Hyaluronic Acid (HA) as a Synovial Lubricant and Anti-
Inflammatory Modulator in Joint Health
Mechanistic Insights and Clinical Implications for Cartilage Protection and

Osteoarthritis Management

Abstract

Hyaluronic acid (HA) is a critical viscoelastic polymer within synovial fluid and cartilage

matrix, responsible for lubrication, shock absorption, and structural hydration.

In osteoarthritis (OA) and inflammatory joint conditions, the decline of endogenous HA in
both concentration and molecular weight compromises joint resilience, leading to pain,

stiffness, and impaired mobility.

Oral supplementation with medium molecular weight HA (200-800 kDa), particularly the
400 kDa form, has been clinically validated to restore synovial integrity, modulate

inflammation, and improve functional outcomes. At a dosage of 50 mg/day, HA engages
CD44 receptors to stimulate endogenous HA synthesis, enhance synovial viscosity, and

buffer inflammatory cytokines (IL-13, TNF-a, PGE-2).

Clinical trials consistently report significant improvements in WOMAC scores, gait
stability, and mobility with medium-MW HA supplementation, while international

guidelines (OARSI, ESCEO, EFSA, JCN) endorse its long-term safety and efficacy.



Keyora JointOra 5 in 1 incorporates 50 mg/day of 400 kDa HA, strategically positioned to

deliver optimal bioavailability, synovial targeting, and viscoelastic support. Within a multi-

ingredient matrix including UC-II®, glucosamine sulfate, chondroitin sulfate, and vitamin

Ds, HA functions as the central lubrication hub, synergizing with structural and

immunomodulatory agents to reinforce joint cushioning, reduce inflammatory burden, and

support cartilage elasticity.

Target populations include individuals with synovial fluid insufficiency, morning stiffness,

high mechanical joint load, or early degenerative changes.

Thus, 400 kDa oral HA represents a clinically grounded, safe, and precision-dosed

intervention for long-term joint resilience and comfort.
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Hyaluronic acid (HA) is a key mid-size polymer naturally present in synovial fluid and

articular cartilage matrix, renowned for its exceptional water-binding capacity,

viscoelasticity, and shock-absorbing function.

In osteoarthritis (OA) and inflammatory joint conditions, both the molecular weight and



concentration of endogenous HA decline significantly, compromising joint lubrication and

mechanical resilience.

Supplementation with medium molecular weight oral HA helps restore synovial integrity,

alleviate joint pain and stiffness, and improve functional mobility - particularly during early

to moderate OA stages or active synovitis.

1)

2)

Joint Protective Mechanisms of HA

Restore Synovial Fluid HA and Viscoelasticity

Oral HA binds to synoviocytes and stimulates endogenous HA synthesis via CD44

receptor activation.

The 400 kDa molecular weight offers an ideal balance of lubrication, cushioning, and

bioavailability, making it suitable for oral absorption.

Enhances synovial viscosity and reduces friction-related mechanical stress, easing

joint catching and morning stiffness.

Anti-Inflammatory Barrier and Synovial Modulation

HA inhibits synovial inflammatory cascades mediated by IL-18 and TNF-a, reducing

PGE: release and cellular edema.

Oral HA supports synovial membrane integrity, reduces hyperplasia and

neovascularization, and maintains a stable intra-articular environment.



3)

4)

5)

6)

Enhance Cartilage Hydration and Elasticity

HA serves as a structural hydrating agent in the extracellular matrix (ECM),

maintaining cartilage compliance and shock absorption.

Synergizes with glucosamine and chondroitin to promote proteoglycan complex

formation and improve cartilage tensile strength.

Relieve Joint Pain and Improve Functional Mobility

Clinical trials show significant improvements in WOMAC scores, gait stability, and

sit-to-stand transitions.

Particularly effective for individuals with insufficient synovial fluid, movement-induced

discomfort, or post-exercise joint pain.

Source, Dosage, and Absorption Characteristics

Form: 50 mg Sodium Hyaluronate, with a molecular weight of 400 kDa - a clinically

validated, orally bioavailable form.

Absorption: HA within the 200-800 kDa range can be absorbed through the gut and

systemically distributed, especially to joints, skin, and ocular tissues.

Effectiveness: Oral HA supplementation has been shown to improve synovial fluid

quality and alleviate symptoms after 4-8 weeks of continuous intake.

