Undenatured Type |l Collagen

as an Oral Tolerance-Inducing Immuno-modulator: Restoring Treg/Th17
Balance, Suppressing Pro-Inflammatory Cytokines and Matrix-Degrading
Enzymes, Stabilizing Synovial Homeostasis, and Preserving Cartilage

Integrity at a Clinically Validated 40 mg/day Dose

Abstract

Undenatured type Il collagen (UC-II) represents a unique category of joint health
intervention, mechanistically distinct from hydrolyzed collagen or amino acid

supplementation.

By retaining its native triple-helical epitopes, UC-Il engages the mechanism of oral
tolerance, wherein antigens presented through gut-associated lymphoid tissue (GALT)
induce the differentiation of naive CD4* T cells into Foxp3* regulatory T cells (Tregs).
This pathway promotes the secretion of IL-10 and TGF-8, leading to the downregulation
of Th17/Th1 responses and suppression of pro-inflammatory cytokines such as TNF-q,
IL-1B, and IL-6. In parallel, UC-II reduces the activity of cartilage-degrading enzymes

(MMP-1, MMP-3, MMP-13) and inflammatory mediators (NO, PGE-z), thereby alleviating



synovitis, oxidative stress, and neutrophil infiltration, while maintaining synovial fluid

stability and cartilage extracellular matrix (ECM) integrity.

Clinical evidence demonstrates that an ultra-low daily dose of 40 mg produces

measurable improvements within 4-8 weeks, with sustained benefits by 90 days,

including significant reductions in pain, stiffness, and functional limitation assessed by

WOMAC and Lequesne indices.

Comparative trials show that UC-Il provides outcomes equal or superior to glucosamine

sulfate plus chondroitin sulfate, with enhanced gastrointestinal tolerability and patient

adherence.

Within multi-ingredient formulations, UC-II acts as the immunological “brake,” synergizing

with glucosamine sulfate, chondroitin sulfate, hyaluronic acid, and vitamin Ds to create a

comprehensive framework of immune modulation, structural reinforcement, lubrication,

and inflammation control.

Target populations include patients with osteoarthritis, individuals in remission phases of

rheumatoid arthritis or those intolerant to NSAIDs, and people experiencing sedentary- or

exercise-induced synovial dysfunction.

Collectively, UC-Il at 40 mg/day constitutes a precision-dosed, mechanism-driven, and

clinically validated cornerstone for long-term joint health management.



Keywords

Undenatured Type Il Collagen (UC-Il); Oral Tolerance; Treg/Th17 Balance; Regulatory T

Cells; IL-10; TGF-B; TNF-a; IL-1B; IL-6; Matrix Metalloproteinases (MMP-1, MMP-3,

MMP-13); Nitric Oxide (NO); Prostaglandin Ez (PGE:); Synovial Inflammation; Synovial

Homeostasis; Extracellular Matrix (ECM) Preservation; Osteoarthritis (OA); Rheumatoid

Arthritis (RA); WOMAC Index; Lequesne Index; 40 mg/day Clinical Dose; NSAID

Intolerance; Exercise-Induced Joint Stress.

Undenatured type Il collagen is a natural structural protein derived from cartilage tissue.

Unlike hydrolyzed or heat-treated collagen, it retains its original triple-helix conformation

and immunologically active epitopes due to the absence of high-temperature, acid/alkali,

or enzymatic hydrolysis during processing.

It exerts its health benefits not as a structural amino acid source, but through the

induction of oral immune tolerance - a unique pathway for modulating joint inflammation

and promoting long-term joint health.

® “Collagen” refers broadly to a class of structural proteins, but undenatured type I/
collagen represents a highly specific form characterized by preserved structure,

functional immune epitopes, and targeted biological activity.



® In contrast, hydrolyzed type Il collagen (e.g., gelatin, collagen tripeptides) loses its
native triple-helix structure and antigenic specificity during processing, serving
primarily as a source of amino acids for general structural support.

® Undenatured type Il collagen is classified as a regulatory dietary ingredient, with

effects extending beyond structural repair toward immunomodulatory regulation.

Comparison: Undenatured vs. Denatured/Hydrolyzed Collagen

Undenatured Collagen Denatured/Hydrolyzed Collagen
Feature
(e.g., UC-II) (e.g., gelatin, peptides)
Structural Integrity Retains native 3D structure Protein chains unfolded or fragmented
Low-temperature extraction; High-temperature, high-pressure;
Processing Method
avoids heat, acid, or enzymatic hydrolysis acid/base or enzymatic hydrolysis
Preserves collagen-specific epitopes Epitopes lost; no specific
Epitope Preservation
(e.g., type Il collagen epitopes) immune signaling
Primary Functional Induces oral tolerance; regulates T cells; Supplies amino acids;
Pathway anti-inflammatory action supports structural regeneration
Gram level (e.g., 5-10 g/day)
Effective Dosage Milligram level (e.g., 40 mg/day)
required for efficacy




I Why Is “Undenatured” Critical for Type Il Collagen?

