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Introduction
Rheumatoid Arthritis (RA) is an inflammatory 
condition comprising of cartilage destruction and 
joint inflammation caused by an autoimmune T cell 
mediated process. It leads to inflammation of the 
joint space with initial swelling and pain followed 
by stiffness and increasing loss of joint movement. It 
maybe associated with systemic symptoms like fever, 
night sweats, fatigue, malaise, and gastro intestinal 
(GI) symptoms due to associated other autoimmune 
diseases like systemic lupus erythematosus, psoriatic 
arthritis, ankylosing spondylitis, vasculitis and 
inflammatory bowel disease (IBD).1

Osteoarthritis (OA) is considered to be a degenerative 
disease caused by long term and repeated wear and 
tear of the cartilage of weight bearing joints leading to 
loss of cartilage followed by exposure and damage to 
underlying bone surfaces.2

RA usually occurs at a younger age with a rapid onset, 
presenting as a symmetrical polyarthritis involving 
the smaller joints of hands and feet. OA has a gradual 
onset and is a disease seen more after 60 years of 
age. Involvement is asymmetric in OA and usually of 
the large weight bearing joints like knee and hip. The 
morning stiffness characteristic of Arthritis lasts much 
longer (>45 min) in RA as compared to OA.3

The joint hyaline cartilage is made up of chondrocytes 
which synthesize and maintain the main components 
of cartilage: Type II Collagen and Extracellular Matrix 
(ECM) Proteoglycans containing Glycosaminoglycans 
(GAGs) like Chondroitin sulphate and Hyaluronic 
acid.4 Chondrocytes also produce lubricating proteins 
like Lubricin in the synovial fluid and surface. More 
the loss and destruction of cartilage lesser the number 
of chondrocytes and thereby lesser the synthesis of 
Cartilage components - Collagen type II and GAGs. 
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Abstract
Rheumatoid Arthritis is known to have a T cell mediated autoimmune aetiology causing joint cartilage 
destruction. Osteoarthritis, though regarded as a degenerative disease, also shows a T cell immune response 
and inflammatory cartilage damage. Both types of Arthritis at a cellular level show T helper cell activation, 
involvement of pro-inflammatory cytokines and increased destruction of cartilage by Matrix Metalloproteinase 
enzymes. There is also evidence of relative suppression of anti-inflammatory cytokines and T regulatory cells 
which can perpetuate the cartilage loss. Supplementing hydrolysed Collagen type II to aid the body rebuild 
joint cartilage in the scenario of continuous cartilage destruction may not give the desired results. Therefore, 
reduction of inflammatory cartilage damage through the mechanism of specific immunomodulation by 
preventing immune response against collagen type II in joint cartilage, appears to be a scientifically rational 
option in both Rheumatoid Arthritis and Osteoarthritis. 
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This leads to an overall imbalance between excess 
and ongoing cartilage loss, and inadequate cartilage 
synthesis.5

Immune Mediated Inflammation in 
Rheumatoid Arthritis and Osteo- 
arthritis
Rheumatoid Arthritis is postulated to be due to 
recognition by T helper cells of certain cartilage joint 
proteins acting as antigens. The activated T helper 
(CD4) cells then act by increasing pro-inflammatory 
cytokines like IL1, IL6 and TNF-A and further 
stimulate B cells to produce Auto-antibodies. One of 
the antigens studied is Citrullinated Collagen Type 
II against which autoantibodies have been seen in 
more than 70% RA patients called Anticitrullinated 
Protein Peptide Autoantibodies (ACPA).6 Citrullinated 
antigens have been correspondingly extracted from 
the synovial fluid of these RA patients. Further immune 
complexes of Rheumatoid factor (RF: antibodies to 
Fc of ACPA) with antigen-ACPA mediate complement 
activation and joint cartilage collagen damage. Such 
antibodies and their complexes have also been found 
in other autoimmune diseases. Smoking, genetic, 
and environmental factors characterizes risks in this 
phenotype with associated late occurrence of signs 
and symptoms of inflammation. The other type of 
antigen in RA patients is fibrillar Collagen type II (CII) 
restricted to hyaline cartilage, and seen in up to 27% 
RA patients especially around the time of RA diagnosis 
(early inflammation phenotype).7 Anti-CII-CII immune 
complexes (IC) can induce pro-inflammatory cytokines 
and chemokines from macrophages and neutrophils.

