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INTRODUCTION 

Osteoarthritis is the most common degenerative joint 

disease in adults and a major cause of pain and disability. 

It is frequently compounded by the presence of multi-

morbidities such as ageing and obesity. Osteoarthritis 

(OA) affects more than 25% of the population over 18 

years old. Because aging is an influential risk factor for 

OA, a majority of people over the age of 65 were 

diagnosed with radiographic changes in one or more joints. 

A hallmark of aging chondrocytes is the reduced capacity 

to repair.1 This disabling condition is a substantial health 

burden with 250 million worldwide currently affected.2  

Pain is a customary symptom occurring at various points 

in the day like in the early morning hours, early evening 

and night interfering with sleep as observed in severe OA. 

This may reduce the quality of life in the patient. 

OA can be categorized into localized or generalized forms 

involving single or multiple joints. The knee, which may 

also be associated with falls, is an important target site for 
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OA and is the commonest single cause of lower-limb 

disability in adults over age 50 worldwide. Hand and Hip 

OA are the less common types of OA. Hip OA can rapidly 

progress from onset of pain to join destruction and 

instability in just a few months.3,4 

Amongst the myriad options available for treatment of 

OA, there is still an unmet clinical need. The dearth of 

treatment options preventing clinical progression present a 

grave situation in OA management. Current treatment 

options include exercise, heat/cold therapy, joint 

protection, weight loss, physiotherapy/occupational 

therapy and medications. The most common medications 

used for pain relief include Non-steroidal anti-

inflammatory drugs (NSAIDs). Although these drugs are 

effective for reducing pain, they do not reverse the disease 

and show considerable side effects. As a result, physicians 

have turned to nutraceuticals to ease the patient’s pain and 

discomfort. They are well tolerated and considered safe. 

Based on recent tenable evidence in the pathogenesis of 

OA, two important pathways presumably play a crucial 

role in OA progression. For the sake of this review we 

would be focussing on drugs like Aflapin and Undenatured 

collagen type II as suitable options for treatment of OA 

which act on the two major pathways namely the 

mechanical and immune pathways thus preventing 

progression of OA. 

PATHOGENESIS OF OA 

Osteoarthritis (OA) has been generally considered to be a 

degenerative joint disease caused by biomechanical 

alterations and aging. However, recent research points out 

the involvement of specific pathways in the pathogenesis 

of OA. Current studies have revealed the role of both the 

mechanical and immune pathways in the pathogenesis of 

OA. The mechanical pathway is predominantly 

inflammatory, evidenced by symptoms while the immune 

pathway displays the immune reactivity to cartilage 

antigens.5 

MECHANICAL PATHWAY 

The mechanical pathway is triggered by mechanical 

injuries like trauma, mechanical stress, joint overuse, 

tissue damage etc. This subsequently initiates the 

production of inflammatory cytokines, chemokines, and 

destructive enzymes. The resulting degradation of the 

cartilage matrix may subsequently lead to an autoimmune 

reaction to the cartilage. 5- lipoxygenase (5-LOX) enzyme 

is postulated to play an important role in the OA 

pathogenesis by releasing various inflammatory cytokines 

and enzymes such as matrix metalloproteinases (MMPs) 

