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Abstract

Undenatured type Il collagen represents a distinct low-dose nutritional strategy for joint
health whose biological rationale differs fundamentally from that of hydrolyzed collagen

peptides and conventional structural protein supplementation.

Rather than functioning primarily as a bulk source of amino acids for extracellular-matrix
synthesis, undenatured type Il collagen retains native conformational features and type |l
collagen epitopes that provide the biological basis for its proposed interaction with gut-

associated immune-tolerance pathways.

The central mechanistic model involves recognition of orally delivered native type II
collagen epitopes within gut-associated lymphoid tissue (GALT), followed by regulatory
immune signaling associated with antigen-specific tolerance. Preclinical evidence supports

the involvement of regulatory T-cell responses and downstream modulation of



inflammatory pathways relevant to cartilage and synovial homeostasis, including
Treg/Th17-related signaling and mediators such as IL-10, TGF-, TNF-o, IL-1B, IL-6, matrix
metalloproteinases, nitric oxide, and prostaglandin E,. These mechanisms provide a
biologically plausible connection between preserved collagen conformation, immune
regulation, attenuation of inflammatory and catabolic signaling, and maintenance of the

cartilage—synovial microenvironment.

Human clinical evidence further indicates that specific native or undenatured type |l
collagen preparations can improve clinically relevant joint outcomes at substantially lower

daily quantities than those typically used for hydrolyzed collagen supplementation.

Trials of defined branded preparations have reported improvements in pain, stiffness,
mobility, and functional measures in populations with osteoarthritis or activity-related joint
discomfort. Importantly, however, these findings are ingredient-specific: evidence
generated with one proprietary undenatured type Il collagen preparation should not be

automatically transferred to another without identifying the intervention actually studied.

Native CT-lI® is one clinically studied native type Il collagen ingredient and is therefore

evaluated in this paper separately from the broader ingredient-class evidence. Its clinical
evidence is considered alongside, but not conflated with, studies conducted using other
proprietary undenatured type Il collagen preparations. This distinction allows evidence

concerning oral-tolerance biology, low-dose clinical efficacy, and branded-ingredient



performance to be integrated without assuming interchangeability between commercial

collagen ingredients.

Within a broader joint-support architecture, native type Il collagen may therefore occupy
an immunoregulatory role that is mechanistically complementary to structural and
lubrication-oriented nutrients such as glucosamine sulfate, chondroitin sulfate, and
hyaluronic acid, while vitamin D may contribute an additional immune and
musculoskeletal support axis. Such mechanistic complementarity should be distinguished

from direct clinical validation of any finished multi-ingredient formulation.

Collectively, the evidence supports undenatured type Il collagen as a biologically distinct
joint-health intervention centered on preserved native epitopes, oral-tolerance signaling,
and regulation of the cartilage—synovial inflammatory environment. Native CT-II®
provides a specific branded clinical-evidence pathway within this broader category, while
evidence from other proprietary preparations remains informative at the ingredient-class
level only where biological and methodological comparability can be justified. This
ingredient-specific evidence architecture provides a more rigorous basis for evaluating

low-dose native type Il collagen in long-term joint-health strategies.
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Undenatured Type Il Collagen

Defining the Ingredient Class

Undenatured type Il collagen is a structurally preserved form of type Il collagen derived
from cartilage-containing tissues. Its defining characteristic is not simply its collagen
source, but the preservation of native conformational features that distinguish it from

extensively denatured or hydrolyzed collagen preparations.

Type Il collagen is a major collagenous component of articular cartilage. When processing
conditions preserve relevant aspects of its native molecular conformation, the resulting
material may retain conformational epitopes capable of interacting with the mucosal
immune system. This property provides the mechanistic basis for investigating
undenatured type Il collagen as an oral-tolerance-oriented nutritional intervention rather

than merely as a source of collagen-derived amino acids.

This distinction is fundamental.



Hydrolyzed collagen preparations are intentionally fragmented into lower-molecular-
weight peptides and amino-acid-containing fractions. Their nutritional rationale therefore
centers primarily on peptide availability, extracellular-matrix metabolism, and structural

tissue support.

Undenatured type Il collagen occupies a different biological category. Its proposed
function depends substantially on preservation of native antigenic or conformational

characteristics rather than delivery of large quantities of collagen protein.

Accordingly, the term “undenatured type Il collagen” should be treated as an ingredient-

class description rather than as a synonym for any individual proprietary ingredient.

Commercial preparations within this category may differ in source material, manufacturing

conditions, compositional characteristics, analytical specifications, and clinical evidence.

Clinical findings generated with one proprietary preparation therefore cannot
automatically be assigned to another preparation solely because both are described as

native or undenatured type Il collagen.

Native CT-II® is one specific native type Il collagen ingredient evaluated within this

broader scientific category.



Throughout this paper, evidence generated directly with Native CT-II® is distinguished

from evidence generated with other proprietary preparations and from evidence

supporting the ingredient class more generally.

Comparison: Undenatured vs. Denatured/Hydrolyzed Collagen

Dimension

Undenatured / Native Type Il Collagen

Hydrolyzed Collagen / Collagen Peptides

Structural State

Preserves relevant native conformational

characteristics of type Il collagen

Collagen structure is intentionally fragmented

into peptides

Biological

Rationale

Preservation of conformational epitopes and
potential interaction with mucosal immune-

tolerance pathways

Provision of bioavailable collagen-derived

peptides and amino acids

Primary Research

Framework

Oral tolerance and immunoregulatory

signaling

Structural substrate and peptide-mediated tissue

support

Relationship to

GALT

Investigated for antigen-specific interaction

with gut-associated immune pathways

Not principally dependent on preservation of

native type Il collagen epitopes

Typical Studied

Intake

Low milligram-range doses have been
investigated for specific proprietary

preparations

Generally studied at substantially higher gram-

range intakes

Evidence

Interpretation

Must remain specific to the proprietary

preparation actually studied

Must likewise be interpreted according to peptide

source, composition, dose, and formulation




Dimension

Undenatured / Native Type Il Collagen

Hydrolyzed Collagen / Collagen Peptides

Representative

Keyora Ingredient

Native CT-1I®

Not applicable to the Native CT-II® pathway

l.  Why Is “Undenatured” Critical for Type Il Collagen?

Native Conformation x Epitope Preservation x Oral-Tolerance Potential

Undenatured type Il collagen differs fundamentally from hydrolyzed collagen because its

biological rationale depends not primarily on the amount of collagen protein consumed,

but on the preservation of molecular structure.

Type Il collagen is a major collagenous component of articular cartilage. When its native

conformational characteristics are sufficiently preserved during processing, structurally

relevant epitopes may remain available for recognition by the mucosal immune system.

This creates a biological pathway that is distinct from the peptide- and amino-acid-

oriented rationale of hydrolyzed collagen supplementation.

The scientific importance of the term “undenatured” therefore lies in three interconnected

properties:

Native conformation — Epitope preservation — Oral-tolerance potential




These properties form the mechanistic foundation for investigating undenatured type |l

collagen as a low-dose, immune-oriented joint-health intervention.

1. Native Conformation Preserves Biological Information

Collagen is not biologically defined by amino-acid composition alone.

Its higher-order molecular organization determines how structural regions of the protein
are presented to biological systems. When type Il collagen retains relevant aspects of its
native conformation, conformational epitopes can remain available for antigen

recognition.

This distinction becomes important when comparing undenatured type Il collagen with

extensively hydrolyzed collagen preparations.

Hydrolysis intentionally disrupts the intact collagen structure and generates smaller
peptides. These peptides may retain nutritional and biological activity, but their principal
research framework is different: they are generally investigated through gastrointestinal
absorption, circulating collagen-derived peptides, extracellular-matrix metabolism, and

provision of substrates relevant to connective-tissue turnover.

Undenatured type Il collagen instead preserves structural information that provides the

basis for an antigen-oriented mechanism.

Accordingly, the difference should not be simplified to:



active collagen vs. inactive collagen.

A more accurate distinction is:

Undenatured type Il collagen — native-structure-dependent immune-recognition pathway

Versus

Hydrolyzed collagen — peptide- and substrate-oriented structural-support pathway

Both may be biologically relevant, but they should not be treated as mechanistically

interchangeable.

2. Epitope Preservation Is the Bridge Between Structure and Immune Recognition

The oral-tolerance hypothesis requires more than the presence of collagen-derived amino

acids.

It requires antigenic information capable of being recognized and processed by the

mucosal immune system.

Preserved type Il collagen epitopes provide this connection.

After oral exposure, antigenic material encounters the highly organized immune
environment of the gastrointestinal tract, including gut-associated lymphoid tissue (GALT).

Within this system, antigen sampling and presentation can contribute to tolerogenic rather



than inflammatory immune responses, depending on antigen characteristics, dose,

processing, local immune conditions, and host biology.

The proposed pathway for undenatured type Il collagen can therefore be represented as:

Preserved Native Type Il Collagen Structure

Retention of Relevant Conformational Epitopes

Gastrointestinal Antigen Exposure

Recognition and Processing Within the Gut-Associated Immune System

Tolerogenic Antigen Presentation

Regulatory Immune Signaling



Potential Modulation of Joint-Directed Inflammatory Responses

This sequence provides the conceptual bridge between molecular preservation in the

ingredient and systemic joint-related immune regulation.

However, an important evidence boundary must be maintained.

The existence of a biologically plausible oral-tolerance pathway does not establish that
every commercial preparation described as "undenatured type Il collagen” produces an
identical immunological response. Manufacturing conditions, preservation of native
structure, antigenic characteristics, composition, dose, and formulation may influence

biological performance.

For this reason, ingredient-class mechanism and branded-ingredient clinical efficacy must

be evaluated separately.

3. GALT Provides the Biological Interface for Oral Tolerance

The gastrointestinal immune system must continuously distinguish between potentially
harmful antigens and substances that can be tolerated without unnecessary inflammatory

activation.

Gut-associated lymphoid tissue plays a central role in this process.



Experimental models of oral tolerance describe antigen sampling across the intestinal
mucosa, processing by antigen-presenting cells, and development of regulatory immune

responses capable of influencing systemic immunity.

Within this framework, native type Il collagen epitopes may act as antigenic signals rather

than simply as nutritional protein fragments.

This distinction explains why undenatured type Il collagen has been investigated at

comparatively low doses.

If the principal biological function were to supply sufficient amino acids for cartilage
reconstruction, milligram-range intake would contribute only a very small quantity of

structural substrate relative to gram-range collagen supplementation.

The low-dose rationale instead depends on immune recognition of preserved antigenic

information.

This does not mean that a specific milligram dose should automatically be generalized
across all native type Il collagen ingredients. Dose efficacy remains dependent on the

preparation actually evaluated in experimental or clinical research.

4. Regulatory T-Cell Signaling Connects Oral Recognition With Peripheral Immune Control

One of the central biological consequences associated with oral tolerance is the

development or reinforcement of regulatory immune activity.



Regulatory T cells, particularly Foxp3-associated regulatory T-cell populations, participate
in maintaining immune tolerance and limiting excessive inflammatory responses.
Tolerogenic antigen presentation can support regulatory signaling involving mediators
such as IL-10 and TGF-B while opposing inflammatory immune polarization under

appropriate biological conditions.

This provides a mechanistic rationale for investigating native type Il collagen in joint
environments in which inflammatory and immune pathways contribute to symptoms or

tissue degradation.

The conceptual sequence is:

Native Epitope Recognition

Tolerogenic Mucosal Processing

Regulatory T-Cell-Associated Response

IL-10 / TGF-B—-Associated Regulatory Signaling



Reduced Pro-Inflammatory Immune Pressure

Potential Improvement in the Cartilage—Synovial Microenvironment

The pathway should nevertheless be interpreted according to evidence level.

Much of the detailed cellular sequence linking oral type Il collagen exposure to regulatory
T-cell activity derives from experimental models and studies of specific collagen
preparations. Human clinical trials generally measure outcomes such as pain, stiffness,
mobility, or validated joint-function scores rather than directly measuring every step of the

GALT-Treg pathway in participants.

Therefore, clinical improvement and mechanistic plausibility should not be presented as

though they constitute the same form of evidence.