Triple-helix integrity x Epitope preservation x Immune tolerance activation

The effectiveness of undenatured type Il collagen stems from its preserved native triple-
helix structure and collagen-specific epitopes. These structural features are essential to
activate the gut-associated immune tolerance (oral tolerance) mechanism - enabling a

unique approach to joint health intervention:

® Denatured collagen = Protein chains are unfolded or degraded -~ No longer
recognized as “self-structure” by the immune system — Unable to activate Treg
pathways.

® Undenatured collagen = Preserved structural integrity - Mimics native cartilage
collagen -~ Recognized by GALT and induces immune tolerance — Suppresses

autoimmune responses targeting the synovium.



lllustrative Example

Native CT-lI® is a clinically studied form of undenatured type Il collagen. A daily

intake of just 40 mg is sufficient to trigger immune modulation and significantly

improve osteoarthritis symptoms.

In contrast, hydrolyzed type Il collagen typically requires 5-10 g per day and

functions mainly as a structural nutrient without immunomodulatory effects.

Undenatured vs. Denatured Type Il Collagen:

Mechanisms and Functional Comparison

Comparison Undenatured Type Il Collagen Denatured / Hydrolyzed
Dimension (e.g., Native CT-I®) Type Il Collagen
English Name Undenatured Type Il Collagen Denatured / Hydrolyzed Type Il Collagen
Processing Low-temperature enzymatic extraction; High heat, acid/base, or enzymatic
Method preserves triple helix hydrolysis; disrupts structure
Molecular Collagen chains fragmented into
Retains triple-helix and native epitopes
Structure peptides or free amino acids
Primary Activates oral immune tolerance Supplies cartilage matrix precursors
Mechanism (1 Treg, {inflammation) (amino acids for rebuilding)
Target Immune system Chondrocytes and extracellular matrix




Comparison

Dimension

Undenatured Type Il Collagen

(e.g., Native CT-II®)

Denatured / Hydrolyzed

Type Il Collagen

Specificity

(GALT - Treg — Synovial regulation)

Effective Dosage

Milligram level (e.g., 40 mg/day)

Gram level (e.g., 5-10 g/day)

Onset of Action

4-8 weeks for immunomodulatory effects

Requires long-term intake for

potential structural benefit

Target Users

Osteoarthritis and rheumatoid arthritis

patients; NSAIDs-intolerant individuals

General joint health, post-surgery repair,

structural support

Clinical Evidence

Multiple RCTs demonstrate efficacy,

superior to glucosamine + chondroitin

Limited to in vitro, animal,

or supportive evidence

Immunological

Downregulates abnormal immune attack

No immune tolerance activity;

Action (1 Th17/Th1, tTregq) may act as a passive antigen
Formulation Combines with glucosamine and chondroitin for Combines with vitamin C,
Synergy “‘regulation + reconstruction” dual-pathway hyaluronic acid for tissue repair
Summary

“Undenatured” refers to the retention of native protein conformation and bioactivity. For

type Il collagen, it is the structural prerequisite for targeted immune modulation and the

foundation for joint-protective outcomes.




In the field of collagen supplementation, undenatured type Il collagen stands apart from
hydrolyzed forms by enabling a unique pathway: “immune modulation + inflammation

relief + cartilage protection.”

Il How It Works
Immunomodulatory Mechanism via Oral Tolerance - Not Just Collagen,

But Immune Reset

Undenatured type Il collagen (UC-II) differs fundamentally from hydrolyzed collagen
peptides. It retains its native triple-helix structure and immunogenic epitopes, enabling

joint health support through a unique mechanism known as oral tolerance.



Rather than “rebuilding cartilage” like structural nutrients, UC-Il functions by terminating
the inappropriate immune attack on joint tissues - a defining distinction from standard

collagen peptides.

1) GALT Recognition and Treg Cell Activation

® Upon oral administration, UC-II resists digestion and reaches Peyer’s patches in the

ileum;

® M cells uptake the native epitopes and deliver them to dendritic cells (DCs);

® |n the absence of inflammatory signals, DCs induce naive CD4* T cells to

differentiate into Foxp3* regulatory T cells (Tregs).

These preserved collagen epitopes act as signals to the gut’s immune system educators

- dendritic cells - training them to interpret type Il collagen as “self,” not a threat.

The result: induction of Treg cells, which serve as immunological “brakes,” suppressing

the autoimmune cascade against cartilage.

2) Anti-Inflammatory Cytokine Secretion

Activated Tregs secrete a suite of anti-inflammatory mediators, including:

® TGF-B: Blocks Th17 cell differentiation, halting cartilage degradation;
® |L-10: Downregulates Th1 and macrophage activity, suppressing TNF-a and IL-13

expression;



® CTLA-4 pathway: Modulates B cell activation, reducing synovial autoantibody

production.

