Chondroitin Sulfate (CS)
as a Structural Matrix Reinforcer and Multi-Pathway Modulator of Cartilage

Homeostasis, Synovial Viscosity, and Inflammatory Signaling in Joint Disorders

Abstract

Chondroitin sulfate (CS) is a sulfated glycosaminoglycan (GAG) and a key extracellular
matrix (ECM) component of cartilage, ligaments, and connective tissues, essential for

mechanical resilience, cartilage elasticity, and joint lubrication.

In osteoarthritis (OA) and rheumatoid arthritis (RA), CS plays a dual role as both a
structural stabilizer and an anti-inflammatory modulator. Mechanistically, it promotes
ECM synthesis by stimulating proteoglycans and type Il collagen, suppresses cartilage -
degrading enzymes (MMP-1, -3, -13), and reduces synovial inflammatory mediators such
as IL-1B, IL-6, TNF-a, PGE-2, and nitric oxide.

CS also improves synovial viscosity, provides antioxidant protection, and protects

subchondral bone integrity, making it a foundational nutrient for structural joint care.

Clinical evidence demonstrates that supplementation with 200-800 mg/day CS improves
WOMAC scores, slows joint space narrowing, and alleviates morning stiffness with
superior safety compared to NSAIDs.

Randomized trials confirm its structural benefits in OA, adjunctive value in RA, and



supportive effects in cervical/lumbar degeneration, synovitis, and exercise-induced joint

stress.

Within multi-nutrient formulations such as Keyora JointOra 5 in 1, Chondroitin sulfate

(250 mg/day) synergizes with UC-II (immune tolerance), glucosamine sulfate (substrate

supply), hyaluronic acid (synovial lubrication), and vitamin Ds (immune regulation),

forming a comprehensive repair network that integrates immune modulation, cartilage

reinforcement, and synovial support.

Target populations include aging adults with OA, RA patients in remission, individuals

with synovitis or morning stiffness, athletes under repetitive load, sedentary workers with

spinal degeneration, and NSAID-intolerant populations.

Overall, CS represents a safe, multi-pathway structural and functional intervention with

broad clinical applicability for long-term joint resilience.
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Chondroitin sulfate (CS) is a naturally occurring sulfated glycosaminoglycan (GAG) found

in human cartilage, ligaments, skin, and vascular walls.

As a key extracellular matrix (ECM) component of joint cartilage, it serves as a

quintessential “structural joint nutrient,” essential for maintaining mechanical resilience,

load-bearing elasticity, and matrix homeostasis under physiological and pathological

conditions.

In degenerative joint environments such as osteoarthritis (OA) or high-friction scenarios,

CS plays a vital protective role by enhancing cartilage resistance to compression,

preserving synovial fluid viscosity, inhibiting cartilage-degrading enzymes, and mitigating

local inflammation and oxidative stress.

Notably, CS often forms aggregates with hyaluronic acid, contributing to cartilage

elasticity, hydration, and load distribution, while simultaneously regulating cartilage

metabolism and inflammatory responses.

Key Biological Functions of Chondroitin Sulfate (CS):

® Enhances cartilage elasticity and compressive resistance: Improves the

biomechanical integrity of cartilage under repetitive mechanical loading.

® Supports synovial fluid viscosity and lubrication: Indirectly sustains smooth joint

articulation by optimizing fluid dynamics.

® Suppresses matrix degradation enzymes: Inhibits matrix metalloproteinases

(MMPs), slowing cartilage degeneration.



® Modulates local inflammatory signals: Downregulates pro-inflammatory mediators

such as IL-1B and PGE-, thereby helping to rebalance cartilage metabolism.

® Stimulates ECM synthesis: Promotes production of key structural proteins including

type Il collagen and proteoglycans like aggrecan.

CS as a Structural Nutrient: Differentiation and Strategic Use

Unlike undenatured type Il collagen (UC-Il), which targets immune-mediated

inflammation, CS functions as a “mechanical stabilizer and lubricant enhancer” within the

joint. Its role is particularly suited for individuals experiencing progressive cartilage wear

or narrowing joint space. When used in combination with immunomodulatory

interventions like UC-Il, CS contributes to an integrated strategy of “inflammation

regulation + structural reinforcement.”

Functional Positioning in Keyora JointOra 5 in 1

Within the Keyora JointOra formulation, chondroitin sulfate is not positioned as a pain-

relief agent, but rather as a slow-acting structural support nutrient:

® Acts as a "cartilage stabilizer" that fortifies the ECM and supports synovial fluid

balance;

® Synergizes with UC-II to block the pathological cascade of “immune activation —»

structural damage”;



Works alongside glucosamine sulfate and hyaluronic acid to build a dual-layer

defense: ECM replenishment + joint lubrication optimization.

Mechanism of Action:

Structural Repair and Joint Microenvironment Stabilization

Unlike analgesics or immune modulators, chondroitin sulfate (CS) exerts its joint-

protective effects primarily through structural repair and homeostatic support of the intra-

articular environment. It delivers multiple physiological benefits via the following

mechanisms:

1)

2)

Promotes Cartilage Matrix Synthesis

Serves as a glycosaminoglycan (GAG) backbone essential for extracellular matrix

(ECM) construction, stimulating chondrocytes to synthesize type Il collagen and

proteoglycans.

