, and immune-

enhancing compounds.
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Immunomodulatory Compounds from Microalgae
A comprehensive review by Riccio and Lauritano (2020) identified four primary groups of immunomodulatory compounds

derived from microalgae:

1. Sulfated Polysaccharides (sPS)

e Complex carbohydrates containing sulfate groups, exhibiting potent im-
munostimulatory effects.

e Found in species such as Tribonema, Chlorella vulgaris, and Gyrodinium impu-
dicum.

e Shown to activate macrophages — white blood cells responsible for eliminat-
ing pathogens — and promote the release of cytokines like interleukin-6 (IL-6)
and tumor necrosis factor alpha (TNF-a) which help signal immune response.

2. Sulfolipids
e Sulfur-containing lipids located in algal chloroplast membranes.
e Present in species such as Phaeodactylum tricornutum.
e Play arole in activating dendritic cells, which help regulate immune responses.

Synthetic sulfolipids patented as Sulfavant are currently under investigation as

natural vaccine adjuvants.
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1. Sulfated Polysaccharides (sPS)

¢ WumslulalasaBudaunirydawaasans:qualAUAULAE

e wuluaHsgLwu Tribonema, Chlorella vulgaris wa: Gyrodinium impudicum

e ¥uns:Au macrophage dulluwadliaidaaudArKihAmsaidolsa ua:wums
KHav cytokines Adaanss:H3wIBaanIAUNU LEU interleukin-6 (IL-6) Ua: tumor
necrosis factor alpha (TNF-a)

2. Sulfolipids
o WWuluduRbrydaiwa wuluidaRunaslswanaduovaiHsie
e Wulu Phaeodactylum tricornutum
e ¥281ns:AU dendritic cells ﬁorﬁ’wﬁwﬁdoémz’mmn‘ﬁuﬁu
e Dmswauunaisdvlasi:H sulfolipid 8o Sulfavant tWaldLduansiasy
Us:ansnwindu

3. Polyunsaturated Fatty Acids (PUFAs)

e Essential fatty acids, including EPA and DHA, traditionally sourced from
fish oil.

e Found in Nannochloropsis, Isochrysis, and Skeletonema costatum.

e Demonstrated anti-inflammatory effects, enhancement of T-cells which
are white blood cells crucial in the immune system and macrophage activ-
ity which are crucial for immune functions, and regulation of excessive
cytokine release, particularly interleukin-1beta (IL-18) and interleukin-6

3. Polyunsaturated Fatty Acids (PUFASs)
e AonsaluulidudRratachurkuv wu EPA ua: DHA Awuluthiiudan
e wulu Nannochloropsis, Isochrysis ua: Skeletonema costatum
e Ian3unisdntau aetasumsmouuaw T-cells (LaatialdoaunAtdudiu
KUvuavS:UUATAUAU) ua: macrophage ua:AJUAUMSHAY cytokines AN
1AulU wu IL-1B ua: IL-6

4. Astaxanthin
e A powerful antioxidant — reportedly several thousands times more potent
than vitamin C.
e Found in Haematococcus pluvialis and Dunaliella salina.
e Increases natural killer (NK) cell counts which are essential for targeting
cancer cells, and boosts production of immune-enhancing cytokines such
as interleukin-2 (IL-2) and interferon gamma (INF-y).

4. Astaxanthin
e aisdhupuyadas:Abdansgon3i13miudralewulril
e wulu Haematococcus pluvialis ua: Dunaliella salina
e HOIWUTIUOU NK cells ArhKhAfYaIBadu:15y ua:WumsHav interleukin-2
(IL-2) ua: interferon gamma (INF-y) Boiluaisns:quadAunu
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Promising Experimental Findings

In Human Studies

e Daily consumption of 5 grams of Chlorella vulgaris over eight weeks
increased NK cell numbers and cytokine levels.

e Heat-extracted Spirulina platensis was shown to enhance interferon
production and improve NK cell cytotoxicity against abnormal cells.

