CLINICAL REVIEW RHEUMATOLOGY

Oceanicure-SP-23 Cucumaria frondosa: Marine Bioactives
Targeting Inflammation in Arthritis & Spondylitis

A mechanism-focused review of the anti-inflammatory bioactive compounds derived from the Cucumaria Frondos sea cucumber and their relevance to
autoimmune joint disease.



CHAPTER1

Clinical Context: Why OceanicureSP-23 Cucumaria
frondosa?

Inflammatory arthritis and ankylosing spondylitis are driven by persistent cytokine-mediated immune activation, with NF-kB signaling serving as a central
inflammatory switch. Current standard-of-care—NSAIDs, DMARDs, and biologics—targets these same pathways but carries well-documented adverse
effect profiles.

Cucumaria frondosa, the North Atlantic sea cucumber, produces a suite of structurally unique bioactives that converge on overlapping inflammatory
mechanisms. Five principal compound classes have demonstrated anti-inflammatory activity relevant to rheumatologic disease:

Fucosylated Frondoside A Sulfated Marine Lipid Fraction
Chondroitin Sulfate Polysaccharides

Peptides & Phenolics



BIOACTIVE 1

Fucosylated Chondroitin Sulfate (FCS)

Primary joint & autoimmune inflammation modulator

FCS is a structurally distinct glycosaminoglycan unique to sea cucumbers. Unlike

mammalian chondroitin sulfate, its backbone carries fucose branches with (). Key Evidence: FCS from C. frondosa reduces serum
specific sulfation patterns that confer potent immunomodulatory properties not TNF-a and suppresses NF-kB/JNK signaling pathways
seen in commercial CS supplements. that drive chronic inflammation in rheumatoid arthritis

and spondyloarthropathies.
Four core anti-inflammatory actions:

e Cytokine suppression: Reduces TNF-q, IL-13, and IL-6 in activated immune
cells

* NF-kB/JNK/IKKB inhibition: Directly suppresses the central transcriptional
switch driving autoimmune joint inflammation

e Invivo anti-edema activity: Decreases inflammatory swelling in validated
animal models

e Cartilage matrix protection: Supports GAG biology and extracellular matrix
integrity



BIOACTIVE 1 — CLINICAL RELEVANCE

FCS: Mechanistic Alignment
with Spondyloarthropathy

The diseases most relevant to FCS activity—rheumatoid arthritis and ankylosing
spondylitis—are fundamentally driven by cytokine-mediated chronic inflammation with
NF-kB as the central orchestrating pathway. FCS directly downregulates these signals at
multiple nodes.

Modulate Signaling

& Helps modulate immune-driven inflammatory signaling upstream of tissue
damage
Protect Cartilage

=3 Supports cartilage integrity and reduces inflammatory joint degradation via
GAG biology
Disease Alignment

&)@ Mechanistically aligned with inflammatory spondyloarthropathies and

autoimmune arthritis



BIOACTIVE 2

Frondoside A — Immune &
Cytokine Signaling Regulator

Frondoside A is a triterpene glycoside saponin unique to Cucumaria frondosa. It
interacts with multiple kinase pathways—PI3K/AKT, NF-kB, and MAPK—that are central

to inflammatory signaling in autoimmune joint disease.

C— — 0—

NF-kB/ MAPK /
JNK Modulation

Attenuates
transcriptional
activation of pro-
inflammatory gene
programs

Immune Cell
Regulation

Regulates activation of
macrophages and T-
cells that drive
cytokine cascades

Mediator
Suppression

Reduces release of
inflammatory
mediators including
prostaglandins and
nitric oxide

. S ———

Macrophage Pathway Modulation

Influences macrophage polarization and inflammatory signaling phenotype

[ Spondylitis relevance: These diseases involve overactive macrophage and T-

cell cytokine cascades, persistent NF-kB—driven inflammation, and immune-

mediated joint tissue destruction—all targets of Frondoside A activity.