5. From Immune Regulation to the Cartilage-Synovial Microenvironment

Joint degeneration is not determined solely by mechanical wear.

The cartilage-synovial environment contains interacting inflammatory, immune, enzymatic,
oxidative, and mechanical processes. Cytokines such as TNF-q, IL-1B, and IL-6 can
participate in inflammatory signaling, while matrix metalloproteinases contribute to

degradation of extracellular-matrix components.



Other mediators, including nitric oxide and prostaglandin E,, participate in inflammatory

and nociceptive pathways relevant to joint discomfort and tissue homeostasis.

The proposed importance of oral tolerance is therefore upstream rather than merely

symptomatic.

If regulatory immune signaling reduces inappropriate or excessive inflammatory pressure,

downstream catabolic signaling within the joint environment may also be modified.

Conceptually:

Regulatory Immune Signaling

Inflammatory Signaling Pressure |

Catabolic Cytokine / Enzyme Activity |

Synovial Inflammatory Burden |

Cartilage-Synovial Homeostasis 1



This framework explains why undenatured type Il collagen should not simply be described

as another cartilage-building ingredient.

Its proposed contribution is better characterized as immune—joint interface regulation,
whereas nutrients such as glucosamine, chondroitin, and hyaluronic acid occupy different

and potentially complementary positions within the joint-support architecture.

At the same time, individual downstream effects—including changes in specific cytokines,
matrix metalloproteinases, nitric oxide, prostaglandin E,, macrophage phenotypes, or
synovial immune-cell infiltration—must remain linked to the experimental model or

proprietary ingredient in which they were actually demonstrated.

They should not automatically be represented as directly established human effects of

every undenatured type Il collagen preparation.

6. Native CT-lI® as a Specific Ingredient Within the Scientific Category

The distinction between an ingredient class and a proprietary ingredient becomes

particularly important when translating mechanistic evidence into clinical interpretation.

Native CT-II® is a specific native type Il collagen ingredient within the broader

undenatured type Il collagen category.

Its identity should therefore remain distinct from both the generic term undenatured type

Il collagen and other proprietary type Il collagen ingredients.



This paper applies a strict evidence-attribution hierarchy.

Native CT-II® direct evidence refers to studies in which Native CT-II® itself was the
identified intervention. Clinical outcomes from these studies may be attributed directly to
Native CT-II® within the conditions, population, dose, duration, and endpoints actually

investigated.

Ingredient-class evidence refers to biological findings that contribute to understanding
undenatured or native type Il collagen more broadly. Such evidence can support
mechanistic plausibility but does not establish that all commercial preparations are

clinically interchangeable.

Other proprietary ingredient evidence refers to studies conducted using another
specifically identified branded undenatured type Il collagen preparation. These studies
remain scientifically relevant to the broader evidence landscape, but their outcomes must

remain attributed to the preparation actually studied.

Ingredient Category

Native CT-II® Other Proprietary Preparations



Ingredient-Specific Evidence

This evidence architecture preserves the scientific contribution of the broader native type |l

collagen literature without assuming equivalence between proprietary ingredients.

7. Why the Distinction Matters Clinically

The preservation of native structure explains why undenatured type Il collagen cannot be

evaluated solely by the same criteria used for conventional collagen supplementation.

For hydrolyzed collagen, dose, peptide composition, absorption, and structural-tissue

availability are central considerations.

For undenatured type Il collagen, additional questions become essential:

® Was native type Il collagen structure adequately preserved?
® Were biologically relevant epitopes retained?

® What specific proprietary preparation was studied?

® What dose of that preparation was administered?

® Was the evidence mechanistic, preclinical, or human clinical?

® Which outcomes were actually measured?

These questions determine whether a particular study supports the ingredient category, a

proposed mechanism, or a specific commercial ingredient.



They also explain why a low-dose native type Il collagen intervention cannot be
understood simply by comparing its milligram quantity with the gram quantities

commonly used for hydrolyzed collagen peptides.

The two approaches are designed around different biological objectives.

8. Section Conclusion: Structure Determines the Intervention Pathway

The scientific importance of “undenatured” type Il collagen begins with preservation of

biological structure.

Native conformation allows relevant type Il collagen epitopes to remain available for
immune recognition. Epitope preservation, in turn, provides the biological basis for
investigating interaction with gut-associated immune-tolerance pathways and regulatory

immune signaling.

The resulting framework is:

Native Conformation

Epitope Preservation

Oral-Tolerance Potential



Regulatory Immune Signaling

Cartilage-Synovial Homeostasis

This pathway distinguishes undenatured type Il collagen from hydrolyzed collagen

strategies centered primarily on peptide delivery and structural substrate availability.

At the clinical-evidence level, however, the category must not be treated as a single

interchangeable product.

This separation between ingredient-class biology, mechanistic evidence, and branded-

ingredient clinical evidence establishes the evidence architecture for the remainder of this

paper.



[I. How It Works

Oral Tolerance x Regulatory Immune Signaling x Cartilage-Synovial Homeostasis

The biological rationale of undenatured type Il collagen begins in the gastrointestinal

immune system rather than directly within articular cartilage.

Unlike hydrolyzed collagen strategies, which are primarily investigated through peptide
absorption and connective-tissue substrate pathways, undenatured type Il collagen retains
conformational features capable of participating in antigen recognition. This creates the
basis for an oral-tolerance pathway in which exposure to type Il collagen at the intestinal
immune interface may influence regulatory immune responses beyond the gastrointestinal

tract.

The proposed mechanistic sequence can be summarized as:

Oral Undenatured Type Il Collagen

Preserved Type Il Collagen Epitopes

Gut-Associated Lymphoid Tissue (GALT)



Antigen Sampling and Presentation

Tolerogenic Dendritic-Cell Signaling

Regulatory T-Cell Responses

IL-10 / TGF-B—Associated Regulatory Signaling

Reduced Pro-Inflammatory Immune Pressure

Potential Modulation of the Cartilage—Synovial Environment

This sequence provides the central mechanistic framework for undenatured type Il
collagen. However, the strength of evidence differs substantially across individual steps.
GALT-mediated oral tolerance to type Il collagen and regulatory immune responses are

strongly supported by experimental research, whereas complete confirmation of every



molecular step in humans receiving a specific commercial native type Il collagen

ingredient remains limited.

For this reason, the pathway should be interpreted as an integrated mechanistic model

rather than as a fully mapped human pharmacodynamic sequence.

1. Gastrointestinal Exposure: Why the Pathway Begins in the Gut

After oral administration, undenatured type Il collagen enters an environment designed

not only for digestion but also for continuous immune surveillance.

The gastrointestinal immune system encounters large quantities of dietary and microbial
antigens every day. It must distinguish potentially harmful signals from antigens that can

be tolerated without generating unnecessary systemic inflammation.

This capacity underlies the phenomenon of oral tolerance.

Oral tolerance describes a state in which prior oral exposure to an antigen modifies
subsequent systemic immune responsiveness to that antigen. Depending on antigen
characteristics, dose, frequency of exposure, host biology, and the surrounding immune
environment, oral antigen exposure may favor regulatory mechanisms rather than

conventional inflammatory activation.

For type Il collagen, preservation of antigenically relevant structural features is therefore

critical.



If the protein is extensively hydrolyzed, the resulting peptides may remain biologically
useful through other mechanisms, but the antigenic presentation landscape is altered.
Undenatured type Il collagen retains a structural basis for recognition by the mucosal

immune system and therefore supports a fundamentally different biological hypothesis.

The first mechanistic distinction is consequently:

Hydrolyzed Collagen

— digestion and peptide availability
— absorbed collagen-derived peptides

— extracellular-matrix and connective-tissue pathways

versus

Undenatured Type Il Collagen

— preserved antigenic structures
— mucosal immune recognition

— oral-tolerance-oriented regulatory signaling.

This distinction explains why the biological relevance of undenatured type Il collagen
cannot be evaluated solely by comparing its protein mass with gram-range collagen

supplements.



Its proposed activity is information-dependent rather than substrate-dependent.

2. GALT and Peyer's Patches: The Immune Recognition Interface

Gut-associated lymphoid tissue provides a major interface between luminal antigens and

the immune system.

Within this network, specialized intestinal immune structures—including Peyer’s patches
and associated antigen-presenting cells—participate in antigen sampling, processing, and

determination of subsequent immune responses.

Experimental studies of orally administered type Il collagen have demonstrated an

important role for this intestinal immune compartment in the development of tolerance.

The process can be conceptualized as:

Preserved Type Il Collagen Epitope

Intestinal Antigen Sampling

Peyer's Patch / GALT Exposure



Antigen Uptake by Antigen-Presenting Cells

Tolerogenic Rather Than Strongly Pro-Inflammatory Processing

The biological consequence depends not simply on whether an antigen is recognized, but

on how it is presented.

This distinction is central to oral tolerance.

Recognition of type Il collagen by the gastrointestinal immune system does not imply that
oral collagen directly “switches off” joint inflammation. Instead, intestinal antigen
processing may influence the phenotype and activity of immune cells that subsequently

participate in systemic immune regulation.

3. Dendritic Cells: Converting Antigen Exposure Into a Tolerogenic Signal

Dendritic cells occupy a pivotal position between antigen recognition and T-cell response.

They capture and process antigens, present antigen-derived information to T cells, and
help determine whether subsequent adaptive immune activity develops toward

inflammatory activation, immune ignorance, anergy, deletion, or regulatory tolerance.

Experimental type Il collagen research has identified tolerogenic dendritic-cell populations

within Peyer’s patches during the induction of oral tolerance.



In collagen-induced arthritis models, CD11c*CD11b* dendritic-cell populations increased
within Peyer’s patches following oral type Il collagen exposure. These cells displayed
immunoregulatory characteristics, including increased IL-10 production, suppression of

proliferative responses to type Il collagen, and induction of regulatory T-cell populations.

This provides an important mechanistic bridge:

Type Il Collagen Antigen

Peyer’s Patch Dendritic-Cell Processing

Tolerogenic Antigen Presentation

Regulatory T-Cell Development / Activation

The dendritic cell therefore should not be treated merely as a passive antigen carrier.

It functions as part of the decision-making interface determining whether antigen

exposure generates inflammatory immunity or contributes to tolerance.



However, these detailed dendritic-cell findings derive predominantly from experimental
models of type Il collagen oral tolerance. They should not be described as though
identical cellular changes have been directly demonstrated in humans consuming Native

CT-I®.

4. Regulatory T Cells: From Local Recognition to Systemic Immune Regulation

Regulatory T cells provide one of the most important links between intestinal tolerance

and peripheral immune control.

Experimental evidence indicates that dendritic cells involved in type Il collagen oral
tolerance can promote regulatory T-cell responses. These cells may subsequently
influence immune activity through soluble mediators, direct cell-to-cell interactions,
modification of antigen-presenting-cell behavior, and broader suppression of neighboring

inflammatory responses.

Among the regulatory mediators most consistently implicated are:

IL-10

and

TGF-.



These cytokines participate in immune restraint and tolerance rather than functioning

simply as generalized “anti-inflammatory” molecules.

The conceptual pathway is therefore:

Tolerogenic Antigen Presentation

Regulatory T-Cell Response

IL-10 / TGF-B—Associated Signaling

Suppression of Excessive Antigen-Driven Immune Activation

Systemic Regulatory Influence

This regulatory response provides a plausible mechanism through which an antigen

encountered in the gut can influence immune activity at anatomically distant sites.

Importantly, oral tolerance is not equivalent to generalized immunosuppression.



The objective of the mechanism is better understood as immune regulation and antigen-
specific or antigen-associated tolerance, rather than indiscriminate suppression of immune

function.

5. Bystander Suppression: Extending Regulation Beyond a Single Antigen

A particularly important concept in oral-tolerance biology is bystander suppression.

Regulatory immune cells may initially be generated or activated in relation to a particular
antigen, yet the regulatory mediators they release can influence neighboring inflammatory
processes within the tissue environment in which that antigen is subsequently

encountered.

For type Il collagen, this creates a biologically relevant hypothesis for joint tissues.

Type Il collagen is a major structural component of articular cartilage. Regulatory cells
primed through oral exposure to type Il collagen may therefore encounter related
antigenic signals within a joint environment in which cartilage components are exposed or

processed.