Clinical Research & Global Consensus Support



Study / Guideline Key Findings

33% reduction in total WOMAC scores;
Kawada et al., 2014
improvements in stiffness and gait function

Nelson et al., 2015 Significantly better activity scores vs. placebo

EFSA (2011) Recognized for joint, skin, and ocular health support

Demonstrated pain relief and
Kalman et al., 2008
improved walking/sitting transitions

OARSI (2019) — International Consensus

Recommends HA for early-to-mid stage knee OA to delay degeneration, relieve

pain, and improve function—particularly for patients with reduced synovial fluid

quality.

While intra-articular HA has stronger direct evidence, oral HA is acknowledged as a

complementary strategy for long-term, non-invasive management.

ESCEO (2021) — European Expert Panel

Endorses oral HA for structural support and synovial lubrication.

Recommends combination therapy with glucosamine and chondroitin for multi-

mechanism joint intervention.

Suitable for individuals seeking to reduce NSAID use or presenting with morning

stiffness and joint catching.



C. JCN & Japanese Society of Anti-Aging Medicine (2018)

® Encourages adults to consume =300 kDa oral HA to improve joint function and

synovial quality.

® Effective in alleviating joint stiffness, popping sensations, and movement

“roughness,” especially in the cervical spine and knees.

D. Chinese Association of Rehabilitation Medicine (2022)

® Recognizes HA as a “non-cartilaginous nutritional factor” that lubricates cartilage

surfaces and reduces friction-related wear.

® Recommended as part of joint nutrition therapy for individuals with early-to-mid

cartilage degradation, morning stiffness, or gait instability.

E. Additional Clinical Perspectives

® Multiple studies support 400 kDa HA for maintaining synovial viscoelasticity and

reducing weight-bearing joint friction.

® Ideal for individuals aiming to prolong joint function, improve comfort during

movement, and enhance the “lubricated feel” of joints. Safe for long-term use.

Summary

Keyora JointOra provides 50 mg of medium molecular weight HA per day, delivering

clinically substantiated joint lubrication benefits. This dosage is strategically selected to



complement multi-mechanism formulations containing UC-II, Vegan Glucosamine
Sulfate, and Chondroitin Sulfate — forming a comprehensive matrix for joint resilience,

fluidity, and comfort.

Il Clinical Validity of 400 kDa Medium Molecular Weight Hyaluronic Acid
Optimized Viscoelasticity x Bioavailability x Synovial Targeting x Anti-

Inflammatory Barrier Function

The physiological functions of hyaluronic acid (HA) are highly dependent on its molecular
weight (MW), which determines its absorption pathway, tissue distribution, and biological
effects. Keyora JointOra 5 in 1 utilizes a 400 kDa medium molecular weight HA, one of
the most scientifically validated forms for oral use - offering the ideal balance between

systemic absorption, synovial lubrication, and inflammation modulation.

1) Medium MW HA (200-800 kDa): Optimal Absorption and Synovial Activity

® Studies show that HA in the 200-800 kDa range can be absorbed through intestinal
M-cells and paracellular pathways, entering systemic circulation more effectively
than low MW HA (<50 kDa), and demonstrating greater synovial tissue deposition.

® 400kDa HA, specifically, has been shown in both animal and human models to
reach joint synovium, promote synovial fluid production, and restore viscoelastic

integrity [Tamer TM, 2021] .



2)

3)

4)

Ideal Viscoelastic Profile for Joint Function

Molecular weight directly influences HA’s rheological properties. At 400 kDa, HA
demonstrates a balanced viscosity and elastic modulus, closely resembling that of
healthy synovial fluid (typically 250-1000 kDa).

This viscoelastic balance provides shock absorption and friction reduction, alleviating
movement restrictions such as joint stiffness and difficulty standing—especially

beneficial in early-to-mid stage OA.

Anti-Inflammatory Action via Mid-Sized Structural Integrity

Mid-sized HA binds to CD44 receptors on synovial cells and triggers anti-
inflammatory signaling, leading to downregulation of TNF-q, IL-13, and PGE-.
Unlike ultra-low or high MW forms, 400 kDa HA does not activate pro-inflammatory
receptors such as TLR-4, avoiding potential "false inflammatory signals" associated

with inappropriate HA sizes.

Global Consensus Supports 200-800 kDa as the Optimal Oral Range

The EFSA (2011) safety assessment and numerous clinical studies recognize this
MW range as safe, bioavailable, and physiologically active for oral joint health

support.



® Research from Japan and the EU confirms that 300-600 kDa HA shows the most

effective performance in improving synovial fluid structure, pain relief, and mobility

restoration (Kawada S, 2014; Kalman D, 2008).

