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Osteoarthritis (OA) is the most common form of arthritis, and has an •	

immense socioeconomic impact.

In the EULAR guidelines for the management of OA, Glucosamine •	

has been assigned the highest 

level of evidence (1A),•	

strength of recommendation (A), and •	

quality score for the trials performed (24 out of a maximum of •	

28 points).

 

The recent Osteoarthritis Research Society International (OARSI) •	

guidelines recommend Glucosamine Sulfate, namely Crystalline Glu-

cosamine Sulfate (CGS, Rottapharm), for treating OA. The reason for 

this specific recommendation is that the evidence for the efficacy of 

Glucosamine in OA is linked only to the trials conducted with CGS.

Glucosamine base and Glucosamine Sulfate are unstable and can-•	

not be used to prepare solid oral dosage forms. CGS is the stabilized 

form of Glucosamine Sulfate originally developed by Rottapharm and 

can be used to prepare solid oral dosage forms. Other Glucosamine 

preparations may differ from the original and have not been studied 

extensively. In addition, products sold as dietary supplements may 

not contain the amount of the substance written on the label.

CHAPTER 1 
Summary of Key Concepts
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CGS inhibits IL–1-induced expression of inflammatory and matrix deg-•	

radation markers at Glucosamine concentrations of 10 μM or lower. 

Such concentrations are similar to those found in the plasma and syn-

ovial fluid of OA patients after repeated once daily administration of 

CGS at therapeutic doses. This mechanism supports both the symp-

tom- and the structure-modifying effects of Glucosamine in OA, as 

long as the compound is formulated to reach the systemic circulation 

and the joint in sufficient concentrations.

Other Glucosamine products and dosages produce significantly low-•	

er peak plasma concentrations than CGS 1500 mg once daily. Such 

lower concentrations might not reach the pharmacologically effective 

threshold. The combination of Glucosamine and chondroitin sulfate 

reduces the bioavailability of Glucosamine.

 

CGS is the only form of Glucosamine that has been successful in clin-•	

ical trials. The core of efficacy assessments for CGS is represented by 

the results of three pivotal trials, which support the favorable effects 

of Glucosamine on OA symptoms and progression.

CGS 1500 mg once daily should be the preferred symptomatic medi-•	

cation for medium- and long-term treatments in patients with knee 

OA. In fact, CGS is at least as effective as acetaminophen—the pre-

ferred treatment in OA practice guidelines—in improving the symp-

toms associated with OA.

Two pivotal 3-year trials have shown, for the first time, that a pharma-•	

cological intervention (CGS) can delay the progression of joint struc-

ture changes. According to regulatory requirements, combined symp-

tom- and structure-modifying effects have been obtained in these 

two large, independent, placebo-controlled trials. This suggests that 

Glucosamine (in the form of CGS) may be the first disease-modifying 

agent in OA.

The structure-modifying effects of CGS are clinically relevant because •	

CGS decreases the incidence of total joint replacements. Patients 

with better preserved joint structure are those who benefit more 
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from the structure-modifying properties of CGS. This finding supports 

early intervention with CGS in OA.

Glucosamine products other than CGS do not have symptom- or •	

structure-modifying effects in OA. This finding is consistent with the 

results from mechanistic and pharmacokinetic studies. For instance, 

the peak Glucosamine plasma levels achieved with Glucosamine 

hydrochloride are lower than those reached with CGS and may not 

achieve the pharmacologically effective concentration.

There is no clinical evidence, or rationale, to support combining Glu-•	

cosamine with chondroitin sulfate. Moreover, chondroitin sulfate re-

duces the bioavailability of Glucosamine.

CGS is a highly safe product. The incidence of adverse events and •	

related withdrawals is similar to that of the placebo and significantly 

lower that that of NSAIDs. Therapeutic doses of CGS do not affect 

glucose metabolism. Moreover, because CGS does not interfere with 

absorption mechanisms and is not metabolized by the cytochrome 

P450 system, the potential for interaction with other drugs is very 

low.

CGS 1500 mg once daily is a cost-effective treatment for OA. CGS •	

compares favorably with both NSAIDs and placebo in pharmacoeco-

nomic analyses.





2.1 Introduction

Osteoarthritis (OA) is the most common form of arthritis, and has a 

huge socioeconomic impact. Because its prevalence increases with age, 

OA will clearly become even more prevalent in the future 1,2. It can occur 

in any joint but usually affects weight-bearing joints (knee, hip, and cervical 

and lumbosacral spine) and the hand joints that are involved in pincher grip. 

Osteoarthritis is commonly considered an organ disease, with important 

contributing factors possibly originating in different joint tissues, including 

subchondral bone and synovium. Particular attention has been devoted to 

the degeneration of articular cartilage as the primary event in the disease 

process. However, the precise pathogenetic mechanism (biomechanical, 

biochemical, or other) is still relatively unknown.

Osteoarthritis is a heterogeneous disease, the onset, pattern of joint in-

volvement, and severity of which vary greatly 3. The clinical features of os-

teoarthritis are symptoms − mainly pain and functional impairment (Table 

1) − and pathological changes in joint structure. Unfortunately, these char-

acterizing features are poorly correlated, especially in the early stages of 

the disease and throughout its development, although in the end both to-

gether are determinants of the disease and treatment outcome, represent-

ed by surgical joint replacement. Before that, the symptoms are the main 

factors in the management of patients, because the symptoms are respon-

CHAPTER 2

Osteoarthritis
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sible for disability and impaired quality of life. For instance, the risk of dis-

ability attributable to knee OA (defined as needing help walking or climbing 

stairs) is similar to that caused by cardiovascular disease and greater than 

that due to any other medical condition in elderly persons 1,4.

2.2 Pathogenesis

OA is increasingly viewed as a metabolically active, dynamic process in-

volving both cartilage destruction and repair (Figure 1). OA can be triggered 

by biochemical changes as well as by mechanical injury, and all the tissues 

in the joint are involved in an adaptive response 5,6,7,8. Cytokines, especially 

interleukin-1 (via intracellular mechanisms involving the transcription factor 

NF–kB), play a critical role in cartilage damage 9,10. Increased metabolic ac-

tivity in the cartilage, new bone formation, and remodeling of the joint may 

reverse tissue loss and redistribute mechanical forces across the damaged 

joint. In addition, joint stability may be maintained and possibly enhanced 

by capsular thickening. The outcome of the adaptive response will depend 

on the balance between the severity and chronicity of the injury and the 

effectiveness of repair mechanisms. In many cases the repair may rectify 

the adverse effects of the injury (compensated osteoarthritis), but in some 

cases severe injury or a poor tissue response may result in ‘decompensat-

ed osteoarthritis’, leading to symptoms, disability, and progressive struc-

tural damage 5.

Signs

Crepitus

Restricted movement

Muscle wasting/weakness	

• ± effusion, increased warmth

• ± instability

Bony swelling

Deformity

Tenderness 

• joint line

• periarticular

Symptoms

Pain

Stiffness

Functional impairment	

• ± anxiety, depression

Alteration in shape

—

—

TABle 1.

Common signs and symp-

toms of osteoarthritis
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The molecular events involved in the development of osteoarthritis 

may occur long before the onset of symptoms 7,8. Further characterization 

of these events will provide the diagnostic tools that are required to iden-

tify and monitor those patients at risk of developing the disease. In this 

way, it will be possible to act early with drugs that can modify the natural 

course of the disease, thus maximizing the benefits of treatment.

2.3 Guidelines for the Management of Osteoarthritis: The Key 

Role of Glucosamine

The management of osteoarthritis requires chronic pharmacological 

and non-pharmacological approaches. The European Medicines Agency 

(EMEA) has issued guidance on the clinical investigation of medicinal prod-

ucts used in the treatment of osteoarthritis (CPMP/EWP/784/97, adopted 

July 1998) 11. Drugs for osteoarthritis have been classified as follows:

Symptom-modifying drugs•	  > These agents act on symptoms with 

no detectable effect on the structural changes of the disease

Structure-modifying drugs•	  > Based on their mechanism of action, 

these drugs are expected to have an effect on the progression of the 

pathological changes in osteoarthritis. Moreover, they may or may not 

have an independent effect on symptoms.

chapter 2  •  osteoarthritis

Figure 1.

Variable outcome of osteoar-

thritis as a repair process

OSTEOARTHRITIS PROCESS

JOINT INSULT

Trauma

Metabolic abnormality

Instability

Unknown genetic/  
constitutional/
environmental factors

SLOW  REPA IR

Osteophyte/ remodelling

Altered chondrocyte
metabolism

Synovial response 

Capsular reaction

OUTCOME

“Compensation” 
no/mild symptoms  
or disability

“Decompensation”  
symptoms, disability
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This classification is in agreement with that previously set forth in the 

recommendations of acknowledged scientific organizations, such as the 

Group for the Respect of Ethics and Excellence in Science (GREES) and 

the Osteoarthritis Research Society International (OARSI) 12,13. Although no 

existing drug was classified as structure-modifying at the time of the rec-

ommendations/guidance above, all drugs currently approved for the treat-

ment of osteoarthritis within the European Economic Area (EEA) may be 

classified as symptom-modifying, as long as they fulfill the requirements 

set forth in the CPMP document 11. Indeed, the document does not consid-

er it particularly fruitful to classify drugs that induce symptomatic relief as 

fast-acting [e.g., non-steroidal anti-inflammatory drugs (NSAIDs)] or slow-

acting [e.g., drugs previously classified as Symptomatic Slow Acting Drugs 

for Treatment of Osteoarthritis (SYSADOA)] 14.

Treatment guidelines for knee and hip osteoarthritis have been de-

veloped by both the American College of Rheumatology (ACR) 15 and 

the European League Against Rheumatism (EULAR) 16,17. These guid-

ance documents were developed following different procedures and, al-

though they share some basic principles, they differ with respect to the 

level of recommendation of specific classes of drugs. This is particular-

ly evident for Symptomatic Slow Acting Drugs in Osteoarthritis (SYSA-

DOA), the class of agents in which Glucosamine is generally included, 

and might be due to the differences in regulatory requirements between 

the US and Europe.

Both American and European guidelines suggest that acetaminophen 

(paracetamol) is the oral analgesic to try first and, if successful, should be 

the preferred long-term symptomatic agent 15,16,17. Nevertheless, this pure 

analgesic is less effective than NSAIDs in short-term pain relief 18. On the 

other hand, recent meta-analyses suggest that NSAIDs are not greatly ef-

fective for osteoarthritis and, above all, that their long-term use is not sup-

ported by available data 19.

Ideally, treatments for OA should

offer acceptable short-term symptom control and have a role in the •	

medium- and long-term management of the disease (symptom-

modifying effect);

delay the progression of joint structure changes (•	 structure-modify-

ing effect);
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modify the evolution of the disease and thus prevent clinically signifi-•	

cant disease outcomes (disease-modifying effect).

These aims might be achieved by drugs that, unlike unspecific sympto-

matic agents, exert specific effects on pathogenetic mechanisms.

Glucosamine Sulfate is probably the drug with the most extensive evi-

dence in this regard. The evidence-based EULAR practice guideline, which 

takes into account most of the trials carried out in osteoarthritis, sets Glu-

cosamine Sulfate as one of the drugs with the highest quality score com-

pared to acetaminophen, NSAIDs, and non-pharmacological therapies 16. 