Upon reactivation, regulatory mediators such as IL-10 and TGF- may influence

neighboring immune activity.

Conceptually:



Oral Type Il Collagen Exposure

Antigen-Associated Regulatory Response

Systemic Migration / Immune Surveillance

Re-Encounter With Relevant Joint-Associated Antigenic Environment

Local Regulatory Cytokine Signaling

Bystander Suppression of Neighboring Inflammatory Activity

This model helps explain how oral tolerance may exert effects broader than suppression of

a single antigen-specific T-cell population.

Nevertheless, bystander suppression remains principally a mechanistic concept supported

by immunological and experimental evidence. Its precise quantitative contribution to



clinical outcomes after supplementation with individual commercial undenatured type |l

collagen preparations has not been established in humans.

6. Treg—Effector T-Cell Balance: Moving Beyond the Simplified “Treg Up / Th17 Down”

Model

The previous formulation of the mechanism can easily be reduced to:

Treg + — Th17 | — inflammation | .

This is useful as a conceptual shorthand but is biologically incomplete.

Regulatory T cells interact with multiple immune populations and signaling networks. Their
activity can influence antigen-presenting cells, inflammatory T-cell responses, cytokine

production, and the surrounding immune microenvironment.

In arthritis-related biology, Th1- and Th17-associated responses are relevant because they

can contribute to inflammatory cytokine networks and tissue-destructive processes.

However, the evidence does not justify presenting every undenatured type Il collagen

intervention as having demonstrated a fixed human molecular sequence of:

Foxp3*Treg t = Th17 | = Th1 | = TNF-a | — IL-1B | —IL-6 |.

A more accurate interpretation is:

Oral Type Il Collagen Tolerance



Regulatory Immune Bias

Greater Control of Pro-Inflammatory Effector Responses

Potential Reduction of Inflammatory Signaling Pressure

This formulation preserves the mechanistic rationale without converting experimental

immunology into an unverified human biomarker claim.

7. From Immune Regulation to Synovial Inflammation

The synovium is an immunologically active tissue.

During inflammatory joint states, synovial cells, infiltrating immune cells, and cartilage-
derived signals interact through complex cytokine and chemokine networks. Persistent
inflammatory signaling can amplify pain, synovial activation, cartilage catabolism, and

altered joint function.

Pro-inflammatory mediators relevant to this environment include TNF-q, IL-13, and IL-6.



These mediators participate in signaling networks capable of promoting synovial

inflammation and influencing cartilage metabolism.

The oral-tolerance hypothesis places undenatured type I collagen upstream of these local

inflammatory processes.

Rather than acting as a direct inhibitor of an individual cytokine, the proposed pathway is:

Mucosal Immune Regulation

Reduced Systemic / Antigen-Associated Inflammatory Pressure

Reduced Pro-Inflammatory Signaling Within the Joint Environment

Improved Conditions for Synovial and Cartilage Homeostasis

This distinction is important.

Undenatured type Il collagen should not be described as though it pharmacologically

blocks TNF-o, IL-1B, or IL-6 in the manner of a targeted anti-inflammatory drug.

Its proposed action is regulatory and upstream.



8. Matrix Metalloproteinases and Cartilage Catabolism

Inflammatory signaling and cartilage degradation are closely connected.

Matrix metalloproteinases are a family of enzymes capable of degrading extracellular-
matrix components. Within osteoarthritic and inflammatory joint environments, altered
MMP activity contributes to breakdown of cartilage matrix and disruption of tissue

homeostasis.

Inflammatory cytokines can stimulate catabolic signaling in chondrocytes and other joint-

associated cells, thereby linking immune activation with structural tissue degradation.

This creates a second mechanistic bridge:

Inflammatory Signaling

Catabolic Enzyme Activation

Extracellular-Matrix Degradation

Loss of Cartilage Homeostasis



If oral tolerance reduces upstream inflammatory pressure, downstream catabolic signaling

may consequently be moderated.

The scientifically appropriate wording is therefore:

Oral-tolerance-associated immune regulation may indirectly influence cartilage catabolic

pathways

rather than:

Undenatured type Il collagen directly inhibits MMPs in humans.

The latter statement would require direct human pharmacodynamic evidence that is not

established across the ingredient category.

9. Nitric Oxide and Prostaglandin E,: Downstream Inflammatory Mediators

Nitric oxide and prostaglandin E, participate in inflammatory and nociceptive signaling

within joint tissues.

In experimental arthritis and cartilage models, inflammatory cytokine stimulation can
increase pathways associated with these mediators, contributing to altered chondrocyte

metabolism, inflammatory signaling, and pain-related biology.

They therefore belong downstream within the broader cartilage-synovial inflammatory

network.



The proposed relationship to undenatured type Il collagen is indirect:

Oral-Tolerance Signaling

Regulatory Immune Response

Lower Inflammatory Signaling Pressure

Potential Downstream Modulation of Cytokine-Driven Mediators

NO / PGE,-Associated Inflammatory Activity

Again, this should not be interpreted as evidence that Native CT-II® has been
demonstrated in humans to directly inhibit nitric-oxide synthesis or prostaglandin E;

production.

These pathways contribute to mechanistic plausibility, not necessarily to directly measured

human clinical pharmacodynamics.

10. Why Low Dose Can Be Biologically Relevant



One of the most distinctive features of native or undenatured type Il collagen is that
clinical research has investigated quantities far below the gram-range doses commonly

used for hydrolyzed collagen.

This apparent discrepancy becomes understandable once the biological objective is

considered.

Hydrolyzed collagen supplementation is substantially substrate- and peptide-oriented.

Undenatured type Il collagen is proposed to be substantially antigen- and immune-

recognition-oriented.

The relevant comparison is therefore not simply:

40 mg vs. several grams of collagen.

Instead:

How much structural protein is being supplied?

is a different biological question from:

Can a sufficiently preserved antigenic signal interact with a mucosal tolerance pathway?

Oral-tolerance research has also demonstrated that antigen dose can influence the type of

immune response produced. Low-dose antigen exposure has historically been associated



with active regulatory mechanisms, whereas higher antigen exposure can engage different

tolerance pathways such as anergy or deletion.

This does not establish one universally optimal dose for all native type Il collagen

products.

Dose remains ingredient-specific.

A 40 mg/day intervention demonstrated for one proprietary ingredient cannot
automatically be used to establish the effective dose of another preparation unless that

preparation has itself been studied at that dose.

11. Native CT-II®: Where Direct Clinical Evidence Begins - and Mechanistic Extrapolation

Must Stop

Native CT-II® occupies a specific position within this mechanistic architecture.

As a proprietary native type Il collagen ingredient, it belongs biologically to the broader
category for which preserved structure and oral-tolerance signaling provide the

mechanistic rationale.

However, category-level biological plausibility and Native CT-II® direct clinical evidence

are not the same evidence layer.



When Native CT-II® itself is administered in a human clinical trial, the measured outcomes
from that trial - such as pain, stiffness, mobility, or validated joint-function scores - may
appropriately be attributed to Native CT-II® within the studied population, dose, duration,

and comparator conditions.

What cannot automatically be attributed to Native CT-II® are molecular endpoints that

were never measured in that trial.

Therefore:

Native CT-II® Clinical Outcome

does not automatically prove:

GALT activation

specific Peyer's-patch dendritic-cell expansion

Foxp3™* Treg increase

Th17 suppression



TNF-o / IL-1B / IL-6 reduction

MMP / NO / PGE; reduction

in the same human participants.

Those mechanisms can provide the biological framework within which the clinical findings
are interpreted, but they must remain identified as mechanistic evidence derived from the

broader type Il collagen literature unless directly measured with Native CT-lI®.

12. The Complete Mechanistic Model

Taken together, the most defensible mechanistic architecture is:

Preserved Native Type Il Collagen

Retention of Immunologically Relevant Epitopes

Oral Exposure



GALT / Peyer's Patch Antigen Recognition

Dendritic-Cell-Mediated Tolerogenic Processing

Regulatory T-Cell-Associated Response

IL-10 / TGF-B—Associated Regulatory Signaling

Control of Pro-Inflammatory Effector Responses

Potential Reduction in Joint-Directed Inflammatory Pressure

Reduced Catabolic Signaling Environment



Improved Cartilage-Synovial Homeostasis

The upper portion of this pathway - oral antigen recognition, GALT involvement,
dendritic-cell participation, regulatory T-cell generation, and regulatory cytokine signaling

- is strongly grounded in experimental type Il collagen oral-tolerance research.

The lower portion - translation into changes in individual cytokines, matrix
metalloproteinases, nitric oxide, prostaglandin E,, cartilage degradation, pain, stiffness,
and mobility - contains progressively different levels of mechanistic, preclinical, and clinical

evidence.

These evidence levels should not be collapsed into a single causal claim.

14. Section Conclusion: An Immune-Joint Interface Rather Than a Direct Anti-Inflammatory

Drug Model

Undenatured type Il collagen is best understood as an intervention positioned at the

immune—joint interface.

Its proposed biological role begins with preserved native collagen epitopes and
gastrointestinal immune recognition, proceeds through oral-tolerance and regulatory
immune pathways, and may ultimately influence the inflammatory environment

surrounding cartilage and synovial tissues.



This differs fundamentally from describing the ingredient as a conventional anti-

inflammatory compound.

The mechanistic architecture is therefore:

Native Structure

Antigen Recognition

Oral Tolerance

Regulatory Immune Signaling

Joint-Environment Modulation

Maintaining this distinction allows oral-tolerance biology, experimental immunology, and
human clinical outcomes to contribute to a unified scientific model without converting

evidence from one proprietary ingredient into evidence for another.
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1. Undenatured Type Il Collagen and Arthritis

Oral Tolerance x Osteoarthritis Symptom Modulation x Inflammatory Joint Regulation

Arthritis is not a single biological process.

Osteoarthritis and rheumatoid arthritis can both involve pain, stiffness, impaired mobility,
synovial inflammation, and progressive loss of joint function, but their underlying

pathophysiology differs substantially.

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



Osteoarthritis is characterized primarily by progressive failure of the whole-joint system,
including cartilage degeneration, subchondral bone remodeling, synovial changes, altered

biomechanics, and inflammatory signaling.

Rheumatoid arthritis is a systemic autoimmune inflammatory disease in which adaptive

and innate immune mechanisms drive persistent synovitis and structural joint damage.

This distinction is essential when evaluating undenatured type Il collagen.

The strongest contemporary clinical rationale for low-dose native or undenatured type |l
collagen lies in joint symptom and functional outcomes, particularly in knee osteoarthritis
and activity-related joint discomfort. Oral-tolerance research in rheumatoid arthritis

provides important mechanistic and historical human evidence, but it should not be used
to imply that Native CT-II® has been clinically established as a treatment for rheumatoid

arthritis.

Accordingly, this section separates three evidence domains:

® Osteoarthritis clinical evidence
® Rheumatoid arthritis oral-tolerance evidence

® Ingredient-specific evidence for Native CT-II® and other proprietary preparations

These domains contribute to the overall scientific framework, but they are not

interchangeable.



1. Osteoarthritis Is a Whole-Joint Disorder, Not Simply Cartilage Wear

Osteoarthritis was historically described primarily as a consequence of mechanical wear

and progressive cartilage loss.

That model is incomplete.

Contemporary understanding recognizes osteoarthritis as a disorder involving the entire
joint organ. Articular cartilage, synovium, subchondral bone, menisci, ligaments,

periarticular tissues, sensory pathways, and inflammatory mediators interact over time.

The disease process can therefore be conceptualized as:

Mechanical and Metabolic Stress

Cartilage Matrix Disruption

Release of Matrix-Derived Signals

Synovial and Innate Immune Activation



Inflammatory Mediator Production

Catabolic Enzyme Activity

Further Matrix Degradation

Pain - Stiffness - Functional Limitation

This creates a self-reinforcing biological environment in which structural deterioration and

inflammatory signaling interact.

Type Il collagen is especially relevant because it is a major collagenous component of

articular cartilage.

As cartilage integrity deteriorates, collagen-associated structures and degradation
products become increasingly involved in the local biological environment. This creates a
mechanistic rationale for investigating whether immune recognition of type Il collagen and

regulation of collagen-associated immune responses may influence joint homeostasis.