These cytokines collectively recalibrate the immune microenvironment - silencing pro-

inflammatory T cell subsets and dampening the production of destructive cytokines and

antibodies that drive joint inflammation.

3) Suppression of Cartilage-Degrading Factors

® Downregulates MMP-1, MMP-3, and MMP-13, preventing collagen and proteoglycan

breakdown;

® Inhibits NO and PGE:, reducing oxidative stress and pain mediators in the synovium;

® Decreases neutrophils and IL-6 concentrations in synovial fluid, improving tissue

homeostasis.

Once immune overactivation is quieted, enzymatic destruction and oxidative signaling

within the joint diminish—preserving cartilage integrity and alleviating inflammation-

related pain.

4) Restoration of Synovial and Cartilage Barriers

® Treg-mediated tolerance prevents immune cell infiltration into the synovium;

® Reduces pathological angiogenesis and immune infiltration in the sub-synovial layer;

® Suppresses macrophage polarization toward the pro-inflammatory M1 phenotype.



These actions reinforce the structural integrity of the joint lining, reducing chronic synovial

irritation and creating a stable microenvironment for joint function.

Summary

UC-II does not work by supplying cartilage nutrients, but by halting the autoimmune

destruction of cartilage - offering a downstream immunological “brake” rather than

masking symptoms like NSAIDs. Its mode of action is immunoregulatory, not

symptomatic or structural.

5) Why It Matters

® Ultra-low dose efficacy: Only 40 mg/day is required to activate Treg-mediated anti-

infammatory pathways and alleviate OA symptoms;

® No antigenic burden, long-term safety: Unlike high-dose proteins, UC-Il induces

tolerance rather than immune activation, making it suitable for chronic use;

® Fills the gap of non-structural modulation: Complements glucosamine, chondroitin,

and hyaluronic acid to form a “structural repair + immune modulation” dual-pathway;

® Clinically superior to conventional regimens: Head-to-head trials show UC-II

40 mg/day outperforms glucosamine + chondroitin in pain relief, mobility, and quality -

of-life improvements;

® |deal for integrative use: Can be combined with joint recovery plans post-exercise or

during peri-menopausal cartilage degradation phases.



Il Undenatured Type Il Collagen (UC-Il) and Arthritis

Targeted Immunomodulatory Intervention for Joint Health

"Arthritis" is not a single disease, but rather a group of conditions characterized by joint

pain, restricted mobility, cartilage degeneration, and inflammatory activation. The two

most common types are:

Type of Arthritis Pathogenesis

Structural Features

Inflammatory Profile

Osteoarthritis Aging, mechanical stress

(OA) - cartilage degeneration

Narrowed joint space,

osteophyte formation

Low-grade chronic

inflammation

Rheumatoid Autoimmune activation

Synovial thickening,

High-grade immune-driven




Type of Arthritis Pathogenesis Structural Features Inflammatory Profile

Arthritis (RA) — synovitis bone erosion inflammation

® OA involves structural cartilage degradation, reduced synovial fluid lubrication, and
elevated MMP activity. The core inflammatory drivers are TNF-a and IL-1p3.
® RA is marked by autoimmune attack on synovial tissue, immune cell infiltration, and

systemic inflammatory cascades driven by autoantibodies.

In both OA and RA, the pathological mechanisms share several key features:

® |Immune-mediated destruction of synovium and cartilage;
® Persistent elevation of cytokines such as TNF-a and IL-1(;
® Excessive MMP activity degrading collagen and proteoglycans, leading to cartilage

thinning and joint deformation.

1) UC-Il as a Targeted Joint Inmunomodulator

Undenatured type Il collagen (UC-II) acts at the root of the immune-mediated attack on
joint tissues via the oral tolerance mechanism, delivering targeted immunological

correction through:

A. Regulation of Autoimmune Activation




2)

Induces regulatory T cells (Tregs) to suppress Th17 and Th1 pro-inflammatory

subsets;

Downregulates inflammatory cytokines (TNF-a, IL-18, IL-6);

Reduces synovial inflammation and immune cell infiltration in joint fluid.

Attenuation of Cartilage Breakdown and Inflammatory Feedback

Downregulates matrix-degrading enzymes MMP-1, -3, -13;
Suppresses NO and PGE, alleviating pain and swelling;

Decreases neutrophil infiltration and synovial inflammatory burden.

Restoration of Joint Inmune Homeostasis

Reduces immune cell migration into synovial tissues;
Modulates macrophage polarization (M1 -» M2), shifting from pro-inflammatory to
anti-inflammatory phenotypes;

Reinforces synovial barrier integrity and joint stability.

Clinical Application in Different Types of Arthritis

Osteoarthritis (OA)

UC-Il improves mobility, stiffness, and pain scores in mild to moderate OA;
Serves as a safer alternative or adjunct to NSAIDs, particularly in knee, hip, or hand

OA;



3)

4)

Suitable for chronic use in mechanically induced cartilage degeneration.

