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Pharmaceutical grade chondroitin sulfate: Clinical efficacy and 
mechanisms of action. 
 

1 Background 
Protection of health throughout life, and prevention of chronic illness, is a major focus for the 
improvement of medical, pharmaceutical, and natural methods.   This includes reduction of pain 
and symptoms in chronic joint and vascular diseases.  Chronic joint pain can be debilitating, but 
its downstream implications amplify the negative health impacts.  People suffering from chronic 
joint pain become less physically active, and this accentuates the risks of other chronic health 
problems, including cardiovascular health problems. 
Pharmaceutical grade chondroitin sulfate is used for many applications in reduction of 
cardiovascular risk, and alleviation of pain and inflammation in osteoarthritis.  Osteoarthritis 
(OA) is the most common form of arthritis characterized by cartilage destruction.  
Pharmaceutical treatment of osteoarthritis is limited in that it primarily addresses only the 
treatment of joint pain.  Medications include non-steroidal anti-inflammatory drugs (NSAIDs). 
Natural chondroitin sulfates are widely used for the treatment of joint pain across the world. 
 

2 Chondroitin sulfate 

2.1 A natural compound 
Chondroitin sulfate is a macromolecule that 
contributes to a framework for collagen 
formation.  Chondroitin sulfate (CS) is a 
glycosaminoglycan  with  polysaccharide  chains  
composed  of an  alternate  sequence  of  D-
glucuronic  acid  and  D-N-acetylgalactosamine, distributed in connective tissues, especially in   
cartilage, skin, lining of the bladder, and blood vessels.  Mammalian CS is also an integral part of 
the cellular membranes in fibroblasts.i 
 
 

2.2 Clinical efficacy 
The clinical efficacy of pharmaceutical grade CS was studied in a rigorous study design 
recommended by the European Medicines Agency (EMA) produced a Guideline on Clinical 
Investigation of Medicinal Products Used in the Treatment of Osteoarthritis (CPMP/EWP/784/97 
Rev. 1), and this guideline was recently supported by a consensus of European experts.  The 
study design therefore involved a prospective, randomized, 6-month, 3-arm, double-blind, 
double-controlled, placebo and celecoxib (200 mg/day)-controlled trial.  Six hundred and four 
patients were recruited across 5 European countries, ensuring that each person was diagnosed 
with knee osteoarthritis according to the American College of Rheumalogy (ACR) diagnostic 
criteria.  Patients were followed for 6 months and assessed by pain scores and the Lequesne 
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index of severity for osteoarthritis, to ensure two co-primary endpoints evaluating pain and 
function, respectively.   
The clinical trial demonstrated that daily administration of 800 mg of CS in patients with 
symptomatic knee OA lead to improvement in pain and function.  The magnitude of the 
improvements was superior to placebo and similar to celecoxib.  

The results showed: 

 After 6 months, CS showed similar, statistically significant joint pain 
reduction compared to the pharmaceutical drug celecoxib; 

 After 3 and 6 months, CS showed similar, statistically significant 
improvement in joint function compared to the pharmaceutical drug 
celecoxib. 

It is important to note that the study also confirmed an excellent safety profile of CS that has 
been previously observed by others.  
This positive risk/benefit profile of CS, compared to the known clinical risks associated with 
chronic usage of NSAIDs and paracetamol, suggests that pharmaceutical-grade CS has potential 
for the management of knee OA, especially in an older population requiring long-term 
treatment. 
 

2.3 Mechanisms of action 
Much scientific research has been completed to document biological effects of CS in cellular 
bioassay models.   

1. CS directly protects cartilage from breakdown associated with injury in several animal 
models of arthritis.ii iii  iv  v vi 

2. CS has direct anti-inflammatory effects, involving multiple pathways and mechanisms.  
Treatment with CS along mucosal membranes was shown to inhibit the recruitment of 
inflammatory cells into damaged tissue, involving both neutrophils and mast cells.  This 
was documented in an animal model of damage to bladder mucosal damage,vii and it 
may be suggested that the anti-inflammatory effects may extend to other mucosal areas 
as well, including the oral, stomach, and intestinal mucosal membranes.     

3. CS inhibits inflammatory cascades leading to induction of the pro-inflammatory 
cytokines IL-1b, C-reactive protein, and Interleukin-6, in several cellular and animal 
models using chondrocytes and synovial fibroblasts, bot cell types involved in joint 
tissue.viii   

4. Finally, CS was shown to improve vascular integrity by reducing vascular hyper-
permeability and this helped protect vascular endothelial cells and reduce certain types 
of thrombotic events.ix  This may help explain the protective effects of chondroitin 
sulfate from ischemic heart disease.x 

 

3 Conclusion 
Chondroitin sulfate (CS) is a natural compound that when consumed long-term has significant 
impact on reduction of osteoarthritic symptoms and increases daily functionality.  These 
clinically meaningful results are associated with direct and multi-faceted anti-inflammatory 
biological effects, including reduction in recruitment of inflammatory cells and reduction of 
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production of inflammatory cytokines and downstream enzymes involved in joint degradation.  
CS has an excellent safety profile and holds potential for management of osteoarthritis.   
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