EULAR’s ten final recommendations on the treatment of knee osteoarthri-

tis are summarized in Table 2.

chapter 2  •  osteoarthritis

The optimal management of knee OA requires a combination of non-pharmacological and pharmaco-1.	

logical treatment modalities.

The treatment of knee OA should be tailored according to:2.	

(a) Knee risk factors (obesity, adverse mechanical factors, physical activity),

(b) General risk factors (age, comorbidity, polypharmacy),

(c) Level of pain intensity and disability,

(d) Signs of inflammation—for example, effusion,

(e) Location and degree of structural damage.

Non-pharmacological treatment of knee OA should include regular education, exercise, appliances 3.	

(sticks, insoles, knee bracing), and weight reduction.

Paracetamol is the oral analgesic to try first and, if successful, should be the preferred long term oral 4.	

analgesic.

Topical applications (NSAID, capsaicin) have clinical efficacy and are safe.5.	

NSAIDs should be considered for patients unresponsive to paracetamol. In patients with an increased 6.	

gastrointestinal risk, non-selective NSAIDs and effective gastroprotective agents, or selective COX 2 

inhibitors should be used.

Opioid analgesics, with or without paracetamol, are useful alternatives in patients for whom NSAIDs, 7.	

including COX 2 selective inhibitors, are contraindicated, ineffective, and/or poorly tolerated.

SYSADOA (Glucosamine Sulfate, chondroitin sulfate, ASU, diacerein, hyaluronic acid) have 8.	

symptomatic effects and may modify structure.

Intra-articular injection of long acting corticosteroid is indicated for flare-ups of knee pain, especially if 9.	

accompanied by effusion.

Joint replacement has to be considered in patients with radiographic evidence of knee OA who have 10.	

refractory pain and disability.

Table 2. 

EULAR guidelines 16: an 

evidence-based approach to 

the management of knee 

osteoarthritis. Final set of 

10 recommendations based 

on both evidence and expert 

opinion
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In the EULAR guidelines for the management of knee OA16, Glu-

cosamine was assigned the highest

level of evidence (1A),•	

strength of recommendation (A),•	

quality score for the trials performed (24 out of a maximum of 28 •	

points), and

among the highest effect sizes •	 A (0.43-1.02; Table 3).

In September 2005, OARSI appointed an international committee of ex-

perts to produce consensus recommendations for the management of 

knee and hip OA. Recommendations were developed based on a critical 

appraisal of existing guidelines, a systematic review of research evidence, 

and a consensus opinion.

A. Effect size (ES) is the best, single indicator of the quantitative efficacy of an intervention vs. the comparator (placebo) and it 
is ideal in meta-analyses.
ES = (mean change* active) – (mean change* placebo)/pooled standard deviation
ES<0.20 = not clinically relevant
ES>0.20 = small †
ES>0.50 = moderate
ES>0.80 = large
Statistically significant if the 95% CI does not cross the 0 line
*From baseline; †Usual outcome for OA interventions

Table 3. 

Current EULAR guidelines 16: 

level of evidence and 

strength of recommendation 

for some of the most used 

OA therapies

Treatment	              Level		  Strength		       Quality 	      Effect

			            of evidence	         of recommendation              score*	       size**

Glucosamine		  1A		       A		            24		      0.43-1.02

Conventional NSAIDs	 1A		       A		            17		      0.47-0.96

Coxibs		            	 1B		       A		            23		          0.50

Acetaminophen/Paracetamol  	1B		       A		            20		             -

Education		            	 1A		       A		            13		      0.28-0.35

Exercise		             	 1B		       A		            15		       0.57-1.0

* Median score on a 0-28 point scale addressing design, methodology, and statistical power of the studies performed; 

** Range, if available
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These recommendations, published in 2007 20 and 2008 21, are:

up to date•	

patient-focused•	

evidence-based•	

shared by Opinion Leaders worldwide.•	

OARSI current guidelines acknowledge that Glucosamine may provide 

both symptom- and structure-modifying benefits in the treatment of OA. 

Specific references have been made to the Crystalline preparation of Glu-

cosamine Sulfate—i.e., the Rottapharm preparation—approved as a medic-

inal product for the treatment of OA in Europe, Asia and Latin America. The 

chemical differences between Crystalline Glucosamine Sulfate (CGS) and 

other Glucosamine salts and formulations are detailed in the next chapters. 

A summary of the consensus about the role of Glucosamine in the man-

agement of OA is given in Table 4.

chapter 2  •  osteoarthritis

Table 4. 

OARSI recommendations 

for the management of hip 

and knee OA: focus on Glu-

cosamine

Recommendations related to symptom-modifying effects

1- Glucosamine in general

2- Glucosamine Sulfate

3- Glucosamine Sulfate vs. Gluco-
samine hydrochloride

4- Crystalline Glucosamine Sulfa-

te (Rottapharm)

1- Glucosamine in general

2- Crystalline Glucosamine Sulfa-

te (Rottapharm)

Treatment with Glucosamine may provide symptomatic benefits 
in OA patients.

Glucosamine Sulfate is recommended in 6/10 existing guidelines 
for the management of knee or hip OA.

The effect size (ES) for trials using Glucosamine Sulfate was 0.44 
(95% CI 0.18, 0.70) compared with 0.06 (95% CI -0.08, 0.20) for 
those using Glucosamine hydrochloride.

The ES for trials using the Rottapharm preparation of Glucosa-

mine Sulfate was 0.55 (95% CI 0.29, 0.82) compared with 0.11 

(95% CI -0.16, 0.38) for trials with other Glucosamine products.

Treatment with Glucosamine may have structure-modifying effects 
in OA patients.

Evidence that Crystalline Glucosamine Sulfate 1500 mg once 

daily has structure-modifying effects in patients with knee OA 

comes from two placebo-controlled RCTs (conducted by Rot-

tapharm), and two systematic reviews and meta-analysis.

Recommendations related to structure-modifying effects
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Nearly all the clinical trials summarized in this product monograph were 

performed in patients with osteoarthritis of the knee. In one trial, patients 

with osteoarthritis of the spine were enrolled. In accordance with the cur-

rent EMEA/CPMP guidelines 11, this improves the homogeneity of the pa-

tients studied. In addition, the guidance document states that compounds 

that have demonstrated efficacy either at hip or knee level will be regis-

tered for the treatment of osteoarthritis of the knee and the hip, i.e. with-

out distinction between the large joints of the lower limbs.



Glucosamine (molecular weight [MW]=179.17) is a naturally occurring 

monosaccharide (i.e., a derivative of glucose) and a normal constituent of 

glycosaminoglycans and proteoglycans in the cartilage matrix and synovial 

fluid 22 (Figure 2).

CHAPTER 3 

Crystalline Glucosamine Sulfate
Chemistry and Pharmacy

Glucosamine

Glycosaminoglycans
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DIRECT ROUTE INDIRECT ROUTE
Figure 2. 

The biosynthetic pathway 

of glycosaminoglycans and 

proteoglycans
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Glucosamine also exerts specific pharmacological effects on osteoar-

thritic cartilage. However, Glucosamine base must be salified for pharma-

ceutical use. Crystalline Glucosamine Sulfate (CGS, MW = 573.31; Figure 

3) is the salt that was originally developed by Rottapharm and that was 

used, with positive results, in the vast majority of clinical trials on osteoar-

thritis.

Crystalline Glucosamine Sulfate has been approved as a prescription 

drug in Europe and elsewhere for the treatment of osteoarthritis and/or its 

symptoms. CGS is also marketed as a branded dietary supplement in the 

US. CGS is most widely available as sachets of powder for oral solution to 

be administered once daily. Each sachet contains 1884 mg of CGS, but the 

dose is commonly expressed as the net content of Glucosamine Sulfate 

(GS, 1500 mg). Rottapharm CGS is the only type of Glucosamine used suc-

cessfully in clinical trials. Other types of Glucosamine widely available as 

dietary supplements or generics in different forms, namely:

salts—e.g., Glucosamine hydrochloride (G-HCl)•	

dosages—e.g., 500 mg three times daily, or•	

combinations—e.g., with chondroitin sulfate•	

may not have adequate pharmacodynamic/pharmacokinetic/clinical trial 

support.

It is unclear how other preparations of Glucosamine Sulfate, mainly avail-

able in countries where the substance is regulated as a dietary supple-

Na+Cl-

Cl-Na+

S O

O

O

− O

O

OH

CH 2OH

HO

OH

H 3N
+

CH 2OH

O

OH
HO

NH 3

OH

+ −

Figure 3. 

Chemical structure of Crys-

talline Glucosamine Sulfate 

(CGS; originally developed 

by Rottapharm)
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ment, compare with CGS in terms of active ingredient content, purity, and 

stability. Indeed:

such information is often not available•	

some recent generic over-the-counter products and dietary suppl-•	

ments may contain Glucosamine hydrochloride, the clinical effects of 

which are much less characterized.

Moreover, because the content and purity of the various over-the-coun-

ter Glucosamine preparations differ markedly—from 41 to 108% of the 

mg content stated on the label 23—their efficacy and safety may also vary 

markedly.

If Glucosamine is to be used as a therapeutic agent in OA, it is impor-

tant that products conform to their label descriptions 24. When formulations 

are unknown, especially in the absence of appropriate bioequivalence stud-

ies, it is not known how the clinical efficacy and safety results obtained 

with CGS apply to uncontrolled nutraceutical or generic preparations, and 

vice versa. Unfortunately, the data regarding most of these agents are 

negative, or at least conflicting, and unfairly cast doubts on the serious 

and consistent data that have been generated with CGS. In this respect, a 

recent Cochrane Review identified major differences between the results 

of clinical trials conducted with CGS and those of studies conducted with 

other Glucosamine preparations 25. These are the main reasons why some 

pages of the present monograph have been devoted to clarifying what CGS 

is, how it is obtained, and why this active ingredient is unique.

3.1 CGS: a Unique Synthesis Process for a Unique Active In-

gredient

Glucosamine is a pure substance synthesized from chitin of marine ori-

gin. Chitin, the main component of crustacean shells, is a long-chain poly-

mer of N-acetyl-Glucosamine. Glucosamine base and Glucosamine Sulfate 

(GS) are unstable unless prepared as Crystalline Glucosamine Sulfate (CGS) 

according to the unique patented process that is summarized below 26.

GS is an ionic substance. When dissolved in water or biological fluids, •	

it gives a solution in which Glucosamine and sulfate (SO4
2-) ions are 

present in a stoichiometric ratio of 2:1
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G2SO4 + biol. fluids ⇒ 2G+ + SO4
2-

Unfortunately, GS in the pure form is an extremely hygroscopic sub-•	

stance (i.e., it absorbs water). Because of this disadvantage, it cannot 

be used to prepare solid oral dosage forms.

Rottapharm scientists devoted great effort to creating a stable form •	

of GS. Eventually, a wet process was developed, which produced a 

mixed, crystalline, stable, and non hygroscopic salt (Glucosamine Sul-

fate Sodium Chloride). This product was called Crystalline Glucosami-

ne Sulfate or, in an abbreviated form, CGS. When dissolved in water 

or biological fluids, CGS gives a clear solution in which Glucosamine, 

sulfate, chloride, and sodium ions are present in stoichiometric ratios 

of 2:1:2:2, according to the following scheme

CGS + biol. fluids ⇒ 2G+ + SO4
2- + 2Na+ + 2Cl-

CGS has the same pharmacological and toxicological characteristics •	

of GS. But  unlike GS, GCS is stable and can be used to prepare solid 

oral dosage forms.