Rheumatoid Arthritis (RA)

In collagen-induced arthritis (CIA) models, UC-II significantly reduced synovial

infammation and cartilage erosion;

A pivotal study in Science (1993) confirmed UC-II's suppressive effects on RA-like

disease progression;

While not a drug replacement for RA, it serves as a complementary dietary strategy

to promote immune tolerance.

Key Recommended Populations

Middle-aged and elderly adults with joint stiffness or mobility limitation

(e.g., knees, hips, fingers);

Mild to moderate osteoarthritis sufferers;

Physically active individuals with recurrent joint pain or poor recovery;

Individuals with a family history of RA or autoimmune synovitis;

Patients seeking NSAID altermatives or looking to reduce drug dependence.

Key Human Clinical Evidence on UC-II

Standardized effective dose: All major studies used UC-II at 40 mg/day;

Applicable to diverse populations: From mild OA to sports-induced joint discomfort;



® Superior or comparable to GS+CS:

Multiple RCTs show greater or equivalent efficacy;
® Time to effect: Noticeable improvement in 4-8 weeks, with stable results by 90 days;
® Excellent compliance and safety: Minimal adverse effects, with lower Gl burden than

GS/CS.

Participants Intervention Key Findings

191 mild-to-moderate UC-Il 40 mg/dayx90 days vs UC-II significantly improved pain

knee OA, aged 40-75 GS 1500 mg+CS 1200 mg scores; outperformed GS+CS
52 diagnosed UC-II 40 mg/dayx90 days Marked improvement in
knee OA patients vs placebo joint symptoms and pain relief

UC-II 40 mg/day*3 months Comparable WOMAC improvement;
60 knee OA patients

vs GS+CS better compliance and Gl tolerance
55 healthy exercisers Reduced post-exercise pain,
UC-Il 40 mg/dayx4 months
with knee discomfort improved walking distance
25 patients with restricted Decreased pain and stiffness;
UC-Il 40 mg/dayx4 months
knee function CRP showed downward trend

Summary: Undenatured Type Il Collagen (UC-Il) is not merely a structural nutrient but
functions as a dietary-grade immunomodulator specifically targeting the immune-driven

mechanisms underlying arthritis.




By interrupting the root cause of inflammation, suppressing cartilage degradation, and
restoring synovial immune tolerance, UC-Il offers a novel and effective pathway for

nutritional intervention in joint diseases.

IV Undenatured Type Il Collagen & Cervical/Lumbar Joint Degeneration
Targeting “Chronic Postural Inflammation” via Immune Modulation for Joint

Preservation

For individuals with cervical or lumbar joint degeneration - especially those experiencing

synovitis-related discomfort due to prolonged sedentary posture - UC-Il offers a



foundational, low-dose, and long-term safe intervention.
Its unique immunomodulatory mechanism addresses inflammation and degeneration

pathways not reached by conventional structural nutrients.

1) Sedentary-Induced Spinal Degeneration: The Inflammation - Degeneration Cascade

Prolonged desk work or screen use often leads to chronic, low-grade postural overload,
resulting in neck and lower back discomfort. This condition resembles early-stage

osteoarthritis (OA) and involves:

Region Symptoms Underlying Mechanisms

Facet joint degeneration + synovial
Cervical facet joints Stiffness, pain, limited rotation
inflammation

Lumbar zygapophyseal | Back soreness, prolonged sitting || Facet degradation + local inflammation

joints discomfort, moming stiffness + muscular tension

Prolonged postural stress activates synovial immune responses, triggering TNF-a, IL-6,

and MMP release - leading to cartilage erosion and local microinflammation.

2) UC-II: Immune Support for Spinal Synovial Joints




While anatomically distinct from the knee, zygapophyseal joints in the spine share the

same core structure: articular cartilage + synovial membrane + joint cavity.

Thus, they are also susceptible to T-cell-mediated chronic inflammation.

UC-II, through oral tolerance, provides immune-targeted support by:

3)

Alleviating Chronic Facet Joint Inflammation

Activates Treg cells to modulate Th17/Th1 infiltration in the synovium
Suppresses TNF-a, IL-6, and other inflammatory mediators

Relieves tissue swelling, tenderness, and motion restrictions

Protecting Articular Surfaces and Joint Space Integrity

Downregulates MMP-3, MMP-13, slowing cartilage degradation
Maintains facet joint surface integrity, delaying degeneration

Improves synovial fluid quality, reducing friction-induced discomfort

Breaking the “Posture — Inflammation - Pain” Loop

Relieves synovitis, indirectly reducing muscle hypertonia and guarding responses

Lowers NO and PGE: levels, helping reverse the pain-infammation-posture

feedback cycle

UC-II Supplementation Strategy for Spinal Degeneration



Ideal for individuals such as:

® Office workers (e.g., engineers, admin professionals) with long desk hours

® Sedentary >4 h/day and early signs of cervical/lumbar stiffness

® Mild cervical syndrome due to poor posture or forward head position

® Chronic discomfort without structural lesions but suspected synovial inflammation

® Imaging shows joint space narrowing but no disc herniation

UC-Il serves as a safe, daily-use, immune-calming base supplement for these

populations.