triggering articular cartilage breakdown.6,7 This may lead 

to an imbalance between the anabolic and catabolic 

pathways. Catabolic proinflammatory cytokines, such as 

Interleukin-1β and tumor necrosis factor α (TNF α), play 

major roles in the deterioration of extracellular matrix 

(ECM) especially in early OA.8 Particularly, IL-1 β and 

TNF α are up-regulated in OA.9 They play several roles in 

driving the inflammatory cascade in chondrocytes either 

independently or in collaboration with other cytokines 

(Figure 1). Firstly, they trigger the production of the MMP 

family involved in matrix degradation by cleaving the 

peptide bond of target proteins. They also destroy articular 

cartilage by suppressing the synthesis of type II collagen 

and proteoglycans in chondrocytes. IL-1β causes cell 

proliferation, differentiation, and apoptosis. It also induces 

production of reactive oxygen species (ROS), TNF-α in 

the chondrocytes along with IL-17 and IL-22 and pro-

inflammatory cytokines like IL-6, IL-8 which are elevated 

in OA.10 Other cytokines, like IL-18, are potent inducers 

of catabolic responses in chondrocytes.11 Chemokines, 

novel, small cytokines also recruit T helper cells (Th1, 

Th17) and (Th22). There is ample evidence for 

inappropriate activation of the chemokine network in OA 

especially in the synovial fluid.12,13 Investigators have 

noted the expression of CCR1, CCR2, CCR3, CCR5 and 

CXCR1 in OA chondrocytes.14,15 While the pro-

inflammatory cytokines and chemokines represent the 

“marching orders”, proteolytic enzymes of the MMP 

family are the actual mediators on “the frontline” causing 

actual degradation of the articular cartilage.  

IMMUNE PATHWAY 

The pathologic process of OA also might involve cellular 

immunity. Endogenous articular cartilage components 

provide a rich source of antigenic peptides in 

osteoarthritis. Humoral and cellular immune responses to 

cartilage proteoglycans have been reported. The exposure 

of cartilage components to the immune system may initiate 

the production of inflammatory cytokines and destructive 

enzymes which degrade and destroy the cartilage matrix. 

This leads to an autoimmune reaction to the cartilage in 

OA, causing further destruction of the cartilage, which in 

turn could lead to a chronic inflammation. Evidence also 

indicates that chondrocytes bear unique surface antigens.15 

Cartilage collagens induce inflammatory arthritis which 

has uniformly been accepted as an immune-mediated 

arthropathy.16 The immune pathway progression takes 

place when chondrocytes come in direct contact with T 

cells.17 In investigations, the number of interferon-γ 

(IFNγ)–positive cells (Th1) was found to be ~5 times 

higher than the number of interleukin-4 (IL-4)–positive 

cells (Th2) in the synovium of OA patients.18 This shows 

a Th1 cell–mediated specific immune response is driven 

by local antigens. This leads to initiation of synthesis of 

pro-inflammatory cytokines as well as destructive 

enzymes resulting into the further destruction of cartilage 

matrix. T cells also damage the cellular integrity and 

increase inflammation by producing autoantibodies 

against cartilage cell surface proteins like collagen.19 Other 

investigations have also identified the involvement of 

humoral immunity in OA, including the presence of 

autoantibodies against cartilage components.20 One study 

showed that the immune complex deposits in OA cartilage 

contained significantly high titres of anti-type II collagen 

antibodies (Figure 1).21   
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Figure 1: Pathogenesis of OA: role of mechanical and immune pathways. 
NO-Nitrous oxide, ROS- Reactive oxygen species, IL-β- Cytokine Interleukin -1β, TNF-α- Tumor Necrosis Factor α, 5- LOX- 

Arachidonate 5-lipoxygenase, MMP- Matrix metalloproteinases, T & B cells- types of lymphocytes.

The combined interplay of both the mechanical and the 

immune pathways lead to cartilage destruction and 

inflammation in OA. 

MANAGEMENT 

The aim of osteoarthritis management is to alleviate pain, 

improve joint function, quality of life and alter the joint 

damage mechanism. For this, a customized multipronged 

approach according to individual needs should be in place. 

Existing treatment approaches include non-pharmaco-

logical, pharmacological and surgical. Non-pharmaco-

logical methods like exercises, self-management 

programs, weight loss, tai chi, cane, and tibio femoral knee 

brace are the main stays of treatment.22 Pharmacological 

management should be tried in symptomatic patients when 

initial non pharmacological therapies fail. Several 

medications like Non-steroidal anti-inflammatory drugs 

(NSAIDs) and analgesics are used for short term pain relief 

in OA patients. However, recent safety concerns 

necessitate use with caution.23 NSAIDs are used to treat 

initial inflammation which drives disease progression.24 

NSAIDS are superior to Acetaminophen in controlling 

symptomatic pain, but are associated with increased 

gastrointestinal, cardiac and renal side effects.25,26 Topical 

NSAIDS minimize side effects with similar therapeutic 

effect compared to their oral counterparts. They act locally 

with least systemic exposure and should be preferred 

before starting oral NSAIDS; however, dermatological 

side effects and tissue absorption limit their use.27 

Rubefacients like topical capsaicin are seen to reduce pain 

by counter irritant mechanism and enhanced local blood 

circulation; however, use is limited due to local side 

effects.27 Opiates have limited pain relief and adverse 

effects limit their long term use.28 Glucosamine and 

Chondroitin are widely used in treatment of OA for 

symptomatic relief; however, clinical data suggest lack of 

superiority compared to placebo.29 Clinical data suggest no 
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therapeutic benefit of Intra-articular hyaluronic acid 