Undenatured type Il collagen should therefore not be understood simply as a structural

material intended to replace damaged cartilage.



Its proposed role is substantially different.

Hydrolyzed collagen

primarily enters a peptide and structural-support framework.

Undenatured type Il collagen

enters an antigen-recognition and oral-tolerance framework.

This distinction becomes particularly important in osteoarthritis because inflammatory
signaling and cartilage degradation can reinforce one another even though osteoarthritis

is not primarily classified as an autoimmune disease.

2. Why Oral Tolerance May Be Relevant to Osteoarthritis

The oral-tolerance mechanism described in Section Il provides a potential upstream

pathway through which undenatured type Il collagen may influence the joint environment.

The conceptual sequence is:

Oral Undenatured Type Il Collagen

Preserved Type Il Collagen Epitopes



GALT-Associated Antigen Recognition

Regulatory Immune Signaling

Reduced Inflammatory Pressure

More Favorable Cartilage - Synovial Environment

Potential Improvement in Pain - Stiffness - Function

The final clinical outcomes in this sequence are measurable in human trials.

The intermediate molecular pathway is more complex.

Clinical trials generally assess outcomes such as WOMAC scores, pain, stiffness, physical
function, mobility, or patient-reported joint symptoms. They do not usually measure every
intermediate step from intestinal antigen recognition through regulatory T-cell signaling

to changes in synovial cytokines and cartilage catabolism.



The clinical evidence therefore establishes whether a specific intervention changed joint

outcomes.

The mechanistic literature provides a biologically plausible explanation for how such

effects may occur.

These two evidence layers should complement rather than substitute for one another.

3. Native CT-II® and Knee Osteoarthritis - Direct Clinical Evidence

Native CT-II® provides a direct clinical evidence pathway within the broader native type |l

collagen category.

A randomized, double-blind, placebo-controlled clinical trial evaluated Native CT-II® in

101 adults aged 40 to 65 years with knee osteoarthritis.

Participants were assigned to Native CT-II®, glucosamine hydrochloride plus chondroitin

sulfate, or placebo for 12 weeks.

The study evaluated clinically relevant outcomes including the Western Ontario and

McMaster Universities Osteoarthritis Index - WOMAC - and knee pain.

Native CT-II® produced a significantly greater improvement in total WOMAC score than

placebo at 12 weeks.



Improvements in knee pain were also reported relative to placebo, with statistically

significant separation reported from week 4.

This study is particularly important for the present evidence architecture because the

investigated intervention was explicitly identified as Native CT-II®.

The findings can therefore be attributed directly to Native CT-II® within the boundaries of

the study:

Population - adults aged 40 to 65 years with knee osteoarthritis

Intervention - Native CT-II®

Duration - 12 weeks

Comparator - placebo and glucosamine hydrochloride plus chondroitin sulfate

Primary clinical domain - knee osteoarthritis symptoms and function

These findings support Native CT-II® as a clinically studied native type Il collagen

ingredient for knee osteoarthritis symptom modulation.

They do not establish that Native CT-II® reverses structural osteoarthritis, regenerates
cartilage, prevents radiographic progression, or directly modifies every inflammatory

pathway described in the mechanistic literature.



Clinical symptom improvement and structural disease modification are different

endpoints.

That distinction must remain explicit.

4. What the Native CT-II® Trial Does and Does Not Demonstrate

The Native CT-lII® randomized controlled trial establishes an important clinical fact:

Native CT-II® itself has direct human clinical evidence.

The Native CT-lI® trial supports outcomes measured within that study.

It does not automatically establish:

® cartilage regeneration

® radiographic disease modification

® suppression of TNF-acin humans

® suppression of IL-1B or IL-6 in humans

® reduction of MMP activity in humans

® reduction of nitric oxide or PGE, production in humans

® direct expansion of Foxp3* regulatory T cells in humans

or

® complete confirmation of the GALT - dendritic cell - Treg pathway in trial participants.



These mechanisms remain relevant to biological interpretation, but they belong to a

different evidence layer unless directly measured.

The appropriate scientific conclusion is therefore:

Native CT-II® has demonstrated clinically relevant symptom and functional effects in a
randomized knee osteoarthritis trial, while the oral-tolerance framework provides a

plausible mechanistic context for interpreting those outcomes.

5. Evidence From Other Proprietary Undenatured Type Il Collagen Preparations

The broader clinical literature contains additional randomized studies involving proprietary

undenatured type Il collagen preparations.

These studies are scientifically relevant because they help establish whether low-dose
undenatured type Il collagen as a category has reproducible potential to influence joint

symptoms and function.

The correct relationship is:

Undenatured Type Il Collagen

Scientific Ingredient Category



Multiple Proprietary Preparations

Preparation-Specific Clinical Trials

This approach allows evidence from the broader literature to strengthen scientific

understanding without transferring another ingredient's clinical identity to Native CT-II®.

6. Pain - Stiffness - Physical Function

Pain is one of the most clinically important outcomes in osteoarthritis, but pain generation

is multifactorial.

Articular cartilage itself is not richly innervated. Osteoarthritis pain can involve synovium,
subchondral bone, joint capsule, periarticular tissues, altered biomechanics, nociceptive

signaling, and central pain processing.

Accordingly, improvement in pain following native type Il collagen supplementation

should not automatically be interpreted as proof of cartilage regeneration.

The more defensible clinical framework is:

Joint Biological Environment



Inflammatory and Mechanical Signaling

Pain and Stiffness

Movement Restriction

Functional Limitation

An intervention capable of favorably influencing upstream inflammatory regulation may

therefore produce clinically meaningful improvement without rebuilding lost cartilage.

This distinction also applies to stiffness.

Morning or activity-related stiffness can reflect interactions among synovial biology, pain,

altered movement, muscle function, joint mechanics, and inflammatory signaling.

When a clinical trial demonstrates improvement in WOMAC stiffness or physical-function

domains, those endpoints should be reported directly.

They should not be translated into unmeasured structural claims.

7. Mobility and the Function - Activity Feedback Loop



Joint symptoms frequently produce a secondary biological problem:

Pain

Reduced Movement

Lower Physical Activity

Muscle Deconditioning

Reduced Joint Stability

Greater Functional Burden

Further Movement Avoidance

Breaking this cycle is clinically meaningful.



An intervention that reduces pain or stiffness sufficiently to improve movement may

indirectly support physical activity and functional capacity.

This creates an important distinction between a primary intervention effect and a

secondary functional consequence.

If a native type Il collagen intervention improves joint discomfort, a participant may

become more willing or able to move.

Greater movement can then support muscle function, mobility, metabolic health, and

maintenance of joint loading capacity.

These downstream consequences are biologically plausible, but they should not be

attributed directly to Native CT-II® unless they were specifically measured.

The strongest statement remains:

improvement in joint symptoms may facilitate improved physical function and activity

participation.

8. Rheumatoid Arthritis - A Different Evidence Domain

Rheumatoid arthritis requires a separate interpretation.

Unlike osteoarthritis, rheumatoid arthritis is a systemic autoimmune inflammatory disease.



Adaptive immune activation, autoantibody production, inflammatory cytokines, synovial
immune-cell infiltration, and progressive structural damage all contribute to disease

pathogenesis.

Because type Il collagen is an important cartilage antigen, oral administration of type |l
collagen has historically been investigated as a potential tolerization strategy in

rheumatoid arthritis.

This research is scientifically important for understanding the oral-tolerance concept.

It does not establish Native CT-II® as a rheumatoid arthritis therapy.

The distinction is critical.

9. Human Oral Type Il Collagen Research in Rheumatoid Arthritis

A landmark randomized, double-blind human study evaluated oral chicken type II

collagen in patients with severe active rheumatoid arthritis.

The study provided early human evidence that oral exposure to type Il collagen could

influence clinical manifestations of an autoimmune joint disease.

Its importance lies principally in demonstrating that:

Oral antigen exposure

can potentially influence



Systemic joint-related immune activity

in humans.

This provided an important translational bridge between experimental oral-tolerance

biology and human disease.

However, the intervention should be described exactly as investigated.

It was oral chicken type Il collagen.

The study therefore belongs to the:

Human type Il collagen oral-tolerance evidence layer

rather than to the direct clinical evidence layer of either proprietary ingredient.

10. Why Rheumatoid Arthritis Evidence Must Not Be Overextended

Historical studies of oral type Il collagen in rheumatoid arthritis do not justify describing a
dietary supplement containing native type Il collagen as an alternative to disease-

modifying antirheumatic therapy.

Rheumatoid arthritis management is fundamentally different from nutritional joint support.



Modern rheumatoid arthritis treatment is directed toward suppression of disease activity
and prevention of irreversible structural damage through evidence-based medical

management.

Native or undenatured type Il collagen research can contribute to understanding oral

tolerance and nutritional immunology.

It should not be positioned as a substitute for disease-modifying treatment.

Accordingly, statements such as:

® "Native CT-lI® treats rheumatoid arthritis"
® "Native CT-II® induces RA remission”

® "Native CT-lII® can replace NSAIDs or DMARDs"

or

® "Native CT-II® controls DAS28 and CRP"

Should not appear unless supported by direct, appropriately designed Native CT-II®

clinical evidence measuring those endpoints.

The current Native CT-II® evidence base described in this paper does not support those

conclusions.

11. OA and RA - Same Joint, Different Clinical Interpretation



Osteoarthritis and rheumatoid arthritis can now be separated clearly within the evidence

framework.

Osteoarthritis

Native CT-II® has direct randomized human clinical evidence for knee osteoarthritis

symptom and functional outcomes.

Other proprietary undenatured type Il collagen preparations also have osteoarthritis

clinical evidence, but those results remain preparation-specific.

Rheumatoid Arthritis

Oral type Il collagen has historical mechanistic and human proof-of-concept evidence

relevant to oral tolerance.

That evidence supports understanding of the biological mechanism.

It does not constitute direct Native CT-II® efficacy evidence for rheumatoid arthritis.

Therefore:

OA evidence can include Native CT-II® direct clinical attribution.

RA evidence should remain oral type Il collagen tolerance evidence unless a study directly

investigated Native CT-II®.



This distinction removes one of the most important evidence-transfer problems in the

original paper.

12. Arthritis Clinical Evidence Matrix

Intervention
Evidence Domain

What the Evidence Can Support

What It Should Not Be Used to

|dentity Claim
Proven cartilage regeneration or
Direct clinical evidence for measured pain,
complete human confirmation of
Knee osteoarthritis|| Native CT-II® || WOMAC and functional outcomes within the
the oral-tolerance molecular
studied population and duration
pathway
Rheumatoid Oral chicken Human proof-of-concept for oral type |l
Native CT-lII® efficacy
arthritis type Il collagen collagen tolerization

Type Il collagen
Oral-tolerance
experimental

GALT, antigen presentation, regulatory

Direct human pharmacodynamic

mechanisms immune responses and mechanistic plausibility|| confirmation for Native CT-II®
models
Undenatured type
Multiple Automatic equivalence among
Il collagen Broader biological and clinical plausibility
preparations proprietary ingredients
category

13. Reframing the Role of Undenatured Type Il Collagen in Arthritis




The total evidence supports a more precise interpretation of undenatured type Il collagen

than the original formulation of this paper.

A more scientifically defensible model is:

Undenatured Type Il Collagen

Preserved Native Epitope Biology

Oral-Tolerance Mechanistic Framework

Ingredient-Specific Clinical Evidence

Joint Symptom and Functional Outcomes

Within this framework, Native CT-II® has a legitimate and independent position because it
possesses direct clinical evidence rather than requiring evidence borrowed from another

proprietary ingredient.



At the same time, broader type Il collagen research remains valuable because it explains
why preserved native structure may have biological relevance beyond conventional

structural collagen supplementation.

14. Section Conclusion - Arthritis Evidence Requires Disease-Specific and Ingredient-

Specific Attribution

Undenatured type Il collagen occupies a distinctive position in arthritis research because it
connects native collagen structure, mucosal immune recognition, oral-tolerance biology,

and clinically measurable joint outcomes.

The evidence is strongest when each level is kept separate.