Most other Glucosamine Sulfate products are prepared by simply mi-•	

xing Glucosamine hydrochloride (G-HCl) and sodium or potassium 

sulfate. These mechanical mixtures do not assure homogeneity in the 

distribution of the ionic species in solution, with an unbalanced ratio 

between Glucosamine and sulfate ions.

Conclusions

Glucosamine base and Glucosamine Sulfate are unstable and can-

not be used to prepare solid oral dosage forms. CGS is the stabilized 

form of Glucosamine Sulfate, and is a unique active product ingredi-

ent that can be used to prepare solid oral dosage forms. CGS is ob-

tained by a patented process and is the drug substance originally de-

veloped by Rottapharm. Other Glucosamine preparations may differ 

from the original and have not been studied extensively. In addition, 

products sold as dietary supplements may not contain the amount 

of the substance written on the label.



CHAPTER 4

Crystalline Glucosamine Sulfate 

Mechanism of Action and Pharmacology

4.1 Traditional Mechanisms of Action for Glucosamine

Glucosamine plays a key role in the biochemistry of cartilage because  

it provides the building blocks for the synthesis of glycosaminoglycans, 

and thus of proteoglycans (see also Figure 2, § 3.0). This is the reason why 

early studies looked for the direct effects of Glucosamine on cartilage me-

tabolism. Indeed, when exogenous Glucosamine is used at concentrations 

above 50 μM, it exerts both anabolic and anti-catabolic effects in cultured 

chondrocytes and intact cartilage tissue (Table 5) 27,28.

Pharmacological properties		 Main findings

Anabolic effects			   Glucosamine is preferentially 
					     incorporated by chondrocytes into 		
					     glycosaminoglycan chains, where it 		
					     promotes the synthesis of physiolo-		
					     gical proteoglycans 27,28,29,30

Anti-catabolic effects		  Glucosamine inhibits the expression 		
					     and/or activity of catabolic enzymes 		
					     such as phospholipase A2, matrix		
				      	 metalloproteinases, and aggrecanase 

					     31,32,33

Table 5. 

Pharmacological properties 

of Glucosamine at high con-

centrations
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These effects provide a basis for the use of Glucosamine as a dietary 

supplement to promote cartilage health. However, at the therapeutic dose 

of 1500 mg Glucosamine Sulfate, Glucosamine concentrations in biological 

fluids are probably insufficient to reach this aim 34,35 (see also Crystalline 

Glucosamine Sulfate–Pharmacokinetics, § 5.0).

The actual mechanism of action of Glucosamine in OA has recently 

been elucidated and is detailed below.

4.2 The True Mechanism of Action of Crystalline Glucosamine 

Sulfate in OA

Recently, the anti-catabolic activity of Glucosamine has been associat-

ed with a reversal of the negative effects of interleukin (IL)–1 33,36,37, which 

results in decreased expression of key proinflammatory enzymes such as 

inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) 38. Cy-

tokine antagonism is believed to occur by virtue of an inhibitory effect on 

the IL–1 intracellular signaling pathway, in particular via inhibition of the 

transcription factor NF–kB (Figure 4) 39,40.

Researchers have demonstrated that Crystalline Glucosamine Sul-

fate (CGS)—the Rottapharm preparation of Glucosamine—inhibits 

IL–1-induced expression of different inflammatory and matrix degrada-

tion markers at Glucosamine concentrations of 10 µM or lower 41. Such 

concentrations are similar to those found in the plasma and synovial 

fluid of osteoarthritis patients after repeated once daily administration 

of CGS at therapeutic doses (corresponding to 1500 mg Glucosamine 

Sulfate). Moreover, CGS also inhibits cytokine-induced expression of 

NF–kB subunits at even lower concentrations (Table 6). This mechanism 

might support both the symptom- and the structure-modifying effects 

of Glucosamine in OA, as long as the compound is formulated to reach 

the systemic circulation and the joint in sufficient concentrations.

In addition to the primary role of Glucosamine itself, inorganic sulfates 

may contribute to the pharmacological effect of CGS in that they are essen-

tial for controlling the rate of glycosaminoglycan and proteoglycan synthe-

sis. Because sulfate serum levels increase after the administration of Glu-

cosamine Sulfate, special emphasis should be placed on the therapeutic 

use of sulfate salts of Glucosamine, compared to non-sulfate salts 42. 
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Marker measured* CGS IC50 (µM)

Cox-2 11.2 ± 1.2

inos 13.8 ± 5.6

IL–1ß 6.2 ± 3.0

Mmp3 10.2 ± 2.3

Adamts5 2.8 ± 0.7

p50 (NF–kB1) 0.2 ± 0.1

p52 (NF–kB2) 0.3 ± 0.2

p65 (Rel a) 0.5 ± 0.9

*Chondrocyte cultures were stimulated with IL–1 in the absence or presence of CGS
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Figure 4.a

Glucosamine inhibits IL–1-

mediated events by inhibit-

ing NF–kB activation

Table 6. 

Crystalline Glucosamine 

Sulfate: IC50 (μM ± SE) on 

IL–1-induced gene expres-

sion of different inflamma-

tory markers and NF–kB 

subunits.

Figure 4.B

CGS reduces IL−1-induced 

NF−kB activation, as as-

sessed by Electrophoretic 

Mobility Shift Assay (EMSA)
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Moreover, Glucosamine Sulfate is a stronger inhibitor of gene expression 

than Glucosamine hydrochloride 43, which may contribute to the different 

findings of clinical trials with different Glucosamine salts and formulations.

4.3 In vivo Pharmacology

The in vivo effects of Crystalline Glucosamine Sulfate on cartilage de-

struction were investigated in different experimental models.

Rabbit osteoarthritis model 44

Knee OA was induced in rabbits by transection of the anterior cruciate 

ligament. CGS (120 mg/kg daily) was added to the drinking water of 6 ani-

mals immediately after surgery, and 6 animals were used as controls. All 

animals were sacrificed 8 weeks after surgery. Cartilage lesions were eval-

uated “blind” by the same observer on a 1-7 scale for macroscopic chang-

es (1-softening, 2-localized superficial fibrillation, 3-large superficial fibrilla-

tion, 4-small erosion, 5-large erosion, 6-small bone exposure, and 7-large 

bone exposure). Overall assessment of chondropathy was performed on a 

100 mm visual analogue scale (VAS), according to the method of Ayral et 

al 45. These methods of assessment were considered by arthroscopists to 

be reliable and sensitive. The results showed a significant reduction of carti-

lage destruction in animals treated with CGS. It was thus demonstrated ex-

perimentally that CGS has structure-modifying properties in osteoarthritis.

Canine model of osteoarthritis 46

Osteoarthritic lesions were induced by transection of the anterior cru-

ciate ligament (ACL), and the dogs were given either no treatment or CGS 

(80 mg/kg two times daily p.o.) for 8 weeks. CGS significantly decreased 

collagenase expression and activity in the cartilage and synovium. More 

importantly, CGS reduced the macroscopic and histological severity of car-

tilage lesions (Figure 5).

STR/ort mouse model of osteoarthritis 47

STR/ort mice are considered a relevant model of human knee OA be-

cause they develop a naturally occurring OA of the tibiofemoral joint. Six-

month-old male mice were used, and CGS or its vehicle was administered 

subcutaneously once daily at doses of 200 and 400 mg/kg body weight. 
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These doses correspond to 950 and 1900 mg daily in humans, respec-

tively, after allometric transformation. The animals were euthanized after 3 

months of treatment, and the knee joints were collected, processed for 

histology, and scored in a blind fashion according to the OARSI (grade x 

stage) method.

Figure 5. 

Macroscopic and histo-

logical severity of cartilage 

lesions after ACL in the dog: 

the effect of Crystalline Glu-

cosamine Sulfate
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Figure 6. 

Effects of Crystalline Glu-

cosamine Sulfate on OA 

progression in the STR/ort 

mouse

naive naive
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Both doses of CGS significantly reduced the severity of the disease—

from a median of 16 to 8 and 6, respectively, at 200 and 400 mg/kg—in this 

relevant animal model of osteoarthritis (Figure 6).



CHAPTER 5

Crystalline Glucosamine Sulfate 

Pharmacokinetics

Until recently, limited knowledge about the pharmacokinetics of Glu-

cosamine (including oral bioavailability, peak plasma levels, and tissue distri-

bution) hampered our full understanding of the relationships between the 

clinical effects of Glucosamine and its mechanism of action.

The main limitation was the lack of suitable methods for detecting unla-

beled Glucosamine in biological fluids. Thus, preliminary evidence that Glu-

cosamine actually reaches the joints came from autoradiographic studies 

in which rats were given the radioactive compound 48. [14C] Glucosamine 

was diluted in unlabeled Crystalline Glucosamine Sulfate (CGS) and admin-

istered orally or intravenously at 20 µCi/kg body weight. [14C] Glucosamine 

entered most tissues rapidly. In particular, it was detected within the articu-

lar cartilage of various joints (Figure 7).

Figure 7. 

Autoradiograph of a rat 4 

hours after oral administra-

tion of 20 μCi/kg of [14C] 

Glucosamine diluted in CGS. 

a) sagittal section of the body; 

b) detail of the distribution 

of radioactivity in bone and 

cartilage of the humerus

BA
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In past years, the impossibility of performing bioequivalence studies 

against the patented form of CGS favored the appearance on the market of

undocumented Glucosamine salts,•	

improperly stabilized Glucosamine Sulfate substances, and•	

different dosage forms or regimens,•	

the clinical effects of which, when they have been studied, are 

clearly less favorable.

In recent years, specific and sensitive bioanalytical methods for the de-

termination of Glucosamine in humans have become available 49. Thus, the 

pharmacokinetic profile of Glucosamine after CGS administration has re-

cently been described and is reported in the following pages.

CGS is now the only Glucosamine product the pharmacokinetics of 

which

have been characterized in detail•	

support the mechanism of action by which Glucosamine exerts•	

	 symptom- and structure-modifying effects in OA.

5.1 The Pharmacokinetics of Crystalline Glucosamine Sulfate 

in Humans	

5.1.1 Steady-state bioavailability and plasma pharmacokinetics of 

Glucosamine after increasing oral doses of CGS

Twelve healthy volunteers were administered 3 consecutive once daily 

doses of CGS 50. Each subject received 3 dose levels under fasting con-

ditions in 3 study periods that were separated by a washout period of at 

least 3 days. The intermediate dose level of this study was selected based 

on the therapeutic dose of 1500 mg/day (with reference to GS). The other 

two dose levels corresponded to half (750 mg) and twice (3000 mg) the 

therapeutic dose.

Endogenous Glucosamine was detected in all plasma samples collect-

ed before drug administration. The basal concentrations ranged from 10.4 

to 204 ng/mL (corresponding to 0.06 and 1.1 µM, respectively). Regard-

less of this high degree of inter-subject variability, mean values did not dif-

fer significantly either between males and females or across the 3 study 

periods.
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Glucosamine was rapidly absorbed and available to the systemic circu-

lation. Steady state was reached with the third administration. Peak con-

centrations were achieved within 3-4 hours (median Tmax) and were in the 

10 µM range with the standard therapeutic once daily dosage of 1500 mg 

(Figure 8). The median peak steady-state plasma concentration (Css, max) at 

this dose was actually 9.92 µM (1777.6 ng/mL). Thereafter, plasma concen-

trations of Glucosamine decreased slowly and were consistently above 

baseline levels 48 hours after dosing in all subjects and at all doses. The 

elimination half-life of Glucosamine was estimated to be about 15 hours, 

which supports once daily administration.