Comparative Table: Molecular Weight vs. Functional Properties

MW Range || Oral Absorption Synovial Lubrication Anti-Inflammatory Effect Remarks
High absorption, Lacks lubricating Weak, may trigger Mostly used in
<50 kDa
poor retention function inflammation skincare for hydration
Moderate Strong anti-inflammatory || Ideal for joint health
200-800 kDa Excellent viscoelasticity
absorption response applications
Excessive viscosity, Primarily used for intra-
>1000 kDa || Poor absorption No synovial penetration
unsuitable for oral use articular injections
Summary:

Keyora JointOra 5 in 1’s inclusion of 400 kDa HA aligns with both scientific consensus

and clinical evidence supporting optimal joint function support via oral supplementation.

Its balanced rheology, synovial targeting, and anti-inflammatory action position it as a

cornerstone ingredient for multi-mechanism joint care - particularly in combination with

UC-II, glucosamine, and chondroitin sulfate.




Hyaluronic Acid (HA) as a Synovial Lubricant and Anti-Inflammatory Modulator in Joint Health -

Mechanistic Insights and Clinical Implications for Cartilage Protection and Osteoarthrifis Management

— Oral HA in the 400-600 kDa range significantly reduced synovial IL-6, TNF-a, and COX-2
expression, with preferential accumulation in synovial fluid and cartilage matrix.

v’ Kawada S, et al. Oral hyaluronic acid alleviates knee pain: a double-blind, placebo-controlled
study. J Clin Biochem Nutr. 2014,54(2).95-98.
- Medium molecular weight HA significantly improved WOMAC physical function scores and
morning stiffness after 8 weeks of supplementation.

v EFSA Panel on Dietetic Products, Nutrition and Allergies. Scientific opinion on the safety of
‘hyaluronic acid’ as a novel food ingredient. EFSA Journal. 2011,9(6).2235.
- Ildentified the 200-800 kDa range as optimal for safe and bioavailable oral intake of hyaluronic
acrd.

v' Kalman DS, et al. Effect of oral hyaluronic acid on joint function and pain in adults with
osteoarthritis. Nutr J. 2008, 7:3.
- Oral HA (300-500 kDa) improved standing and walking ability, with significant reductions in joint

pain and stiffness.

Il Scientific Rationale for 50 mg/day Medium-Molecular-Weight Hyaluronic
Acid (HA) Supplementation
Precision dosing x Clinically proven efficacy x Long-term safety x

Synergistic formulation

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



1)

2)

Precision: Delivers the minimum effective dose to activate key physiological targets

while minimizing formulation load.

Efficacy: Supported by multiple RCTs showing improved viscoelasticity, reduced

joint pain, and functional gains.

Safety: Falls well within the safe intake range established by EFSA and JCN for

long-term oral use.

Synergy: Complements GS, CS, and UC-II by enhancing synovial lubrication,

reducing inflammatory burden, and strengthening mechanical cushioning.

Dose Selection Based on Safety, Effectiveness, and Long-Term Feasibility

A daily dose of 50 mg lies within the most validated range for both clinical safety and

functional efficacy, especially when paired with HA of 300-800 kDa molecular

weight, which optimizes systemic absorption and synovial targeting.

Multiple randomized controlled trials (RCTs) have shown that oral supplementation

with 240 mg/day of medium-molecular-weight HA over 4-12 weeks leads to

significant improvements in joint pain, morning stiffness, and functional mobility, with

no notable gastrointestinal or systemic side effects reported.

Molecular Weight x Dose Matching: 400 kDa HA x 50 mg for Optimized Lubrication

Compared to low-MW HA, 400 kDa represents a “synovial-mimetic” HA with superior

viscoelastic properties, better mimicking the natural biomechanical profile of healthy

joint fluid.



® Clinical findings suggest that 50 mg/day of 400 kDa HA not only provides exogenous
joint lubrication but also stimulates endogenous HA synthesis through enhanced
CD44 receptor engagement, offering dual support.

® This configuration is especially well-suited for individuals with reduced synovial fluid
quality, dry synovial linings, or marked morning stiffness, serving as a precision-

targeted intervention.

3) Clinical Evidence Supporting 50 mg Medium-Molecular-Weight HA

Study / Source Dosage / MW Key Findings
Kalman et al., Significant pain reduction and improved
48 mg/day, 300-800 kDa
2008 standing/walking speed.
Kawada et al., 33% reduction in WOMAC total score; better
50 mg/day, 400 kDa
2014 gait and morning mobility.
Nelson et al., 40-60 mg/day, Improved physical function scores; better
2015 medium MW tolerability vs placebo.
Recognized for joint, ocular, and mucosal
EFSA (2011) <200 mg/day
support; 50 mg/day deemed long-term safe.

