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Abstract 
Osteoarthritis is a debilitating joint disease characterized by progressive cartilage breakdown and limited 

treatment options. Undenatured type II collagen has gained significant attention as a nutraceutical that 

harnesses the body’s immune system through oral tolerance. By interacting with gut-associated lymphoid 

tissue, undenatured type II collagen stimulates regulatory T cells that effectively suppress joint 

inflammation and promote cartilage repair. Extensive preclinical studies across multiple species 

including bovine, porcine, squid, chicken, and Nile tilapia demonstrate Undenatured type II collagen’s 

consistent ability to reduce key inflammatory mediators (IL-1β, TNF-α), inhibit cartilage-degrading 

enzymes (MMP-13), reducing cartilage degradation markers (CTX-II, COMP), and preserve joint 

structure. Clinical investigations reveal promising improvements in pain, joint function, and cartilage 

thickness in osteoarthritis patients treated with undenatured type II collagen. Despite these encouraging 

results, clinical evidence is still preliminary, highlighting the urgent need for large, randomized, placebo-

controlled trials to establish undenatured type II collagen role in promoting cartilage health. This review 

underscores undenatured type II collagen’s potential to reduce cartilage degradation and to promote 

cartilage repair in OA. 

 

Keywords: Undenatured Type II collagen, cartilage degradation, cartilage repair, osteoarthritis, joint 

health 

 

Introduction  

Cartilage: Biochemical Composition and Normal Physiology 

Articular cartilage is a specialized connective tissue found at the ends of bones within synovial 

joints, playing a crucial role in joint mobility and load distribution. It is primarily composed of 

water (70-80%), type II collagen, proteoglycans, and chondrocytes, with its unique structure 

enabling it to resist mechanical forces. The water content helps provide compressive resilience 

and contributes to the diffusion of nutrients, given the lack of blood vessels in cartilage [1]. 

Collagen, particularly type II collagen, is the main structural component of the cartilage 

extracellular matrix (ECM). Type II collagen forms a network of fibrils that provide tensile 

strength and maintain cartilage integrity. Proteoglycans, with aggrecan being the most 

abundant, bind to water molecules and offer compressive stiffness to cartilage [2]. This water-

binding capacity is crucial for cartilage’s function in joint mobility, enabling it to resist 

compressive loads during movement [1, 2]. Chondrocytes are the primary cells in cartilage, 

responsible for synthesizing and maintaining the ECM [3, 4]. They are embedded in lacunae and 

are exposed to a hypoxic environment, which is further modulated by mechanical stimuli. 

These cells are regulated by growth factors, including insulin-like growth factor 1 (IGF-1) and 

transforming growth factor-beta (TGF-β), which maintain the delicate balance between 

cartilage matrix synthesis and degradation [3, 4]. 

 

Cartilage Degradation in Osteoarthritis 

Osteoarthritis (OA) is a degenerative joint disease that leads to progressive cartilage 

breakdown, along with subchondral bone remodeling, synovial inflammation, and osteophyte 

formation. It is influenced by multiple factors, including mechanical stress, genetic 

predisposition, and inflammatory mediators. 
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A significant characteristic of OA is the degradation of the 

cartilage ECM, particularly the loss of proteoglycans and 

collagen fibers, which impair the tissue's structural integrity 

and its ability to resist stress [5], [6]. The initial event in OA is 

often the degradation of aggrecan by aggrecanases, leading to 

a reduction in cartilage’s water-binding capacity, which 

diminishes its compressive strength [7]. 

Subsequently, the collagen network, particularly type II 

collagen, undergoes degradation by matrix metalloproteinases 

(MMPs), such as MMP-13, which are upregulated during OA 

progression [8]. In addition to mechanical degradation, OA is 

marked by the upregulation of pro-inflammatory cytokines 

such as interleukin-1β (IL-1β) and tumor necrosis factor-alpha 

(TNF-α), which enhance the expression of MMPs and inhibit 

ECM synthesis [9, 10]. This inflammatory environment 

accelerates cartilage loss and contributes to chondrocyte 

apoptosis. The subchondral bone also undergoes changes, 

including increased bone turnover and sclerosis, which alter 

joint biomechanics and exacerbate pain [9, 10]. 

 

Cartilage Health Monitoring: From Research to Clinics 

Monitoring cartilage health is vital for diagnosing 

osteoarthritis early and assessing disease progression. Various 

imaging and biochemical techniques have been developed to 

evaluate cartilage integrity and predict OA outcomes. 

 

Imaging Modalities 

 Magnetic Resonance Imaging (MRI): MRI is the gold 

standard for visualizing cartilage integrity, allowing for 

the assessment of cartilage thickness, water content, and 

structural changes. Techniques like T2 mapping and T1ρ 

imaging can detect early OA-related alterations in 

cartilage composition, such as collagen damage and 

changes in proteoglycan content [11]. Moreover, delayed 

gadolinium-enhanced MRI of cartilage (dGEMRIC) is 

used to assess glycosaminoglycan content, providing a 

sensitive measure of cartilage degradation [11]. 

 Ultrasound: High-resolution ultrasound is increasingly 

being used to measure cartilage thickness in joints such 

as the knee. It offers a non-invasive, real-time, and cost-

effective tool for cartilage assessment. Studies have 

demonstrated that ultrasound measurements correlate 

well with MRI and histological data, making it a useful 

clinical tool for monitoring OA progression [12], [13]. 

 Radiography: Although X-ray imaging is limited in 

detecting early cartilage degradation, it remains an 

important tool for evaluating joint space narrowing and 

osteophyte formation in advanced OA [14]. 