In Animal Studies

e Dunaliella salina improved immune responses in mice.

e [3-glucan extracted from Euglena gracilis stimulated macrophage ac-
tivity and elevated tumor necrosis factor alpha (TNF-a) and interleu-
kin-6 (IL-6) secretion.

e sPS from Gyrodinium impudicum helped mice recover from severe
infections.
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e m1sSuuUs:nu Chlorella vulgaris 3ua: 5 AsU GaciaAu 8 FUANK ¥
LWL NK cells ua: cytokines

e Spirulina platensis ARUNISANAAITAUSDU YIYIWL interferon La:AUAIWSOUDY NK cells lumsrdatsadanaund

tudadnaasv

e Dunaliella salina $291WUANTAUAUIURY

e B-glucan 910 Euglena gracilis $28ns:AQU macrophage wa:lWUNISHAVUDY tumor necrosis factor alpha (TNF-a) ua: interleukin-
6 (IL-6)

e sPS 90 Gyrodinium impudicum ggryWudoInmsaaldosuusy

Future Applications and Potential

The versatility and bioactivity of microalgae point to diverse

opportunities in medical and wellness sectors.

¢ Natural Vaccine Adjuvants: Sulfolipids and sPS from micro-
algae show promise as safe, effective natural adjuvants for
next-generation vaccines, particularly against viral diseases
resistant to conventional treatments.

e Cancer Therapy: Microalgal compounds could be used to
stimulate NK cells and T-cells, enhancing the immune sys-
tem’s ability to selectively target cancer cells while preserving
healthy tissue.

e Personalized Functional Nutrition: Health-promoting com-
pounds such as EPA, DHA, and astaxanthin can be incorpo-
rated into customized supplements tailored to individual
genetic and immune profiles.

o Cosmeceuticals and Anti-Aging Products: Astaxanthin’s
potent antioxidant capacity offers promise for both topical
and oral skincare applications.

¢ Preventive Medicine: Bioactive microalgal compounds could
serve as ingredients in functional foods designed to help pre-
vent diseases such as cardiovascular disorders, diabetes, im-
munodeficiencies, and chronic inflammation.
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Conclusion
While microalgae may be microscopic in size, their potential impact is immense. These photosynthetic microorganisms not only

A2 IWHaNHKa1wAUMSBoiuLa:ANUaIISAlUMSKAAA1SPDNHNENIVEINTWUDY
amswuualdn thiaualoniafkainHatsludiunisuwngdua:auniw

astasuuds:ansmwiadu: a1s sulfolipids ua: sPS 91naiksiguuNalanaiuisa
wauunduansiasuus:ansniwiuananeua:ius:ansmwav dHsudndualolku
Toglawr3agudiubsandadanissnuinuulay

ms$avLzISY: a1S9INARIVLBIuNS:AU NK cells ua: T-cells IRTouGiBadu:So
logluhaewaaund

DIHISAUMWIAWIUAAA: S1SEATYINAIHSIE LU EPA/DHA H3D astaxanthin
awnsathdsugasmuwusnssuLa:and:AlAuAuYDYLGa:AU

Lo WLANAAAUNB:aD3Y: astaxanthin ATONSMUDUYadas:goaunsa
thwtdnvlusyuuumua:suus:mulWas:andoua:jisond

misuwnéiBoUavau: a1sonaisiwawnsathluididudsuwaulusmswondulwa
UnvAulsAciv a 16u IsARID WK AdAUAUCY HEomsnLau3asy

offer a rich source of immunomodulatory and bioactive compounds but also play a vital role in environmental sustainability.
Their capacity to capture carbon dioxide and thrive in diverse environments makes them an integral part of climate mitigation
strategies. As the world accelerates its transition toward net-zero emissions and sustainable health solutions, microalgae stand

out as a dual-benefit solution.
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