injections which are used as Viscosupplementation for 

restoring lubrication, decreasing pain and 

chondroprotection.30 Surgical treatments like total joint 

replacement are indicated at an advanced stage, where 

conservative treatments fail to provide adequate pain 

relief. High cost, expertise and complications limit their 

wide spread usage. The outcomes of arthroscopic surgical 

procedures like debridement, lavage is no better than 

placebo surgery.31 

The two pathways namely the mechanical and immune 

pathways discussed earlier play an important role in 

pathogenesis of OA. The current treatments focus on 

symptomatic relief, with little or no benefit in halting 

cartilage destruction and/or disease progression. The very 

fact that none of the current treatments are able to prevent 

progression to OA may reflect their inefficiency at 

controlling the two pathways which are integral to the 

pathogenesis of OA. 

UNDENATURED TYPE II COLLAGEN AND 

AFLAPIN 

Type II collagen is the structural protein present in 

articular and hyaline cartilage providing tensile strength, 

pliability and support to joints. Clinical trials show that 

UC-II is efficient in the treatment of OA and RA in both 

humans and animals.32,33 UC-II is obtained from chicken 

sternum. UC-II with intact active epitopes interacts with 

gut associated lymphoid cells in peyers patches. UC-II 

helps in attenuating body’s immune response against 

destroying joint cartilage by series of immunological 

reactions called oral tolerance.34 UC-II helps in secretion 

of anti-inflammatory cytokines like IL-10, IL-4 and TGF-

ꞵ which suppresses inflammatory degradation of collagen 

by MMPs to shift balance towards restoring collagen and 

extracellular matrix synthesis.35 This increases 

functionality, mobility of the joints, alleviates pain in OA 

patients.36 

The backbone of articular cartilage is mainly type II 

collagen, which is lost in early OA. Among collagen 

derivatives Undenatured collagen with intact epitope helps 

in oral tolerisation- a process in which the immune 

response in the inflammatory damage against type II 

collagen is attenuated.39 By repeated oral intake of UC-II, 

dendritic cells in the gut present the UC-II to lymphoid 

cells in peyers patches. This gets adsorbed to stimulate T 

regulatory cells which in turn suppress T helper cells 

stimulation by tolerance. T regulatory cells secrete anti-

inflammatory cytokines like IL-10, IL-4 and TGF-ꞵ. This 

suppresses inflammatory degradation of collagen by 

MMPs to shift balance towards restoring collagen and 

extracellular matrix synthesis.40 The regeneration of 

cartilage offered by undenatured collagen type-II increases 

functionality and mobility of the joints and alleviates pain 

in OA patients.41 

Aflapin is a synergistic composition derived from 

Boswellia serrata. It is selectively enriched with 3-O-

acetyl- 11-keto-β-boswellic acid (AKBA) and specific B 

Serrata-non-volatile oils to increase bioavailability. 

Aflapin is a selective and potent 5-lipoxygenase (5-LOX) 

inhibitor. It decreases leukotriene formation which reduces 

pro inflammatory mediators like IL-1, TNF-α, ICAM and 

MMPs which decrease cartilage destruction and increases 

glycosaminoglycan’s (GAG) formation.37 Aflapin as an 

anti-inflammatory also helps in overall cartilage 

regeneration.36 As a result of its actions, Aflapin can offer 

good symptomatic control of pain and inflammation and 

considering its good tolerability may even reduce the 

dependence on NSAIDs. 