 

Biochemical Markers 

Biochemical markers that reflect cartilage metabolism have 

gained significant interest for their potential to detect early 

OA and monitor therapeutic interventions. Some prominent 

markers include: 

 Urinary C-terminal telopeptide of type II collagen: 

This marker reflects the degradation of type II collagen 

and is highly specific to cartilage turnover. Elevated 

levels correlate with joint space narrowing and disease 

progression, making it an effective marker for OA [15], 
[16]. 

 COMP (Cartilage Oligomeric Matrix Protein): COMP 

is a pentameric protein found in cartilage and its levels 

are elevated in individuals with OA. Serum COMP 

concentrations correlate with cartilage loss and OA 

severity, and they have been shown to predict the need 

for joint replacement surgery [17]. 

 C2C and C1, 2C: These neoepitopes are generated by 

collagen type II cleavage and are detectable in synovial 

fluid and serum. Elevated levels of C2C and C1, 2C have 

been associated with early OA and cartilage degradation 

post-injury [18]. 

 

The combination of these markers with imaging techniques 

provides a powerful approach for assessing cartilage health 

and guiding OA management. 

Given the multifactorial nature of OA and the central role of 

articular cartilage degradation in its pathogenesis, preserving 

cartilage integrity has become a key therapeutic goal [19], [20]. 

Despite advances in diagnostic tools and symptomatic 

management, there is currently no curative treatment for OA, 

and approved disease-modifying osteoarthritis drugs 

(DMOADs) remain elusive [21]. Among emerging 

nutraceutical interventions, Undenatured type II collagen 

(uDIIC) has gained significant attention for its 

immunomodulatory potential and ability to promote joint 

health by inducing oral tolerance to endogenous type II 

collagen thereby reducing T-cell mediated inflammation and 

subsequent cartilage degradation [22, 23]. Unlike hydrolyzed 

collagen or glucosamine-based supplements, uDIIC retains its 

native triple-helical structure, which is essential for its 

interaction with gut-associated lymphoid tissue (GALT) in 

Peyer's patch and for the generation of regulatory T (Treg) 

cells that suppress inflammatory responses in joints [22, 23]. 

Recent randomized clinical trials and preclinical studies 

support uDIIC’s capacity to improve joint comfort, flexibility, 

and reduce cartilage catabolism in both human and animal 

OA models [24-27]. This review will focus on the evidence 

supporting the use of uDIIC as a promising nutraceutical 

strategy to maintain articular cartilage integrity and 

potentially slow the progression of OA. 

 

Materials and Methods 

This review sought to systematically and comprehensively 

evaluate the role of uDIIC in maintaining and supporting 

articular cartilage health, with a particular focus on its 

influence on cartilage metabolism, degradation, and repair 

processes. A structured literature search was conducted across 

PubMed, Google Scholar, ScienceDirect, and 

ClinicalTrials.gov from database inception through March 

2025, without language restrictions. The search strategy 

incorporated both Medical Subject Headings (MeSH) and 

free-text terms, including: ("undenatured type II collagen" or 

"native type II collagen" or "soluble undenatured type II 

collagen" or "insoluble undenatured type II collagen" or 

"naïve type II collagen" or "chicken type II collagen" or "type 

II collagen") and ("cartilage" or "cartilage degradation" or 

"cartilage damage" or "cartilage deterioration" or "cartilage 

repair" or "cartilage metabolism" or "C-Terminal Cross-

Linked Telopeptides of Type II Collagen" OR "CTX-II" OR 

"uCTX-II" OR "COMP" or "C2C" or "C1,2C" or 

"Cartilage*"). Inclusion criteria comprised clinical trials and 

in vivo animal studies investigating the effects of uDIIC on 

cartilage structural integrity, functional outcomes, and 

biochemical markers such as uCTX-II, COMP, C2C, and C1, 

2C. Exclusion criteria encompassed reviews, editorials, and 

studies not directly assessing articular cartilage or those 

limited to hydrolyzed or denatured collagen formulations. 

Studies utilizing uDIIC in combination with other agents 

without an appropriate control arm isolating uDIIC's effects 

were also excluded. In instances of duplicate publications, the 
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most comprehensive version was retained for analysis. 

 

Results 

Role of undenatured type II collagen in maintaining 

cartilage health 

Concept of immuno-modulation (oral tolerance)-

mechanism of action 

When undenatured type II collagen is ingested, it resists 

denaturation by gastric enzymes and remains intact through 

the upper gastrointestinal tract until it reaches the small 

intestine. Within small intestine, specialized lymphoid 

structures (GALT) known as Peyer’s patches interact with it. 

These regions (Peyer’s patch) contain dendritic cells and T 

cells, which play a crucial role in oral tolerance development 

of uDIIC. From mucus layer, uDIIC comes into contact with 

the intestinal epithelial lining, dendritic cells capture uDIIC 

by binding to specific regions in its structure called epitopes 

and transport it into Peyer’s patches. There, they function as 

antigen-presenting cells (APCs), presenting uDIIC to naive T 

cells and form Major Histocompatibility Complex (MHC). 

This complex comprising uDIIC, dendritic cells, and T cells 

initiates the differentiation of T cells into Treg cells. These 

Treg cells enters the circulation and reaches to inflamed joint 

tissues. They modulate the inflammatory environment by 

increasing IL-10 production, an anti-inflammatory cytokine, 

decreasing levels of pro-inflammatory cytokines like IL-1β 

and IL-6, and promoting anabolic pathways by enhancing the 

production of Transforming Growth Factor-beta (TGF-β) and 

type II collagen. Through this process, uDIIC helps mitigate 

the autoimmune-driven cartilage degradation characteristic of 

joint disorders such as OA [28], [29]. 