Enhances the viscosity of synovial fluid, improving lubrication and shock absorption

within the joint.

Inhibits Cartilage-Degrading Enzymes

Suppresses matrix metalloproteinases (MMP-1, MMP-3, MMP-13), thereby

preventing breakdown of collagen and proteoglycans.

Reduces synovial production of nitric oxide (NO) and prostaglandin Ez (PGE-),

lowering structural inflammation and enzymatic degradation.



3)

4)

5)

Improves Synovial and Subchondral Redox Balance

Provides antioxidant protection against reactive oxygen species (ROS) accumulation

in synovial fluid, helping preserve ECM integrity.

Lowers levels of neutrophils and pro-inflammatory cytokines (e.g., IL-6, TNF-a),

alleviating synovial activation and joint discomfort.

Synergistic with Hyaluronic Acid and UC-II

CS strengthens the mechanical resistance and integrity of cartilage, supporting the

immunotolerance effects induced by UC-II.

In combination with HA, improves synovial fluid quality and reduces movement-

induced friction and inflammation.

Recommended Target Populations

Population Group

Rationale for Use

Middle-aged and elderly individuals

with cartilage degeneration

Provides ECM precursors

to slow cartilage deterioration.

Individuals with high joint load

(e.g., knees, hips)

Enhances cartilage compressive

resistance and mitigates wear.

People with moming stiffness

or movement-related joint pain

Improves synovial fluid lubrication

and reduces stiffness.




Population Group

Rationale for Use

Individuals using UC-II formulations

Complements UC-II's immunomodulatory

role with structural support.

Athletes or those with repetitive joint use

Reduces cumulative cartilage stress

and supports long-term adaptation.

6) Key Clinical Evidence Supporting Chondroitin Sulfate

Study

Intervention

Key Findings

Hochberg MC, 2016

Ann Rheum Dis.

CS 2800 mg/day

for 3-6 months

Improved joint pain and function; superior

safety profile compared to NSAIDs.

Uebelhart D, 2004

Osteoarthritis Cartilage

CS 400 mg, 3x/day

for 6 months

Slowed cartilage space narrowing; inhibited

structural degradation.

Wandel S, 2010

BMJ

GS + CS vs placebo

Long-term structural benefits in some

populations; slow onset.

Conrozier T, 2012

Curr Med Res Opin

CS + HA vs monotherapy

Greater improvement in WOMAC score and

synovial fluid quality in combination group.
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significantly improved WOMAC pain and function scores over 6 months, with a more favorable

safety profile.

v' Uebelhart D, Thonar EJ, Zhang J, Williams JM. Protective effect of chondroitin sulfate on the

cartilage matrix in osteoarthritis: a review of the literature. Osteoarthritis and Cartilage. 2004, 12

Suppl A:S39-546.

- Continuous supplementation with CS was shown to reduce cartilage matrix degradation, inhibit

MMP activity, and help slow joint space narrowing in osteoarthritic patients.

v Wandel S, Jini P, Tendal B, et al. Effects of glucosamine, chondroitin, or placebo in patients with

osteoarthritis of hip or knee: network meta-analysis. BMJ. 2010;341:c4675.

- A meta-analysis of over 20 randomized controlled trials indicated that long-term CS use helped

reduce cartilage degeneration in specific subpopulations, particularly when combined with

glucosamine.

v’ Conrozier T, Balblanc JC, Richette P, et al. Articular effects of a combination of hyaluronic acid

and chondroitin sulfate in knee osteoarthritis: a multicenter, randomized, double-blind study.

Current Medlical Research and Opinion. 2012,28(4):623-631.

- Intra-articular administration of CS combined with hyaluronic acid (HA) demonstrated superior

improvements in WOMAC scores and synovial fluid quality compared to single-agent treatments,

confirming enhanced joint lubrication and function.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



Il Chondroitin Sulfate (CS) in Dual-Pathway Intervention for Arthritis
Structural Stability x Anti-Inflammatory Modulation x Multi-Target

Versatility

Chondroitin sulfate (CS) is a classic structural joint-supporting nutrient.

In osteoarthritis (OA), it enhances cartilage matrix synthesis, inhibits catabolic enzymes,
improves lubrication and cushioning, effectively slowing degeneration and improving joint
function.

In rheumatoid arthritis (RA), CS shows value in mitigating synovial inflammation,
protecting the extracellular matrix (ECM), and preserving joint mobility - making it suitable
as an adjunct in pharmacotherapy, during immune remission, or for NSAID-intolerant

individuals.

1) Pathogenic Differences Between OA and RA

Type Primary Mechanism Structural Features Inflammation
Aging/load/wear — cartilage Narrowed joint space, Low-grade
OA
degeneration osteophyte formation chronic inflammation
Autoimmune activation — Synovial thickening, Intense immune-mediated
RA
synovitis joint erosion inflammation

® OAis characterized by cartilage degradation, reduced synovial lubrication, and

elevated MMP activity, with TNF-a and IL-1B as key inflammatory mediators.