RATIONALE FOR THE COMBINATION OF 

AFLAPIN AND UNDENATURED TYPE-II 

COLLAGEN 

Undenatured collagen type II acts on immune pathway. It 

supresses the immune response against type II collagen 

thus reducing joint inflammation degradation and helping 

regeneration of the cartilage. Aflapin acts on mechanical 

pathway by its selective 5-LOX enzyme inhibition. The 

UC-II and Aflapin combination act on different pathways 

and offer better control of OA progression along with good 

symptomatic relief in mild to moderate OA. 

CLINICAL EVIDENCE FOR UNDENATURED 

TYPE II COLLAGEN IN OA 

Lugo et al conducted a double-blinded, placebo-controlled 

study. In this study, 55 subjects with knee pain, after taking 

part in standardized step-mill performance test, were 

randomly allocated to Undenatured type II collagen (UC-

II) 40 mg/day and placebo groups. The knee discomfort 

measures subsequent to strenuous step mill exertion were 

evaluated on baseline i.e. day 0, and followed on days 7, 

day 30, day 60, day 90 and day 120. 

Table 1: Clinical studies of Undenatured type II collagen in osteoarthritis. 

Year  

Number 

of 

patients 

Study design Study groups 
Parameters 

assessed 
Outcomes 

Bakilan et 

al 
39 

Single blinded, 

randomized, 

controlled clinical 

study 

Acetaminophen grou

p (1500 mg/day) vs 

Acetaminophen 

(1500 mg/day) + 

native type II 

VAS 

WOMAC 

Short Form-36 

(SF-36) 

 

Combination of AC+UC-II 

is superior to AC in 

controlling symptoms at 90 

days. Significant 

improvement observed in 

Continued. 
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Year  

Number 

of 

patients 

Study design Study groups 
Parameters 

assessed 
Outcomes 

collagen group (10 

mg/day) 

WOMAC total score 

(p=0.004) 

Mehra et al 291 

Multicentre, non-

interventional, 

real life study 

UC-II group (40 

mg/day) 

WOMAC 

VAS 

UC-II improves pain, 

stiffness and enhances 

functional mobility at the 

end of 90 days with 

significant improvement 

observed in WOMAC score 

(p=0.002) 

Lugo et al 191 

Randomized, 

double-blind, 

placebo-

controlled clinical 

study 

UC-II group (40 

mg/day), 

glucosamine 

hydrochloride 

(1,500 mg/day) + 

chondroitin sulphate 

group (1,200 

mg/day), placebo 

WOMAC 

VAS 

LFI 

UC-II alleviated knee joint 

functions with statistically 

significant improvement 

observed in WOMAC total 

score (p=0.004) 

Lugo et al 55 

Randomized, 

double-blind, 

placebo-

controlled study 

UC-II group (40 

mg/day), 

placebo group 

Time to onset 

of initial joint 

pain. 

Time to onset 

of maximum 

joint pain. 

Time to initial 

improvement 

in knee joint 

pain. 

 

UC-II alleviates joint 

function in healthy subjects 

(p<0.0001). 

Table 2: Clinical studies of Aflapin in osteoarthritis. 

Year  
 Number 

of patients  
Study design  Study groups 

Parameters 

assessed 
Outcomes 

Vishal et al 
60 OA 

subjects 

Double blinded, 

randomized, placebo 

controlled study 

Aflapin (n=30), 

placebo(n=30) 

VAS 

WOMAC 

LFI 

Alleviates pain and 

improves joint function at 

the end of 30 days. 

 

Sengupta 

et al 

60 OA 

subjects 

Double-blind, 

randomized, placebo-

controlled study 

Aflapin (n=20), 

placebo 

(n=20), 

5-Loxin (n=20) 

VAS 

WOMAC 

LFI 

Significant improvements 

in pain score and 

functional ability were 

recorded at 90 days with 

Aflapin group. 

At the end of the study, statistically significant enhanced 

capacity to extend the knee (measured in degree) was 

observed in UC-II cohort in comparison to placebo group 

i.e (81.0±1.3º versus 74.0±2.2º, p=0.011 at day 120) and 

baseline (81.0±1.3º versus 73.2±1.9º, p=0.002). Also, the 

knee discomfort measures of the study reveals that UC-II 

alleviates joint function in healthy subjects (p<0.0001) in 

contrast to placebo group.38 

Lugo et al summarized results from a double-blinded, 

placebo-controlled clinical study where 191 OA subjects 

were randomized into UC-II group 40 mg/day, 

glucosamine hydrochloride plus chondroitin sulfate (GC) 

group 1500 mg G + 1200 mg C, and the placebo group. 