 

Undenatured type II collagen in cartilage health-

preclinical studies  

This was explored the ability of orally administered soluble 

undenatured type II collagen (uDIIC), derived from fetal 

bovine articular cartilage and purified via limited pepsin 

digestion (with purity validated by amino acid analysis and 

SDS-PAGE through Genetic Design, Watertown, MA), to 

modulate cartilage-specific autoimmune responses in a 

murine model of collagen-induced arthritis (CIA) [30]. Mice 

fed 500 μg of uDIIC intragastrically for 12 doses over 6 

weeks demonstrated a significant reduction in arthritis 

incidence (p<0.004 after day 30) and a lower maximum 

arthritic index (MAI) of 1.9 compared to 3.9 in controls by 

day 58. Importantly, denatured collagen (heat-treated at 56°C) 

failed to show any protective effect, highlighting the necessity 

of the intact triple-helical structure of native cartilage collagen 

for immune modulation. Despite comparable overall antibody 

titers, mice that received uDIIC showed a marked reduction in 

cartilage-reactive IgG2b antibodies (30±9 μg/mL vs. 

107±17 μg/mL in controls; P=0.03), while IgG2a levels also 

trended downward. These IgG subclasses are directly 

implicated in cartilage destruction via complement activation 

and antibody-mediated inflammation [31]. The preservation of 

cartilage integrity in the treated group, despite immunization, 

supports the conclusion that oral administration of uDIIC 

selectively downregulates pathogenic immune responses 

targeting articular cartilage, offering a biologically specific 

strategy to protect cartilage from autoimmune-mediated 

degradation in arthritis [30]. 

The cartilage-protective effects of low-dose porcine uDIIC in 

a rat model of monoiodoacetate (MIA)-induced OA was 

evaluated where uDIIC was administered orally at 1, 3, or 10 

mg/kg/day for 13 days, starting from the day of MIA 

injection. Biochemical analysis on day 14 revealed a 4-fold 

increase in plasma CTX-II, a validated biomarker of type II 

collagen degradation, in MIA + vehicle rats compared to 

controls. Treatment with uDIIC at 1 mg/kg reduced plasma 

CTX-II by 53%, and urinary CTX-II by 75%, indicating 

significant inhibition of cartilage breakdown. Notably, CPII (a 

marker of type II collagen synthesis) levels were not altered. 

These cartilage-specific findings underscore that oral 

administration of low-dose uDIIC effectively protects 

cartilage structure in OA by inhibiting its degradation [32]. 

In a study the cartilage-protective effects of chicken uDIIC 

derived from chicken sternum cartilage in a rat model of OA 

induced by partial medial meniscectomy tear (PMMT) was 

evaluated. uDIIC was administered orally at a clinically 

relevant dose of 0.66 mg/kg/day for 8 weeks, beginning 

immediately post-surgery. Histological analysis revealed that 

uDIIC significantly reduced the width of cartilage matrix loss 

and cartilage degeneration at the medial tibial plateau 

compared to vehicle-treated PMMT rats. Additionally, 

cartilage thickening and fibrillation in critical load-bearing 

zones were attenuated in uDIIC-treated rats, with smaller 

osteophyte formation and improved cartilage consolidation 

observed in Zones 1 and 3. Importantly, uDIIC also led to a 

significant reduction in CTX-II levels, supporting its role in 

preserving cartilage integrity. The study concludes that oral 

uDIIC, when initiated at the time of joint injury, mitigates 

cartilage damage and supports joint structure, indicating its 

potential as a disease-modifying intervention in OA [33]. 

In a study, the cartilage-protective potential of squid-derived 

type II collagen, isolated from Peru squid cartilage in a rat 

model of surgically induced OA [34]. Intra-articular 

administration of squid-derived type II collagen (3 mg/mL 

and 10 mg/mL, once weekly for 5 weeks) significantly 

preserved articular cartilage structure, as evidenced by gross 

morphology, HE staining, and Safranin O-Fast Green 

staining, which showed smoother cartilage surfaces and 

greater proteoglycan retention compared to untreated OA rats. 

Importantly, Osteoarthritis Research Society International 

(OARSI) scores used to quantify cartilage degeneration were 

significantly reduced in squid-derived type II collagen treated 

groups (p<0.01), indicating milder structural deterioration. 

Additionally, squid-derived type II collagen treated joints 

exhibited lower expression of MMP13 implicated in cartilage 

matrix breakdown and improved histological appearance of 

the cartilage matrix. These findings were further supported by 

decreased levels of inflammatory cytokines (TNF-α, IL-1β) in 

synovial fluid [34].  

A study conducted a controlled clinical study to evaluate the 

chondroprotective efficacy of uDCII, derived from chicken 

sternum, in small-breed dogs diagnosed with OA secondary to 

medial patellar luxation (MPL) [35]. Dogs were administered a 

daily oral dose of 10 mg uDIIC for 16 weeks. 

Ultrasonographic evaluations revealed a statistically 

significant reduction in overall joint pathology, with the total 

ultrasonographic score decreasing from 5.846±1.345 at 

baseline (Day 0) to 3.692±1.251 at Week 16 (p<0.05). 

Synovial fluid scores also improved significantly, indicating 

reduced joint effusion and inflammation. However, cartilage-

specific metrics showed limited structural improvement: the 

articular cartilage score at the proximal medial femoral 

condyle decreased modestly from 1.692±0.480 to 

1.077±0.640, and cartilage thickness remained statistically 

unchanged across all measured regions (e.g., medial thickness 

at 0.196±0.059 mm at baseline vs. 0.196±0.043 mm at Week 

16). Radiographic OA scores and lameness scores did not 
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show significant changes. These findings suggest that while 

uDIIC may exert beneficial anti-inflammatory effects and 

improve joint fluid characteristics, its direct regenerative 

impact on cartilage morphology and thickness in non-

immune-mediated OA, such as that secondary to MPL, may 

be limited [35]. 

The therapeutic effects of uDIIC, extracted from chicken 

thoracic cartilage, on cartilage integrity and inflammation in a 

MIA induced OA rat model was investigated in a study [36]. 

