Oceanicure-SP-23 Cucumaria frondosa: Bioactive
Profile for Joint Health & Inflammatory Support

A clinician reference on the marine-derived bioactives of the North Atlantic sea cucumber — and their multi-targeted mechanisms for
managing joint degeneration, chronic inflammation, and mobility impairment.
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Overview

A Marine Source of Clinically Relevant Bioactives

Cucumaria frondosa, harvested from the cold waters of the North Atlantic, is an Key Clinical Positioning

echinoderm with a uniquely rich bioactive profile. It yields compounds with

documented anti-inflammatory, chondroprotective, and immunomodulatory — Inflammatory Pathway Support
activity — each targeting distinct pathways implicated in joint degeneration and

Modulates key cytokine and signaling cascades driving

chronic inflammatory disease. L .
chronic joint inflammation

Unlike conventional single-compound nutraceuticals, C. frondosa delivers a matrix

of structurally complex marine molecules that act synergistically across multiple % Cartilage & Structural Protection

cellular and biochemical targets relevant to musculoskeletal health.
Inhibits matrix-degrading enzymes; supports ECM

integrity

— Joint Comfort & Mobility

Reduces pain signaling and supports functional joint
lubrication



Core Bioactive #1

Fucosylated Chondroitin Sulfate (FCS)

Mechanisms of Action

Cytokine Downregulation

Suppresses pro-inflammatory mediators TNF-q, IL-13, and
IL-6 at the transcriptional level

NF-xB Inhibition

Blocks the master inflammatory signaling pathway central
to both OA and RA pathogenesis

MMP Suppression

Reduces matrix metalloproteinase activity, limiting
enzymatic degradation of articular cartilage

Clinical Relevance

Cartilage Joint Lubrication
Preservation -
Supports synovial fluid
Inhibits the proteolytic composition and joint
cascade responsible for structural integrity

progressive cartilage loss
in osteoarthritis

Superior Bioactivity

Marine-sourced FCS may demonstrate enhanced potency
relative to conventional terrestrial chondroitin sulfate



Core Bioactive #2

Triterpene Glycosides — Frondoside A

Frondoside A is a sulfated triterpene glycoside unique to C. frondosa, exhibiting
potent immunomodulatory activity. It simultaneously engages NF-kB and MAPK
signaling pathways — two converging routes that amplify inflammatory responses
in synovial tissue and immune cells.

Mechanisms

e Modulates NF-kB and MAPK inflammatory signaling cascades

e Supports immune system balance by reducing inflammatory immune cell
activation

e Attenuates excessive immune responses without broad immunosuppression

Clinical Relevance

[ Particularly relevant in autoimmune-mediated joint conditions such as

rheumatoid arthritis and ankylosing spondylitis, where immune
dysregulation drives joint destruction. Supports a controlled,
physiologically appropriate inflammatory response in chronic disease
states.



Core Bioactives #3 & #4

Sulfated Polysaccharides & Marine Lipids

Sulfated Polysaccharides

Mechanisms: Suppress macrophage-driven inflammatory activation;
reduce nitric oxide (NO) and prostaglandin biosynthesis at sites of synovial
inflammation.

Clinical Relevance: Attenuates local joint inflammation and pain
sensitization. Contributes to broader inflammatory balance by targeting
innate immune cell populations active in arthritic joints.
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Mechanisms: Dual inhibition of COX and LOX enzymatic pathways,
reducing downstream prostaglandin E2 (PGE2) synthesis — a key mediator
of inflammatory pain and joint hypersensitivity.

Clinical Relevance: Helps reduce inflammatory pain signaling and supports
resolution of acute inflammatory episodes, complementing structural
protective mechanisms of other bioactives.