The subjects were followed on day 0 (baseline), 7, 30, 60, 

90, 120, 150 and day 180 to assess efficacy and tolerability 

of UC-II in knee osteoarthritis. The difference in total 

WOMAC score between UC-II, GC and placebo groups 

from baseline to 180 days was measured as primary 

endpoint. The difference in mean VAS; mean WOMAC 

subscales; LFI; and knee flexion were measured as 

secondary endpoints. 

Statistically significant reduction was observed in total 

WOMAC score (p=0.002), VAS score (p=0.002) and LFI 

score (p=0.009) in the UC-II in contrast to the placebo 
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group at day 180 compared to baseline day 0. The same is 

true between UC-II and GC group. UC-II alleviated knee 

joint functions in knee osteoarthritis patients.39 

In a single blinded, controlled clinical study by Bakilan et 

al., in which 39 patients were randomly assigned to 

acetaminophen group (AC) 1500 mg/day (n=19) and to 

AC 1500mg/day + UC-II group 10mg/day (n=20). The 

efficacy was assessed using VAS, WOMAC, and Short 

Form-36 (SF-36) scores for 3 months. Statistically 

significant improvement was observed at day 90 in 

parameters like VAS walking (p<0.001), WOMAC total 

(p=0.004) and SF36 physical functioning (p=0.039). When 

AC+UC-II and AC groups were compared, significant 

change was observed. 50% change in VAS walking score 

was observed in AC+UC-II (p=0.002). Thus, the 

combination of AC+UC-II was superior to AC in 

controlling symptoms in OA patients.40 

 

Figure 2: Reduction in WOMAC total score with FDC 

of Aflapin and Undenatured type ii collagen. 

 

Figure 3: Reduction in WOMAC pain score with FDC 

of Aflapin and Undenatured type II collagen. 

 

Figure 4: Reduction in WOMAC stiffness score with 

FDC of Aflapin and Undenatured type II collagen. 

 

Figure 5: Reduction in VAS score with FDC of 

Aflapin and Undenatured type II collagen. 

In a multicentre, non-interventional, real life study by 

Mehra et al, 291 patients with knee OA were treated with 

UC-II (40 mg/day). Efficacy was assessed by differences 

in VAS and WOMAC scores from baseline to end of the 

study. Safety was assessed by any undesirable effects or 

severe adverse events occurrence during the study. The 

patients were assessed for safety and efficacy at baseline 

day 0, day 30, day 60 and day 90 of the treatment. 

Statistically significant improvement was noticed at day 

90. The WOMAC score recorded mean change of -

20.7±12.6, (p<0.0001) and the VAS score shows mean 

change of -3.3±1.8, (p<0.0001). UC-II helps in 

ameliorating pain, stiffness and enhances functional 

mobility in patients with knee OA.41 

CLINICAL EVIDENCE OF AFLAPIN IN 

OSTEOARTHRITIS 

In one double blinded, randomized, placebo controlled 

clinical study of Aflapin, 60 patients with unilateral or 
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bilateral OA of the knee were recruited. The patients were 

assigned Aflapin 100 mg/day or placebo arm for 1 month. 

The patients were assessed for change in pain, stiffness and 

physical function using Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC), Lequesne's 

functional index (LFI) and visual analog scale (VAS) 