Administered orally at doses of 4 mg/kg and 8 mg/kg daily 

for five weeks, uDIIC significantly improved cartilage-

specific parameters. Histopathological analysis using the 

Mankin scoring system revealed that both low-and high-dose 

uDIIC groups exhibited markedly reduced cartilage 

degeneration compared to the model group, with articular 

cartilage scores improving from 5.12±0.83 in the model group 

to 3.62±0.92 and 3.50±0.81, respectively (p<0.05). 

Microscopically, uDIIC preserved cartilage architecture, 

reduced surface fissures, and maintained chondrocyte 

organization across the surface, transitional, radial, and 

calcified layers. Biochemically, uDIIC significantly decreased 

serum levels of cartilage degradation markers MMP-13 and 

CTX-II, with low-dose treatment reducing MMP-13 from 

53.52±9.48 ng/mL to 43.12±8.96 ng/mL (p<0.01) and high-

dose treatment lowering CTX-II from 5.27±1.32 ng/mL to 

4.02±1.24 ng/mL (p<0.05). These findings underscore 

uDIIC’s capacity to attenuate cartilage matrix breakdown and 

preserve structural integrity, likely through modulation of 

inflammatory cytokines and oxidative stress pathways, 

positioning it as a promising nutraceutical for OA cartilage 

preservation [36]. 

In a mechanistic study [37], OA was induced in rats via MIA, 

mimicking human OA features. Rats received uDIIC at a 

human-equivalent dose of 40 mg for 30 days. Post-treatment 

anti-inflammatory effects of uDIIC was observed as it 

significantly reduced systematic levels of key inflammatory 

markers, including TNF-α, IL-1β, IL-6, C-reactive protein 

(CRP), and Prostaglandin E2 (PGE2) (p<0.001). uDIIC also 

significantly decreased COMP (p<0.001), and increased 

osteocalcin, a marker associated with bone formation 

(p<0.0001). Improvements in oxidative stress markers, 

particularly Superoxide Dismutase (SOD) (p<0.05), were 

observed. Gait analysis demonstrated significant 

improvements in paw area, paw width, and stride length 

(p<0.01), and joint swelling was notably reduced. 

Radiographic and histological evaluations showed substantial 

reductions in Kellgren-Lawrence (KL) scores (p<0.05) and 

attenuation of cartilage damage, with decreased surface 

irregularity and matrix loss. Western blotting revealed 

significant reductions in Interferon Regulatory Factor-7 (IRF-

7), Cyclooxygenase-2 (COX-2), NF-kB subunit IKK-gamma, 

Monocyte Chemoattractant Protein-1 (MCP-1), and MMP-3 

levels (p<0.001) in articular joint. These findings substantiate 

uDIIC’s role in reducing inflammatory pathways and cartilage 

degradation both at systemic as well as at articular joint level 
[37]. 

Another placebo-controlled study in healthy dogs was 

conducted [38], administering 40 mg of uDIIC over 13 weeks. 

The study out of many parameters also focused on COMP, a 

biomarker for cartilage metabolism and degradation. UDIIC 

treatment resulted in significant reductions in COMP levels 

across both sexes (P=0.003; P=0.01), with pronounced 

decreases following physical stress (16 km run) compared to 

placebo (P=0.023). These findings underscore uDIIC’s 

potential in mitigating cartilage degradation induced by 

physical activity in higher animals as well. 

A study evaluates the effects of uDIIC [39], sourced from 

chicken sternum on cartilage integrity in a rat model of MIA-

induced OA. Administered orally at 4 mg/kg body weight for 

30 days, uDIIC alone significantly mitigated cartilage 

degradation. Histopathological analysis using the Mankin 

scoring system showed a reduction in cartilage damage, with 

scores decreasing from 5.12±0.83 in the MIA group to 

3.62±0.92 in the uDIIC-treated group (p<0.05). Western blot 

analysis of knee joint tissues revealed that uDIIC treatment 

restored type II collagen expression and significantly reduced 

the expression of cartilage-degrading and inflammatory 

markers, including MMP-3, NF-κB, and TGF-β1. 

Additionally, uDIIC lowered serum levels of COMP from 

32.10±3.03 pg/mL in the MIA group to 25.76±2.98 pg/mL, 

and CRP from 10.76±1.45 pg/mL to 7.18±0.67 pg/mL. These 

biochemical and histological improvements were 

accompanied by functional recovery, as evidenced by 

increased stride length and reduced joint swelling. 

Collectively, these findings underscore uDIIC’s capacity to 

preserve cartilage structure, suppress inflammatory mediators, 

and improve joint function in OA, supporting its role as a 

potent chondroprotective agent [39]. 

The cartilage-protective effects of undenatured type II 

collagen was examined in a study [40], sourced from chicken 

sternum in aging db/db mice, a model for diabetic OA 

degeneration. After 16 weeks of oral administration at 6 

mg/kg, uDIIC significantly showed reduction in serum MMP-

3, with levels in the uDIIC group (81.82±19.38 ng/L) 

significantly lower than those in the aging model 

(154.19±24.81 ng/L), young model (118.35±26.85 ng/L), and 

positive control (115.84±15.16 ng/L) groups (p<0.05). These 

data underscore uDIIC’s efficacy in preserving cartilage 

microarchitecture and suppressing catabolic enzymatic 

activity, highlighting its potential as a therapeutic agent for 

cartilage degeneration in diabetic OA [40].  

