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ABSTRACT

Marine plants are a comparatively untapped reservoir of bioactive compounds with promise for application in
the treatment of chronic inflammatory and neurodegenerative diseases. Unlike plants on land, marine plants
are adapted to saline, oxidative, and UV-rich conditions, leading to the evolution of structurally sophisticated
and biologically active molecules. Polysaccharides, polyphenols, phlorotannins, and sterols from marine animals
such as Ecklonia cava, Zostera marina, and Avicennia marina have been found to have potent anti-inflammatory
and neuroprotective properties. They modulate key signaling pathways such as NF-kB, MAPK, and PI3K/Akt and
thereby inhibit the release of pro-inflammatory cytokines and oxidative neuronal damage. Preclinical studies
show that these marine-derived molecules can protect against diseases such as Alzheimer’s disease, Parkin-
son’s disease, and multiple sclerosis, and reduce systemic inflammation in metabolic diseases. Despite promis-
ing pharmacological profiles, limitations such as low bioavailability and lack of clinical validation remain. This
mini-review recapitulates the recent advances in marine plant-derived compounds with anti-inflammatory and
neuroprotective properties, outlining their mechanisms of action, therapeutic potentials, and future perspec-
tives. The integration of marine pharmacognosy and modern drug development strategies could pave the way
for novel, safe, and efficacious therapeutics for some of the most incapacitating health conditions of our time.
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Introduction

Marine algae such as macroalgae (seaweeds), seagrasses, and

al decades, inflammatory and neurodegenerative disorders such as
rheumatoid arthritis, Alzheimer’s disease, and Parkinson’s disease
have experienced explosive growth. Disadvantages of available ther-

mangroves are a diverse source of structurally diverse bioactive com-
pounds. These species inhabit dynamic coastal ecosystems with in-
tense salinity, high ultraviolet (UV) radiation, mechanical stress, and
fluctuating temperatures. Marine algae have evolved sophisticated
metabolic pathways in response to such stressful conditions, produc-
ing secondary metabolites with potent pharmacological activities.
Remarkably, the bioactives exhibit antioxidant, anti-inflammatory,
antimicrobial, and neuroprotective activities [1-7]. In the past sever-

apeutic medications—e.g., side effects, cost, and resistance—have
prompted efforts to seek out alternative treatments. Marine-derived
products offer promising drug candidates since they demonstrate
novel modes of action and are biocompatible [8-10]. The neuropro-
tective and anti-inflammatory potential of marine plants, based on
both in vivo and in vitro evidence, is thus receiving growing scientific
attention (Table 1).
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Table 1: Representative Marine Plant Species and Their Pharmacological Activities.

Species Active Compounds Therapeutic Action Target Pathway References
Ecklonia cava Phlorotannins Neuroprotection, Anti-inflammatory NF-xB, MAPK [5]
Avicennia marina Flavonoids, Sterols Anti-inflammatory COX-2, iINOS [6]
Zostera marina Phenolic acids Antioxidant, Neuroprotective PI3K/ Akt [7]

Bioactive Compounds in Marine Plants
Polysaccharides

Sulfated polysaccharides such as fucoidan, alginate, carrageenan,
and laminarin-mainly from brown algae (Phaeophyceae) have been
found to possess different bioactivities. Fucoidan, for instance, con-
trols immunity by inhibiting pro-inflammatory cytokines like IL-6
and TNF-a and inducing macrophage phagocytosis. Such polysaccha-
rides are structurally heterogeneous depending upon species, season,
and habitat and affect potency and specificity [11].

Polyphenols and Phlorotannins

Polyphenols, especially phlorotannins from brown algae such as
Ecklonia cava, have significant antioxidant and anti-inflammatory ac-

tivities. Phlorotannins act as free radicals scavengers (reactive oxygen
species, ROS), inhibit nuclear factor-kappa B (NF-kB), and modulate
mitogen-activated protein kinase (MAPK) signaling. Experiments
showed that these compounds can inhibit cyclooxygenase-2 (COX-2)
and inhibit nitric oxide production in lipopolysaccharide-stimulated
macrophages [12,13].