® For knee osteoarthritis, Native CT-II® has direct randomized human evidence
supporting improvement in clinically relevant symptom and functional outcomes
within the conditions studied.

® For other proprietary undenatured type Il collagen preparations, clinical outcomes
remain attributed to the preparation actually administered.

® For rheumatoid arthritis, oral type Il collagen research provides important mechanistic
and human proof-of-concept evidence for antigen-specific oral tolerance, but this

should not be converted into a Native CT-II® treatment claim.

The resulting clinical architecture is:



Osteoarthritis

Direct Ingredient-Specific Clinical Evidence

and

Rheumatoid Arthritis

Oral-Tolerance Mechanistic and Historical Human Evidence

These pathways converge at the scientific concept of type Il collagen immune recognition,

but they should not be collapsed into a single therapeutic claim.

For Native CT-II®, the appropriate conclusion is therefore precise:

Native CT-II® is a clinically studied native type Il collagen ingredient with direct human
evidence in knee osteoarthritis, while its broader immunological rationale is supported by

the type Il collagen oral-tolerance literature.



IV. Undenatured Type Il Collagen and Cervical / Lumbar Joint Degeneration

Facet-Joint Biology x Type Il Collagen Turnover x Evidence-Bounded Joint Support

Cervical and lumbar degeneration cannot be understood as a single cartilage disorder.

The spinal motion segment is a complex functional unit involving the intervertebral disc,
vertebral endplates, facet joints, subchondral bone, ligaments, paraspinal muscles, neural
structures, and surrounding connective tissues. Degenerative change can occur
simultaneously or independently across these compartments, producing substantial

variation in structural findings, symptoms, and functional consequences.



This distinction is particularly important when evaluating undenatured type Il collagen.

Native or undenatured type Il collagen has a biologically plausible relationship to synovial
joint biology and type Il collagen turnover, but this does not mean that clinical evidence
from knee osteoarthritis can automatically be transferred to cervical or lumbar

degenerative disease.

The evidence must therefore be separated into:

Established Spinal Joint Biology

Type Il Collagen Relevance

Mechanistic Plausibility

Direct Clinical Evidence

At present, these evidence levels are not equally developed.

1. The Spine Contains Both Synovial and Non-Synovial Joint Structures

A spinal motion segment is not equivalent to the knee.



This matters because the biological relevance of type Il collagen differs according to the

tissue being considered.

The facet joints, also known as zygapophysial joints, are paired synovial joints located

posteriorly between adjacent vertebrae.

Like other synovial joints, they contain:

Articular cartilage

Synovial tissue

Joint capsule

Subchondral bone

and

Synovial fluid.

This makes facet-joint degeneration conceptually relevant to the broader osteoarthritis

framework discussed in Section Ill.

The intervertebral disc is biologically different.

It consists primarily of the nucleus pulposus, annulus fibrosus, and cartilaginous endplates.

Its extracellular matrix contains collagen and proteoglycans, but its architecture, vascular



environment, mechanical function, and degeneration pathways differ substantially from

those of a conventional synovial joint.

Accordingly:

Facet-Joint Degeneration

and

Intervertebral Disc Degeneration

should not be treated as the same biological target.

This distinction is essential when considering whether evidence concerning native type |l

collagen can reasonably be extrapolated from peripheral joint research to the spine.

2. Facet-Joint Osteoarthritis Fits the Whole-Joint OA Model

Facet-joint osteoarthritis shares important structural characteristics with osteoarthritis in

peripheral synovial joints.

Degenerative changes may include:

Articular cartilage deterioration

Joint-space narrowing



Subchondral bone remodeling

Osteophyte formation

Capsular and synovial changes

Altered joint biomechanics

The facet joint should therefore be understood as a whole-joint organ rather than as an

isolated layer of cartilage.

Ageing, repetitive loading, altered spinal mechanics, intervertebral disc degeneration,
previous injury, and other biological factors may contribute to the development or

progression of facet-joint degeneration.

This creates a reasonable biological connection with the broader osteoarthritis literature.

However, biological similarity does not establish therapeutic equivalence.



A nutritional intervention that improves outcomes in knee osteoarthritis cannot
automatically be assumed to produce the same clinical effect in cervical or lumbar facet-

joint osteoarthritis.

3. Type Il Collagen Is Relevant to Spinal Degenerative Biology

Type Il collagen has biological relevance beyond peripheral articular cartilage.

It is an important extracellular-matrix component in cartilaginous tissues, including

articular cartilage and components of the intervertebral disc.

Degeneration of these tissues can involve disruption of collagen organization and

increased turnover of type Il collagen.

This relationship has also been investigated through biomarkers.

Urinary C-terminal crosslinked telopeptide of type Il collagen - uCTX-II - reflects

degradation products associated with type Il collagen turnover.

Research examining lumbar spine osteoarthritis phenotypes has reported an association
between higher uCTX-Il levels and radiographic spine osteoarthritis characterized by disc-

space narrowing and vertebral osteophytes.

This finding is biologically important.

It supports the conclusion that:



Type Il Collagen Turnover

is involved in

Lumbar Degenerative Biology.

It does not establish that oral native type Il collagen reverses lumbar degeneration.

Biomarker association and intervention efficacy are separate questions.

4. Disc Degeneration and Facet-Joint Degeneration Form an Interacting Mechanical

System

The intervertebral disc and facet joints function together within the spinal motion

segment.

Degeneration in one compartment can alter loading conditions in another.

Conceptually:

Disc Structural Change

Altered Segmental Mechanics



Redistribution of Mechanical Load

Increased Facet-Joint Stress

Facet Cartilage and Subchondral Adaptation

Progressive Motion-Segment Degeneration

The reverse relationship can also contribute to altered movement and load distribution.

The result is not a simple linear disease pathway but a mechanically interconnected

degenerative system.

For this reason, the term:

cervical / lumbar joint degeneration

should be interpreted carefully.

Native type Il collagen may have a biologically plausible relationship to the cartilaginous

and synovial components of this system, but it should not be described as though it



directly restores intervertebral disc height, reverses osteophyte formation, corrects spinal

alignment, or regenerates a degenerative disc.

No such conclusion follows from the current Native CT-II® evidence base.

5. The Oral-Tolerance Mechanism Remains Relevant to Synovial Facet-Joint Biology

Facet joints provide the strongest conceptual bridge between peripheral osteoarthritis and

spinal degeneration because they are true synovial joints.

The oral-tolerance architecture described in Sections | and Il can therefore provide a

mechanistic hypothesis:

Oral Native Type Il Collagen

Preserved Type Il Collagen Epitopes

GALT-Associated Antigen Recognition

Regulatory Immune Signaling



Potential Reduction of Joint-Directed Inflammatory Pressure

Potential Support of the Facet-Joint Cartilage - Synovial Environment

The final step remains a hypothesis when applied specifically to cervical or lumbar facet-

joint degeneration.

Direct Native CT-lI® clinical trials demonstrating this complete sequence in patients with

facet-joint osteoarthritis have not been established in the evidence evaluated for this

paper.

Accordingly, the appropriate language is:

mechanistically relevant

or

biologically plausible

rather than:

clinically proven for cervical / lumbar degeneration.

6. Synovial Inflammation May Participate in Facet-Joint Degeneration

Facet-joint degeneration is not exclusively a mechanical phenomenon.



Like peripheral osteoarthritis, degenerative facet joints may exhibit changes involving

cartilage, subchondral bone, synovium, joint capsule, and inflammatory signaling.

This creates an inflammatory component within an otherwise strongly biomechanical

disorder.

The potential relevance of undenatured type Il collagen therefore lies upstream within an

immune-regulatory framework rather than in mechanical reconstruction.

The proposed relationship can be expressed as:

Native Type Il Collagen

Oral-Tolerance-Oriented Immune Regulation

Potential Reduction of Excessive Inflammatory Signaling

Potential Support of Synovial Homeostasis

This is fundamentally different from claiming:

Native CT-II® repairs spinal degeneration.



The first statement is a mechanistic hypothesis grounded in type Il collagen biology.

The second would require direct spinal clinical evidence that is currently lacking.

7. Structural Degeneration and Pain Must Be Separated

One of the most important corrections to the original spinal framework concerns pain.

Degenerative imaging findings do not automatically identify the source of neck or low-

back pain.

Facet-joint osteoarthritis can be highly prevalent, particularly with advancing age, but

structural degeneration may also occur in individuals without corresponding pain.

Conversely, neck or low-back pain may arise from multiple structures and mechanisms,

including:

Facet-joint nociception

Intervertebral disc pathology

Muscular and myofascial sources

Ligamentous structures

Nerve-root involvement

Central and peripheral pain processing



and

other mechanical or neurological factors.

Therefore:

Radiographic Degeneration # Pain

and

Pain Improvement # Structural Regeneration.

This distinction has major implications for interpreting nutritional intervention studies.

If a native type Il collagen intervention were eventually shown to improve back discomfort,
such an outcome would not by itself demonstrate reversal of cervical or lumbar

degeneration.

Structural and symptomatic endpoints must remain separate.

8. A Direct Lower-Back Evidence Signal Exists, but It Is Not Native CT-1I® Evidence

The broader undenatured type Il collagen literature contains an important exploratory

signal relevant to lower-back symptoms.



A randomized, double-blind, placebo-controlled study in healthy Japanese adults
evaluated NEXT-II®, another proprietary undenatured type Il collagen preparation derived

from chicken sternum cartilage.

Participants received NEXT-II® or placebo for 12 weeks.

The primary and secondary outcomes focused principally on knee and motor function, but
the study also included the Japan Low Back Pain Evaluation Questionnaire - JLEQ - and

visual analogue assessment of lower-back discomfort as exploratory outcomes.

This finding is relevant because it demonstrates that lower-back outcomes have begun to
appear within the clinical literature on proprietary undenatured type Il collagen

preparations.

However, the evidence boundary is critical.

This was:

NEXT-II® evidence

not

Native CT-II® evidence.

It also did not establish reversal of lumbar disc degeneration or facet-joint osteoarthritis.

The appropriate interpretation is therefore:



Exploratory clinical support for investigating undenatured type Il collagen in lower-back

functional or discomfort outcomes

rather than:

Clinical proof that Native CT-II® treats lumbar degeneration.

9. Knee Evidence Cannot Be Silently Converted Into Spine Evidence

Native CT-II® has direct randomized clinical evidence in knee osteoarthritis.

However:

Knee OA Evidence

does not automatically become

Facet-Joint OA Evidence

and certainly does not automatically become

Intervertebral Disc Degeneration Evidence.

The correct translational pathway is:

Native CT-II® Knee Clinical Evidence



Evidence of Activity in a Peripheral Synovial Joint

Facet-Joint Biological Similarity

Rationale for Future Spinal Research

not:

Proof of Cervical / Lumbar Clinical Efficacy.

This distinction preserves the value of the Native CT-II® evidence while preventing

anatomical extrapolation beyond what has actually been studied.

10. Cervical Degeneration Requires Particular Caution

The cervical spine introduces additional complexity.

Cervical symptoms may arise from facet joints, intervertebral discs, muscles, ligaments,
nerve roots, spinal cord pathology, headache-associated mechanisms, or combinations of

these factors.

Cervical facet joints can undergo osteoarthritic change and share the fundamental

synovial-joint architecture relevant to type Il collagen biology.



Nevertheless, structural cervical facet arthrosis alone does not establish the cause of neck

pain.

Therefore, Native CT-lII® should not be positioned as:

a treatment for cervical spondylosis

a treatment for cervical radiculopathy

a treatment for cervical disc degeneration

or

a treatment for cervicogenic pain.

These conditions involve biological and neurological processes extending substantially

beyond the evidence currently available for native type Il collagen supplementation.

The scientifically defensible position is narrower:

cervical facet joints provide a biologically relevant synovial-joint context in which type I
collagen turnover and joint homeostasis are scientifically relevant, but direct Native CT-Il®

clinical evidence is currently insufficient to establish cervical therapeutic efficacy.

11. Lumbar Degeneration Also Requires Compartment-Specific Interpretation

The lumbar spine should likewise be separated into biological compartments.