scores on day 5, 15, and 30 respectively. Safety was also 

evaluated with changes in biochemical and haematological 

parameters at all visits. As compared to baseline, 

significant reductions (p<0.001) in VAS, LFI, WOMAC 

pain, WOMAC stiffness and WOMAC function scores 

were observed after 30 days of supplementation with 

Aflapin. VAS, LFI, WOMAC pain, WOMAC stiffness 

and WOMAC function scores decreased by 49.1%, 34.4%, 

49.5%, 48.4% and 45.2%, respectively as compared to 

baseline. Compared to placebo, VAS score decreased by 

14.8% and LFI scores decreased by 16.3% on day 5 of 

treatment. The reductions in WOMAC scores were not 

significant after 5 days of treatment. In laboratory and 

haematological parameters, no significant changes were 

observed after 30 days of treatment with Aflapin. This 

study demonstrated that Aflapin significantly alleviates 

pain and improves joint function beginning at day 5 of 

treatment.42 

In another double blinded, placebo controlled study, 60 

patients suffering with moderate to mild osteoarthritis 

were recruited and randomized to Aflapin group 

100mg/day (n=20), 5-Loxin group 100 mg/day (n=20), 

and placebo (n=20). The patients were evaluated for pain, 

physical function and stiffness using WOMAC index, LFI 

score, VAS scale on day 0 baseline, day 7, day 30, day 60, 

day 90 respectively. Safety was evaluated by assessment 

of clinical and laboratory parameters at every visit. By day 

7, VAS, LFI, WOMAC pain, WOMAC stiffness and 

WOMAC function scores significantly reduced by 12.8% 

(p=0.0004), 9.17% (p=0.003), 11.78% (p=0.012), 18.48% 

(p=0.012) and 10.24% (p=0.005) respectively in the 

Aflapin treated group compared to baseline. After 90 days 

of treatment statistically significant alleviation in pain 

scores, physical ability score were observed in the Aflapin 

group as compared to baseline. The VAS, LFI, WOMAC 

pain, WOMAC stiffness and WOMAC functional ability 

scores were reduced by 47.3% (p<0.0001), 35.8% 

(p=0.0004), 61.7% (p<0.0001), 60.1% (p=0.0001) and 

49.4% (p=0.0001) respectively at the end of treatment 

period (Day 90) in the Aflapin group as compared to 

baseline. Similarly the Loxin group showed a reduction by 

12.8% (p=0.0004), 9.17% (p=0.003), 11.78% (p=0.012), 

18.48% (p=0.012) and 10.24% (p=0.005) in the VAS, LFI, 

WOMAC pain, WOMAC stiffness and WOMAC 

functional ability scores respectively compared to 

baseline. No significant variations were observed in 

haematological and biochemical parameters compared to 

baseline in the intervention groups. This study established 

superior efficacy of Aflapin over 5-Loxin in reducing pain 

by day 7, and also safety of Aflapin for therapeutic use.23 

CLINICAL EVIDENCE OF THE FIXED DOSE 

COMBINATION OF UNDENATURED TYPE-II 

COLLAGEN AND AFLAPIN IN OA 

In a pilot, observational, multicentric study in India 40 

patients suffering with unilateral and bilateral 

osteoarthritis were treated with fixed dose combination of 

native (Undenatured) Type -II Collagen (UC-II) 40 mg + 

Aflapin 100 mg capsules once a day for 3 months. Efficacy 

was assessed by change in VAS and WOMAC scores from 

baseline and safety was evaluated by change in 

biochemical and laboratory parameters. The patients were 

assessed at baseline day 0 and then followed up on day 5, 

day 15, day 30, day 60, and day 90 respectively. VAS score 

decreased by 72.8% and WOMAC total score decreased 

by 75.6% after 90 days of treatment with a fixed dose 

combination of native (Undenatured) Type II Collagen and 

Aflapin. At day 5, significant reduction in VAS score and 

total WOMAC score was observed. Alleviation in joint 

pain and improvement in physical function was observed 

as early as day 5 with the combination. 

This study concludes that the fixed dose combination of 

native (Undenatured) Type II Collagen and Aflapin was 

efficient in reducing pain, inflammation and joint stiffness 

with excellent tolerability.24 

CONCLUSION 

Both immmunlogical and mechanical pathways play an 

important in the pathogenesis of OA. Therefore, a 

multimodal therapeutic approach with agents which can 

target both the pathways seems rational. The combination 

of Undenatured type II Collagen and Aflapin seems to be 

a rational approach to meet the need-gap in OA treatment 

as well as providing early symptomatic relief in OA along 

with preventing progression of OA. It seems a reasonable 

choice for mild to moderate OA. More studies with this 

combination will add further value to this therapeutic 

approach. 
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