Investigation on the therapeutic efficacy of Nile tilapia-

derived undenatured type II collagen was examined in a study 
[41], extracted from skull cartilage using a pepsin-solubilized 

method. The study demonstrated that oral administration of 

Nile tilapia-derived undenatured type II collagen at 3 mg/kg 

significantly enhanced cartilage repair in a rat model of 

arthritis, with histological analysis showing fully restored 

articular cartilage surfaces and organized chondrocyte layers, 

comparable to healthy controls. Quantitatively, IL-6 levels in 

CD8⁺ T cells were reduced from 21.53 ng/L (control) to 5.56 

ng/L at 50 µg/mL Nile tilapia-derived undenatured type II 

collagen (p<0.05), and IL-1β decreased from 11.71 ng/L to 

4.24 ng/L at 1 µg/mL (p<0.05). Fas/Apo-1 expression peaked 

at 9.48 µg/L at 25 µg/mL Nile tilapia-derived undenatured 

type II collagen, and caspase-8 gene expression was 

significantly upregulated at 1-10 µg/mL (p<0.05), indicating 

apoptosis induction in CD8⁺ T cells. These findings confirm 

that Nile tilapia-derived undenatured type II collagen 

promotes cartilage repair and immune tolerance by 

modulating inflammatory cytokines and apoptotic pathways 
[41]. A comparative efficacy of soluble and insoluble type II 

collagen was investigated [42] where both derived from 

chicken sternal cartilage, in mitigating OA in a MIA rat 

model. Both soluble and insoluble type II collagen were 

administered orally at a dose of 4.0 mg/kg/day (protein basis) 

for 28 days. Histopathological evaluation revealed that 

Soluble type II collagen significantly reduced cartilage 

degeneration, with the Mankin score decreasing from 

9.50±0.84 in the model group to 6.00±2.10, and the OARSI 
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score from 5.83±0.41 to 3.00±1.26 (p<0.05). Insoluble type II 

collagen also showed improvement, with Mankin and OARSI 

scores of 6.17±2.14 and 3.33±1.63, respectively. Soluble type 

II collagen treated rats exhibited smoother cartilage surfaces 

and reduced exposure of subchondral bone, as confirmed by 

Safranin O-Fast Green staining. Furthermore, Soluble type II 

collagen significantly upregulated mRNA expression of anti-

inflammatory markers IL-10, TGF-β, and Foxp3 in both 

spleen and intestinal tissues, and increased the proportion of 

CD4⁺CD25⁺Foxp3⁺ regulatory T cells (Treg), indicating 

enhanced immune tolerance [42]. 

A study demonstrating that oral immunotherapy (OIT) using 

uDIIC, derived from chicken sternum cartilage, significantly 

protects against cartilage degradation in a murine model of 

CIA [43]. Administered prophylactically at a dose of 7.33 

mg/kg three times per week, uDIIC reduced arthritis 

incidence by approximately 50% and preserved joint integrity 

in asymptomatic mice. Histopathological analysis revealed 

complete protection against cartilage and bone damage in 

these mice, with significantly lower histological scores for 

cartilage destruction (mean score ~0 vs. ~3.5 in CIA controls; 

p<0.001, Kruskal-Wallis test). Furthermore, 

immunofluorescence and flow cytometry analyses showed a 

marked reduction in IL-17 and IL-22 expression in joint 

tissues and draining lymph nodes of asymptomatic OIT mice, 

correlating with reduced Th17-mediated inflammation. These 

cytokines are known mediators of cartilage catabolism via 

upregulation of RANKL and osteoclastogenesis. Notably, the 

protective effects of uDIIC were not due to a reduction in 

anti-collagen antibody levels, indicating that the mechanism 

of action is not primarily humoral. Instead, the data suggest 

that uDIIC exerts its effects by modulating cellular immune 

responses—particularly by suppressing pro-inflammatory IL-

17 and IL-22 cytokine production. This cytokine regulation 

likely prevents cartilage breakdown by inhibiting osteoclast 

activation and joint inflammation, highlighting a targeted 

immunomodulatory pathway rather than broad immune 

suppression [43]. 

 

Undenatured type II collagen in cartilage health-Clinical 

studies: A study conducted, 6-month prospective clinical 

study to assess the efficacy, tolerability, and cartilage-specific 

metabolic effects of undenatured type II collagen, in patients 

with knee OA (KL grade II-III). Statistically significant 

clinical improvements were observed as early as week 4, with 

a 5.3% and 9.1% reduction in Lequesne and Western Ontario 

and McMaster Universities Arthritis Index (WOMAC) scores, 

respectively (p<0.01). These improvements were sustained 

and amplified over time, reaching a 25% reduction in 

Lequesne and 33.1% in WOMAC by week 24 (p<0.01 vs. 

baseline). Structurally, ultrasound analysis revealed 

progressive increases in femoral cartilage thickness: from 

0.18±0.03 cm to 0.19±0.02 cm in the right knee (p<0.01), and 

from 0.17±0.03 cm to 0.20±0.03 cm in the left knee (p<0.01), 

indicating cartilage repair. 

Metabolically, Urinary C-terminal telopeptide of type II 

collagen concentrations initially increased by week 4 (from 

0.18±0.13 to 0.28±0.19 ng/mL, p<0.01), possibly reflecting 

matrix turnover, but subsequently decreased to 

0.17±0.13 ng/mL by week 12 (p<0.01 vs. week 4), signifying 

reduced cartilage degradation. Importantly, 30% of patients 

who were taking Non-steroidal anti-inflammatory drugs 

(NSAIDs) at baseline discontinued their use during the study, 

further underscoring symptomatic relief. No adverse drug 

reactions were reported, and tolerability was rated as good in 

all cases. This multifaceted evaluation confirms that daily 

administration of 40 mg uDIIC over 24 weeks not only 

significantly alleviates clinical symptoms but also supports 

structural cartilage regeneration and downregulates 

biochemical markers of cartilage catabolism, establishing its 

role as a disease-modifying adjunct in knee OA management 
[44]. 

 

Discussion 

Undenatured type II collagen is emerging as a promising 

nutraceutical intervention for joint health, particularly in the 

management of OA, which is characterized by progressive 

cartilage degradation, inflammation, and joint dysfunction. 