4) Indirect Clinical Evidence for Spinal Applications

Although UC-II trials specifically targeting the spine are lacking, extrapolation is

reasonable based on:

Study Population Application Relevance

Analogous to non-structural
Lugo JP, 2016 Mild—moderate knee discomfort
joint pain from posture

Comparable to postural
Kumar S, 2009 Exercise-induced joint pain in athletes
joint stress and fatigue

Similar to functional
Kalman DS, 2017 Activity-restricted non-OA subijects
stiffness with inflammation




These findings suggest UC-II's value in non-structural, inflammation-related joint

conditions, including spine-adjacent small joints.

5) Synergistic Formulation Strategy for Cervical/Lumbar Care

UC-Il works best when paired with:

Ingredient

Mechanism

Recommended For

Hyaluronic Acid

Enhances synovial fluid viscosity

and lubrication

Morning stiffness, cervical

crepitus, lumbar pressure

Vitamin Ds

Supports Treg induction and

anti-inflammatory balance

Indoor workers with

limited sun exposure

Glucosamine

/ Omega-3

Reduces soft tissue edema

and oxidative muscle tension

Fatigued muscles, back tightness,

inflammation-prone

Chondroitin Sulfate

Provides cartilage hydration

and osmotic load buffering

Spinal joint space narrowing,

cartilage matrix stress

Summary:

® UC-Il shuts down the immune “master switch” targeting inflammation;

® HA and Chondroitin sustain lubrication and cartilage architecture;

® Omega-3, MSM, and Vitamin Ds offer anti-inflammatory and metabolic support.




Undenatured Type Il Collagen - as an Oral Tolerance-Inducing Immuno-modulator: Restoring Treg/Th17

Balance, Suppressing Pro-inflammatory Cytokines and Matrix-Degrading Enzymes, Stabilizing Synovial

Homeostasis, and Preserving Cartilage Integrity at a Clinically Validated 40 mg/day Dose

This multi-targeted formula creates an integrated path from immune tolerance —

inflammation control — structural support — functional recovery, particularly suitable for

individuals with spinal symptoms but without overt structural breakdown.

v

Lugo JP, Sajyed ZM, Lane NE. Undenatured type Il collagen for joint support: a randomized,

double-blind study in healthy subjects with knee discomfort. Nutrition Journal. 2016;15(1).14.

- UC-Il supplementation resulted in a 33% reduction in total WOMAC score, significantly

outperforming the glucosamine + chondroitin group in relieving joint discomfort.

Kumar S, Sugihara F, Suzuki K, et al. Oral undenatured type Il collagen reduces exercise-induced

joint pain in healthy subjects.

Journal of the International Society of Sports Nuftrition. 2009,6.7.

- UC-] significantly improved 6-minute walking distance and reduced pain scores in individuals

with post-exercise joint discomfort.

Kalman DS, Hewilings S, Dalbo VJ, et al. A pilot clinical evaluation of UC-II on joint function in

active subjects. Journal of the American College of Nutrition. 2017,;36(2).971-99.

- UC-I supplementation alleviated stifiness, improved mobility, and reduced subjective discomfort

in physically active individuals.

Bakilan F, Armagan O, Ozgen M, et al. Effects of native type Il collagen treatment on knee

osteoarthritis: a randomized controlled trial. Rheumatology Infernational. 2016,36(3):385-390.

- Demonstrated significant improvement in pain and function scores among OA patients receiving

native type Il collagen.

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



V  UC-II and Synovitis / Morning Stiffness / Activity-Related Pain
A Tolerance Restoration & Immune Deactivation Strategy Targeting

Synovial Inflammation

For individuals experiencing synovitis-dominant joint discomfort - especially “morning
stiffness,” “initial movement pain,” or “activity-induced limitation” - Undenatured Type Il
Collagen (UC-II) provides a precise dietary intervention.

Unlike traditional analgesics or structural nutrients, UC-Il works by modulating the

synovial immune system, deactivating localized immune attacks, and alleviating

inflammation and movement pain.

1) The Link Between Synovitis and “Morning Stiffness + Movement Pain”

Many older adults or individuals with joint overuse complain of joint stiffness upon waking

and marked pain during the first few movements, which improves with continued activity.



These symptoms are not primarily caused by “bone wear” but rather by chronic synovial

inflammation and immune dysregulation:

Clinical Presentation Underlying Mechanism
Morning stiffness Inflammatory synovial fluid accumulation during rest; low Treg activity
Initial movement pain Sudden synovial tension changes trigger PGE2/NO/IL-6 spikes
Synovitis T cell and macrophage infiltration into synovium - cytokines + MMPs
Recurrent pain Chronic inflammatory feedback from unresolved synovitis

These individuals often show no significant joint destruction on imaging, yet experience

substantial functional limitation and early-stage immune-driven inflammation.