Lumbar Facet Joint

— synovial joint
— articular cartilage
— subchondral bone

— synovial and capsular biology

Intervertebral Disc

— nucleus pulposus
— annulus fibrosus
— cartilaginous endplates

— specialized extracellular-matrix environment

Neural Structures

— nerve roots
— dorsal root ganglia

— spinal canal structures

Supporting Structures

— ligaments
— paraspinal muscles

— fascia



Undenatured type Il collagen has its strongest mechanistic relevance to tissues in which

native type Il collagen biology and joint immune regulation are directly pertinent.

It should not be presented as a universal intervention for every component of lumbar

degenerative disease.

12. Native CT-II® - What Can Currently Be Said

For Native CT-1I®, the current evidence architecture supports the following interpretation.

Native CT-II® is a clinically studied native type Il collagen ingredient with direct human

evidence for knee osteoarthritis outcomes.

Type Il collagen is biologically relevant to articular cartilage and to components of spinal

cartilaginous tissues.

Facet joints are synovial joints and therefore share important biological features with

peripheral osteoarthritic joints.

Type Il collagen degradation is also measurable in lumbar degenerative phenotypes,
providing additional evidence that type Il collagen turnover participates in spinal

degeneration.

Together, these observations provide a biologically coherent rationale for investigating

Native CT-II® in cervical and lumbar joint health.



They do not establish direct clinical efficacy for cervical or lumbar degeneration.

The correct evidence sequence is therefore:

Spinal Research Rationale

not

Established Native CT-1I® Knee Evidence
Established Spinal Joint Biology

Type Il Collagen Turnover Evidence

Established Native CT-II® Spinal Efficacy.

13. Evidence Matrix - Cervical and Lumbar Degeneration

Evidence Domain

Current Evidence

Appropriate Interpretation

Claim to Avoid

Native CT-II® -

Knee OA

Direct human RCT

evidence

Supports Native CT-lI® joint symptom
and functional efficacy within the

studied knee OA population

Automatic cervical or

lumbar efficacy

Facet-joint OA

biology

Established spinal OA

literature

Facet joints are synovial joints relevant

to cartilage and OA biology

Facet OA is biologically

identical to knee OA

Lumbar type |I

Human biomarker

Type Il collagen degradation

Native CT-II® reverses




collagen turnover

association

participates in lumbar degenerative

phenotypes

lumbar degeneration

Oral-tolerance

Mechanistic and

Provides plausible immune-regulatory

Direct proof of spinal anti-

biology experimental evidence framework inflammatory efficacy
Exploratory evidence Supports further research into
Lower-back Native CT-II® proven for
with another undenatured type Il collagen and
outcomes low-back pain
proprietary ingredient || lower-back function / discomfort
Cervical Supports research rationale around ||Native CT-II® treats cervical

degeneration

Biological plausibility

synovial facet-joint biology

spondylosis

Disc degeneration

Type Il collagen has

biological relevance

Supports matrix-level scientific interest

Native CT-lII® regenerates

discs or restores disc height

Neck / back pain

Multifactorial clinical

phenotype

Symptoms require independent

clinical evaluation

Imaging degeneration

automatically explains pain

14. Clinical Positioning - Support Rather Than Disease-Reversal Language

The most defensible clinical positioning of native type Il collagen in spinal health is

therefore not;

spinal regeneration

or




degeneration reversal.

A more accurate framework is:

Joint Biological Support

Cartilage - Synovial Homeostasis

Maintenance of Joint Function

Potential Relevance to Facet-Joint Health

This language respects both the biological rationale and the current limitations of the

evidence.

It also prevents clinical evidence from knee studies or other proprietary collagen
preparations from being transformed into unsupported Native CT-II® spinal treatment

claims.

15. Section Conclusion - A Plausible Spinal Joint Pathway With an Important Evidence Gap



Cervical and lumbar degeneration involve multiple interacting tissues and cannot be

reduced to a single collagen pathway.

Nevertheless, type Il collagen remains biologically relevant to spinal joint and cartilaginous
tissues, while the cervical and lumbar facet joints provide a particularly important

connection because they are true synovial joints.

The scientific architecture can therefore be summarized as:

Spinal Motion-Segment Degeneration

Facet-Joint and Cartilaginous Matrix Involvement

Type Il Collagen Turnover

Synovial - Cartilage Homeostasis

Biological Rationale for Native Type Il Collagen Research

For Native CT-II®, however, the final step must remain evidence-bounded.



Native CT-II® has direct clinical evidence in knee osteoarthritis, but direct clinical evidence
establishing efficacy for cervical facet degeneration, lumbar facet degeneration, cervical
disc degeneration, or lumbar disc degeneration has not been established in the evidence

evaluated for this paper.

Accordingly, the spinal literature provides a research rationale, not permission to transfer

knee clinical outcomes into the cervical or lumbar spine.

Evidence generated with other proprietary undenatured type Il collagen preparations may
provide additional supportive or exploratory information, but those findings must remain

attributed to the preparation actually studied.

This distinction preserves the scientific relevance of native type Il collagen to spinal joint
biology while maintaining the ingredient-specific and anatomical evidence boundaries

required throughout this paper.



V. Undenatured Type Il Collagen and Synovial Symptoms

Stifiness x Activity-Related Joint Discomfort x Functional Recovery

Joint discomfort does not arise from a single biological pathway.

Pain during movement, stiffness after inactivity, restricted range of motion, and exercise-
related joint discomfort may reflect overlapping contributions from synovial tissues,
subchondral bone, periarticular structures, mechanical loading, inflammatory signaling,

and nociceptive processing.

For undenatured type Il collagen, these symptoms provide clinically relevant outcomes,

but they must be distinguished from direct evidence of synovitis.

The evidence architecture is therefore:

Joint Inflammatory and Mechanical Stress

Pain - Stiffness - Restricted Movement



Reduced Functional Capacity

Activity-Related Joint Discomfort

Within this framework, clinical trials can directly establish changes in pain, stiffness, range

of motion, and function when these endpoints are measured.

They cannot establish resolution of synovitis unless synovial inflammation itself has been

directly assessed.

1. Synowvitis Is a Biological Process, Not a Synonym for Joint Pain

Synovitis refers to inflammation involving the synovial membrane.

It may involve synovial-cell activation, immune-cell infiltration, vascular changes,

inflammatory mediator production, and changes in the intra-articular environment.

Synovial inflammation can contribute to pain and stiffness in osteoarthritis and

inflammatory arthritis.

However:

® Joint Pain # Synovitis



® Morning Stiffness # Synovitis

® Activity-Related Discomfort # Synovitis

These symptoms may occur in the presence of synovial inflammation, but none

independently proves that synovitis is present.

This distinction is particularly important for native or undenatured type Il collagen because
most clinical supplementation trials have evaluated symptomatic and functional outcomes

rather than direct synovial imaging, histology, or synovial-fluid inflammatory biomarkers.

Accordingly, the appropriate mechanistic statement is:

Oral-tolerance-associated immune regulation may be relevant to the inflammatory

environment surrounding a synovial joint.

[t is not:

Undenatured type Il collagen has been clinically proven to resolve synovitis.

2. Why Synovial Biology Still Matters

Although direct synovitis outcomes remain insufficiently established, the synovium remains

biologically important to understanding joint symptoms.

The synovium interacts continuously with cartilage, subchondral bone, synovial fluid,

immune cells, and mechanically stressed joint structures.



When joint homeostasis is disturbed, cartilage-derived signals and inflammatory
mediators can contribute to a feedback system involving synovial activation and further

joint stress.

Conceptually:

Mechanical or Structural Joint Stress

Cartilage and Matrix-Derived Signals

Synovial and Immune Activation

Inflammatory Mediators

Pain - Stiffness - Functional Limitation

Reduced Movement



Undenatured type Il collagen enters this model through the oral-tolerance and immune-

regulatory framework described earlier in this paper.

Its proposed action is upstream.

It should not be described as a direct pharmacological inhibitor of synovial inflammation.

3. Stiffness Is a Clinically Measurable Outcome

Stiffness is different from synovitis.

It is a patient-experienced symptom that can be measured directly using validated clinical

instruments.

In osteoarthritis trials, WOMAC includes a specific stiffness domain alongside pain and

physical function.

This allows clinical studies to determine whether an intervention changes perceived joint

stiffness without requiring the assumption that synovitis itself has changed.

The correct evidence sequence is therefore:

Intervention

Measured WOMAC Stiffness Outcome



Evidence of Change in Patient-Reported Stiffness

not:

Stiffness Improvement

Proof of Reduced Synovitis.

The distinction prevents a clinical symptom endpoint from being converted into an

unmeasured inflammatory mechanism.

4. Morning Stiffness Requires Additional Precision

Morning stiffness is clinically relevant but should not automatically be treated as

equivalent to the broader WOMAC stiffness domain.

WOMAC stiffness generally evaluates stiffness after waking and later in the day following

periods of rest or inactivity.

A trial demonstrating improvement in WOMAC stiffness therefore supports an effect on

the validated stiffness domain used in that studly.

It does not necessarily establish:



Reduced inflammatory morning stiffness

or

Resolution of morning synovitis.

This distinction becomes particularly important when comparing osteoarthritis with

rheumatoid arthritis.

Prolonged morning stiffness can be clinically important in inflammatory arthritis, whereas

shorter-duration stiffness after inactivity may also occur in osteoarthritis.

Therefore, the phrase:

Morning stiffness

should only be used as a direct clinical claim when the study specifically measured and

reported that endpoint.

Otherwise, the preferred term is:

Joint stiffness.

5. Native CT-1I® - Pain, Stiffness, and Function in Knee Osteoarthritis

Native CT-II® has direct clinical evidence in adults with knee osteoarthritis.



The randomized, double-blind, placebo-controlled trial described previously evaluated

clinically relevant osteoarthritis outcomes using WOMAC and pain assessments.

This provides direct evidence that Native CT-II® can be evaluated within a symptom

cluster involving:

Pain

Stiffness

and

Physical Function.

These outcomes are clinically meaningful because they represent how the joint performs

and feels during daily life.

However, they should remain outcome-specific.

If WOMAC improves, the appropriate conclusion is improvement in the measured

WOMAC domain or total score.

It is not evidence by itself that Native CT-II® reduced synovial thickness, synovial

vascularity, effusion, inflammatory-cell infiltration, or synovial cytokine concentrations.

6. Activity-Related Joint Discomfort Is a Distinct Clinical Phenotype



Activity-related joint discomfort provides another important evidence domain.

Unlike established osteoarthritis, this phenotype can occur in otherwise healthy individuals

who experience discomfort only when a joint is exposed to sufficient mechanical demand.

The clinical pattern can be expressed as:

No Significant Resting Joint Pain

Mechanical Loading

Joint Discomfort Appears

Movement or Exercise Becomes Limited

Discomfort Resolves During Recovery

This phenotype is particularly useful for studying joint function because it allows

investigators to impose a standardized mechanical challenge and measure:



® time to discomfort
® range of motion

® exercise tolerance

and

® recovery from discomfort.

The endpoint is therefore not arthritis treatment.

It is joint response to physical loading.

7. Newer Native Type Il Collagen Evidence Extends the Activity-Related Model

A randomized, double-blind, placebo-controlled study published in 2026 evaluated 74

healthy participants who experienced joint discomfort during physical activity.

The study assessed KOOS domains, activity-related discomfort, recovery following
standardized exercise, and CTX-Il as a biomarker associated with type Il collagen

degradation.

The native type Il collagen group showed earlier within-group improvements in several
KOOS domains, while specific subgroup analyses identified between-group differences in

pain, quality of life, recovery following an exercise challenge, and CTX-Il progression.

This study is important because it reinforces a broader clinical phenotype:



Physical Activity

Joint Loading

Joint Discomfort

Functional Recovery

Native Type Il Collagen Intervention

However, the results require careful interpretation because not every endpoint

demonstrated a uniform between-group effect across the complete study population.

The study therefore adds evidence to the native type Il collagen category without
justifying an unrestricted claim that all native type Il collagen preparations eliminate

exercise-related joint pain.

8. Activity-Related Pain and Arthritis Pain Should Not Be Collapsed Into One Endpoint



Activity-related joint discomfort in healthy individuals is not equivalent to osteoarthritis

pain.