Sterols and Terpenes

Marine sterols like fucosterol and terpenes like squalene, derived
from seaweeds and mangroves, exhibit antioxidative and anti-inflam-
matory effects. Fucosterol inhibits the expression of IL-1f, IL-6, and
COX-2 and regulates PI3K/Akt pathways for cell survival and immune
response. These molecules also decrease oxidative damage by en-
hancing endogenous antioxidant enzyme activity based on Table 2
[14].

Table 2: Bioactive Compounds from Marine Plants: Types, Mechanisms, and Therapeutic Potentials.

Cocr?r l;(:l;nd Example Compounds Marine Source Bioactivity Mechanism Therapeutic Relevance | References
Fucoidan, Alginate, Car- Brown algae . }inhxblts IL.'6_ ancliT{\I F-q; pror?otes Anti-inflammatory,
rageenan, Laminarin (Fucus, Laminaria, | phagocytosis; modulates complement Immunomodulatory [5-7]
) ! Undaria) activation
Polysaccharides .
. Suppresses cytokine storm, modu- . .
. Fucus vesiculosus, o Autoimmune disease
Fucoidan . lates macrophage and dendritic cell . [12,13]
Ecklonia cava A management, anti-cancer
activation
. . . Scavenges ROS; inhibits NF-xB, COX- .
Phioroglucinol, Dieckol, . Ecklonia cuoa, Asco- | =5 4 {iNOS; downregulates MAPK | Nearoprotective, An- -y 1)
Polyphenols & Py ‘ and inflammatory enzymes y
Phlorotannins . Inhibits NO production in LPS-stimu- .
. Brown algae (Eise- - L Atherosclerosis preven-
Phlorotannins o lated macrophages; reduces oxidative . ok [8]
nia bicyclis) o, e tion, anti-aging
stress and lipid peroxidation
Fucosterol Sargassum fisi- Inhibits COX-2, IL-1f, IL-6; activates Antioxidant, Anti-neu- [14]
Sterols & Ter- forme, Turbinaria PIBK/ Akt for cell survival roinflammatory
penes S Mangroves, deep- Enhances SOD, catalase, and GPx en- Skin health, Cardiopro-
qualene v . - - [6,10]
sea algae zyme activity; reduces ROS damage tection, Brain aging

Anti-Inflammatory Mechanisms of Marine Plant

Compounds

Marine compounds target several molecular pathways associat-
ed with inflammation. The major mechanisms include inhibition of
NF-kB and MAPK pathways, COX-2 enzyme expression inhibition, and

reduction in the secretion of pro-inflammatory cytokines such as IL-
1B, IL-6, and TNF-a. For example, extracts from Zostera marina and
Avicennia marina are effective in inhibiting NF-«kB activation and cy-
tokine secretion in macrophage cell models. The extracts also reduce
intracellular ROS, inhibiting oxidative stress-mediated inflammation
according to Table 3 [5,9,13].
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Table 3: Anti-Inflammatory Potential of Marine Plant Extracts (% In-
hibition of IL-6 Production).

Extract Source Cell Line Used | IL-6 Inhibition (%) | Reference
Ecklonia cava RAW 264.7 65 [5]
Zostera marina THP-1 58 9]
Avicennia marina RAW 264.7 70 [10]
Gracilaria sp. THP-1 60 [7]

Neuroprotective Actions and Therapeutic Targets

Marine plant metabolites exhibit neuroprotection through di-
verse mechanisms, including ROS scavenging, mitochondrial protec-
tion, and modulation of key signaling pathways like PI3K/Akt and
Nrf2. Phlorotannins from Ecklonia cava and sulfated polysaccharides
from red algae were shown to suppress apoptosis in neuronal cells in
Alzheimer’s and Parkinson’s disease models (Tables 4 & 5). These me-
tabolites also improve cognitive functions by suppressing -amyloid
aggregation and neuroinflammation [10,11,14].

Table 4: Neuroprotective Effects of Marine-Derived Compounds (% Reduction in ROS Production).