2) UC-II: A Synovial Immune Tolerance Agent Targeting T Cell-Mediated Inflammation

The synovium is a key target in immune-mediated joint attacks. UC-Il activates oral

immune tolerance pathways, interrupting persistent synovial inflammation:

A. Modulating the Synovial Immune Microenvironment

® Activates Treg cells, suppresses Th17-mediated inflammation
® Reduces local TNF-q, IL-6, IL-18 secretion within the synovium

® Downregulates CTLA-4-mediated B cell antibody activity in synovial fluid

B. Suppressing Root Triggers of Morning Stiffness and Initial Pain




® Reduces synovial NO and PGE: levels, mitigating early-moming inflammatory bursts
® Enhances stability of synovial fluid viscoelasticity, improving joint comfort during
initial movement
C. Inhibiting Synovitis-Induced Cartilage Destruction
® Downregulates MMP-1, MMP-3, and MMP-13
® Decreases surface cartilage degradation and neutrophil infiltration in synovial fluid
® Restores synovial barrier integrity and slows cartilage erosion
3) UC-Il Use Case Logic for Synovitis-Dominant and Functional Restriction Phenotypes
Target Subgroup Application Rationale
Morning stiffness >30 min, UC-II modulates overnight synovial inflammation,
relieved after movement reduces early-morning discomfort
Initial movement pain requiring Reduces hypersensitivity to
“‘warm-up” inflammatory mediators like PGE:
Severe symptoms despite Ideal for synovitis-dominant cases
mild imaging findings with “function > structure” imbalance
Young or atypical OA individuals Preventative and early-stage management;
with synovial features reduces NSAID dependence




These individuals are often misdiagnosed with “functional osteophytes” or “overuse joint
pain,” when in fact the underlying mechanism is synovial immune imbalance and low-

grade inflammation, making UC-Il particularly relevant.

4) Clinical Evidence Support

Study Participant Characteristics Key Outcomes
Lugo JP, WOMAC 225; pain, stiffness, UC-II significantly improved Lequesne Index
2016 mobility limitation (function + moming stiffness)
Kalman DS, WOMAC 240; functional UC-II reduced pain and
2017 impairment, no OA diagnosis stiffness significantly
Kumar S, Exercise-induced synovial Improved 6MWT performance, reduced
2009 stress and pain initial pain, enhanced recovery

Bakilan F, ||OA with synovitis + morning stiffness Clinical benefit observed in WOMAC

2016 and pain and stiffness parameters

Crowley DC, Significant reductions in stiffness, initial pain,
Knee OA patients

2009 and inflammatory markers

5) Recommended Co-Intervention Strategies

To comprehensively modulate the synovial immune environment, UC-Il can be combined

with the following nutrients:




Co-Ingredient

Mechanism of Action

Target Symptoms

Hyaluronic Acid

Improves synovial fluid lubrication

and elasticity

Morning stiffness, friction on

movement

Omega-3 Suppresses IL-6, TNF-a; promotes Chronic synovitis, elevated
Fatty Acids pro-resolving lipid mediators CRP/ESR
Enhances Treg function and Seasonal or recurrent
Vitamin D
immune “braking” capacity stiffness/inflammation
Chondroitin Reinforces cartilage structure; Movement-induced pain, early
Sulfate buffers synovial stress cartilage wear




VI Undenatured Type Il Collagen (UC-Il) and Exercise-Induced Joint Fatigue
A precision nutritional factor for relieving synovial overload, reducing

cartilage wear, and accelerating functional recovery

For individuals experiencing exercise-related joint fatigue, delayed recovery after training,
or movement limitations, Undenatured Type Il Collagen (UC-II) offers a precision strategy
to restore joint function by modulating low-grade synovial inflammation, suppressing
cartilage-degrading enzymes, and halting immune-mediated joint activation.

UC-II provides a long-term, safe, non-stimulatory solution with high compliance in athletic

and physically active populations.



1) Exercise-Induced Joint Discomfort: A Result of Soft Tissue Overload and Mild

Synovial Inflammation

Among healthy individuals engaged in high-frequency or impact-repetitive activities (e.g.,

running, squats, ball sports, or gym training), the following symptoms are common:

Symptom Underlying Mechanism
Post-training joint swelling Mild synovial inflammation + elevated
or locking sensation PGE2/NO in synovial fluid
Reduced range of motion Increased viscosity and pressure within the joint
Prolonged recovery after Cartilage interface stress +
repeated training unresolved inflammatory responses
Mild synovial microtrauma or
Morning or delayed soreness
repeated cartilage surface wear

Although not indicative of structural pathology, these symptoms can progress to chronic

synovitis, cartilage fissuring, or patellofemoral stress syndrome if left unaddressed.