This distinction matters when integrating clinical studies.

The evidence should be separated into:

Healthy Activity-Related Joint Discomfort

and

Diagnosed Osteoarthritis.

Both may involve discomfort during movement.

Their underlying biological context is different.

Studies involving healthy physically active participants are particularly useful for evaluating

joint flexibility, tolerance to mechanical loading, onset of discomfort, and recovery.

Osteoarthritis studies are more appropriate for evaluating established pain, stiffness, and

functional limitation within a diagnosed degenerative joint disorder.

Combining these populations into a single claim such as:

Undenatured type Il collagen clinically treats joint pain

would erase an important distinction in the evidence.



9. From Pain Reduction to Functional Recovery

Pain and joint function interact bidirectionally.

When movement causes discomfort:

Pain During Activity

Movement Avoidance

Reduced Range of Motion or Exercise Participation

Reduced Functional Capacity

Greater Perceived Joint Limitation

An intervention that delays discomfort or improves range of motion may therefore have

functional importance even without demonstrating structural joint regeneration.

This is particularly relevant to activity-related joint-discomfort trials.



The clinically defensible endpoint is not:

Cartilage rebuilding.

Itis:

Improved tolerance of physical loading and joint movement.

That distinction allows the evidence to remain clinically meaningful without exceeding

what was actually measured.

10. The Synovitis Evidence Gap Must Remain Visible

The combined evidence now supports several clinically relevant domains:

® Knee osteoarthritis symptoms
® Joint stiffness

® Physical function

® Range of motion

® Activity-related joint discomfort

® Exercise-related pain onset

and

® Recovery following mechanical loading.

Direct evidence for synovitis is much weaker.



Unless a clinical study specifically measures synovial inflammation using methods such as
imaging, validated inflammatory assessment, synovial-fluid analysis, or another direct
inflammatory endpoint, symptom improvement should not be interpreted as proof of

reduced synovitis.

The correct architecture is therefore:

Oral-Tolerance Mechanism

Potential Immune-Regulatory Effect

Potential Relevance to the Synovial Environment

and separately:

Human Clinical Trial

Pain - Stiffness - ROM - Function - Activity-Related Discomfort

The two evidence streams are biologically connected but should not be merged into a

single experimentally proven pathway.



11. Native CT-II® and the Evidence Attribution Boundary

Native CT-II® remains the specific ingredient of interest in the present paper.

Its direct human evidence should therefore remain the primary clinical anchor when

Native CT-II® itself was studied.

Other undenatured type Il collagen trials remain valuable because they contribute to

understanding the broader category and identify clinically relevant phenotypes for future

research.

12. Clinical Evidence Matrix

Clinical Domain

Evidence Interpretation

Appropriate Claim

Claim to Avoid

Joint stiffness

Directly measurable in OA trials

Improvement in measured
stiffness outcomes when

demonstrated

Proven elimination of

synovitis

Morning stiffness

Requires endpoint-specific

evidence

Use only when specifically

measured

Treating all WOMAC
stiffness as inflammatory

morning stiffness

Activity-related

discomfort

Direct RCT evidence exists for

specific proprietary preparations

Improved loading-related joint
outcomes within studied

populations

Universal pain-relief

claim




Range of motion

Directly measured in healthy-

subject RCTs

Improvement in knee ROM when

demonstrated

Cartilage regeneration

Recovery after

Emerging native type Il collagen

Potential improvement in recovery

Proof of reduced

activity evidence after specific exercise challenges || synovial inflammation
Mechanistic relevance but
Potential relevance to synovial Clinically proven
Synovitis insufficient direct supplementation
inflammatory biology synovitis treatment
evidence
Ingredient-specific outcomes from|| Transfer endpoints to
Native CT-II® || Direct knee OA clinical evidence

Native CT-II® trials

Native CT-II®

13. Section Conclusion - Symptoms Are Measurable, Synovitis Requires Direct Evidence

Undenatured type Il collagen has a clinically relevant evidence base spanning pain,

stiffness, range of motion, physical function, activity-related joint discomfort, and response

to mechanical loading.

These outcomes should be reported according to the populations and proprietary

preparations in which they were actually measured.

The strongest interpretation is:

Synovial and Joint Biology




Mechanistic Rationale

while

Pain - Stiffness - Range of Motion - Activity-Related Discomfort

Direct Clinical Outcomes

Native CT-II® can be discussed using its own direct clinical evidence.

Most importantly, improvement in pain or stiffness does not itself demonstrate resolution

of synovitis.

The evidence therefore supports an outcome-specific joint-function framework, not an

unqualified anti-synovitis claim.



VI. Undenatured Type Il Collagen and Exercise-Related Joint Discomfort

Mechanical Loading x Joint Tolerance x Functional Recovery

Exercise places repeated mechanical demands on synovial joints.

Running, stair climbing, resistance exercise, prolonged walking, jumping, and repetitive
flexion - extension cycles expose cartilage, subchondral bone, synovial tissues, tendons,

ligaments, and periarticular structures to changing compressive and tensile forces.

In healthy individuals, these forces are normally accommodated through coordinated

tissue adaptation and recovery.

However, some individuals experience joint discomfort only when mechanical demand

exceeds a particular threshold.

This creates a clinically distinct phenotype:

Comfort at Rest



Increasing Mechanical Load

Activity-Related Joint Discomfort

Reduced Range of Motion or Exercise Tolerance

Post-Exercise Recovery

This phenotype should not automatically be classified as osteoarthritis.

It also should not be described simply as "joint fatigue" without defining what that term

means.

The clinical literature on undenatured type Il collagen more precisely evaluates activity-

related joint discomfort and joint function under mechanical challenge.

1. Exercise-Related Joint Discomfort Is Different From Osteoarthritis Pain

Pain or discomfort during exercise can occur in individuals without diagnosed joint

disease.



This distinction has allowed researchers to study joint responses to controlled physical

loading before established osteoarthritis becomes the defining clinical condition.

The relevant phenotype is:

® No Diagnosed Arthritis
® No Significant Joint Pain at Rest

® Joint Discomfort During Standardized Physical Activity

This differs from an osteoarthritis population in which pain, stiffness, functional limitation,

and structural joint abnormalities may already be established.

Therefore:

Exercise-Related Joint Discomfort # Osteoarthritis

and

Exercise-Related Joint Discomfort # Structural Joint Degeneration.

Activity-related discomfort can serve as a useful clinical model for investigating joint

tolerance to mechanical stress.

It cannot by itself establish the presence of cartilage disease.

2. Mechanical Loading Creates a Functional Stress Test for the Joint



A standardized exercise challenge can reveal functional differences that may not be

apparent at rest.

This creates a useful research model:

Baseline Joint Function

Standardized Mechanical Challenge

Time to Initial Discomfort

Range of Motion Under Load

Maximum Tolerated Activity

Time to Recovery



These endpoints provide a more precise framework than the nonspecific concept of "joint

fatigue.”

They allow researchers to determine whether an intervention changes how the joint

responds to repeated mechanical demand.

For native or undenatured type Il collagen, this distinction is particularly important

because the intervention is not being evaluated as an acute analgesic.

Instead, supplementation is investigated over weeks or months to determine whether joint

tolerance and functional response to physical loading change over time.

3. Joint Tolerance Is More Precise Than Joint Fatigue

The term "fatigue" has multiple established meanings in exercise science.

It may refer to muscular fatigue, neuromuscular fatigue, central fatigue, metabolic fatigue,

or generalized physical fatigue.

These concepts should not be conflated with joint discomfort.

For undenatured type Il collagen research, a more precise concept is:

Joint Tolerance to Mechanical Loading.

This can be evaluated through the interaction among:



Mechanical Load

Joint Discomfort

Functional Capacity

Recovery

This terminology more accurately reflects the outcomes evaluated in contemporary native

type Il collagen research.

4. Native Type Il Collagen Has Direct Exercise-Related Human Evidence

A randomized, double-blind, placebo-controlled study published in 2026 directly
investigated native undenatured type Il collagen in healthy adults experiencing joint

discomfort during physical activity.

The study included 74 participants who received either placebo or:

Native Undenatured Type Il Collagen - 40 mg/day

for 180 days.



The investigators evaluated several clinically relevant domains:

Knee Injury and Osteoarthritis Outcome Score - KOOS

Joint discomfort during physical activity

Recovery following standardized exercise

and

CTX-II as a biomarker associated with type Il collagen degradation.

This study provides an important human evidence anchor because it directly evaluates

native undenatured type Il collagen within an exercise-related joint-discomfort population.

5. Joint Tolerance Is More Precise Than Joint Fatigue

The term "fatigue" has several meanings in exercise science.

It may refer to:

Muscular Fatigue

Neuromuscular Fatigue

Central Fatigue

Metabolic Fatigue



or

Perceived Physical Fatigue.

None of these is equivalent to joint discomfort.

Therefore, describing the clinical effect of undenatured type Il collagen as reducing "joint

fatigue" could imply an endpoint that was not actually measured.

A more precise concept is:

Joint Tolerance to Mechanical Loading.

This can be operationalized through:

Time to Discomfort

Range of Motion

Exercise Tolerance

Joint Function

and

Post-Exercise Recovery.

This terminology aligns much more closely with the clinical evidence.



6. Range of Motion Is a Functional Endpoint, Not Evidence of Cartilage Regeneration

Range of motion is particularly useful because it provides a measurable functional

outcome.

Improvement in knee flexion or extension may indicate that an individual can move the

joint through a greater functional range under the conditions tested.

However:

Improved ROM # Cartilage Regeneration.

Range of motion can be influenced by multiple factors, including discomfort, muscle
tension, joint mechanics, capsular properties, willingness to move, and other functional

variables.

Therefore, the clinical conclusion should remain:

® improved joint flexibility or range of motion
® rather than:

® repaired cartilage.

This distinction is necessary even when the biological rationale for native type Il collagen

involves cartilage-associated immune recognition.

7. CTX-Il Connects Functional Outcomes With Type Il Collagen Turnover



The inclusion of CTX-Il provides an additional biological dimension.

CTX-Il reflects fragments associated with type Il collagen degradation and is used as a

biomarker related to cartilage matrix turnover.

The conceptual sequence is:

Mechanical Joint Stress

Cartilage Matrix Turnover

Type Il Collagen Degradation

CTX-ll

In participants with greater baseline activity-related discomfort, the 2026 study reported a

difference between groups in the progression of CTX-Il concentrations.

CTX-II decreased in the native type Il collagen group while increasing in the placebo

group within this subgroup.

This finding is biologically relevant.



However:

CTX-Il Change # Cartilage Regeneration.

A biomarker associated with collagen turnover cannot independently establish restoration

of cartilage structure.

Therefore, CTX-II should be interpreted as a supporting biological endpoint rather than as

proof of structural joint regeneration.

8. Recovery After Exercise Is a Separate Clinical Dimension

The period following mechanical loading provides another important assessment window.

Two individuals may experience similar discomfort during exercise but differ substantially

in how quickly their symptoms resolve afterward.

The complete activity-response model is therefore:

Pre-Exercise Baseline

Mechanical Challenge

Discomfort Onset



Peak Activity-Related Discomfort

Exercise Completion

Recovery

This introduces time to recovery as a clinically relevant endpoint.

The relevant outcome becomes:

How effectively does the joint tolerate and recover from physical loading?

9. New 2026 Evidence Extends the Native Type Il Collagen Exercise Model

A 2026 randomized, double-blind, placebo-controlled trial provides an important newer

addition to this evidence domain.

The study included 74 healthy adults who experienced joint discomfort during physical

activity.

Participants received:



Native Undenatured Type Il Collagen - 40 mg/day

or

Placebo

for 180 days.

The investigators evaluated joint function using KOQS, activity-related discomfort,
recovery following a standardized exercise protocol, and CTX-Il as a biomarker associated

with type Il collagen degradation.

Both groups improved in overall joint function by day 180.

However, improvements from baseline appeared earlier in the native type Il collagen

group for several KOOS domains.

Subgroup analyses also identified between-group differences in specific pain and quality-

of-life outcomes.

Importantly, between-group differences were observed in recovery following the

standardized cycling challenge.

In participants with greater baseline activity-related discomfort, differences were also

reported in the progression of CTX-Il concentrations.