Core Bioactive #5

Collagen, Peptides & Glycosaminoglycans

Mechanisms of Action Clinical Relevance

C. frondosa naturally contains marine-derived collagen, bioactive
peptides, and glycosaminoglycans (GAGs) — the structural Joint Resilience ECM Integrity

building blocks of healthy articular cartilage and connective

Replenishes structural Supports the scaffold that
tissue. These components provide direct substrates for o .
components depleted maintains cartilage
xtracellular matrix (ECM) synthesis and repair, rtin . . _—
ezl Wy s (EC) syinesls A epel s Upperilig during joint degeneration, hydration, elasticity, and
chondrocyte function and tissue homeostasis. . _— . .
restoring cushioning load-bearing function
capacity

Long-Term Function

Promotes sustained joint health and adaptability under
mechanical stress



Mechanism of Action: From Bioactives to Clinical
Outcomes

The five core bioactive classes of Cucumaria frondosa act on distinct but interconnected cellular targets, producing a convergent set of clinically

meaningful outcomes across the joint inflammatory cascade.
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This multi-targeted pharmacological profile differentiates C. frondosa from single-mechanism agents, positioning it as a comprehensive nutraceutical
intervention for joint health across multiple disease mechanisms simultaneously.



Clinical Applications

Cucumaria frondosa bioactives address the overlapping inflammatory, immunological, and structural mechanisms common across a
spectrum of joint conditions.
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Osteoarthritis Rheumatoid Arthritis

MMP inhibition and ECM support slow cartilage degradation; Frondoside A and sulfated polysaccharides modulate immune
FCS and marine lipids reduce pain signaling and improve joint dysregulation and suppress inflammatory cell activation
lubrication in degenerative joint disease driving synovial destruction

Ankylosing Spondylitis Chronic Joint Inflammation & Stiffness

NF-kB and MAPK pathway modulation attenuates the chronic COX/LOX inhibition and macrophage suppression address
axial inflammatory burden; supports immune balance in HLA- persistent low-grade inflammation and morning stiffness

B27-associated disease characteristic of chronic musculoskeletal conditions



Bioactive Summary: Targets & Effects at a Glance

The following matrix summarizes the five primary bioactive classes, their cellular targets, and corresponding clinical effects for rapid clinical reference.

Bioactive Class

Fucosylated Chondroitin Sulfate (FCS)

Triterpene Glycosides (Frondoside A)

Sulfated Polysaccharides

Marine Lipids (Frondanol Complex)

Collagen, Peptides & GAGs

Primary Molecular Target

NF-kB; TNF-q, IL-1B, IL-6; MMPs

NF-kB; MAPK; immune cell activation

Macrophages; NO; prostaglandins

COX; LOX; PGE2

ECM; chondrocytes

Key Effect

Anti-inflammatory;
chondroprotective

Immunomodulatory; anti-
inflammatory

Innate immune suppression

Analgesic; anti-inflammatory

Structural repair; tissue
support

Primary Indication

OA, cartilage preservation

RA, AS, autoimmune joint
disease

Chronic joint inflammation

Inflammatory pain, all joint

conditions

Long-term joint function and
resilience



Summary: A Multi-Targeted Strategy for Joint Health

Cucumaria frondosa provides a uniquely comprehensive, marine-derived approach
to joint health — one that simultaneously addresses the inflammatory signaling,
immune dysregulation, enzymatic cartilage degradation, and structural deficits
that characterize chronic joint disease.

Its five bioactive classes — FCS, Frondoside A, sulfated polysaccharides, the
Frondanol lipid complex, and structural GAGs/collagen — engage complementary
targets at the cellular and molecular level, offering a differentiated nutraceutical
profile that single-molecule interventions cannot replicate.

() Disclaimer: This information is intended for healthcare professionals
only. This product is not intended to diagnose, treat, cure, or prevent any
disease.
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Reduce Inflammation

NF-kB, cytokine, and macrophage suppression address root
inflammatory drivers

02

Attenuate Pain Signaling

COX/LOX inhibition reduces prostaglandin-mediated pain and
hypersensitivity

03

Protect Cartilage

MMP inhibition and ECM substrate provision preserve articular
cartilage structure

04

Support Long-Term Function

Structural collagen and GAGs restore joint resilience and
sustained mobility