Marine Compound Neuronal Model ROS Reduction (%) Reference

Phlorotannins (E. cava) SH-SY5Y 60 [11]

Sulfated polysaccharides APP/PS1 mice 45 [12]

Fucosterol BV-2 53 [13]

Halophilic polyphenols SH-SY5Y 50 [14]

Table 5: Signaling Pathway Modulation by Marine Plant Extracts (% Change from Control).
Extract Source NF-xB Inhibition (%) MAPK Inhibition (%) PI3BK/Akt Activation (%) Reference

Ecklonia cava 70 55 40 [5]
Zostera marina 60 52 45 9]
Avicennia marina 75 58 38 [6]
Sargassum muticum 62 50 43 [8]

Challenges and Limitations

Despite their auspicious pharmacological activities, drugs from
marine plants are also plagued with some translational issues. These
include low oral bioavailability, rapid metabolism rates, and undesir-
able pharmacokinetic profiles. In addition, geographical and season
factors influence metabolite content, rendering standardization prob-
lematic. The lack of clinical trials is also a limiting factor to regulatory
approval and therapeutic applications. All of these are to be overcome
with good analytical devices and scale-up extraction protocols [6,8].

Future Perspectives

In order to achieve complete therapeutic potential of seaweed
compounds, future research should give high priority to nanoformu-
lation techniques, synthetic analog design, and systems biology tools.
Nanoencapsulation will likely enhance bioavailability and specificity
of targeting, while synthetic analogs would be able to improve sta-
bility and efficacy. Integration of omics-based tools will also enable
better understanding of bioactive mechanisms. Furthermore, sustain-
able harvesting and aquaculture practices should be adopted to save
the environment and deliver resources [7,12-14].

Conclusion

Marine algae are a rich, untapped source of highly bioactive mol-
ecules of high anti-inflammatory and neuroprotective potential. Their
mechanisms of action encompass a range of biological pathways and
offer promising therapeutic options to current treatments for chronic
inflammatory and neurodegenerative diseases. Despite ongoing chal-
lenges, ongoing research and technical development hold promise for
translation of therapeutics from marine-derived products to clinically
effective medicines.

References

1. Ebadi AG, Zelamoglu Z (2025) Advances in Veterinary Medicine: Sustain-
able Approaches to Animal Health Management and Disease Prevention.
Journal of Animal Biology and Veterinary Medicine 4: 1-13.

2. Ebadi AG, Selamoglu Z, Naeem MY, Abdulrahman SS, Ubaev F (2025) Ad-
vancements in the Development of Plant-Based Therapeutics for Chronic
Diseases. Latin American Journal of Pharmacy 44(4): 396-400.

3. Ebadi AG, Selamoglu Z (2025) Exploring the Role of Herbal Medicines in
Modern Pharmacology and Drug Development. Latin American Journal of
Pharmacy 44(4): 401-406.

Copyright@ : Abdol Ghaffar Ebadi | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009654.

53996


https://dx.doi.org/10.26717/BJSTR.2025.61.009654
https://www.jscholaronline.org/articles/JAVM/Advances-in-Veterinary-Medicine-Sustainable-Approaches.pdf
https://www.jscholaronline.org/articles/JAVM/Advances-in-Veterinary-Medicine-Sustainable-Approaches.pdf
https://www.jscholaronline.org/articles/JAVM/Advances-in-Veterinary-Medicine-Sustainable-Approaches.pdf

Volume 61- Issue 5

DOI: 10.26717/BJSTR.2025.61.009654

Ebadi AG (2025) Exploring the Untapped Therapeutic Potential of Sambu-
cus ebulus: Emerging Phytochemical Insights and Medicinal Applications.
Latin American Journal of Pharmacy 44(4): 416-421.

Ahmed SA, Mendonca P, Elhag R, Soliman KF (2022) Anticancer effects of
fucoxanthin through cell cycle arrest, apoptosis induction, angiogenesis
inhibition, and autophagy modulation. International Journal of Molecular
Sciences 23(24): 16091.

Cerri F, Giustra M, Anadol Y, Tomaino G, Galli P, et al. (2022) Natural prod-
ucts from mangroves: An overview of the anticancer potential of Avicen-
nia marina. Pharmaceutics 14(12): 2793.

Assaw S, Rosli NL, Azmi NA, Mazlan NW, Ismail N (2018) Antioxidant
and antibacterial activities of polysaccharides and methanolic crude ex-
tracts of local edible red seaweed Gracilaria sp. Malaysian Applied Biology
47(4): Article 8.