Unlike hydrolyzed collagen, UDIIC preserves its native triple-

helical structure, which is essential for its immunological 

interaction and efficacy. UDIIC has been experimentally 

demonstrated to support cartilage health through the 

mechanisms illustrated in Figure 1. 

 

 
[uDIIC = undenatured type II collagen, TNF-α = Tumour Necrosis Factor α, IL= Interleukin, PGE2 = Prostaglandin E2, MMP = 

Matrix Metalloproteinase, CTX-II = C-terminal cross-linked telopeptides of type II collagen, COMP = Cartilage oligomeric matrix 

protein, TGF-β= Transforming growth factor-β.] 
 

Fig 1: Overview of uDIIC in supporting cartilage health through modulation of inflammatory and anabolic Biomarkers 
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A broad range of uDIIC sources have been investigated in 

preclinical models, including those derived from bovine, 

porcine, squid, chicken, and Nile tilapia. Among these, 

chicken-derived uDIIC especially from sternal cartilage has 

been most extensively studied and supported by the highest 

volume of preclinical and human research. However, the most 

robust and consistent findings have come from studies using 

chicken-derived uDIIC, including those conducted in rodent 

and canine OA models. In contrast to the wealth of preclinical 

data, clinical studies in humans remain limited. Among the 

fourteen total studies identified in the literature, six used 

undenatured collagen type II developed by Lonza Inc., USA, 

marketed under the name UC-II® [33, 35, 37, 39, 43, 44]. This subset 

of research consistently reports beneficial effects on cartilage 

health, systemic inflammation, and functional joint 

parameters, across both preclinical and clinical contexts. 

Importantly, these studies reinforce the reproducibility, safety, 

and efficacy of the specific UC-II® formulation. 

Despite encouraging results from both mechanistic and 

clinical investigations, it must be emphasized that only pilot-

level clinical evidence is currently available in humans. Most 

studies are small-scale, of short duration, or open label in 

design. Therefore, there remains a critical need for well-

designed, large-scale, randomized, double-blind, placebo-

controlled clinical trials to validate these findings, explore 

therapeutic mechanisms in diverse patient populations, and 

assess long-term benefits.  

 

Conclusion 

Undenatured type II collagen presents a promising 

immunomodulatory approach to osteoarthritis by targeting 

inflammatory pathways and supporting cartilage preservation. 

While preclinical data robustly support its efficacy, current 

clinical findings remain preliminary. To fully establish uDIIC 

as a disease-modifying agent in OA, comprehensive large-

scale, randomized controlled trials are essential. Its potential 

to improve joint health and slow disease progression offers 

hope for advancing OA management beyond symptomatic 

relief. 

 

Acknowledgement 

UC-II® is registered trademark of Lonza Inc., USA. 

 

Conflict of Interests 

Tanya Bhagat, Dr Atul Sharma, Dr. Prashant Narang, are on 

the payroll of Haleon India. For the remaining authors, none 

were declared. 

 

References 

1. Sophia Fox AJ, Bedi A, Rodeo SA. The basic science of 

articular cartilage: structure, composition, and function. 

Sports Health. 2009 Nov;1(6):461-8. DOI: 

10.1177/1941738109350438. 

2. Ouyang Z, Dong L, Yao F, Wang K, Chen Y, Li S, Zhou 

R, Zhao Y, Hu W. Cartilage-Related Collagens in 

Osteoarthritis and Rheumatoid Arthritis: From 

Pathogenesis to Therapeutics. Int J Mol Sci. 2023 Jun 

7;24(12):9841. DOI: 10.3390/ijms24129841.  

3. Akkiraju H, Nohe A. Role of Chondrocytes in Cartilage 

Formation, Progression of Osteoarthritis and Cartilage 

Regeneration. J Dev Biol. 2015 Dec;3(4):177-192. DOI: 

10.3390/jdb3040177. 

4. Bačenková D, Trebuňová M, Demeterová J, Živčák J. 

Human Chondrocytes, Metabolism of Articular Cartilage, 

and Strategies for Application to Tissue Engineering. Int 

J Mol Sci. 2023 Dec 4;24(23):17096. DOI: 

10.3390/ijms242317096. 

5. Loeser RF, Goldring SR, Scanzello CR, Goldring MB. 

Osteoarthritis: A disease of the joint as an organ. Arthritis 

Rheum. 2012 Jun;64(6):1697-707. DOI: 

10.1002/art.34453. 

6. Di Nicola V. Degenerative osteoarthritis a reversible 

chronic disease. Regen Ther. 2020 Aug 15;15:149-160. 

DOI: 10.1016/j.reth.2020.07.007. 

7. Troeberg L, Nagase H. Proteases involved in cartilage 

matrix degradation in osteoarthritis. Biochim Biophys 

Acta. 2012 Jan;1824(1):133-45. DOI: 

10.1016/j.bbapap.2011.06.020. 

8. Nagase H, Kashiwagi M. Aggrecanases and cartilage 

matrix degradation. Arthritis Res Ther. 2003;5(2):94-103. 

DOI: 10.1186/ar630. 

9. Molnar V, Matišić V, Kodvanj I, Bjelica R, Jeleč Ž, 

Hudetz D, et al. Cytokines and Chemokines Involved in 

Osteoarthritis Pathogenesis. Int J Mol Sci. 2021 Aug 

26;22(17):9208. DOI: 10.3390/ijms22179208. 

10. Mukherjee A, Das B. The role of inflammatory mediators 

and matrix metalloproteinases (MMPs) in the progression 

of osteoarthritis. Biomater Biosyst. 2024 Feb 

21;13:100090. DOI: 10.1016/j.bbiosy.2024.100090.  

11. Wang Y, Wluka AE, Jones G, Ding C, Cicuttini FM. Use 

magnetic resonance imaging to assess articular cartilage. 