Recent concepts in Osteoarthritis have shown that 
inflammation in the joint as a result of T cell mediated 
immune response plays an important role in ongoing 
cartilage destruction as well as symptoms of pain, 
swelling and loss of mobility. Studies have shown 
increased number of CD4 cells in the serum and 
synovial fluid of OA patients as a response to increased 
collagen wear and tear protein debris.8 T cells in the 
synovial fluid of OA patients expressed class II HLA 
(an indicator of activated T cells) and the percentages 
of CD4+ and CD8+ cells in the synovial fluid of OA 
patients were even found to be similar to those 
found in RA patients.9 T cells recognize glycosylation 
alterations in damaged collagen II in joint cartilage, 
and are thereby activated leading to increase in 
pro-inflammatory cytokines like IL1, IL6, and TNF 

alpha, which activate matrix metalloproteinase 
(MMP) causing further inflammatory destruction 
of cartilage.10,11 Consequently, there is a decrease 
in the action of T regulatory cell action and anti-
inflammatory cytokines (IL10 and TGF beta) which 
have a suppressive effect on MMPs.12,13

Cartilage destruction leads to release of phospholipids 
converted to arachidonic acid by phospholipases 
which are then converted by Cyclo-oxygenase (COX2) 
and Lipo-oxygenase (5LOX) to prostaglandins and 
leukotrienes respectively. The inflammatory actions 
of prostaglandins (PGE2) in causing pain, swelling 
and increase in temperature are well studied. 
Therefore Non-Steroidal Anti-inflammatory Drugs 
(NSAIDs-COX inhibitors) are the most recognized 
drugs for symptomatic relief in Arthritis management, 
but they do not affect the immune mechanism of 
cartilage destruction.14 Leukotrienes also mediate 
cartilage destruction by increasing pro-inflammatory 
cytokines, like interleukin (IL)-1 and Tumour necrosis 
factor (TNF)-αwhich activate MMP mediated cartilage 
destruction, activate Interstitial Cell Adhesion 
Molecules (ICAMs) and chemotactic attraction of 
inflammatory cells (phagocytes releasing Reactive 
Oxygen Species: ROS) 15-16

Therefore, preventing and reducing T cell mediated 
immune response to type II collagen which leads 
to inflammatory cartilage damage in both forms of 
Arthritis can serve as the central pathway to long term 
clinical management complementing short term and 
periodic symptomatic treatment with NSAIDs. 

Undenatured (Native) Collagen Type II
The joint cartilage is made up predominantly of type 
II collagen synthesized by chondrocytes. Collagen is a 
complex protein present only in animals and humans, 
with a triple helical structure. 

Undenatured Collagen Type II is non-hydrolysed 
collagen with intact structure, active epitopes and 
antigenicity, which is lost in hydrolysed collagen.17,18 

Undenatured type II collagen is extracted from 
chicken sternum using little or no heat (unlike the high 
heat used in hydrolysed collagen), and very limited 
processing just enough to concentrate the collagen 
and make it soluble.27 The manufacturing process 
ensures that the collagen remains biologically active 
in its most native, triple helix form with antigenic 
sites (epitopes) intact for immunomodulation. ELISA 
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studies with simulated human gastric fluid at 32 
degrees C and pH 2 have shown maintenance of triple 
helical form of Undenatured Type II Collagen.17

Our body cannot absorb intact collagen therefore 
Collagen supplements are made up of heat denatured 
and acid hydrolysed collagen peptides with the 
prospect of easier absorption by the gut and 
thereafter assimilation into the triple helical collagen 
type II by the joint cartilage chondrocytes.19 However, 
the use of hydrolysed collagen supplements would 
be rational and effective only if on-going immune 
mediated inflammatory destruction of cartilage can 
be arrested.