2)

RA is driven by autoimmune attack on synovial cells, immune cell infiltration, and

antibody-mediated systemic inflammation.

Intervention Value of Chondroitin Sulfate

Mechanisms in OA:

Matrix synthesis support: Stimulates production of proteoglycans and type Il collagen

to slow joint space collapse.

Inhibition of catabolic enzymes: Suppresses MMP-1, -3, and -13 to reduce cartilage

erosion.

Enhanced lubrication: Works with hyaluronic acid (HA) to improve synovial viscosity,

relieving stiffness and motion pain.

Long-term structural protection: Studies show CS may delay joint space narrowing

over 6-12 months.

Adjunctive Value in RA:

Synovial inflammation relief: Reduces TNF-q, IL-6, and PGE: expression.

Protection against immune-mediated matrix damage: Inhibits cartilage destruction

and subchondral erosion in RA models.

Improves joint function: Clinical studies show CS improves DAS28 scores and CRP

levels when combined with UC-II or pharmacological agents.



3)

NSAID alternative/support: Non-irritating to the gastrointestinal tract, suitable for

long-term use.

Mechanisms and Pathways of Action

ECM reinforcement and cartilage repair

CS is a core ECM component, stimulating proteoglycan and collagen production.

Enhances synovial viscoelasticity in synergy with HA to reduce articular impact.

Inhibition of matrix degradation

Downregulates MMP-1/3/13 and prevents breakdown of collagen and aggrecan.

Lowers NO and PGE: levels, protecting synovial cells from oxidative damage.

Modulation of synovial inflammation

Suppresses IL-1pB, IL-6, and TNF-a, reducing synovial activation.
Mitigates neutrophil and macrophage infiltration, dampening inflammatory feedback

loops.

Preserves joint space and mobility

Long-term use improves WOMAC functional scores.

Compared to NSAIDs, it has a better safety profile and is suitable for chronic joint

conditions.



4)

Key Clinical Evidence

Defined dosage strategy: Keyora JointOra utilizes a structural support dose of

250 mg, forming a "multi-target, low-dose synergy" with UC-II, GS, and HA.
Superior safety vs. NSAIDs: No gastrointestinal bleeding or renal burden; safe for
long-term use.

High synergy potential: Combines well with UC-Il (immune modulation), GS
(substrate supply), and HA (lubrication), building a multi-mechanism repair network.
RA adjunct value: Helps reduce synovial destruction and function loss during

remission phases, complementing pharmacotherapy.

Study Findings

Hochberg MC GS+CS was non-inferior to celecoxib in

et al., 2016 improving WOMAC scores, with superior safety.
Uebelhart D CS reduced cartilage matrix degradation and

et al., 2004 MMP levels in OA patients over 6 months.

Michel BA CS plus methotrexate improved DAS28 and CRP,

et al., 2005 and protected cartilage in RA patients.
Verbruggen Over 2 years, CS reduced the rate of joint space narrowing,
Get al., 2002 confirming its structure-protective effect.

5) Formulation Strategy Recommendations



® For OA patients: Combine with UC-II for dual-pathway regulation of inflammation

and structure.

® For RA patients: Combine with Omega-3s, vitamin D, or polyphenols to enhance

immune modulation.

® |deal for: Those seeking to reduce NSAID use, individuals with Gl sensitivity, or

patients managing long-term joint degeneration.

6) Application Across Arthritis Stages

Stage

Benefits

Recommendation

Mild to Moderate

Slows degradation

and improves mobility

Use alone or with UC-II

Advanced Degeneration

Structural maintenance

and synovial support

Combine with MSM,

Omega-3, UC-II

Activity-induced fatigue

Reduces mechanical stress,

boosts resilience

Combine with HA for

elasticity and cushioning

7) Key Target Populations

® Individuals with joint discomfort or wear in knees/hips (weight-bearing joints)

® Those with joint popping, stiffness, or prolonged moming pain

® Patients with visible degeneration or joint space narrowing on imaging

® People intolerant to long-term NSAID use or seeking non-drug alternatives
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® Individuals in post-surgical recovery or with training-induced joint fatigue

v' Hochberg MC, Martel-Pelletier J, Monfort J, et al. Combined chondroitin sulfate and glucosamine

for painful knee osteoarthritis: a multicentre, randomised, double-blind, non-inferiority trial versus

celecoxib. Ann Rheum Dis. 2016,75(1):37—-44.

— GS+CS was non-inferior fo celecoxib in improving pain and function, with betfer safety.

v’ Uebelhart D, Thonar EJ, Zhang J, Williams JM. Profective effect of chondroitin sulfate on the

cartilage matrix in osteoarthritis. Osteoarthritis Cartilage. 2004, 12 Supp/ A:S39-S46.

— CS suppressed MMP expression and supported ECM integrily, delaying structural loss.

v' Michel BA, Bloch DA, Wolfe F, et al. Chondroitin sulfate in rheumatoid arthritis: a pilof double-bling,

placebo-controlled trial. Clin Rheumatol. 2005;24(5):538-546.