Remya RR, Samrot AV, Kumar SS, Mohanavel V, Karthick A, et al. (2022)
Bioactive potential of brown algae. Adsorption Science & Technolog, .pp.
9104835.

ISSN: 2574-1241
DOI: 10.26717/B]JSTR.2025.61.009654
Abdol Ghaffar Ebadi. Biomed ] Sci & Tech Res

@ @ @ This work is licensed under Creative

Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

9. Lin W, Li G, Xu ] (2023) Bio-active products from mangrove ecosystems.
Marine Drugs 21(4): 239.

10. Arulkumar A, Kumar KS, Paramasivam S (2020) Antibacterial and in vitro
antioxidant potential of Indian mangroves. Biocatalysis and Agricultural
Biotechnology 23: 101491.

11. Martins B, Vieira M, Delerue-Matos C, Grosso C, Soares C (2022) Biological
potential, gastrointestinal digestion, absorption, and bioavailability of al-
gae-derived compounds with neuroprotective activity: A comprehensive
review. Marine Drugs 20(6): 362.

12. Xu SY, Huang X, Cheong KL (2017) Recent advances in marine algae poly-
saccharides: Isolation, structure, and activities. Marine Drugs 15(12): 388.

13. Lima E, Medeiros ] (2022) Marine organisms as alkaloid biosynthesizers
of potential anti-Alzheimer agents. Marine Drugs 20(1): 75.

14. Adarshan S, Sree VS, Muthuramalingam P, Nambiar KS, Sevanan M, Satish
L, et al. (2023) Understanding macroalgae: A comprehensive exploration
of nutraceutical, pharmaceutical, and omics dimensions. Plants 13(1):
113.

Assets of Publishing with us

BIOMEDICAL
RESEARCHES ¢ Global archiving of articles

B A ¢ Immediate, unrestricted online access
0 ‘'8 @ % e Rigorous Peer Review Process

[ WAy .
- [

e Authors Retain Copyrights
v ¢ e Unique DOI for all articles

ISSN: 2574-1241

https://biomedres.us/

Copyright@ : Abdol Ghaffar Ebadi | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009654. 53997


https://dx.doi.org/10.26717/BJSTR.2025.61.009654
https://pubmed.ncbi.nlm.nih.gov/36555740/
https://pubmed.ncbi.nlm.nih.gov/36555740/
https://pubmed.ncbi.nlm.nih.gov/36555740/
https://pubmed.ncbi.nlm.nih.gov/36555740/
https://pubmed.ncbi.nlm.nih.gov/36559286/
https://pubmed.ncbi.nlm.nih.gov/36559286/
https://pubmed.ncbi.nlm.nih.gov/36559286/
https://www.mdpi.com/1660-3397/21/4/239
https://www.mdpi.com/1660-3397/21/4/239
https://www.researchgate.net/publication/338286098_Antibacterial_and_invitro_antioxidant_potential_of_Indian_mangroves
https://www.researchgate.net/publication/338286098_Antibacterial_and_invitro_antioxidant_potential_of_Indian_mangroves
https://www.researchgate.net/publication/338286098_Antibacterial_and_invitro_antioxidant_potential_of_Indian_mangroves
https://www.mdpi.com/1660-3397/20/6/362
https://www.mdpi.com/1660-3397/20/6/362
https://www.mdpi.com/1660-3397/20/6/362
https://www.mdpi.com/1660-3397/20/6/362
https://pubmed.ncbi.nlm.nih.gov/29236064/
https://pubmed.ncbi.nlm.nih.gov/29236064/
https://pubmed.ncbi.nlm.nih.gov/35049930/
https://pubmed.ncbi.nlm.nih.gov/35049930/
https://pubmed.ncbi.nlm.nih.gov/38202421/
https://pubmed.ncbi.nlm.nih.gov/38202421/
https://pubmed.ncbi.nlm.nih.gov/38202421/
https://pubmed.ncbi.nlm.nih.gov/38202421/
https://dx.doi.org/10.26717/BJSTR.2025.61.009654