The mechanism of action of Undenatured Collagen 
Type II (Figure 1) is not related to its absorption 
or assimilation as it acts in the small intestine itself 
through a process called oral tolerance (Figure 2) to 
help slow down the T cell mediated inflammatory 
damage of type II collagen in the joint cartilage.17 

Payer’s patches (also called (GALT- Gut-associated 
lymphoid tissue) are GI lymph nodes rich in T 

cells. Repeated and low dose administration of 
Undenatured Collagen II make Dendritic cells (DCs) in 
GALT take it up in its glycosylated form. This makes T 
helper cells recognize the antigen epitopes, inducing 
an initial mild immune response and then gradually 
developing ‘tolerance’ thereby attenuating the 
immune response against cartilage collagen II. This 
stimulates T regulatory cell and suppresses T helper 
cell stimulation and response thereby increasing 
anti-inflammatory cytokines like IL 10 and TGF Beta 
which suppresses the cartilage collagen degrading 
MMP enzymes.20,21Therefore,endogenous collagen 
synthesis, or collagen peptide supplementation can be 
more effective once inflammatory cartilage collagen 
destruction issuppressed.

The difference between undenatured and hydrolysed 
collagen supplements lies clearly in the former 
reducing cartilage destruction while the latter 
intending to help regenerate and rebuild cartilage 
(table 1). Focussing on rebuilding cartilage without 
arresting ongoing inflammatory damage would be a 
less effective and rational treatment approach. 

Understanding Collagen Supplements in Arthritis – Immunomodulation with Undenatured Collagen II 
Versus Cartilage Building with Hydrolysed Collagen II

Fig 1. Mechanism of Action of Undenatured (Native) Collagen Type II. 
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Efficacy and Safety of Undenatured Collagen 
Type II in RA

The efficacy and tolerance of Undenatured Collagen 
type II has been demonstrated in Rheumatoid 
Arthritis. 

In an early phase 2 study, 274 patients with active RA 
were randomized to receive placebo or 1 of 4 dosages 
(20, 100, 500, or 2,500 mcg/day) of oral undenatured 
chicken collagen type II(CCII) for 24 weeks.22 Positive 
effects were observed with the lowest dosage tested, 
and the presence of serum antibodies to type II 
collagen at baseline predicted better response to 
therapy. In the 20 mcg/day treatment group, there was 
a statistically significant improvement versus placebo 
in the percentage of patients who met the cumulative 
Paulus criteria during the study (39% vs 19%). No 
side effects were associated. 

Later two separate studiesassessed the efficacy and 
safety of CCII (100mcg/day) in rheumatoid arthritis 
(RA) compared with methotrexate (MTX 10mg/week) 
in 24-week double blind designs with 236 and 503 
patients respectively. In the both studies, there was a 
statistical decrease in pain, morning stiffness, tender 
joint count, swollen joint count, Health Assessment 
Questionnaire score, and investigator and patient 
assessment of function in both groups. In the first study, 
at 24 weeks, 68.57% of patients in the Collagen type II 
group and 83.02% in the MTX group met the American 
College of Rheumatology 20% improvement criteria 
(ACR20), and 40.95% and 57.54%, respectively, met 
the ACR50 criteria.23 In the second phase 3 study at 
24weeks, 41.55% of patients in the CCII group and 

57.86% in theMTX group met the American College 
of Rheumatology 20%improvement criteria (ACR-20) 
and 16.89% and 30.82%,respectively, met the ACR 
50% improvement criteria (ACR-50).24 The ACR20 and 
ACR50 response rates in the CCII group were lower 
than those in the MTX group, however adverse effects 
(mainly gastro-intestinal) were significantly fewer 
and milder in the CCII group (P < 0.05). RF reduced in 
both groups but reduction did not reach significance. 
ESR and CRP was seen to reduce only in MTX group.

Efficacy and Safety of Undenatured Collagen 
Type II in OA

The efficacy and tolerance of Undenatured Collagen 
Type II – Undenatured Collagen II (1.2mg) in Osteo- 
arthritis has been demonstrated in various clinical 
studies.