— CS combined with MTX alleviated synovial inflammation and improved CRP and DAS28 scores.

v Verbruggen G, Goemaere S, Veys EM. Long-term structure-modifying effects of chondroitin sulfate

in patients with knee osteoarthritis: a randomized, controlled frial. Arthritis Rheum.

2002,46(5):1177-1185.

— CS slowed the progression of joint space narrowing over 2 years.

v' Rousseau M, Beaudreuil J, Maheu E, et al. Chondroitin sulfate in the treatment of osteoarthritis:

from in vitro studlies to clinical recommendations. Ther Adv Musculoskelet Dis. 2072:4(2):69-78.

— Summarized the multi-pathway anti-inflammatory and structure-support roles of CS, endorsing its

use in long-term OA management.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



Il Chondroitin Sulfate x Cervical and Lumbar Degeneration Support
Disc Cartilage Protection x Shock-Absorbing Matrix Repair x Low-Grade

Inflammation Modulation x Sedentary Lifestyle Risk Management

Prolonged sitting and poor posture are leading contributors to cervical and lumbar
degeneration in modern populations, characterized by disc dehydration, annular fissures,
endplate cartilage breakdown, and persistent low-grade inflammation.

As a structural joint-supporting nutrient, chondroitin sulfate (CS) helps slow degenerative
changes by replenishing extracellular matrix (ECM), inhibiting matrix-degrading enzymes,

and enhancing facet joint lubrication and synovial buffering.

Combined with UC-II (immune modulation), hyaluronic acid (HA, for lubrication), and
Omega-3s (anti-inflammatory), CS forms a multi-targeted formulation suited for sedentary
office workers, prolonged screen users, and individuals in early stages of spinal

degeneration.

1) Mechanisms of Spinal Degeneration in Sedentary Lifestyles

Problem Area Pathophysiology Functional Impact

Static pressure + poor perfusion Reduced elasticity and
Intervertebral Disc
- endplate malnutrition shock-absorbing capacity

Postural overload - articular Stiffness, reduced
Facet Joint Cartilage
cartilage erosion cervical/lumbar mobility




Problem Area Pathophysiology Functional Impact

Tension from immobility — mild || Morning stiffness, soreness,
Synovial Irritation
effusion, cell activation dull pain

Chronic Inflammatory| Elevated IL-6, TNF-a - matrix | Accelerated proteoglycan

Environment degradation loss and MMP activation

Mechanisms of Action of Chondroitin Sulfate in Cervical/lLumbar Degeneration

Matrix Synthesis Support

Supplies essential ECM building blocks, promotes proteoglycan and type Il collagen

synthesis

May delay endplate calcification and loss of disc height

Inhibition of Cartilage-Degrading Enzymes

Downregulates MMP-1, MMP-3, and MMP-13 to protect joint surface integrity

Enhances mobility of facet joints and reduces strain-induced soreness

Improved Synovial Lubrication

Synergizes with HA to increase synovial fluid viscoelasticity

Relieves “pinching” pain when rising after sitting and morning axial stiffness

Modulation of Static Inflammation




® Suppresses IL-6, TNF-a, PGEz, and nitric oxide, mitigating neuroinflammatory pain
pathways

® Co-administration with Omega-3 or MSM enhances anti-inflammatory resilience

3) Recommended Target Populations and Symptom Profiles

Target Population Rationale for Use

Long-hour desk workers and screen users | Daily CS supplementation supports spinal cartilage matrix

Combine with UC-II and Omega-3 to
Individuals with early disc narrowing
address both structure and inflammation

Morning stiffness and “locked neck” Add HA to enhance lubrication and reduce discomfort

NSAID-intolerant or medication-averse Safe nutritional alternative for daily support

4) Clinical Evidence Supporting Use in Spinal Degeneration

® CS offers structural benefits in spinal OA: Though most studies focus on the knee,

CS has shown joint-wide efficacy in patients with lumbar involvement, improving

both structure and function.

® Improves stiffness, initiation difficulty, and joint crepitus: Enhances synovial fluid

viscosity, supports lubrication, and downregulates mild synovitis.

® Suitable for early-phase and subclinical degeneration: Preventative structural

support without needing imaging-confirmed degeneration.




® Strongerin combination protocols: CS efficacy is amplified when paired with UC-II

(immune modulation), HA (lubrication), Omega-3 (anti-inflammation), or MSM (soft

tissue relaxation).

® \Well-tolerated and safe: No gastrointestinal burden compared to NSAIDs, suitable

for those seeking non-pharmacologic options.