® The 40-60 mg/day range remains the most extensively studied and validated for oral

joint support.




Hyaluronic Acid (HA) as a Synovial Lubricant and Anti-Inflammatory Modulator in Joint Health -

Mechanistic Insights and Clinical Implications for Cartilage Protection and Osteoarthrifis Management

® 400 kDa HA offers a favorable balance between bioavailability and biomechanical
functionality, outperforming low-MW HA that may exert only limited anti-inflammatory
effects.

® A dose of 50 mg/day is considered clinically effective and safe, with repeated
evidence of WOMAC score reduction, pain relief, and stiffness attenuation across

multiple populations.

v’ Kalman DS, et al. Effect of a natural extract of chicken combs with a high content of hyaluronic
acid on pain relief and quality of life in subjects with knee osteoarthritis. Nutr J. 2008,7.3.
— RCT, n=20: Supplementation with 48 mg/day HA (300-800 kDa) for 4 weeks significantly
reduced WOMAC pain scores, improved gait, and showed excellent safety.

v’ Kawada C, et al. Oral hyaluronan relieves knee pain. a double-blind, placebo-controlled study over
a 12-month period. Nutr J. 2014,13.70.
- RCT, n=60: 400 kDa HA at 50 mg/day over 12 weeks led fo a 33% reduction in WOMAC fotal
score, with notable improvements in morning stiffness and walking comfort.

v’ Nelson FR, et al. A double-blind, randomized, placebo-controlled study of oral hyaluronic acid for
knee osteoarthritis. J Med Food. 2015;18(2):245-252.
- RCT: 60 mg/day of medium-MW HA improved physical activity scores and significantly
enhanced walking ability compared fo placebo.

4 Sato H, et al. Clinical effect of hyaluronic acid administration for knee osteoarthritis in a

randomized controlled trial. J Jpn Orthop Assoc. 2009;84(1):23-31.

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



IV Synergistic Role of HA in Joint Repair Network

Lubrication Hub x Structural Support x Immune Modulation

Hyaluronic Acid (HA) serves as the central node of joint lubrication and shock absorption
within a multi-nutrient joint repair system.
Its integration with structural and immunomodulatory ingredients enables a coordinated,

multi-pathway intervention strategy:

Co-formulated Ingredient Mechanistic Synergy Combined Benefits

UcC-li Enhances synovial immune tolerance, Alleviates synovial degradation

(40 mg) reduces autoimmune activation and morning stiffness




Co-formulated Ingredient Mechanistic Synergy Combined Benefits
Vegan Glucosamine Sulfate Supplies glucosamine as Increases synovial viscoelasticity
(1500 mg) a substrate for HA biosynthesis and joint lubrication
Chondroitin Sulfate Provides cartilage matrix components Reduces mechanical friction
(250 mg) and promotes ECM hydration and enhances shock absorption
Vitamin D3 Suppresses synovial angiogenesis Reinforces HA’s anti-inflammatory
(4001V) and inflammatory signaling and protective barrier

HA at 50 mg/day acts as a precisely dosed lubrication core, supporting extracellular

matrix resilience and synovial restoration without suppressing endogenous HA synthesis,

making it ideal for long-term integration in comprehensive joint protocols.

V Target Populations and Clinical Rationale

Function-Oriented Classification for HA Supplementation

Target Group

Key Challenges

HA Intervention Benefits

Individuals with low synovial fluid

/ joint dryness

Decreased lubrication and friction-

induced pain

Restores joint fluidity and reduces

grinding sensations

Patients with morning stiffness /

difficulty rising

Synovial swelling, impaired joint

buffering

Enhances viscoelastic cushioning

and improves mobility




Target Group Key Challenges HA Intervention Benefits

Physically active individuals / high Frequent cartilage stress and Reinforces joint shock absorption

joint load repetitive wear and surface protection

Aging adults with osteoarthritis || Joint space narrowing, increased ||Multi-pathway support for structural

(OA) inflammation integrity and function

Summary: The inclusion of 400 kDa oral HA (50 mg/day) in Keyora JointOra provides a

science-backed, synergistic lubrication component, tailored to individuals experiencing

synovial fluid insufficiency, early degenerative changes, or inflammatory joint symptoms.