In the first study versus combination of Glucosamine 
and Chondroitin sulphate (G+C: 1500+1200 mg/
day), Undenatured Collagen II (UCII) treatment was 
more efficaciousresulting in a significant reduction in 
all assessments from the baseline, at 90 days which 
was not observed in G+C treatment group(N=26/
group). Treatmentwith UC II reduced the Western 
Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC score), Visual Analog Scale (VAS) 
score and Lequesne’s Functional index (LFI) scoreby 
33%, 40%, 20% as compared to 14%, 15.4% and 6% 
in G+C treated group after 90 days suggesting a more 
significant reduction in pain and enhancement in 
daily activities and quality of life.25 A higher number of 
subjects (23%) on G+C demonstrated adverse events 
possibly related to product as compared to 11.4% 
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Table 1. Difference between Undenatured and Hydrolysed Collagen Type II

Undenatured or Native Collagen Type II Hydrolysed Collagen (Collagen Hydrolysates)
1 Extraction, concentration and solubilization done 

with little or no heat, and limited processing
Heat denatured and acid hydrolysed into collagen 
peptides

2 Not absorbed by the intestine – acts in the 
intestine itself on gut associated lymphoid tissue 
(GALT or Payer’s patches)

Absorbed by the intestine to be taken up by 
chondrocytes in joint cartilage

3 Intact antigenic sites and native structure Antigenic sites and native structure is lost
4 Acts through ‘oral tolerance’ by reducing T cell 

immune response to type II collagen there by 
reducing inflammatory cartilage damage

Acts through assimilation by chondrocytes to 
synthesize collagen type II along with ECM components 
and thereby rebuild damaged joint cartilage.

5 Oral intake is in small doses (40mg capsule 
containing 10mg Collagen with 1.2mg active 
Undenatured Collage II) once daily. 

Oral intake is in large doses (5-10g/day), as capsules/
powders, commonly in combination with ECM-GAG 
components like glucosamine, chondroitin sulphate 
and hyaluronic acid.
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of subjects on UC II (P<0.05). For UC II the possible 
adverse events related to products were intermittent 
constipation and headaches while for G+C it was 
bloating, stomach pain, rash, swelling around the eyes 
and scars, hives and headache. 

In the second study 191 volunteers were randomized 
into three groups receiving a daily dose of UC II (40 
mg capsule containing 1.2mg active undenatured 
collagen II), G+C (1500 mg G+1200 mg C), or placebo. 
At day 180, the UC II group demonstrated a significant 
reduction in overall WOMAC score compared to 
placebo and G+C: UC II compared to placebo (−551 
vs. −414; 95 % CI −232 to −42; p = 0.002) and 
compared to G+C (−551 vs. −454; 95 % CI −190 
to −3; p = 0.04). Supplementation with UC II also 
resulted in significant changes for pain and stiffness 
WOMAC subscales versus G+C and placebo: pain 
(24 vs 19.2 vs 17; p = 0.016 vs. G+C; p = 0.0003 vs. 
placebo;); stiffness (23.8 vs 19.4 vs 17.8; p=0.044 vs. 
G+C ; p = 0.004 vs. placebo); and significant changes 
for physical function versus placebo (22.5 vs 17.3;p = 
0.007 vs. placebo). The UC II supplemented group had 
a significant decrease in mean VAS score at day 180 
versus both G+C and placebo(22.6 vs 18.4 vs 17.0; p 
= 0.025 vs G+C; p = 0.002 vs placebo). A significant 
reduction was also observed in the LFI score forthe 
UC II group at day 180 versus G+C and placebo (2.9 vs 
2.2 vs 2.1; p = 0.008 vs G+C; p = 0.009; vs placebo). No 
significant change was observed between the G+C and 
placebo for both VAS and LFI scores. Safety outcomes 
did not differamong the groups. UC II improved knee 
joint symptoms in knee OA subjects and was well-
tolerated.26 15 product related adverse events were 
seen, 14 of which belonged to the GC group (gastro-
intestinal) and 1 to placebo while no AEs noted for the 
UC II cohort were deemed to be product related.

Another study in 39 patients was performed to 
evaluate the effect of adding Undenatured Native 
Collagen Type II to Acetaminophen (Paracetamol) 
1500mg/day.27After 3 months of treatment, the 
patients of the combination group showed significant 
improvements in VAS walking (p<0.001), WOMAC 
pain (p=0.003), WOMAC total (p=0.004), WOMAC 
physical functioning (p=0.016) scores and subscales 
of SF36 bodily pain score (p=0.016) while the same 
was not significant with the group receiving only 
Acetaminophen. Comparisons between the groups 
revealed a significant difference in VAS walking score 
in favour of the combination group (50% reduction) 

as compared to the Acetaminophen monotherapy 
group (p=0.002). 