2) UC-lI: A Precision Immuno-Modulator for Post-Exercise Joint Stress

Unlike structural nutrients (e.g., chondroitin or collagen peptides), UC-II acts via immune
tolerance pathways to regulate the synovial inflammatory cascade at its source,

supporting faster joint recovery post-exertion.



3)

Alleviates Post-Training Synovial Inflammation

Activates intestinal Treg cells to modulate local immune activity in the synovium

Suppresses IL-6, TNF-a, PGE: and other inflammatory mediators induced by

physical stress

Stabilizes the synovial barrier to prevent inflammatory spillover onto cartilage

Reduces Cartilage Friction Stress and Repair Burden

Inhibits cartilage-degrading MMPs (MMP-1, MMP-3, MMP-13)

Slows mechanical abrasion and microdamage to joint surfaces

Minimizes neutrophil infiltration and oxidative stress in the joint cavity

Improves Functional Pain and Mobility

Reduces NO and COX-2 expression to alleviate initial motion pain and stiffness

Relieves joint fluid pressure changes that cause discomfort and restricted movement

Enhances post-exercise recovery and perceived next-day mobility

UC-II Supplementation Strategy for Exercise-Induced Joint Fatigue

Target Population Symptom Profile

Gym-goers, runners, athletes Knee, ankle, or shoulder discomfort




Target Population

Symptom Profile

under repetitive load

with limited motion

Dancers, sports

professionals, trainers

High joint frequency usage and

synovial stress response

Rehabilitation patients

Poor tolerance during retum-to-training phase

Functional joint pain

individuals

Recurrent post-exercise joint soreness

without structural damage

UC-Il serves as a core, low-dose immune-modulatory agent for these populations and is

especially suited as a "non-stimulant recovery factor" in sports nutrition.

4) Supporting Clinical Evidence

Study Population Key Findings
55 healthy participants with UC-Il 40 mg/day x 120 days - significantly reduced
Kumar S et
exercise-induced knee post-exercise pain and improved 6-minute walk test
al., 2009
discomfort (6MWT) performance

Kalman DS 25 individuals with knee UC-II significantly reduced WOMAC pain and stiffness
et al., 2017 motion limitations scores; notable relief from activity-related discomfort
Lugo JP et Adults with daily activity- || UC-II group showed significant improvement in Lequesne

al., 2016 related knee discomfort Index (functional mobility and pain reduction)




Although not directly labeled as "sports medicine" trials, the inflammation-related
functional joint discomfort aligns closely with those in professional training or

rehabilitation populations.

5) Recommended Fomulation Strategy

Co-nutrient Mechanism Recommended For
Reduces joint friction and maintains Individuals with post-exercise joint
Hyaluronic Acid
synovial fluid viscosity stiffness or “clicking” sensation
Glucosamine Sulfate | Anti-inflammatory and antioxidant; Those with tendon/bursa
/ Omega-3 eases soft tissue stress tendemess or joint fatigue
Calcium, Magnesium, Supports muscle function and Individuals prone to cramps or chronic

Zinc / Vitamin D immune tolerance pathways inflammatory sensitivity during training




VIl Undenatured Type Il Collagen (UC-Il) for Individuals Seeking a Safe
Alternative to Painkillers
A Joint Intervention Strategy Centered on Immune Modulation, Non-

Analgesic Pathways, and Long-Term Tolerability

Undenatured Type Il Collagen (UC-Il) offers a novel, drug-free, and non-structural
nutritional intervention for joint health.

For individuals aiming to reduce dependence on analgesics - particularly those with
gastrointestinal sensitivity or chronic comorbidities - UC-II provides a safe, long-term

solution by addressing inflammation at its immunological root.

1) Health Risks Associated with Long-Term Use of NSAIDs



Many patients with joint pain rely on NSAIDs (e.g., ibuprofen, celecoxib, diclofenac) for

symptom relief, despite well-documented adverse effects:

Risk Category

Potential Hazards of NSAIDs

Gastrointestinal

Mucosal damage, ulcers, bleeding, nausea

Renal Function

Impaired perfusion, increased CKD risk

Cardiovascular

Elevated risk of Ml and stroke (esp. COX-2 inhibitors)

Dependency

Tolerance and rebound symptoms on withdrawal

Mechanism of Action

Suppress pain pathways only; no upstream inflammatory modulation

As a result, many elderly individuals, those with Gl sensitivity, kidney or cardiovascular

comorbidities, or early-stage OA seek safer, non-pharmacological alternatives that

relieve pain and inflammation.