Conclusion

After therapeutic doses of CGS, plasma Glucosamine levels are in the 

range (~10 µM) at which Glucosamine is expected to be pharmaco-

logically active (i.e., to inhibit IL–1-induced gene expression).

Figure 8. 

Mean (±SD) Glucosamine 

plasma concentration vs. 

time profiles at steady state 

after repeated once daily 

doses of CGS correspond-

ing to 750, 1500, and 3000 

mg GS (n=12 for each dose 
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5.1.2 Synovial Glucosamine concentrations after CGS at the thera-

peutic dose

A study was undertaken to test whether Glucosamine reaches the 

joints after 14-day oral administration of CGS at the therapeutic dose of 

1500 mg (as GS) once daily 51. Twelve patients (6 males and 6 females) with 

knee OA received 14 consecutive once daily oral doses of CGS. Plasma and 

synovial fluid samples were collected simultaneously from the same pa-

tient, at baseline and at steady-state.

The median endogenous Glucosamine concentrations in plasma and 

synovial fluid were 52.0 ng/mL (0.29 µM) and 36.5 ng/mL (0.21 µM), re-

spectively (p=0.001), and varied greatly among patients (41-121 ng/mL and 

<10-67 ng/mL, respectively). Three hours after the last dose, median Glu-

cosamine concentrations increased 20.5- and 21.5-fold,  in plasma and syn-

ovial fluid respectively. This suggests that after CGS administration, Glu-

cosamine has a similar distribution between the two compartments. Post-

treatment Glucosamine levels ranged from 600 to 4061 ng/mL (3.35-22.7 

µM) in plasma and from 577 to 3248 ng/mL (3.22-18.1 µM) in synovial flu-

id (Table 7). Thus, plasma and synovial Glucosamine concentrations were 

highly correlated (Figure 9), and were in the 10 µM range.

Plasma Synovial fluid

ng/mL µM ng/mL µM

Median 1282 (20.5) 7.17 777 (21.5) 4.34

Range
600-4061 

(8-90)
3.35-22.7

577-3248 
(10->197.8)

3.22-18.1

Conclusions

Glucosamine synovial levels after therapeutic doses of CGS are in 

the range (~10 µM) at which Glucosamine is expected to inhibit the 

expression of inflammatory and matrix degradation markers.

Table 7. 

Glucosamine levels in 

plasma and synovial fluid, 3 

hours after the last drug ad-

ministration. Fold increases 

over baseline values are 

shown in brackets
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5.1.3 Crystalline Glucosamine Sulfate vs. Glucosamine hydrochloride 

(alone or in combination with chondroitin sulfate)

As reported above, the pharmacokinetics of CGS show peak plasma 

Glucosamine levels in the 10 µM range. In vitro studies have demonstrat-

ed that these levels are effective in counteracting IL–1-induced gene ex-

pression, an effect that is currently regarded as the mechanism of action 

of Glucosamine in OA.

Conversely, studies of Glucosamine pharmacokinetics after administra-

tion of the Glucosamine hydrochloride (G-HCl) formulation used in the NIH-

sponsored GAIT trial suggested that the peak levels might be lower 52,53,54. 

Based on the pharmacokinetic data shown in Table 8, the negative results 

with Glucosamine hydrochloride in OA patients may not be so surprising 

(see the Clinical Efficacy section for a discussion of this aspect; § 6.5) 54.

On the other hand, it is evident that pharmacokinetic data cannot be 

directly compared unless generated within the same study. It was there-

fore necessary to investigate, in a direct comparative study, the relative 

bioavailability of Glucosamine after repeated oral administration of the Glu-

cosamine salts, formulations, and dose regimens used in the GUIDE (CGS) 

and GAIT (G-HCl) trials. Thus, twelve healthy volunteers (5 males and 7 fe-

males) were randomized in a crossover design to receive CGS powder for 

oral solution 1500 mg once daily or Glucosamine hydrochloride capsules 

Figure 9. 

Correlation between plasma 

and synovial fluid Glu-

cosamine concentrations. 

The correlation is described 

by the equation y=0.84x - 

115.6 (r=0.96)
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Fig. 3. Correlation between plasma and synovial fluid glucosamine
concentrations at the end of treatment. The correlation was linear
and described by the equation y ¼ 0.84x     115.6 (r¼0.96).
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500 mg t.i.d. (either alone or in combination with chondroitin sulfate 400 

mg t.i.d) 55 for 3 days. Glucosamine was determined at steady state, in 

plasma collected up to 48 hours after the last dose, by a validated Liquid 

Chromatography/Mass Spectrometry (LC-MS/MS) method.

Glucosamine was bioavailable following administration of the three dif-

ferent treatments. After CGS 1500 mg once daily, peak concentrations (Css, 

max) and extent of exposure (AUCss) averaged 9.1±6.3 µM and 76.5±23.0 

µM∙h respectively. Significantly lower plasma concentrations were found 

after the administration of 500 mg Glucosamine hydrochloride alone (Css, 

max and AUCss averaged 4.5±1.8 µM and 21.4±7.6 µM∙h, respectively), or in 

combination with chondroitin sulfate (Css, max and AUCss averaged 3.3±1.0 

µM and 13.7±5.4 µM∙h, respectively). Detailed results are presented in 

Table 9 and Figure 10.

Conclusion

Glucosamine hydrochloride 500 mg three times daily might produce 

an extent of exposure similar to that of CGS 1500 mg once daily, but 

at significantly lower (less than half) peak plasma concentrations of 

Glucosamine. Such lower concentrations might not reach the phar-

Table 8.

Pharmacokinetic parameters 

after CGS 1500 mg (u.i.d.), 

Glucosamine hydrochloride 

1500 mg (u.i.d.), or Gluco-

samine hydrochloride 500 

mg (t.i.d.)

CGS 1500 mg u.i.d.

Steady State 50

G-HCl 500 mg t.i.d.

Steady State 53

G-HCl 1500 mg u.i.d.

Single Dose 52

Cmax (mean)
ng/mL•	
µM•	

1602±425

8.9±2.4

211±94

1.2±0.5

545±155

3.0±0.9

T½ (hours) 15 3.9 3.3

Reference clinical trial and outcome for each salt, formulation, and regimen

CGS 1500 mg once daily

GUIDE trial

(positive results in OA)

G-HCl 500 mg t.i.d.

GAIT trial

(negative results in OA)

−

u.i.d., once daily; t.i.d., three times daily
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Table 9. 

Glucosamine pharma-

cokinetic parameters (mean 

±SD) after the administra-

tion of the three drugs in 

the study

CGS G-HCl G-HCl + CS

Css, max (ng/mL) 1623.6±1131.6† 798.4±317.3 588.9±181.5

Css, max (μM) 9.1±6.3† 4.5±1.8 3.3±1.0

AUCss (ng∙h/mL) 13712±4112† 3839±1370 2463±962

Tmax (h)* 3(3-4) 3(1-4) 3(1-6)

CGS, Crystalline Glucosamine Sulfate; G-HCl, Glucosamine hydrochloride; CS, chondroitin sulfate

*median and range. †p<0.05 vs. G-HCl and vs. G-HCl +CS.

macologically effective threshold. This finding could explain the lack 

of efficacy of Glucosamine hydrochloride in OA. The combination of 

Glucosamine hydrochloride and chondroitin sulfate further reduces 

the bioavailability of Glucosamine.

FIGURE 10.

Mean (±SD) Glucosamine 

plasma concentration (μM) 

vs. time profile after repeat-

ed doses of CGS or G-HCl 

alone or in combination with 

CS (n=12 for each study 

medication)
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CHAPTER 6

Crystalline Glucosamine Sulfate

Clinical Efficacy in OA

Crystalline Glucosamine Sulfate (CGS) is the original Glucosamine prod-

uct which was made available for human use and specifically developed by 

Rottapharm as a prescription drug for the treatment of osteoarthritis. CGS 

is the only form of Glucosamine used in successful clinical trials conducted 

for scientific and regulatory purposes. Thus, CGS should not be confused 

with other forms of “Glucosamine” widely employed as dietary supple-

ments or generics in different salts, formulations, dosages, or combina-

tions. The effects of most of these products have not yet been assessed 

in clinical studies.

Conversely, CGS has been evaluated in over 25 controlled and non-con-

trolled studies involving more than 7000 patients with OA. This comprehen-

sive clinical program includes short- and medium-term studies on symptoms 

and long-term studies on structural changes and symptoms. The core evi-

dence of efficacy is represented by the results of three pivotal trials 56,57,58, 

which support the favorable effects of Glucosamine on the symptoms and 

progression of OA. The once daily CGS formulation used in pivotal studies is 

virtually identical to the sachet formulation that is marketed worldwide.

For practical reasons, studies of CGS have been classified based on 

whether they were designed to assess the efficacy of GCS as a symptom-

modifying or a structure-modifying drug in OA. High-quality trials are sum-

marized in the following pages.
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6.1 Studies Designed to Assess the Efficacy of CGS as a Symp-

tom-Modifying Drug in OA

6.1.1 Supportive clinical trials vs. placebo

The early clinical studies of the original CGS consisted of four rand-

omized, controlled trials, mostly short-term (weeks or months) 59,60,61,62. 

Although conducted when the knowledge about clinical trial methodology 

for OA was still poor, these studies provided good evidence of efficacy on 

OA symptoms at different joint localizations. Moreover, they led to market-

ing approval of CGS and support the daily dose that has been used in more 

recent trials, which are detailed in this section.

Crystalline Glucosamine Sulfate in osteoarthritis of the knee 63

Objective

To evaluate the efficacy and safety of CGS on the symptoms of knee OA.•	

Study design

Randomized, placebo-controlled, double-blind, parallel-group study. 	•	

Treatment duration was 4 weeks, with weekly assessments of clini-

cal status.

The treatment arms were:

CGS 1500 mg/day, oral (N=126).•	

Placebo (N=126).•	

Inclusion criteria

Osteoarthritis of the knee (Lequesne criteria). Lequesne algofunction-•	

The efficacy of CGS in OA: a summary of the evidence from pivotal clinical trials

The efficacy of CGS on OA symptoms in 6-month and 3-year trials is comparable to that of NSAIDs for •	

much shorter treatments

Two 3-year studies have shown, for the first time with any pharmacological intervention for OA, a si-•	

gnificant delay in the progression of joint structure changes. These results indicate that CGS has struc-

ture-modifying properties and may therefore be a disease-modifying agent

The long-term follow-up of patients enrolled in clinical studies indicates that CGS reduces disability •	

and surgical joint replacement
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al index of at least 4 points and symptoms for at least 6 months 		

before enrollment.

Total no. of patients and study endpoints

Two hundred fifty-two patients, mean age 55 years, 60% female. •	

The main evaluation criterion was the Lequesne algofunction-•	

al index 64, in conjunction with the investigator’s overall judgment of 

effectiveness. Responders were defined as patients with a reduction 

of at least 3 points in the Lequesne index and a positive overall as-

sessment by the investigator.