These findings expand the exercise-related evidence architecture:



Native Type Il Collagen

Activity-Related Joint Discomfort

® Joint Function
® Post-Exercise Recovery

® Cartilage-Turnover Biomarker Investigation

The results nevertheless require endpoint-specific interpretation.

Not every measured outcome showed a uniform between-group effect across the entire

study population.

The study therefore strengthens the broader native type Il collagen evidence base without
supporting an unrestricted claim that native type Il collagen prevents exercise-induced

cartilage damage.

10. CTX-II Adds a Biological Endpoint but Does Not Prove Cartilage Preservation

CTX-Il represents fragments associated with type Il collagen degradation and is used as a

biomarker of cartilage turnover.



Its inclusion in the 2026 study is scientifically important because it introduces a biological

measurement alongside subjective and functional outcomes.

The conceptual relationship is:

Mechanical Joint Stress

Cartilage Matrix Turnover

Type Il Collagen Degradation

CTX-ll

However, biomarker interpretation requires caution.

A change in CTX-Il does not independently prove:

® cartilage regeneration

® prevention of osteoarthritis

or



® structural preservation of the entire joint.

Biomarkers provide information about biological processes.

They do not substitute for direct structural outcomes such as validated imaging or

histological assessment.

Therefore, CTX-II should be treated as a supporting biological endpoint rather than as

proof of cartilage reconstruction.

11. Exercise Evidence Should Not Become an Athletic-Performance Claim

Improved joint comfort or recovery may support continued physical activity.

That does not establish enhancement of athletic performance.

The evidence does not automatically demonstrate:

® greater muscular strength
® greater aerobic capacity
® greater power output

® greater speed

or

® greater athletic endurance.



The appropriate sequence is:

Joint Comfort

Joint Function

Mechanical-Load Tolerance

Recovery

Potential Support for Continued Physical Activity

This is a joint-health framework.

It is not a sports-performance enhancement claim.

12. Exercise-Related Joint Support Should Not Become an Athletic-Performance Claim

Another important distinction concerns performance.



Improved joint range of motion or delayed onset of joint discomfort may allow an

individual to tolerate physical activity more comfortably.

This does not automatically establish:

® greater muscle strength
® greater aerobic capacity
® greater power output

® greater endurance capacity

or

® improved athletic performance.

Those outcomes would require direct measurement.

The appropriate hierarchy is:

Joint Comfort

Joint Mobility

Tolerance of Mechanical Activity



Undenatured Type Il Collagen: The Oral-Tolerance Joint Protection Matrix: Regulatory T-Cell Signaling,
Synovial Homeostasis, and Cartilage Preservation - From Native-Epitope Recognition to Low-Dose
Clinical Outcomes: The Evidence Architecture of Native CT-/® in Joint Health

Potential Support for Continued Physical Activity

not:

Undenatured Type Il Collagen

Enhanced Athletic Performance.

This distinction keeps joint-health evidence separate from sports-performance claims.
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VII. Undenatured Type Il Collagen for Individuals Seeking Non-Pharmacological
Joint Support

Pain Modulation x Functional Support x Long-Term Joint-Health Strategy

Joint pain is one of the principal reasons individuals with osteoarthritis seek treatment.

Analgesics and nonsteroidal anti-inflammatory drugs can play important roles in symptom
management, but pharmacological pain control and nutritional joint support represent

different therapeutic categories.

Undenatured type Il collagen should therefore not be positioned as a direct replacement

for pain medication.

A more appropriate clinical framework is:

Joint Pain and Functional Limitation

Evidence-Based Medical Management When Required

Non-Pharmacological and Nutritional Joint Support



Symptom and Functional Monitoring

Long-Term Joint-Health Management

Within this framework, native type Il collagen can be evaluated for its effects on pain,
stiffness, physical function, and quality of life without implying that individuals should

discontinue medically indicated analgesic treatment.

1. Pain Relief and Joint Support Are Not the Same Therapeutic Objective

Pain medication is generally used to reduce pain through pharmacological mechanisms.

Native undenatured type Il collagen is investigated through a different biological
framework involving oral exposure to structurally preserved type Il collagen and potential

immune-regulatory signaling.

These approaches should not be presented as interchangeable.

The appropriate distinction is:

Analgesic Therapy

Pharmacological Pain Management



while

Native Type Il Collagen

Nutritional Joint-Health Intervention

Potential Improvement in Joint Symptoms and Function.

A reduction in pain observed during a clinical trial establishes a clinical outcome.

It does not convert the nutritional intervention into an analgesic drug.

2. Native CT-lI® Has Direct Human Evidence for Knee Osteoarthritis Symptoms

Native CT-II® has been evaluated in a randomized, double-blind, placebo-controlled

clinical trial involving 101 adults aged 40 - 65 years with knee osteoarthritis.

Participants received Native CT-lI®, glucosamine hydrochloride plus chondroitin sulfate,

or placebo for 12 weeks.

The primary clinical assessment was WOMAC, which evaluates:

Pain



Stiffness

and

Physical Function.

Compared with placebo, the Native CT-II® group demonstrated a significantly greater

improvement in WOMAC total score at week 12.

Knee joint pain also improved significantly compared with placebo.

The study additionally reported improvement in quality of life.

These findings provide direct clinical evidence that Native CT-II® can influence measured

osteoarthritis symptoms and functional outcomes.

They do not establish that Native CT-II® can replace analgesic medication.

3. Rescue Medication in the Native CT-II® Trial Defines an Important Evidence Boundary

The design of the Native CT-lI® clinical trial provides an important safeguard against

overinterpretation.

Participants were permitted to use acetaminophen as rescue medication, up to the

amount specified in the study protocol.



This means the trial evaluated Native CT-lI® within a controlled osteoarthritis study while

preserving access to pharmacological pain relief when required.

Therefore, the trial supports:

Native CT-II®

Improvement in Measured OA Symptoms

but not;

Native CT-II®

Replacement of Pain Medication.

This distinction should remain explicit whenever the clinical findings are translated into

consumer-facing joint-health information.

4. Native Type Il Collagen Has Also Been Studied Alongside Acetaminophen

Another randomized controlled clinical trial provides additional evidence for the

distinction between nutritional supplementation and analgesic therapy.

Thirty-nine individuals with knee osteoarthritis were randomized to receive:



Acetaminophen - 1500 mg/day

or

Acetaminophen - 1500 mg/day + Native Type Il Collagen - 10 mg/day

for three months.

The investigators evaluated pain at rest and during walking, WOMAC outcomes, quality of

life, and urinary biomarkers related to cartilage degradation.

The combination group demonstrated improvements in walking pain, WOMAC function,

and quality-of-life measures.

Between-group analysis identified a significant advantage for walking pain when native

type Il collagen was added to acetaminophen.

This study is particularly informative because native type Il collagen was evaluated as an

adjunct to analgesic therapy.

It was not evaluated as a replacement for acetaminophen.

5. Adjunctive Support Is Scientifically Different From Medication Replacement

The distinction between adjunctive support and replacement therapy is fundamental.



If an intervention is studied together with an established treatment, the resulting evidence

can support:

Treatment A

Nutritional Intervention B

Measured Clinical Outcome.

It cannot automatically support:

Nutritional Intervention B

Replacement of Treatment A.

Accordingly, the acetaminophen study contributes to the evidence that native type Il

collagen may complement conventional symptom management.

It does not demonstrate that patients can discontinue analgesics.

6. Pain Improvement Should Remain an Outcome-Specific Claim



Pain is a legitimate and clinically meaningful endpoint.

Native type Il collagen studies have assessed pain through instruments including:

Visual Analogue Scale - VAS

and

Western Ontario and McMaster Universities Osteoarthritis Index - WOMAC.

When a randomized trial demonstrates a statistically significant improvement in one of

these endpoints, the result can be reported directly.

For example:

Improved knee pain compared with placebo

or

Improved walking-related pain when added to acetaminophen

are evidence-bounded clinical statements.

By contrast:

® works like a painkiller
® replaces painkillers

® climinates the need for NSAIDs



and

® provides a safer substitute for analgesic therapy

® require substantially different evidence and should not be inferred from these studies.

7. Safety and Efficacy Are Separate Questions

A nutritional intervention can demonstrate favorable tolerability without becoming a

substitute for pharmacological treatment.

The Native CT-II® randomized trial reported a favorable safety profile during the 12-week

intervention period.

This supports short-term tolerability within the studied population and protocol.

However:

Well Tolerated in a Clinical Trial # Universally Safer Than Pain Medication.

Direct comparative safety claims require appropriate head-to-head evidence, adequate

duration, relevant populations, and sufficient statistical power to assess adverse outcomes.

The safety profiles of analgesics also differ substantially according to medication class,

dose, duration, route of administration, age, comorbidities, and concurrent medications.

Therefore, the scientifically appropriate description is:



well tolerated within the conditions of the clinical study

rather than:

safer than painkillers.

8. Long-Term Joint Support Requires a Broader Framework Than Pain Suppression

Joint health is not defined solely by pain intensity.

A more comprehensive clinical framework includes:

® Pain

® Stiffness

® Physical Function
® Mobility

® Quality of Life

® (Capacity for Physical Activity.

This broader perspective is particularly relevant to nutritional joint interventions.

The objective is not simply to reproduce an acute analgesic effect.

Instead, research can evaluate whether sustained supplementation contributes to better

symptom control and functional capacity over time.

9. Reduced Pain May Support a Positive Movement Cycle



Pain and physical activity interact bidirectionally.

When movement repeatedly produces discomfort:

Joint Pain

Movement Avoidance

Reduced Physical Activity

Loss of Functional Capacity

Greater Difficulty With Movement.

Improvement in joint symptoms may help interrupt this cycle.

A more favorable sequence becomes:

Reduced Joint Discomfort



Greater Movement Tolerance

Maintenance of Physical Activity

Support for Functional Capacity.

This represents a potentially important consequence of improved joint symptoms.

However, increased physical activity should not be assumed unless it was directly

measured.

10. Nutritional Joint Support Should Be Integrated, Not Substituted

The strongest clinical positioning for native undenatured type Il collagen is therefore

integrative.

For individuals with established osteoarthritis, appropriate management may include

multiple components depending on clinical circumstances:

® [Education
® Physical Activity and Exercise
® Weight Management When Appropriate

® Physical or Rehabilitation Strategies



® Pharmacological Symptom Management When Required

® Evidence-Based Nutritional Joint Support.

Native type Il collagen belongs within the nutritional component of this framework.

Its role should be evaluated according to clinical evidence for symptom and functional

outcomes rather than by presenting it as a medication substitute.

11. Native CT-Il® and the Non-Pharmacological Joint-Support Framework

Native CT-II® provides a particularly relevant evidence anchor because it has been

directly investigated in adults with knee osteoarthritis.

The randomized clinical evidence supports improvement in measured joint-health

outcomes including WOMAC total score and knee pain compared with placebo.

This permits a clear evidence-based positioning:

Native CT-II®

Nutritional Joint Support

Pain - Stiffness - Function Outcomes



Quality-of-Life Relevance.

It does not require comparison with painkillers to establish clinical relevance.

The clinical value of the ingredient should stand on its own measured outcomes.

12. Section Conclusion - Joint Support Without Medication-Replacement Claims

Native undenatured type Il collagen provides a non-pharmacological nutritional approach

to joint-health support.

Human clinical research demonstrates that native type Il collagen can influence clinically
meaningful outcomes including pain, stiffness, physical function, and quality of life in

selected populations.

Native CT-II® has direct randomized clinical evidence in knee osteoarthritis, including

improvement in WOMAC and knee pain outcomes compared with placebo.

Separate research has also demonstrated that native type Il collagen can be investigated
as an adjunct to acetaminophen, reinforcing the distinction between nutritional joint

support and pharmacological pain management.

The appropriate evidence architecture is therefore:

Native Undenatured Type Il Collagen



Nutritional Joint Support

Measured Pain and Functional Outcomes

Potential Role Within Long-Term Joint-Health Management

not:

Native Undenatured Type Il Collagen

Painkiller Replacement.

This distinction preserves both the clinical relevance of the evidence and the appropriate

boundary between nutritional intervention and medical pain management.
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