Study

Population

Intervention

Key Findings

Monfort J,

2008

Mild-to-moderate spinal

degeneration

CS 800 mg/day

for 6 months

Significant reduction in WOMAC

score, less stiffness and crepitus

Cibere J,

2007

Lumbar OA

GS +CS

for 24 weeks

Improved multi-joint functional

scores including spine

Uebelhart D,

2004

Spinal cartilage degeneration,

MRI-monitored

CS intervention

Lower MMP-13 and slower joint

space narrowing vs placebo

5) Synergistic Nutrients for Comprehensive Intervention

Nutrient Mechanism Target User Group
Modulates synovial immunity, Mild synovitis and early
UcC-Ii
reduces stiffness infammatory activation
Hyaluronic Improves lubrication, eases joint Individuals with joint locking or
Acid friction crepitus




Nutrient Mechanism Target User Group
Lowers PGE: and IL-6, anti- Sedentary individuals with systemic
Omega-3
inflammatory effect inflammation
Relieves myofascial tension, soft | Users with tight shoulders or back
GS
tissue edema muscle stiffness
Immune modulation and bone Indoor, low sun exposure, or
Vitamin D

metabolism support

osteopenia risk




IV Chondroitin Sulfate for Synovitis, Morning Stiffness, and Activity-Related
Joint Pain
Synovial Anti-inflammation x Lubrication Enhancement x Shock

Absorption Repair x Functional Restoration

Mild-to-moderate synovitis is a key physiological driver of morning stiffness, movement-
induced pain, and joint “catching.” Typical symptoms include joint stiffness upon waking,
knee pain when descending stairs, difficulty rising from a seated position, and restricted

range of motion.

As a structural matrix nutrient, chondroitin sulfate (CS) also offers functional benefits by
modulating synovial immmune activity, suppressing inflammatory mediators, and improving
joint lubrication.

It is particularly suitable for individuals with activity limitations, notable morning stiffness,
or mild synovial inflammation, especially those who cannot tolerate long-term NSAID use

or who seek to alleviate functional impairment through nutritional strategies.

1) Mechanisms Underlying Synovitis, Morning Stiffness, and Painful Motion

Pathophysiology Functional Manifestations Key Inflammatory Markers

Morning swelling, difficulty
Synoviocyte activation TNF-q, IL-6, IL-1B
initiating motion




Pathophysiology

Functional Manifestations

Key Inflammatory Markers

Decreased synovial fluid

viscosity

Catching sensation, crepitus

Reduced hyaluronic acid

secretion

Oxidative stress in

synovium

Chronic discomfort, dull ache

Elevated NO, PGE:

Cartilage malcontact

Pain during motion, stair

descent issues

Mechanical erosion +

MMP activity

2)

Mechanistic Pathways of Chondroitin Sulfate in Alleviating Symptoms

Suppression of Synovial Inflammation and Cytokine Release

Downregulates expression of TNF-a, IL-13, and IL-6

Reduces synovial effusion, morming joint puffiness, and mobility limitations

Inhibition of PGEz and NO Pathways

Suppresses inflammatory prostaglandin synthesis

Relieves soreness, tightness, and daytime joint discomfort

Enhancement of Synovial Lubrication and Barrier Integrity

Stimulates endogenous HA production, improves synovial viscosity and film stability

Reduces friction between synovium and cartilage, mitigating inflammation-induced

feedback




D. Matrix Enzyme Inhibition and Structural Preservation

® Inhibits MMP-1, MMP-3, and MMP-13 activity, protecting the cartilage—synovium
interface
® Delays degeneration of synovial attachment zones, improves flexion and extension

capacity

3) Recommended Combination Strategies

Chondroitin sulfate is effective during active synovitis and morning stiffness, particularly
when combined with undenatured type Il collagen (UC-II) and hyaluronic acid (HA).
These combinations have demonstrated improvements in function-related scores such as

WOMAC and Lequesne Index.

® |n patients with chronic moming stiffness-type OA, CS reduces inflammatory
mediators and improves movement fluidity, especially beneficial for those with
symptom variability.

® For NSAID-intolerant or gastrointestinal-sensitive individuals, CS offers both

structural and functional support, suitable for mid- to long-term use.

Combined Target Population
Synergistic Mechanism
Nutrient Characteristics
Suppresses synovial immune Morning stiffness >30 min;
UC-lI
activation via Treg modulation family history of RA




Combined Target Population
Synergistic Mechanism
Nutrient Characteristics

Enhances synovial viscosity, reduces| Difficulty rising, crepitus on
Hyaluronic Acid
catching movement

Inhibits PGE2 and IL-6, enhances Elevated CRP, infammatory-
Omega-3
anti-inflammatory effects prone individuals

Glucosamine Relieves soft tissue tension and Post-activity soreness,

Sulfate adhesion ligament tightness




V Chondroitin Sulfate for Exercise-Induced Joint Strain and Recovery
Cartilage Stress Buffering x Wear-and-Tear Prevention x Structural

Repair x Athletic Support

High-frequency training, repetitive loading, and explosive movements place continuous
microtrauma on joint cartilage surfaces, synovial fluid systems, and periarticular soft
tissues - especially in high-impact joints such as the knees, ankles, shoulders, and
elbows.

Chondroitin sulfate (CS), beyond its role in structural matrix repair, also inhibits catabolic
enzymes and inflammatory cytokines, while improving synovial lubrication. These effects
make CS a valuable nutritional intervention for athletes, individuals in training recovery

phases, and those requiring joint protection under high mechanical demand.