A study done in non-arthritic healthy volunteers who 
had knee pain on physical activity showed significantly 
better response to Undenatured Collagen Type II 
versus placebo in increasing degree of knee extension 
and time to pain onset on physical activity.21

A non-interventional, real-life study to determine 
safety and efficacy of Undenatured Collagen type 
II in Indian population was done in 226 patients 
across 18 Orthopaedic doctors in India.28 There was 
significant reduction in WOMAC score and VAS score, 
with a mean change of -20.7±12.6 (p<0.0001) and 
-3.3±1.8 (p<0.0001) respectively from baseline to day 
90 with the use of Undenatured collagen II. A low AE 
rate of 4.5% (mainly gastrointestinal disturbance and 
headache) was seen. 

Collagen Hydrolysates
Collagen supplements in the form of Hydrolysed 
Collagen (Collagen Hydrolysate) are also available 
in the market often in combination with ECM-GAG 
substances like Glucosamine, Chondroitin Sulphate 
and Hyaluronic acid, and sometimes with added 
Vitamins and Minerals. Collagen II is present in large 
doses in such formulations to be absorbed effectively 
to rebuild cartilage. According to published research, 
orally administered collagen hydrolysate formulations 
have been shown to be absorbed intestinally, to 
accumulate in cartilage, and stimulate a statistically 
significant increase in synthesis of extracellular 
matrix macromolecules by chondrocytes (p < 0.05 
compared with untreated controls).29 These findings 
suggest mechanisms that might help patients affected 
by joint disorders such as OA, however evidence 
in RA is currently non-conclusive. Four open-label 
and three double-blind studies were identified and 
reviewed, and although many of these studies did 
not provide statistical significance of improvement in 
inflammatory and symptomatic Arthritic parameters, 
the findings showed collagen hydrolysate to be safe 
and to provide improvement in some measures of pain 
and function in OA and other arthritic conditions.

In a double-blind, placebo-controlled, randomised 
trial with collagen peptides isolated from pork skin 
(PCP) and bovine bone (BCP) the effectiveness of 
orally supplemented collagen peptide to control the 
progression of osteoarthritis in patients diagnosed 
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with knee osteoarthritis was studied.30 There was 
significant reduction from baseline to week 13 in the 
primary end points of WOMAC and VAS scores and 
in the secondary end point of QOL (Quality of Life) 
score in subjects of both PCP and BCP groups, while in 
subjects with placebo group these end point indices 
remained unchanged. (P < 0.01)

Conclusion
It is evident that T cell immune mediated response 
against collagen type II is one of the key pathological 
mechanisms of continuous inflammatory cartilage 
damage in both Osteoarthritis and Rheumatoid 
Arthritis. Currently collagen supplements are available 
in the market in the form of both Undenatured Collagen 
type II, and Collagen II Hydrolysate (peptides). Very 
often the two are confused to be similar by the patients 
purchasing it on their own. It is important to therefore 
educate Arthritis patients about the difference 
and clinical relevance of both kinds of collagen 
supplements. One can consider initiating treatment 
with analgesic-anti-inflammatory medicines like 
NSAIDs to provide immediate symptomatic relief, 
along with Undenatured Collagen type II supplements 
to work on immune modulation and reduction in 
inflammatory cartilage damage. 

There after a trial of gradually withdrawing NSAIDs 
over a few weeks and continuation of Undenatured 
Collage II for 3 months can be made. Subsequently 
hydrolysed Collagen II and ECM-GAG supplements 
to build joint cartilage along can be introduced with 
the Undenatured collagen supplements, which can be 
withdrawn over next 3 months.. This can contribute 
to a more scientifically rational approach to the three 
cornerstones of Arthritis management: Symptomatic 
relief, reducing inflammatory cartilage damage, and 
improving cartilage building. Future randomized 
clinical studies are suggested combining such 
approaches in Arthritis management to study its effect 
on improving quality of life in Arthritis patients.
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