Results

After 4 weeks, GGS was more effective than placebo in improving •	

the Lequesne index score (Figure 11), with a higher responder rate: 

52% vs. 37% based on an intent-to-treat analysis (p=0.016).

The beneficial effects of CGS occurred as early as 2 weeks after the  •	

treatment began.

Conclusions

CGS is effective in improving OA symptoms in the short-term. 7

0
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Efficacy of Crystalline Glucosamine Sulfate in osteoarthritis of the 

spine 65

Objective

To evaluate the efficacy and safety profile of oral CGS in controlling •	

the symptoms of osteoarthritis of the spine.

Study design

Placebo-controlled, double-blind, parallel-group study. Treatment du-•	

ration was 6 weeks, followed by a 4-week treatment-free follow-up 

period.

The treatment arms were:

CGS 1500 mg once daily (N=43).•	

Placebo (N=49).•	

Inclusion criteria

Patients diagnosed as having cervical and/or lumbar OA on the basis •	

of chronic pain (>6 months) and stiffness/functional limitation, plus 

radiological signs of disease activity.

Total no. of patients and study endpoints

One hundred sixty patients, mean age 64 years, 82% female.•	

The response rate was based on the investigator’s overall judgment •	

of effectiveness .

Results

More than 51% of patients randomized to CGS were reported to •	

have either “improved” or “definitely improved” symptoms, com-

pared with 28.6% in the placebo group (p=0.034).

Pain at rest, pain at movement, tenderness, night pain, and rotation-•	

al movement (degrees) improved more with CGS than with placebo. 

The positive effects were maintained for 4 weeks after the discontin-

uation of CGS. Figure 12 shows the change in visual analogue scale 

(VAS) scores over time (lumbar pain).

Conclusions

CGS is effective in the treatment of osteoarthritis of the spine. The 

beneficial effects are maintained for 4 weeks after the discontinua-

tion of GCS.
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6.1.2 Supportive clinical trials vs. NSAIDs

Crystalline Glucosamine Sulfate vs. ibuprofen 66

Objective

To compare the effects of CGS and ibuprofen on the symptoms of •	

knee OA.

Study design

Randomized, reference-controlled, double-blind, multicenter, prospec-•	

tive, parallel-group trial. Treatment duration was 4 weeks.

The treatment arms were:

CGS 1500 mg/day, oral (N=100).•	

Ibuprofen 1200 mg/day, oral (N=99).•	

Inclusion criteria

Osteoarthritis of the knee (Lequesne criteria), with symptoms for at •	

least 3 months before enrollment and a Lequesne index of at least 

7 points.

Total no. of patients and study endpoints

One hundred ninety-nine patients, mean age 54 years, 48% female.•	

Figure 12. 
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The main evaluation criterion was based on the Lequesne index, to-•	

gether with a positive overall assessment by the investigator.

Results

After 4 weeks of treatment, both CGS and ibuprofen decreased the •	

Lequesne index by about 40%. There were no significant differences 

between the two groups (Figure 13).

The responder rate was 48% for CGS and 52% for ibuprofen (p=0.67).•	

Although ibuprofen had a faster onset of action than CGS, the benefi-•	

cial effects of CGS were observed within 2 weeks of treatment and 

thereafter were similar to those of the NSAID.

These results were confirmed in a similar randomized, double-blind 

study of CGS vs. ibuprofen in an ethnically different population (178 Chi-

nese patients) 67.

Conclusions

CGS is as effective as the NSAID ibuprofen in relieving the symp-

toms of osteoarthritis. The onset of action of CGS is observed within 

2 weeks. The similar efficacy between the two drugs should be con-

sidered in the broader context of a chronic treatment, because CGS 

is associated with significantly fewer adverse events than ibuprofen 

(see Safety section, § 7.1).

Figure 13. 
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Crystalline Glucosamine Sulfate vs. piroxicam 68

Objective

To compare the effects of CGS, a placebo, piroxicam, and a combina-•	

tion of CGS and piroxicam on the symptoms of knee OA.

To study the “time-effect relationship” of CGS (onset of action and •	

duration of effect after treatment withdrawal).

Study design

Randomized, placebo and reference-controlled, double-blind, double-•	

dummy, multicenter, prospective, parallel-group trial. Treatment duration 

was 12 weeks, followed by an 8-week treatment-free follow-up period.

The treatment arms were:

CGS 1500 mg, oral, once daily (N=79).•	

Piroxicam 20 mg, oral, once daily (N=86).•	

CGS 1500 mg + piroxicam 20 mg once daily (N=77).•	

Double placebo (N=77).•	

Inclusion criteria

Osteoarthritis of the knee, according to the criteria formulated by •	

Lequesne and those of the American College of Rheumatology. Pa-

tients had to have a minimum score of 4 points on the Lequesne al-

gofunctional index and global knee pain≥40 mm on a 100 mm VAS.

Total no. of patients and study endpoints

Three hundred nineteen patients, mean age 66 years, 74% female.•	

The main outcome measure was the Lequesne algofunctional index •	

of severity for knee osteoarthritis.

Results

CGS 1•	 500 mg once daily was effective in improving the symptoms 

of osteoarthritis. At the end of the 3-month treatment period, the 

Lequesne algofunctional index decreased on average by nearly 5 

points (Figure 14).

With CGS, the onset of symptom relief was already evident after 2 •	

weeks, and was similar to that observed with piroxicam alone.

After 4 weeks, the improvement with CGS was greater than that with •	

piroxicam. At the end of the 3-month treatment period, piroxicam 

was less effective than CGS: the Lequesne algofunctional index de-

creased by 27% in the piroxicam group and by 47% in the CGS group 

(p<0.05).
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Both CGS and piroxicam were more effective than the placebo •	

(p<0.001) in reducing the signs and symptoms of osteoarthritis.

There were no significant differences between the CGS group and •	

the combination (CGS + piroxicam) group in terms of efficacy. Com-

bined therapy tended to have a faster onset of action during the first 

2 weeks.

The effect of CGS (or of the combined therapy) was maintained up to 8 •	

weeks after drug withdrawal (“carryover effect”; p<0.01 vs. placebo).

This long-lasting effect was not observed in the piroxicam group.•	

Conclusions

CGS is more effective than piroxicam in controlling the symptoms of 

osteoarthritis over a 3-month treatment period. Combined therapy 

(CGS plus an NSAID) might produce a faster onset of symptom relief 

during the first 2 weeks of treatment. The beneficial effects of CGS 

are maintained for at least 8 weeks after drug withdrawal, while this 

is not the case with piroxicam.

Figure 14. 
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6.1.3 The pivotal study of CGS as a symptom-modifying drug in OA: 

results from the Glucosamine Unum In Die Efficacy (GUIDE) trial

Objective

To assess the efficacy and safety of CGS on the symptoms of knee •	

OA during a 6-month course of treatment 58. Acetaminophen (para-

cetamol), the currently preferred medication for symptomatic treat-

ment of OA, was used as a side comparator.

Study design

Multicenter, prospective, randomized, double-blind (double-dummy), •	

placebo- and reference-controlled trial.

The treatment arms were:

CGS powder for oral solution 1884 mg once daily in single-dose sa-•	

chets (equivalent to 1500 mg of Glucosamine Sulfate; N=106).

Acetaminophen 3000 mg/day (one 1000 mg tablet three times daily; •	

N=108).

Placebo (N=104).•	

Inclusion criteria

Primary osteoarthritis of one or both knees, according to the clinical •	

and radiographic criteria of the American College of Rheumatology.

Total no. of patients and study endpoints

Three hundred eighteen patients in the ITT population, mean age be-•	

tween 60 and 65 years, 88% female.

The primary efficacy outcome was the change in the Lequesne al-•	

gofunctional index of severity for OA of the knee 64-B. The secondary 

efficacy endpoints were the Western Ontario and McMaster Univer-

sities Osteoarthritis (WOMAC) Index 69-C and the Osteoarthritis Re-

search Society International (OARSI) responder criteria 70-D.
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B. A disease-specific, aggregated multidimensional index consisting of 5 questions addressing knee pain, 4 questions on knee 
function in daily living, and a scale of maximum distance walked. The worst possible total index score is 24, but the disease is 
considered extremely severe if the score is>13 64.
C. The 0–4-point Likert scale (LK 3.0) - WOMAC version - was used, addressing severity of knee pain (5 questions), limitation 
of physical function (17 questions), and stiffness (2 questions) in the 48 hours before assessment. The worst possible scores 
on the WOMAC subscales are therefore 20, 68, and 8 in the 3 domains, respectively, and can be used to normalize the Likert 
scores to a 0–100 scale, i.e., similar to a 100-mm visual analog scale (VAS) 69.
D. The OARSI-A responder criteria for oral OA-specific drugs consist of a dichotomous outcome measure that defines as respon-
ders those patients with either a high degree of improvement in pain (at least 55% relative change on the WOMAC pain sub-
scale, with an absolute change of at least 30 on a 0–100 standardized scale) or moderate improvement in 2 of the 3 domains 
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Results

The treatment groups were comparable in terms of demographic and •	

baseline disease characteristics.

CGS was significantly more effective than the placebo on the 6-month •	

primary efficacy outcome (Lequesne index, ITT analysis), whereas aceta-

minophen failed to reach a significant effect (Figure 15 and Table 10).

The clinical relevance of the effect size of CGS vs. placebo (0.32; •	

0.05-0.59) on the primary outcome was confirmed by the higher pro-

portion of responders according to the OARSI-A criteria (39.6% vs. 

21.2% in the placebo group; p=0.004). Acetaminophen also had more 

responders than the placebo (33.3%, p=0.047).

CGS was significantly superior to the placebo in reducing the WOM-•	

AC total index, whereas no significant differences vs. placebo were 

found in the acetaminophen group (Table 10).

More patients on the placebo (91%) used ibuprofen as a rescue med-•	

ication (p=0.027 and 0.045 vs. CGS [78%] and acetaminophen [79%], 

respectively).

Figure 15.

Intent-to-treat change in 

symptom scores (points: 

mean and 95% CI) after 6 
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outcome (Lequesne index)
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of pain, function (on the WOMAC physical function subscale), and patient global assessment (35%, 15%, and 15% relative 
changes, with 10, 20, and 15 standardized units of absolute change, respectively). The OARSI-B responder criteria requires a 
high degree of improvement in pain or function, or moderate improvement in 2 of the 3 domains listed above 70.
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Conclusion

CGS 1500 mg once daily should be the preferred symptomatic medi-

cation for medium and long-term treatments in patients with knee 

OA. In fact, CGS is at least as effective as acetaminophen—the pre-

ferred treatment in OA practice guidelines—in improving OA symp-

toms (as measured by the Lequesne and WOMAC indexes). Further-

more, the proportion of responders to CGS is higher than the propor-

tion of responders to acetaminophen and placebo, as assessed by the 

OARSI-A responder criteria.