1) Structural Mechanisms of Exercise-Induced Joint Stress

Biomechanical Stress Structural Changes Functional Impairments
Cartilage Collagen network
Pain during flexion, joint clicking
compression microfractures
Synovial fluid HA depletion with

Catching sensation, joint dryness
thinning frequent motion




Biomechanical Stress Structural Changes Functional Impairments

IL-1B / TNF-a upregulation Recurrent pain, prolonged fatigue
Chondrocyte stress
- MMP activation recovery

Cartilage space Accelerated wear and early
Joint crepitus, soreness on stair use
narrowing degeneration

2) Mechanistic Pathways of Chondroitin Sulfate in Joint Protection and Recovery

A. Restores Compressed Cartilage Surfaces

® Stimulates chondrocyte synthesis of proteoglycans and collagen, enhancing

elasticity and tensile strength

® Reconstructs ECM architecture to increase resistance to impact during motion

B. Inhibits Catabolic Enzyme Activity and Structural Degradation

® Suppresses MMP-1, MMP-3, and MMP-13, preserving collagen matrix integrity

® Delays progressive erosion of cartilage surfaces from repeated mechanical stress

C. Enhances Synovial Lubrication and Shock Absorption

® Synergizes with hyaluronic acid (HA) to improve synovial viscosity and viscoelasticity

® Reduces friction and impact-induced heat, promoting smoother joint motion

D. Alleviates Post-Exercise Inflammatory Response and Fatigue Signals




3)

4)

Downregulates post-exertion inflammatory mediators such as NO, PGEz, and IL-6
Helps reduce delayed-onset muscle soreness (DOMS) and post-training joint

stiffness

Clinical Consensus

Chondroitin sulfate demonstrates high utility in exercise-induced joint care,

particularly in protecting cartilage surfaces and buffering against repetitive

mechanical stress

Clinical trials show CS significantly relieves knee joint pain, stiffness, and post-

exercise inflammation (e.g., CRP, PGE: levels) in athletic populations

When combined with MSM, HA, or Omega-3, CS contributes to a triple-action matrix

of shock absorption x anti-inflammation x synovial repair, making it ideal for athletes,

fithess enthusiasts, and recovery-phase individuals

CS has an excellent safety profile, does not impair athletic performance or energy

metabolism, and is well-suited for long-term use as a structural joint support nutrient

Recommended Combination Strategies and Target Populations

Structural Matrix x Anti-inflammatory Support x Synovial Lubrication x Soft Tissue

Recovery

Chondroitin sulfate functions most effectively as part of a multi-mechanism synergy,

supporting joint integrity, inflammation resolution, and mobility under load.



Use Case

Recommended Formula

Core Mechanistic Focus

OA (structural

degeneration)

CS + UC-Il + HA

Structural repair x Lubrication

x [mmune buffer

RA (immune-mediated

inflammation)

CS + UC-Il + Omega-3/

Vitamin D / Curcumin

Precision anti-inflammation

and immune modulation

Active individuals / high

physical load

CS + MSM + HA

Soft tissue support and wear

protection

NSAID-intolerant / drug-

sensitive

CS + UC-Il + Omega-3

Safe long-term intervention

with low Gl risk

Post-op / rehabilitation /

Reinforced structure + synovial

CS + HA + UC-II
elderly shielding
5) Nutrient Synergistic Mechanism
Partner Nutrient Synergistic Mechanism Justification

UC-II

Immune tolerance x Inhibition

of autoimmune targeting

Modulates T-cells; synergizes

with CS in structural restoration

Hyaluronic Acid

(HA)

Synovial enhancement

x Wear buffering

Joint lubrication barrier;

improves stiffness and crepitus

Glucosamine

Sulfate

Anti-inflammatory x

Soft tissue tension relief

Eases tendon stress;

improves joint agility
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Partner Nutrient Synergistic Mechanism Justification
Omega-3 Reduces IL-6 / PGE: Systemic support for high-
(EPA/DHA) and systemic inflammation inflammatory profiles
Treg activation Beneficial for autoimmunity-
Vitamin Ds
x Immune modulation prone individuals

V' Kawanaka M, et al. Chondroitin sulfate supplementation alleviates knee joint pain and improves

functional status in athletes with overuse injuries: a randomized controlled frial. J Sports Med Phys

Fitness. 2017;567(3):265-271.

- CS improved knee discomfiort and functional limitations in athletes with overuse injuries,

enhancing post-training recovery quality.

v' Kalman DS, et al. A clinical evaluation of a glucosamine and chondroitin sulfate combination on

Joint function in active subjects. J Int Soc Sports Nutr. 2007,4(1):1-7.

- GS + CS combination significantly improved joint mobility and functional scores in active

individuals.

v' Henrotin Y, et al. Chondroitin sulfate in the management of osteoarthritis: biological activity, clinical

efficacy, and safety. Ther Adv Musculoskelet Dis. 2070,2(2):39-53.

- Emphasized CS's multiple mechanisms in carfilage profection, anti-inflammation, and post-

exercise repair.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



VI Chondroitin Sulfate as a Gastrointestinal-Friendly Alternative to NSAIDs
Structural Support x Anti-Inflammatory Modulation x Gl Safety x Long-

Term Applicability

For individuals suffering from arthritis, synovitis, or chronic joint pain, nonsteroidal anti-
inflammatory drugs (NSAIDs) offer fast symptom relief - but their prolonged use often
leads to gastrointestinal (Gl) adverse effects and potential renal complications.
Chondroitin sulfate (CS), as a non-pharmaceutical nutritional intervention, provides
NSAID-like anti-inflammatory and analgesic effects without compromising Gl or systemic

metabolic safety.