2) UC-II: Immune Modulation Beyond Pain Suppression

UC-II does not function by blocking COX enzymes or masking symptoms. Instead, it

modulates the immune system by restoring tolerance to type Il collagen:

Mechanistic Pathway

Functional Effects

Treg Activation, Th17/Th1 Suppression | Prevents misrecognition of synovium and halts immune attacks

Inflammatory Cytokine Reduction Downregulates pain and swelling at the source




Mechanistic Pathway

Functional Effects

(TNF-q, IL-6, IL-1p)

MMP & Oxidative Stress Suppression

Prevents cartilage degradation and structural progression

GALT-Based Action

Minimal gastrointestinal involvement and side effects

Unlike NSAIDs, UC-II acts on the cause (immune-mediated inflammation) rather than the

effect (pain), resulting in a slower onset but more durable and restorative outcomes.

3) Suitability of UC-II for Individuals Seeking NSAID Alternatives

Population Profile

Why UC-II Is Appropriate

Chronic NSAID users concerned about side effects

Ultra-low dose (40 mg/day) with negligible GI burden

History of ulcers, indigestion, or nausea

Does not inhibit prostaglandins; Gl-safe

Hypertensive or renal-impaired patients

No interference with renal perfusion or BP regulation

NSAID rebound users with symptom relapse

Helps re-establish immune balance and tolerance

Individuals seeking long-term,

diet-based inflammation control

Gradual but sustained symptom relief

without drug dependency

4) Clinical Evidence Supporting UC-Il as an NSAID Alternative




Several RCTs have demonstrated that UC-Il is as effective—if not more so—than

glucosamine + chondroitin in improving joint symptoms, with added benefits in reducing

analgesic reliance:

Study

Intervention Control

Key Findings

Lugo JP,

2016 (Nutr J)

uc-li Glucosamine 1500 mg +

40 mg/day Chondroitin 1200 mg

Greater WOMAC pain reduction

in UC-II group; NSAID use decreased

Crowley DC, 2009

(Int J Med Sci)

Significant WOMAC improvements without

Gl side effects; reduced NSAID dependence

Bakilan F, 2016

(Rheumatol Int)

uc-lii
Placebo
40 mg/day
uc-lIi
GS +CS
40 mg/day

Comparable symptom relief; better

compliance and fewer side effects with UC-II

5) Suggested Co-Formulation Strategies

Complementary
Mechanism Recommended For
Ingredient
Those transitioning off NSAIDs or
Omega-3 Inhibits PGE:2 and IL-6

with elevated inflammatory markers

Sulfate

Glucosamine

Reduces soft tissue tension

and edema

Individuals with knee/shoulder

swelling or effusions

Vitamin D

Enhances Treg function

Low immunity or




Complementary

Mechanism Recommended For
Ingredient
and immune balance seasonal flare-up profiles
Chondroitin Provides negative-charge cartilage matrix; Individuals with narrowed
Sulfate improves compression resistance joint spaces or structural wear

Gl-sensitive individuals or those

Plant Polyphenols Antioxidant; inhibits NF-kB pathway
seeking plant-based solutions

VIl Synergistic Mechanisms Between Undenatured Type Il Collagen (UC-II)
and Other Nutrients
A Four-Dimensional Synergy: Immune Modulation x Structural Repair x

Inflammation Relief x Functional Support

® Immune Braking (UC-Il) + Inflammatory Buffering (Vitamin Ds): Establish a pathway
to terminate inappropriate immune attacks.

® Structural Stabilization (Chondroitin Sulfate) + Reparative Substrate (Glucosamine):
Reinforce cartilage ECM integrity and elasticity to resist degeneration.

® Synovial Lubrication (Hyaluronic Acid): Reduce friction and stiffness during
movement, enhancing joint comfort.

® Together, these four mechanisms form a closed-loop strategy addressing joint health

from immunity to structure and function.




Nutrient

Primary Mechanism of Action

Synergistic Role with UC-II

Functional Role

Glucosamine

Sulfate

(GS, 1500 mg)

Stimulates cartilage ECM

synthesis and promotes

cartilage metabolism

UC-II reduces immune-mediated damage,

while GS provides the raw material for repair

- creating a dual strategy of "immune

protection x structural nutrition"

Cartilage Repair

Substrate

Chondroitin

Sulfate

(CS, 250 mg)

Stabilizes cartilage matrix,

inhibits catabolic enzymes,

enhances compressive

resistance

UC-Il suppresses upstream inflammation;

CS reinforces structural integrity - offering

"root-level control x physical buffering"

ECM Structural

Protection

Hyaluronic Acid

Improves synovial fluid

viscoelasticity, enhances

UC-II relieves synovial inflammation, while

HA enhances lubrication - synergistically

Lubricating Buffer

(HA, 50 mg) lubrication and shock Agent
easing stiffness and motion-related pain
absorption, supports mobility
Upregulates Treg cell activity,
Enhances the immune tolerance pathway Immune
Vitamin Ds supports oral tolerance
initiated by UC-II, improving the success rate Modulatory
(10 pug /4001U) || induction, suppresses Th17
of low-dose immune modulation Cofactor

activation