6.2 Pivotal Studies Designed to Assess the Efficacy of CGS as 

a Structure-Modifying Drug in OA

The studies summarized in the previous section demonstrated that 

CGS improves the symptoms of osteoarthritis. CGS acts in a way that is 

different from that of unspecific symptomatic medications (e.g., NSAIDs), 

including a more progressive action and a distinct long-lasting effect. The 

latter may underlie changes in the evolution of the disease. However, sci-

entific organizations and health regulatory authorities agree that disease 

modification should be achieved by stopping or delaying joint pathological 

changes by a so-called structure-modifying effect 12,13,11,71. As it is impossi-

ble to perform a pathology assessment, it is acknowledged that joint space 

narrowing (JSN), measured by radiographic methods represents a good in-

dicator of structural changes to the joint.

Table 10. 

Changes in the Lequesne 

and WOMAC indexes 

(ITT), and % of patients 

meeting the secondary ef-

ficacy outcome measure 

(responders according to the 

OARSI-A criteria)

Placebo
(n=104)

Acetaminophen
(n=108)

Crystalline Glucosamine 
Sulfate (n=106)

Baseline 6 months Baseline 6 months Baseline 6 months

Lequesne (points)* 10.8 (2.6)
-1.9

(-2.6 to -1.2)
11.1 (2.7)

-2.7
(-3.3 to -2.1)

11.0 (3.1)
-3.1*

(-3.8 to -2.3)

WOMAC (points)* 37.9 (14.3)
-8.2

(-11.3 to -5.1)
40.4 (14.8)

-12.3
(-14.9 to -9.7)

38.3 (15.2)
-12.9†

(-15.6 to -10.1)

OARSI-A 
responders (%)

- 21.2 - 33.3‡ - 39.6§

*Mean absolute (SD) at baseline and change (95%CI) at 6 months. 

p vs. placebo: * 0.032 [difference= -1.2 (-2.3 to -0.8)]; † 0.039 [difference= -4.7 (-9.1 to -0.2)]; ‡ 0.047; § 0.004 

chapter 6  •  cgs - clinical efficacy in oa



50	 crystalline glucosamine sulfate ®  

Two 3-year pivotal studies have shown, for the first time with any phar-

macological intervention for OA, that CGS significantly delays the progres-

sion of joint structure changes, as assessed by radiographic measurements 

of joint space width (JSW) and joint space narrowing (JSN). These results 

indicate that CGS has structure-modifying properties and may be therefore 

a disease-modifying agent. A summary of these two pivotal studies is pre-

sented in the following subsections.

6.2.1 Long-term effects of CGS on OA progression: a randomized, pla-

cebo-controlled clinical trial

Objective

To assess the effects of CGS on the long-term progression of joint •	

structure changes and symptoms in patients with osteoarthritis 56.

Study design

Randomized, placebo-controlled, double-blind, parallel group study. •	

Treatment duration was 3 years.

The treatment arms were:

CGS powder for oral solution 1884 mg once daily (equivalent to 1500 •	

mg of Glucosamine Sulfate; N=106).

Placebo (N=106).•	

Inclusion criteria

Osteoarthritis of the knee, according to the American College of •	

Rheumatology (ACR) criteria.

Total no. of patients and study endpoints

Two hundred twelve patients (106 in each group), mean age 66 years, •	

76% female.

Weight-bearing, anteroposterior radiographs of each knee in full ex-•	

tension were taken at enrolment and after 1 and 3 years. The prima-

ry structural endpoint was joint space narrowing (JSN) evaluated by 

digital image analysis of mean joint space width (JSW) in the medial 

compartment of the tibiofemoral joint, as well as by visual inspection 

(with the aid of a magnifying lens) at the narrowest point.

The primary endpoint for symptom relief was the WOMAC index.•	

Results

Patients had similar mild to moderate radiographic grading and JSW •	

at enrolment, with mild to moderate symptoms.
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CGS was effective in preventing structure changes and in controlling •	

symptoms.

Placebo-treated patients suffered a mean JSN of about -0.1 mm/year, •	

which is in line with data reported in the literature. No narrowing oc-

curred on average in the CGS group. The final differences between 

groups were significant (Table 11).

Furthermore, 30% of patients randomized to placebo had a severe •	

mean JSN>0.5 mm, which may predict disability in the future, com-

pared with only 15% of patients on CGS (p= 0.013).

After 3 years, there was an improvement in the primary symptom •	

outcome measure (total WOMAC index) in the CGS group (-11.7%, 

ITT; -24.3%, completers). Conversely, the symptoms of patients treat-

ed with the placebo worsened (9.8% in both ITT and completers). 

There were significant improvements in WOMAC pain and function 

subscales with CGS vs. placebo (Figure 16).

Table 11. 

The effect of CGS on joint 

space (0–3 years)

Placebo CGS Difference p

JSW at enrollment, mm

(mean ± SD)
3.95±1.24 3.82±1.32 - -

Intent-to-treat analysis (n=106) (n=106)

3-year JSN, mm

(mean and 95% CI)

-0.40

(-0.56 to -0.24)

-0.07

(-0.22 to 0.07)

0.33

(0.12 to 0.54)
0.003

Patients assessed for 3 years (n=71) (n=68)

3-year JSN, mm

(mean and 95% CI)

-0.40

(-0.64 to -0.17)

0.11

(-0.10 to 0.33)

0.51

(0.20 to 0.83)
0.002
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6.2.2 The use of CGS and delay of the progression of OA: a 3-year, ran-

domized, placebo-controlled, double-blind study

Objective

To confirm, in an independent trial, the effects of CGS on the long-•	

term progression of joint structure changes and symptoms in patients 

with osteoarthritis 57.

Study design

Randomized, placebo-controlled, double-blind, parallel group study. •	

Treatment duration was 3 years.

The treatment arms were:

CGS powder for oral solution 1884 mg once daily (equivalent to 1500 •	

mg of Glucosamine Sulfate; N=101).

Placebo (N=101).•	

Inclusion criteria

Osteoarthritis of the knee, according to the ACR criteria.•	

Figure 16.
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change in WOMAC pain and 

function after 3 years. 
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Total no. of patients and study endpoints

Two hundred two patients, mean age 62 years, 78% female.•	

Weight-bearing, anteroposterior radiographs of each knee were taken at •	

enrollment and after 1, 2, and 3 years, with the knees in full extension.

The primary structural endpoint was joint space narrowing (JSN) at •	

the narrowest medial compartment of the tibiofemoral joint.

Symptoms were evaluated primarily by the Lequesne algofunctional •	

severity index. 

Results

Patients in the two groups had similar baseline demographic and dis-•	

ease characteristics and represented a sample of the general popula-

tion with osteoarthritis.

CGS was superior to the placebo in preventing structure changes and •	

in controlling symptoms.

After 3 years, placebo-treated patients had an average JSN of about •	

–0.2 mm, whereas no narrowing occurred in the CGS-treated group 

(Figure 17). The difference between groups was highly significant 

(p=0.001).

Figure 17.
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Symptoms improved steadily over the first year of treatment with •	

CGS, and this improvement was maintained until the end of the study 

(Figure 18).

After 3 years, symptoms improved modestly with the placebo but as •	

much as 20 to 25% with CGS. The effect size was similar to that ob-

served in the first long-term study.

Conclusions

The two pivotal 3-year trials have shown, for the first time, that a 

pharmacological intervention can delay the progression of joint struc-

ture changes. In the editorial accompanying the first pivotal trial (The 

Lancet 72), the author defined CGS as the possible dawn of a new era 

in the treatment of osteoarthritis, and the trial as a landmark in OA 

research.

Thus, combined symptom- and structure-modifying effects were ob-

tained in two large, independent, randomized, placebo-controlled, 

long-term (3-year) trials, according to the regulatory requirements set 

forth in the CPMP/EWP/784/97 document 11. This suggests that Glu-

cosamine (in the form of CGS) may be the first disease-modifying 

agent in OA.

Figure 18. 
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6.3 Studies Derived from the Pivotal Long-Term Trials

Follow-up studies of patients who participated in the long-term trials 
73,74,75

These studies were undertaken to confirm that CGS positively affects 

the progression of osteoarthritis. In fact, if a drug has structure-modifying 

properties, long-term follow-up of patients should be able to document 

prevention of clinically significant disease outcomes—i.e., patient disability 

and/or the need for surgical joint replacement. Thus, patients who participa-

ted in the pivotal long-term studies were followed for an additional number 

of years after CGS was discontinued.

Objective

To assess the incidence of total joint replacement in OA patients for-•	

merly receiving CGS or the placebo 75.

Methods

Patients participating in the two pivotal 3-year trials of CGS and re-•	

ceiving treatment for at least 12 months were contacted to partici-

pate in a long-term retrospective assessment of the incidence of to-

tal knee replacement.

Results

Out of 340 patients with at least 12 months of treatment, 275 (81%)  •	

were retrieved and interviewed. There were no differences in base-

line characteristics between groups.

The mean duration of follow-up was about 5 years after treatment •	

withdrawal. Thus, the mean period of observation was 8 years.

Total knee replacement had occurred in over twice as many patients •	

in the placebo groups (19/131, 14.5%) than in those in the CGS 

groups (9/144, 6.3%) (p=0.024).

The Kaplan Meier/Log-Rank test survival analysis confirmed a signifi-•	

cantly decreased (p=0.026) incidence of total knee replacements in 

patients who were formerly treated with CGS (Figure 19).

Post-hoc analyses from the pivotal studies

The publications summarized in this subsection have been derived from 
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the pivotal long-term trials. They are important for a better understanding 

of the clinical effects of CGS.

Firstly, the post-hoc analysis of the predominant subgroup of post-•	

menopausal women from the two 3-year trials, consisting of 319 pa-

tients, outlined a particularly evident symptom- and structure-modi-

fying effect of CGS 76. It should be noted that this population is the 

most frequently affected by knee OA.

A second analysis •	 77 was carried out to assess whether the greater 

pain relief in the CGS arms could have

altered the positioning of the knee;1.	

favored a better knee extension;2.	

confounded the estimate of JSN, exaggerating the differences 3.	

between treatment groups.

To this end, patients completing the 3-year treatment course in either 

study were included in the analysis if their pain had improved at least as 

much as the mean improvement in the CGS arms. Patients meeting such a 

criterion were regarded as responders irrespective of treatment with CGS 

or placebo. This analysis demonstrated that pain relief did not confound the 

assessment of JSN at all (Figure 20), further validating the results of the 

studies designed to assess the efficacy of CGS as a structure-modifying 

drug in OA.

Figure 19. 
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Two additional full reports derived from post-hoc analyses of the pivotal 

trial by Reginster et al. 56.

In the first one, the authors found a poor correlation between symp-•	

toms and radiographic findings 78, as widely described in the literature. 

However, there was a modest but significant correlation between pain 

and JSN, and the symptom-modifying effect of CGS was significant re-

gardless of baseline joint structural damage and its progression.

Importantly, the results of the second analysis showed that patients •	

with better preserved joint space at baseline suffered the most dramat-

ic JSN after 3 years when receiving placebo and were those in whom 

the structure-modifying effect of CGS was more evident 79. Such pa-

tients may be particularly responsive to structure-modifying drugs.

Conclusions

The structure-modifying effects of CGS are clinically relevant because 

treatment with CGS for up to 3 years decreases the incidence of total 

joint replacements, and this activity is real and not affected by con-

founders. Patients with better preserved joint space at baseline are 

those who benefit more from the structure-modifying properties of 

CGS. This finding has a broad significance and supports early inter-

vention with CGS in patients with OA.