BIOACTIVES 3 & 5

Sulfated Polysaccharides & Marine Peptides

Cartilage + immune inflammation dual support

Sulfated Polysaccharides Marine Peptides & Phenolics
Includes sulfated fucans, glycosaminoglycans, and polysaccharide Sea cucumber-derived peptides suppress NF-kB and MAPK pathways and
heteroglycans. These compounds decrease inflammatory cytokines, reduce macrophage inflammatory signaling. These peptides contribute to

reduce immune-driven tissue damage, and improve inflammatory swelling anti-inflammatory activity via upstream immune pathway regulation.

in macrophage and animal models.

Joint disease relevance: Both compound classes support joint matrix stability, reduce cytokine-driven cartilage degradation, and help modulate the
immune inflammation driving spondylitis and autoimmune arthritis.



Marine Bioactive Lipid Fraction (Oceanicure SP-23)
COX-2 / cytokine pathway suppression

The lipid-soluble fraction of C. frondosa—studied as "Frondanol A5P"—demonstrates classic anti-inflammatory pharmacology that mirrors the mechanistic
targets of conventional NSAIDs, though via a distinct marine biochemical profile.

|l COX-2 Expression & PGE, | Nitric Oxide (NO)

Suppresses cyclooxygenase-2 induction and prostaglandin E, Reduces iNOS-mediated nitric oxide release from activated
production—the same prostaglandin pathway targeted by ibuprofen macrophages, decreasing oxidative inflammatory damage to

and celecoxib synovial tissue

! TNF-q, IL-1B, IL-6 NF-kB & MAPK Suppression

Suppresses the core pro-inflammatory cytokine triad driving joint Inhibits transcriptional activation of inflammatory gene programs,
pain, stiffness, synovial inflammation, and axial skeletal reflecting the same signaling targets addressed by biologic

inflammation in ankylosing spondylitis DMARDs



INTEGRATED MODEL

Integrated Mechanistic Model

How C. frondosa bioactives converge on arthritis & spondylitis pathways
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This multi-node convergence distinguishes C. frondosa bioactives from single-target agents: rather than blocking one pathway, the bioactive stack
modulates upstream signaling, effector cytokines, structural matrix protection, and inflammation resolution simultaneously.



CLINICAL POSITIONING

Bioactive Stack: Multi-Pathway Modulation

The most clinically relevant C. frondosa bioactive combination targets overlapping nodes of the autoimmune inflammatory cascade driving arthritis and

spondyloarthropathies.

FCS Frondoside A Sulfated Polysaccharides
Cytokine & NF-kB suppression + cartilage O Multi-kinase immune signaling (§> Immune + cartilage dual protection
matrix support regulation

Lipid Fraction Peptides

COX-2 / PGE, / cytokine suppression NF-kB/MAPK immune pathway regulation

Combined effect: Multi-pathway modulation of immune-driven inflammation, cytokine signaling, and cartilage degradation processes central to

inflammatory arthritis and spondyloarthropathies.



SUMMARY

Clinical Framing & Key Takeaways

Cucumaria frondosa marine bioactives, supported by preclinical evidence, may offer a complementary approach to managing chronic inflammatory joint
disease through the following mechanisms:

Inflammatory Cytokine-Driven Joint Cartilage Matrix Immune Regulation

Signaling Balance Inflammation Protection Assist immune modulation in

Support healthy inflammatory Help modulate TNF-q, IL-1B, Promote extracellular matrix chronic inflammatory

signaling by modulating NF- and IL-6 cascades driving integrity and reduce MMP- conditions including RA and

kB, MAPK, and JNK pathways synovial and axial mediated cartilage ankylosing spondylitis
inflammation degradation

This review is intended for clinical and research audiences. Statements reflect preclinical and mechanistic evidence and do not constitute therapeutic claims. Further clinical investigation is
warranted.