1) Value of CS as an NSAID Alternative

A. Shared Anti-Inflammatory Pathways, Gentler Modulation

® CS suppresses key pro-inflammatory mediators including TNF-a, IL-13, IL-6, PGE-,
and nitric oxide (NO), complementing NSAIDs’ COX-2 inhibition pathway.

® Demonstrates significant reduction in joint swelling, tenderness, and moming
stiffness, with clinical evidence of improvement in activity-related pain and joint

stiffness.

B. No Gl Barrier Disruption — Ideal for Sensitive Populations

® Unlike NSAIDs, CS poses no risk of mucosal damage, and is well-suited for

individuals with peptic ulcer history, acid reflux, or NSAID intolerance.



2)

Particularly appropriate for the elderly, users of acid-suppressing medications, or

those with hepatic or renal vulnerabilities.

Dual Action on Structure and Inflammation

Goes beyond symptom relief by stimulating cartilage matrix synthesis, inhibiting

matrix metalloproteinases (MMPs), and enhancing synovial viscosity.

Ideal for chronic joint conditions where both symptomatic and structural support is

required.

Long-Term Nutritional Intervention Feasibility

A dosage of 250 mg/day of CS is recommended for foundational structural support,

with robust safety profiles across multiple trials.

Can be incorporated into low-dose, multi-mechanism formulations with UC-II, HA,

MSM, and Omega-3.

Clinical Consensus Summary

NSAID Alternative Validated: CS provides pain relief outcomes comparable to

NSAIDs in several randomized controlled trials (RCTs), with superior safety—

especially for interventions lasting 3—6 months or longer.

Gastrointestinal Compatibility: CS does not suppress gastric prostaglandins or

compromise mucosal protection, making it a first-line choice for NSAID-intolerant

individuals.



® |deal for Formula Integration: CS serves as a structural foundation, combining

effectively with UC-Il (immune modulation), MSM (soft tissue relief), and Omega-3

(systemic inflammation control) to form a comprehensive intervention network.

3) Recommended Combination Strategies and Target Users

Chondroitin sulfate is often paired with other key nutrients to form a multi-pathway joint

support strategy tailored to different etiologies and user profiles:

Partner Nutrient

Synergistic Mechanism

Target Population

UC-II

Induces Treg-mediated oral

immune tolerance

RA patients or autoimmune-

prone individuals

Omega-3

COX/LOX inhibition, PGE-:

reduction

Elevated CRP / IL-6;

NSAID replacement seekers

Glucosamine

Sulfate (GS)

Reduces periarticular swelling,

relieves soft tissue stiffness

Mild synovial swelling

or muscle tension

Hyaluronic Acid

Enhances synovial viscosity,

Morning stiffness, joint

(HA) improves articular cushioning catching, crepitus
Promotes Treg function and Seasonal flare-ups
Vitamin Ds
immune tolerance or immune hypersensitivity
Summary:

Chondroitin sulfate serves as the “structural core” within comprehensive intervention




strategies, synergizing with UC-II, Omega-3, glucosamine, HA, and vitamin Ds across the
axes of immune modulation x inflammation control x synovial support x matrix repair.
This multi-targeted approach is applicable across a broad spectrum of joint conditions,
including OA, RA, NSAID-intolerant profiles, exercise-induced damage, and early spinal
degeneration.

The formulation strategy enhances product breadth and precision across varying levels

of inflammation and joint degeneration.

4) Recommended User Profiles

User Type Recommendation Rationale

NSAID-Intolerant Individuals Safe alternative without Gl risks

Reduces medication reliance; supports
Chronic NSAID Users
longer-term joint management

High Gastric Acid Output Nutritional approach with high tolerability,
/ Ulcer History suitable for seniors
Systemic Inflammation Addresses synovial/soft tissue tension
(e.g., 1CRP, 1IL-6) via multi-pathway modulation
Recovery-Phase or Drug Dietary-grade intervention with improved

Reduction Goals compliance and long-term use




Chondroitin Sulfate (CS) - as a Structural Matrix Reinforcer and Multi-Pathway Modulator of Cartilage

Homeostasis, Synovial Viscosity, and Inflammatory Signaling in Joint Disorders

v’ Hochberg MC, et al. Combined chondroitin sulfate and glucosamine for painful knee osteoarthritis.

a multicentre, randomized, double-blind, non-inferiority trial versus celecoxib. Ann Rheum Dis.

2016:75(1):37-44.

- GS + CS group achieved equivalent pain and function improvements to celecoxib (NSAID), with

lower Gl adverse events and better folerability.

v Uebelhart D, et al. Protective effect of chondroitin sulfate on the cartilage matrix in osteoarthritis.

Osteoarthritis Cartilage. 2004, 12 Suppl A:S39-546.