Figure 20. 
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With CGS, the Number Needed to Treat (NNT)—i.e., the number of pa-

tients that need to be treated to avoid one knee replacement—is 12.

6.4 Glucosamine therapy for treating osteoarthritis: the Co-

chrane Review

In the most recent version (2005) of the meta-analysis first published 

as a Cochrane Review in 2001 80,25, all research was updated in January 

2005. An additional four randomized controlled trials (RCTs; besides the 16 

reviewed in the earlier version) were identified. The majority of the RCTs 

(13/20) had investigated the Glucosamine Sulfate manufactured by Rotta-

pharm (i.e., CGS). Six RCTs did not use the Rottapharm preparation of Glu-

cosamine, and one used both a non-Rottapharm and a Rottapharm prepara-

tion (in 90% and 10% of patients, respectively). Pooled results from studies 

using a non-Rottapharm preparation failed to show benefits in terms of pain 

and function, whereas those studies evaluating the Rottapharm preparation 

showed that CGS is superior to placebo in the treatment of pain (Figure 21) 

and functional impairment resulting from symptomatic osteoarthritis. In ke-

eping with the results of the two pivotal long-term studies of CGS 56,57, the 

Cochrane Review acknowledges that only the Rottapharm preparation of 

Glucosamine Sulfate may slow radiological progression of OA (Figure 22).

Figure 21. 

From the Cochrane Review. 
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6.5 Clinical Studies With other Glucosamine Products and 

Combinations

As clearly outlined in the Cochrane Review, although the efficacy of Glu-

cosamine can be documented when all available trials of any Glucosamine 

preparation are pooled together, the efficacy is linked only to the trials per-

formed with Crystalline Glucosamine Sulfate (CGS, Rottapharm). Indeed, 

there is no symptom improvement in the pooled results of trials that used 

other Glucosamine preparations (Figure 23). This finding is important be-

Figure 22. 

From the Cochrane Review. 
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cause it comes from eminent, independent authors in a systematic sum-

mary of reliable evidence of the benefits and risks related to healthcare 

interventions.

All successful clinical studies of Glucosamine in the treatment of oste-

oarthritis have been conducted with the Crystalline form of Glucosamine 

Sulfate developed by Rottapharm. In the absence of

clinical trials directly comparing CGS with other forms of Glucosami-1.	

ne contained in generics or dietary supplements

pharmaceutical similarity and/or human bioequivalence data,2.	

it is unacceptable to transfer the clinical benefits demonstrated for CGS to 

other claimed Glucosamine-derived compounds. Some of these products 

have been recently criticized for major deviations from label claims regar-

ding the amount of active ingredient and, therefore, for poor pharmaceu-

tical quality 23,81. Moreover, most clinical trials with other forms of Gluco-

samine used a different dosage (500 mg three times daily instead of 1500 

mg once daily). As detailed in the Pharmacokinetics section, doses lower 

than 1500 mg are very unlikely to produce plasma and synovial fluid con-

centrations of Glucosamine in the 10 μM range—i.e., those required to in-

hibit the effects of IL–1 41.

6.5.1 Non-Rottapharm preparations of Glucosamine Sulfate (potas-

sium salts)

Potassium salts of Glucosamine Sulfate are not effective in relieving 

the symptoms of osteoarthritis. In addition, quality and design issues have 

been identified in some studies where potassium salts of Glucosamine 

Sulfate were used 82.

For instance, the trial by Cibere et al. 83 allocated >30% of patients to 

≤1000 mg/day of Glucosamine Sulfate, a dosage that is one-third lower 

than the approved dosage of 1500 mg/day. The study was underpowered 

(<70 patients/group), and there were imbalances in baseline patient charac-

teristics in favor of the placebo. Moreover, the randomized discontinuation 

design used in this trial is inadequate for drugs with a carryover effect such 

as Glucosamine 14. In fact, nearly 60% of the patients did not flare during 

the 6 months after the open-label run-in phase with Glucosamine.

The trial by Hughes and Carr 84 was undersized (40 patients/group), and 

its validity was further challenged by the high proportions of patients conti-

nuing their NSAID/analgesic medications, with a strong placebo response.
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6.5.2 Glucosamine hydrochloride alone or in combination with chon-

droitin sulfate

Glucosamine hydrochloride (G-HCl) 500 mg 3 times daily, alone or in 

combination with chondroitin sulfate, is not effective in controlling either 

OA symptoms or disease progression. This is clear from the results of the 2 

high-quality trials carried out with this Glucosamine formulation: the study 

by Houpt et al. 85 and the recent NIH-sponsored Glucosamine/Chondroitin 

Arthritis Intervention Trial (GAIT) 54,86.

Houpt et al. did a randomized, placebo-controlled, 8-week, good quali-

ty trial . However, the statistical power of the study was limited, with a to-

tal sample size of only 118 patients with knee osteoarthritis. Although po-

sitive trends were found for the G-HCl group in most WOMAC questions, 

the primary endpoint (a significant difference in WOMAC pain score) was 

not met.

The NIH-sponsored GAIT trial, a large clinical study including 1583 pa-

tients with symptomatic knee osteoarthritis, was recently completed 54. 

Patients were randomly assigned to receive Glucosamine hydrochloride (G-

HCl; 500 mg 3 times daily), chondroitin sulfate (CS; 400 mg 3 times daily), 

both G-HCl and CS, celecoxib (200 mg daily), or a placebo for 24 weeks. 

The primary endpoint was a 20% decrease in the WOMAC pain subscale 

from baseline to week 24. There was a high rate of response to the place-

bo (60%), most probably due to the uncontrolled use of the rescue anal-

gesic medication. Overall, Glucosamine hydrochloride and chondroitin sul-

fate, alone or in combination, were not significantly better than placebo in 

reducing knee pain (Table 12).

A 24-month study was carried out as part of the GAIT trial to evaluate 

the effects of Glucosamine hydrochloride and chondroitin sulfate (alone or 

Table 12. 

GAIT trial: primary outcome 

measure

Outcome Placebo G-HCl CS G-HCl + CS Celecoxib

Randomized patients 313 317 318 317 318

Patients who met

the primary endpoint*

N (%)•	 188 (60.1) 203 (64.0) 208 (65.4) 211 (66.6) 223 (70.1)

P vs. placebo•	 - 0.30 0.17 0.09 0.008†

chapter 6  •  cgs - clinical efficacy in oa

*Defined as a 20% decrease in the summed score for the WOMAC pain subscale;

†, significant effect vs. placebo
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in combination), celecoxib, and placebo on the progression of OA 86. The 

final sample comprised 357 patients, and the primary endpoint was the 

mean change in joint space width (JSW) from baseline. Similar to what had 

been observed for symptoms, no significant differences were observed 

between the placebo group and the groups receiving Glucosamine hydro-

chloride, chondroitin sulfate, or a combination of the two (Table 13).

Table 13. 

GAIT trial: loss of JSW and 

disease progression over 

2 years

Treatment Subjects assessed, N
Mean JSW loss  

over 2 years, mm

Progression*

% of patients

G-HCl 77 0.013† 18.6†

CS 71 0.107† 21.4†

G-HCl + CS 59 0.194† 24.4†

Celecoxib 80 0.111† 20.2†

Placebo 70 0.166 22.4

*Progression was defined as JSW loss exceeding 0.48 mm  
† NS vs placebo

As the accompanying editorial states, the negative findings of the GAIT 

trial are not surprising, given the Glucosamine product used in this study. 

In fact, all the favorable trials previously conducted featured the use of with 

the prescription drug Crystalline Glucosamine Sulfate 87. Then the editorial 

continues with the recommendation that if patients choose to take 

Glucosamine to control their symptoms, they should be advised to 

take Glucosamine Sulfate rather than Glucosamine hydrochloride. This 

recommendation is supported not only by clinical evidence but also by me-

chanistic and pharmacokinetic studies, because G-HCl 500 mg three times 

daily has a different Pharmacokinetic/Pharmacodynamic profile than CGS 

1500 mg once daily. As described in the Pharmacokinetics section, the 

peak Glucosamine plasma levels achieved with the hydrochloride formula-

tion used in GAIT are much lower than those achieved with the prescrip-

tion sulfate formulation (CGS) used in GUIDE 55. Such lower peak plasma 

concentrations might not reach the pharmacologically effective threshold, 

which could explain the lack of efficacy of Glucosamine hydrochloride in 

OA. In addition, sulfates have been suggested as an important component 

of the CGS mechanism of action 42, and Glucosamine Sulfate is a stronger 

inhibitor of gene expression than Glucosamine hydrochloride 43.

The role of sulfate ions extends the discussion to the lack of efficacy 

of Glucosamine combined with chondroitin sulfate in the management of 
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OA. Chondroitin sulfate is a glycosaminoglycan normally present in the 

cartilage matrix. More specifically, it is a high-molecular-weight chain of 

sulfated residues of glucuronic acid and N-acetyl-galactosamine, obtained 

by extraction processes from animal tissues. Chondroitin sulfate is used 

for treating osteoarthritis based on a rationale that is speculatively similar 

to that of Glucosamine Sulfate, which is difficult to understand given the 

major differences in their physicochemical properties. Although oral ab-

sorption of chondroitin sulfate cannot be excluded, pharmacokinetics stu-

dies have shown that the largest peak consists of N-acetyl-galactosamine 

monomers 88. Thus, N-acetyl-galactosamine is probably responsible for the 

pharmacological activity of chondroitin sulfate. Consistent with this hypo-

thesis, early studies  showed that N-acetyl-galactosamine may induce me-

tabolic activities similar to those of its precursor Glucosamine, although 

with a lower potency 89. It may be speculated that the clinical activity re-

ported for chondroitin sulfate in some clinical trials may be similar to that 

of Glucosamine Sulfate at low doses.

Anecdotal evidence claims that combining chondroitin sulfate and Glu-

cosamine may offer added value in the treatment of osteoarthritis. Howe-

ver, there is no scientific proof for this claim and, based on the facts pre-

sented, the rationale for such a combination is also weak. This is particular-

ly true when it comes to dietary supplements. Indeed, research from the 

University of Maryland has recently detected major deviations from label 

claims for several of these products 81.

In line with the above arguments, the GAIT trial showed that the com-

bination of Glucosamine hydrochloride and chondroitin sulfate is not effecti-

ve in patients with osteoarthritis—not effective on symptoms, not effective 

on structural changes. Again, this finding is supported by pharmacokinetic 

studies, because chondroitin sulfate reduces the bioavailability of Glucosa-

mine 55 (Table 14).

Table 14. 

Mean (±SD) plasma Glu-

cosamine levels after the 

administration of CGS, 

G-HCl, and G-HCl in combi-

nation with CS
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CGS G-HCl G-HCl + CS

Peak plasma concentration (ng/mL) 1623.6±1131.6† 798.4±317.3 588.9±181.5

Peak plasma concentration (μM) 9.1±6.3† 4.5±1.8 3.3±1.0

CGS, 1500 mg once daily; G-HCl, 500 mg 3 times daily; and G-HCl in combination with CS, 500 mg + 400 mg, respectively, 
3 times daily; †p<0.05 vs. G-HCl and vs. G-HCl +CS.
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Conclusions

Glucosamine products other than CGS do not provide either 

symptom- or structure-modifying effects in patients with OA. This 

finding is consistent with the results from mechanistic and pharma-

cokinetic studies. For instance, the peak Glucosamine plasma levels 

achieved with Glucosamine hydrochloride 500 mg three times daily 

(used in the GAIT trial—negative results) are much lower than those 

reached with CGS (used in the GUIDE trial—positive results). Such 

lower concentrations might not reach the pharmacologically effecti-

ve concentration.