Ther Adv Musculoskelet Dis. 2012 Apr;4(2):77-97. DOI: 

10.1177/1759720X11431005.  

12. Zhang H, Ning E, Lu L, Zhou J, Shao Z, Yang X, et al. 

Research progress of ultrasound in accurate evaluation of 

cartilage injury in osteoarthritis. Front Endocrinol 

(Lausanne). 2024 Aug 15;15:1420049. DOI: 

10.3389/fendo.2024.1420049. 

13. D'Agostino V, Sorriento A, Cafarelli A, Donati D, 

Papalexis N, Russo A, et al. Ultrasound Imaging in Knee 

Osteoarthritis: Current Role, Recent Advancements, and 

Future Perspectives. J Clin Med. 2024 Aug 

21;13(16):4930. DOI: 10.3390/jcm13164930. 

14. Braun HJ, Gold GE. Diagnosis of osteoarthritis: imaging. 

Bone. 2012 Aug;51(2):278-88. DOI: 

10.1016/j.bone.2011.11.019.  

15. Ishijima M, Kaneko H, Kaneko K. The evolving role of 

biomarkers for osteoarthritis. Ther Adv Musculoskelet 

Dis. 2014 Aug;6(4):144-53. DOI: 

10.1177/1759720X14541175. 

16. Huang M, Zhao J, Huang Y, Dai L, Zhang X. Meta-

analysis of urinary C-terminal telopeptide of type II 

collagen as a biomarker in osteoarthritis diagnosis. J 

Orthop Translat. 2017 Aug 15;13:50-57. DOI: 

10.1016/j.jot.2017.06.005. 

17. Tseng S, Reddi AH, Cesare DPE. Cartilage Oligomeric 

Matrix Protein (COMP): A Biomarker of Arthritis. 

Biomark Insights. 2009 Feb 17;4:33-44. DOI: 

10.4137/bmi.s645. 

18. Birmingham JD, Vilim V, Kraus VB. Collagen 

biomarkers for arthritis applications. Biomark Insights. 

2007 Feb 7;1:61-76. 

19. He Y, Li Z, Alexander PG, Nieves OBD, Yocum L, Lin 

H, et al. Pathogenesis of Osteoarthritis: Risk Factors, 

Regulatory Pathways in Chondrocytes, and Experimental 

Models. Biology (Basel). 2020 Jul 29;9(8):194. DOI: 

https://www.orthopaper.com/


 

~ 101 ~ 

International Journal of Orthopaedics Sciences  https://www.orthopaper.com 
10.3390/biology9080194. 

20. Xia B, Di Chen, Zhang J, Hu S, Jin H, Tong P. 

Osteoarthritis pathogenesis: A review of molecular 

mechanisms. Calcif Tissue Int. 2014 Dec;95(6):495-505. 

DOI: 10.1007/s00223-014-9917-9. 

21. Li S, Cao P, Chen T, Ding C. Latest insights in disease-

modifying osteoarthritis drugs development. Ther Adv 

Musculoskelet Dis. 2023 May 

13;15:1759720X231169839.  

DOI: 10.1177/1759720X231169839. 

22. Gencoglu H, Orhan C, Sahin E, Sahin K. Undenatured 

Type II Collagen (UC-II) in Joint Health and Disease: A 

Review on the Current Knowledge of Companion 

Animals. Animals (Basel). 2020 Apr 17;10(4):697. DOI: 

10.3390/ani10040697. 

23. Bagchi D, Misner B, Bagchi M, Kothari SC, Downs BW, 

Fafard RD, et al. Effects of orally administered 

undenatured type II collagen against arthritic 

inflammatory diseases: A mechanistic exploration. Int J 

Clin Pharmacol Res. 2002;22(3-4):101-10. 

24. Lugo JP, Saiyed ZM, Lane NE. Efficacy and tolerability 

of an undenatured type II collagen supplement in 

modulating knee osteoarthritis symptoms: A multicenter 

randomized, double-blind, placebo-controlled study. Nutr 

J. 2016 Jan 29;15:14. DOI: 10.1186/s12937-016-0130-8. 

25. Orhan C, Juturu V, Sahin E, Tuzcu M, Ozercan IH, 

Durmus AS, et al. Undenatured Type II Collagen 

Ameliorates Inflammatory Responses and Articular 

Cartilage Damage in the Rat Model of Osteoarthritis. 

Front Vet Sci. 2021 Mar 4;8:617789. DOI: 

10.3389/fvets.2021.617789. 

26. Sadigursky D, Magnavita VFS, Sá CKC, Monteiro HS, 

Braghiroli OFM, Matos MAA. Undenatured Collagen 

Type II for the Treatment of Osteoarthritis of the Knee. 

Acta Ortop Bras. 2022 Apr 15;30(2):e240572. DOI: 

10.1590/1413-785220223002240572. 

27. Sahin E, Orhan C, Erten F, Saiyed Z, Azari EK, Durkee 

S, et al. The effect of oral administration of undenatured 

type II collagen on monosodium iodoacetate-induced 

osteoarthritis in young and old rats. Sci Rep. 2023 Apr 

20;13(1):6499. DOI: 10.1038/s41598-023-33763-2.  

28. Park KS, Park MJ, Cho ML, Kwok SK, Ju JH, Ko HJ, et 

al. Type II collagen oral tolerance; mechanism and role 

in collagen-induced arthritis and rheumatoid arthritis. 

Mod Rheumatol. 2009;19(6):581-9. DOI: 

10.1007/s10165-009-0210-0. 

29. Kotschenreuther K, Yan S, Kofler DM. Migration and 

homeostasis of regulatory T cells in rheumatoid arthritis. 

Front Immunol. 2022 Aug 9;13:947636. DOI: 

10.3389/fimmu.2022.947636. 