- CS significantly reduced MMP expression and preserved cartilage matlrix integrity, supporting its

long-term structural protective role.

v' Rousseau M, et al. Chondroitin sulfate in the treatment of osteoarthritis: from in vitro studies fo

clinical recommendations. Ther Adv Musculoskelet Dis. 2012;4(2).69-78.

- Comprehensive review of CS’s mulfi-level actions—anti-inflammatory, matrix preservation, and

structure modification—recommending its use for NSAID-sensitive populations.

v' Michel BA, et al. Chondroitin sulfate in rheumatoid arthritis: a pilot double-blind, placebo-controlled

trial. Clin Rheumatol. 2005,24(5).538-546.

- In RA patients, CS combined with MTX significantly reduced CRP and improved DAS28 scores

with no Gl side effects.

v' Verbruggen G, et al. Long-term structure-modifying effects of chondroitin sulfate in patients with

knee osteoarthritis. Arthritis Rheum. 2002;,46(5):1177-1185.

- Over two years, CS significantly slowed joint space narrowing, confirming its role as a structure-

protective nutrient.
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VIl Keyora JointOra 5-in-1 Formula: Integrated Mechanistic Overview

Five-Pathway Synergistic Intervention Strategy

Ingredient Dosage Primary Functional Role

Undenatured Type Il Collagen 40 mg Immune Tolerance x Inflammation Modulation

Vegan Glucosamine Sulfate 1500 mg Matrix Precursor x Cartilage Synthesis Support

Chondroitin Sulfate 250 mg Structural Protection x Anti-inflammatory Synergy
Hyaluronic Acid (400 kDa) 50 mg Synovial Lubrication x Friction Buffering
Vitamin Ds 10 mcg Immune Modulation x Bone Support

1) UC-I1 40mg - Core Driver of Inmune Tolerance

® Induces Foxp3* regulatory T cells (Tregs) via Peyer’s patches in the ileum, halting
aberrant immune attacks.

® Reduces synovial Th17 activation and inflammatory cytokines (TNF-a, IL-13).

® Provides upstream modulation in RA, synovitis, and NSAID-alternative strategies.

® Synergy with CS 250 mg:
Chondroitin stabilizes cartilage via MMP suppression, while UC-Il addresses
immune misactivation. Together, they establish a “Root-Level Immunomodulation x

Terminal Structural Protection” dual mechanism.




2)

3)

4)

Glucosamine Sulfate 1500 mg - Matrix Substrate Provision

Supplies key substrates (e.g., GIcNAc) for glycosaminoglycan (GAG) synthesis and

proteoglycan formation.

Activates chondrocyte-driven extracellular matrix (ECM) production and supports

hyaluronic acid synthesis.

High-dose inclusion ensures effective cartilage anabolism.

Synergy with CS 250 mg: CS provides sulfate groups for Aggrecan backbone

synthesis, forming a “Complementary Substrate Pairing” to delay joint space

narrowing.

Chondroitin Sulfate 250 mg - Structural Stability + Inflammation Buffering

Inhibits MMP-1/3/13 activity, reducing cartilage degradation.

Improves the synovial microenvironment to alleviate morning stiffness and motion-

related discomfort.

Dose positioned within the structural-protective range (200-400 mg).

Synergy with Vitamin Dz 10 mcg:

Vitamin Ds enhances Treg activity, amplifying CS’s anti-inflammatory efficacy—

particularly valuable in RA and chronic synovitis populations.

Hyaluronic Acid 50 mg - Enhanced Joint Lubrication

Increases synovial fluid viscosity and viscoelasticity, reducing subchondral friction.



® Enhances joint fluidity and minimizes microtrauma from dryness-induced friction.

® Molecular weight of 400 kDa balances absorption efficiency with bioactivity.

® Synergy with GS 1500 mg and CS 250 mg:
HA enhances lubrication, while GS and CS support matrix integrity and synovial
regeneration - forming a triangular buffering network ideal for addressing moming
stiffness, joint popping, and motion limitations.

5) Vitamin Ds 10 mcg / 400 IU - Immune Modulation Enhancer

® Maintains bone homeostasis and modulates immune balance (1 Th17, t Treg).

® Suitable for RA remission, immune-prone individuals, or populations with low Vitamin
D status.

® 400 IU covers ~50% of the recommended daily intake with high long-term safety.

® Synergy with UC-Il + CS:
Enhances UC-ll-induced Treg expansion and CS-mediated inflammation control,
building a “Three-Pillar Inflammatory Regulation System.”

Summary

Keyora JointOra 5-in-1 delivers a clinically balanced formulation of UC-Il 40 mg + GS

1500mg + CS 250 mg + HA 50 mg + Vit Dz 10 mcg, leveraging a multi-pathway synergy

model across:

Immune Tolerance Modulation



® Cartilage Matrix Repair

® Synovial Lubrication Enhancement

With precision-dosed ingredients and scientifically grounded synergy, the formulation

addresses diverse joint-related needs including:

® Osteoarthritis (OA)

® Rheumatoid arthritis in remission (RA)

® Synovitis

® Exercise-induced joint stress

® Recovery-phase joint support

This integrated strategy optimizes safety, efficacy, and compliance for long-term

nutritional management of joint health.