30. Nagler-Anderson C, Bober LA, Robinson ME, Siskind 

GW, Thorbecke GJ. Suppression of type II collagen-

induced arthritis by intragastric administration of soluble 

type II collagen. Proc Natl Acad Sci U S A. 1986 

Oct;83(19):7443-6. DOI: 10.1073/pnas.83.19.7443. 

31. Getahun A, Dahlström J, Wernersson S, Heyman B. 

IgG2a-mediated enhancement of antibody and T cell 

responses and its relation to inhibitory and activating Fc 

gamma receptors. J Immunol. 2004 May 1;172(9):5269-

76. DOI: 10.4049/jimmunol.172.9.5269. 

32. Di Cesare Mannelli L, Micheli L, Zanardelli M, 

Ghelardini C. Low dose native type II collagen prevents 

pain in a rat osteoarthritis model. BMC Musculoskelet 

Disord. 2013 Aug 1;14:228. DOI: 10.1186/1471-2474-

14-228. 

33. Bagi CM, Berryman ER, Teo S, Lane NE. Oral 

administration of undenatured native chicken type II 

collagen (UC-II) diminished deterioration of articular 

cartilage in a rat model of osteoarthritis (OA). 

Osteoarthritis Cartilage. 2017 Dec;25(12):2080-2090. 

DOI: 10.1016/j.joca.2017.08.013. 

34. Dai M, Liu X, Wang N, Sun J. Squid type II collagen as a 

novel biomaterial: Isolation, characterization, 

immunogenicity and relieving effect on degenerative 

osteoarthritis via inhibiting STAT1 signaling in pro-

inflammatory macrophages. Mater Sci Eng C Mater Biol 

Appl. 2018 Aug 1;89:283-294.  

DOI: 10.1016/j.msec.2018.04.021. 

35. Kunsuwannachai S, Soontornvipart K. Chondroprotective 

efficacy of undenatured collagen type II on canine 

osteoarthritis secondary to medial patellar luxation. The 

Thai Journal of Veterinary Medicine. 2020;50(3):329-

335. DOI: 10.56808/2985-1130.3034. 

36. Yan Z, Zhao H, Liu A, Liu S, Zou G, Wang H. The 

effects of undenatured type II collagen on inflammatory 

mediators and oxidative stress in an osteoarthritis rat 

model. IOP Conf Ser Earth Environ Sci. 

2020;598:012067.  

DOI: 10.1088/1755-1315/598/1/012067. 

37. Orhan C, Juturu V, Sahin E, Tuzcu M, Ozercan IH, 

Durmus AS, Sahin N, Sahin K. Undenatured Type II 

Collagen Ameliorates Inflammatory Responses and 

Articular Cartilage Damage in the Rat Model of 

Osteoarthritis. Front Vet Sci. 2021 Mar 4;8:617789. DOI: 

10.3389/fvets.2021.617789. 

38. Varney JL, Fowler JW, Coon CN. Undenatured type II 

collagen mitigates inflammation and cartilage 

degeneration in healthy Labrador Retrievers during an 

exercise regimen. Transl Anim Sci. 2021 May 

10;5(2):txab084. DOI: 10.1093/tas/txab084.  

39. Sahin K, Kucuk O, Orhan C, Tuzcu M, Durmus AS, 

Ozercan IH, et al. Niacinamide and undenatured type II 

collagen modulates the inflammatory response in rats 

with monoiodoacetate-induced osteoarthritis. Sci Rep. 

2021;11(1):14724. DOI: 10.1038/s41598-021-94142-3. 

40. Fan R, Hao Y, Kang J, Hu J, Xu M, Li Y. Protective 

effect of undenatured type II collagen on degenerative 

bone disease in aging db/db mice. Chinese Journal of 

Public Health. 2021;37(1):104-107. DOI: 

10.11847/zgggws1126166. 

41. Hou C, Li N, Liu M, Chen J, Elango J, Rahman SU, et al. 

Therapeutic effect of Nile Tilapia type II collagen on 

rigidity in CD8⁺ cells by alleviating inflammation and 

rheumatoid arthritis in rats by oral tolerance. Polymers 

(Basel). 2022;14(7):1284. doi:10.3390/polym14071284.\ 

42. Xu R, Du Y, Li X, Mao X, Zheng L, Zhao M. 

Differences between soluble and insoluble undenatured 

type II collagen in improving osteoarthritis in rats and 

their potential mechanisms. Food Funct. 

2023;14(21):10240-10251. DOI: 10.1039/d3fo02954a. 

43. Pan P, Wang Y, Nyirenda MH, Saiyed Z, Azari EK, 

Sunderman A, Milling S, Harnett MM, Pineda M. 

Undenatured type II collagen protects against collagen-

induced arthritis by restoring gut-joint homeostasis and 

immunity. Commun Biol. 2024;7(1):804. DOI: 

10.1038/s42003-024-06476-z. 

https://www.orthopaper.com/


 

~ 102 ~ 

International Journal of Orthopaedics Sciences  https://www.orthopaper.com 
44. Iaremenko OB, Fedkov DL, Iaremenko KM, Komkina 

MO, Mazanko KV. Effectiveness, tolerability and 

cartilage metabolism of undenatured collagen type II UC-

II™ (Mercana) in patients with knee osteoarthritis. Pain 

Joints Spine. 2021;11(3):5-12. 

 

 
How to Cite This Article 

Bhagat T, Sharma A, Narang P, Mukherjee AN, Kumar YSR. Clinical 

prospects of undenatured type II collagen: A novel approach in 

osteoarthritis management. International Journal of Orthopaedics 

Sciences. 2025;11(4):95-102. 

 

Creative Commons (CC) License 

This is an open access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-Non Commercial-Share 

Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows 

others to remix, tweak, and build upon the work non-commercially, as 

long as appropriate credit is given and the new creations are licensed 

under the identical terms. 

https://www.orthopaper.com/