There is no evidence, or rationale, for combining Glucosamine with 

chondroitin sulfate. Moreover, chondroitin sulfate reduces the bioa-

vailability of Glucosamine.



All trials, reviews, and meta-analyses recognize the good safety profile 

of Crystalline Glucosamine Sulfate (CGS) and Glucosamine in general. The-

re are no statistically or clinically significant differences between CGS and 

placebo in the incidence of adverse events or safety-related withdrawals.

Although at a significantly lower frequency and severity than with con-

ventional NSAIDs, adverse events with CGS seem to be mostly related to 

the gastrointestinal (GI) system and consist of mild, transient episodes of 

abdominal pain, nausea, dyspepsia, diarrhea, or constipation.

7.1 Safety in Short-Term Trials

The safety profile of CGS was good in all short-term (supportive) clinical 

trials, in which the drug was compared with a placebo or NSAIDs.

Noack et al. 63 report that tolerability was similar between CGS and pla-

cebo, with a 6% incidence of minor adverse events in the CGS group and 

10% in the placebo group. Routine laboratory tests at entry and on study 

completion did not show any clinically significant changes.

According to Müller-Faßbender et al. 66, CGS was significantly better 

tolerated than ibuprofen, with adverse events reported in 6% of patients 

compared with 35% with ibuprofen (p<0.001). A related discontinuation 

rate of only 1% was reported for CGS, compared with 7% for ibuprofen 

(p=0.035). No clinically significant laboratory changes were observed.

In the study by Rovati 68, the incidence of treatment-emergent adverse 

CHAPTER 7
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events in patients receiving CGS was similar to that of the placebo group 

(p=0.16) and significantly lower than that of the piroxicam group (15% vs. 

42%, p<0.001, with 9% vs. 33% referred to the GI tract).

7.2 Safety in Pivotal (Medium- and Long-Term) Trials

In the pivotal, medium-term (6-month duration) GUIDE trial 58, the num-

ber of adverse events was similar in the three groups: 89 with placebo, 96 

with acetaminophen, and 95 with CGS. The most frequent adverse events 

were of minor clinical significance and did not differ in frequency betwe-

en groups. Table 15 summarizes the adverse events reported by at least 3 

patients/group. There were 5 serious adverse events in the placebo group 

(precordial chest pain, apnea, pneumonia, elective surgery, and lumbar 

pain), 5 in the acetaminophen group (atrial flutter, carpal tunnel syndrome, 

Table 15. 

GUIDE Trial. Summary of 

adverse events occurring 

in at least 3 patients/group 

during treatment*

(*Adverse events were 

grouped by system organ 

class and reported as 

Medical Dictionary for 

Regulatory Activities 

[MedDRA] lower-level term 

except for respiratory tract 

infections and respiratory 

disorders, for which similar 

events were grouped under 

MedDRA high-level term)

Events, N

Placebo Acetaminophen CGS

Gastrointestinal disorders

Dyspepsia 4 2 5

Abdominal pain 4 4 3

Diarrhea 4 4 3

Infections

Respiratory tract infections 9 4 8

Gastroenteritis 2 0 4

Respiratory disorders

Coughing and associated 
symptoms

0 4 1

Nervous system disorders

Headaches 4 6 2

Dizziness 1 4 1

Musculoskeletal disorders

Back pain 5 4 7

Neck pain 0 2 3

Injuries

Fall 2 3 5

Injury 0 4 2
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vertebral fracture, meniscus rupture, and crush injury), and 2 in the CGS 

group (meniscus rupture and elective surgery). The side comparator aceta-

minophen was also well tolerated. However, even if the drug was used at 

a relatively low dosage (3 g/day), abnormalities in liver function [as reflected 

by levels of transaminases and gamma glutamyl transferase (GGT)] were 

found in approximately 20% of the acetaminophen-treated patients vs. 6% 

and 2% in the placebo and CGS groups, respectively.

Pivotal long-term trials provided a unique opportunity to evaluate the 

safety of CGS during prolonged and continuous use in patients with osteo-

arthritis, which is seldom, if ever, described for other medications currently 

indicated for this disease.

In both the 3-year studies, CGS and placebo were similarly tolerated. 

Given the different study design compared with the short-term studies (i.e., 

a long-term continuous administration in elderly subjects), most patients in 

either group reported at least one adverse event: 94% and 93% with CGS 

and placebo, respectively, in the study by Reginster et al. 56; 66% and 64%, 

respectively, in the study by Pavelka et al 57. However, the safety pattern 

was similar to that described in short-term studies, with transient, mild-to-

moderate adverse events in both groups.

Table 16 shows the frequencies of the most common adverse events 

recorded in the study by Reginster et al 56. In about half the cases, the-

se events were referred to the GI system and maybe also referred to the 

rescue medication, without differences between groups. Adverse events 

caused early withdrawal in 17% of patients receiving placebo and 20% of 

those receiving CGS (p=0.72). Among adverse events leading to drug di-

scontinuation, few single episodes were serious. These were all judged as 

unrelated to the study treatment, mostly because such episodes were at-

tributable to concomitant conditions, without significant differences betwe-

en CGS and the placebo.

Laboratory tests did not show clinically significant abnormalities. Also, 

there was no change in glycemic homoeostasis. Fasting plasma glucose 

concentrations decreased slightly in the CGS group.

chapter 7  •  cgs - safety and tolerability
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Adverse event* Placebo (n=106) CGS (n=106)

Abdominal pain 18 (17%) 13 (12%)

Dyspepsia 8 (8%) 4 (4%)

Diarrhea 11 (10%) 10 (9%)

Increased blood pressure 15 (14%) 15 (14%)

Decreased blood pressure 8 (8%) 2 (2%)

Cardiac failure 7 (7%) 4 (4%)

Fatigue 7 (7%) 10 (9%)

Headache 4 (4%) 6 (6%)

Vertigo 3 (3%) 7 (7%)

Neuritis 6 (6%) 4 (4%)

Depressive mood 7 (4%) 4 (6%)

Allergic episode 7 (7%) 4 (4%)

*Seasonal/infective upper respiratory tract disorders were reported by 49% of patients on 

placebo and 51% of patients on CGS; influenza-like symptoms were reported by 23% and 

28% of patients on placebo and CGS, respectively.

Similar results were reported in the second pivotal long-term trial 57, 

with no statistically significant differences between groups in the pro-

portion or pattern of adverse events (Table 17). Musculoskeletal reports 

were mainly caused by OA-related symptoms or back pain. Cardiovascular 

events consisted mainly of episodes of increased blood pressure or recur-

rent manifestations of preexisting cardiovascular disease. As expected, a 

high proportion of patients reported seasonal upper respiratory tract infec-

tions. Urinary tract infections were also common. Four patients developed 

clinically evident diabetes mellitus during the study (3 were taking placebo 

[1 dropout] and 1 was taking CGS). Routine laboratory tests did not show 

significant differences between groups.

Table 16.

Proportions of patients re-

porting adverse events (fre-

quency ≥5%) in the pivotal 

long-term trial by Reginster 

et al.
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System organ class 

(WHO coding)

Placebo, 

% (n=101)

CGS, 

% (n=101)

GI tract and liver 28 25

Musculoskeletal 22 30

Cardiovascular 20 23

Skin and appendages 15 10

Respiratory tract 7 17

Urinary tract 11 12

Metabolic and nutritional 6 7

Other † 14 14

†Includes isolated adverse events in the following systems: nervous, psychiatric, blood 

cell disorders, neoplasm, endocrine disorders, reproductive (male/female), vision disor-

ders, hearing, and vestibular.

7.3 Reviews and Guidelines Assessing the Safety Profile of 

Glucosamine

According to the most recent Cochrane Review 25, the safety profile 

of Glucosamine in the 20 RCTs assessed was excellent. CGS was used in 

most studies. Of the 1160 patients randomized to Glucosamine, only 4% 

were withdrawn because of toxicity, and the proportion of subjects repor-

ting an adverse reaction was 26% based on 17 RCTs. Among the subjects 

randomized to a placebo group, 5% were withdrawn because of toxicity 

and 32% reported an adverse reaction. Hence, Glucosamine proved to 

be as safe as the placebo. When Glucosamine was compared to the pla-

cebo in terms of the number of subjects reporting adverse reactions, the 

summary relative risk (RR) for 14 RCTs was 0.97 (95% CI, 0.88-1.08; Fi-

gure 24).

The incidence of adverse events in comparative clinical trials was al-

ways significantly higher with NSAIDs than with CGS (Figure 25). The ma-

jority of adverse events in NSAID-treated patients were obviously referred 

to the GI tract. Unlike conventional NSAIDs, Glucosamine does not inhibit 

Table 17. 

Patients reporting at least 

1 adverse event during the 

3-year study by Pavelka et 

al., by body system*

(*Each patient may have 

reported >1 adverse event 

in the same or other organ 

classes. WHO, World Health 

Organization.)
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type 1 cyclooxygenase (COX-1), which explains the better safety pattern at 

the GI level. The few GI events observed with CGS were similar to those 

reported with placebo. Because neither CGS nor obviously the placebo has 

the potential to cause specific GI problems, the adverse events observed 

with CGS may be related to the general discomfort that arises with any 

oral drug intake in some patients. Furthermore, OA patients are accusto-

med to the well-known GI side effects of symptomatic medications such 

as NSAIDs, and they may be more likely to report such events.

The overall safety profile of CGS in the main short-term trials and in the 

pivotal trials (with the exclusion of the GUIDE study; see Table 15 for details 

on the latter) was summarized in a recent review 90. Table 18 reports the 

proportion of patients with adverse events and the rate of withdrawals due 

to adverse events. Overall, adverse events occurred in less than 15% of pa-

tients participating in the short-term studies. After long-term exposure, the 

incidence of adverse events was higher but identical to that of the placebo.

Figure 24. 

From the Cochrane Review. 

Comparison of Glucosamine 

(CGS + other preparations) 

versus placebo: number of 

patients reporting adverse 

events

Figure 25. 

From the Cochrane Review. 

Comparison of CGS versus 

NSAIDs [piroxicam, ibupro-

fen]: number of patients 

reporting adverse events
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0/79 4/77 8.9 0.11[ 0.01,1.98]

x 0/30 0/28 0.0

x 0/30 0/30 0.0 Not estimable

0.1 0.2 0.5 1 2 5 10

(Continued. . . )

STUDY GLUCOSAMINE PLACEBO WEIGHT
(%)

RELATIVE RISK (FIXED)
95%CI

RELATIVE RISK (FIXED)
95%CI

n/N n/N

STUDY GLUCOSAMINE PLACEBO WEIGHT
(%)

RELATIVE RISK (FIXED)
95%CI

RELATIVE RISK (FIXED)
95%CI

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Not estimable

Total events: 262 (Glucosamine), 270 (Placebo)
Test for heterogeneity chi-square=9.03 df=10 p=0.53 I2=0.0%
Test for overall effect z=0.49 p=0.6

Favours Glucosamine Favours Placebo

Favours Glucosamine Favours Placebo

Fig. 12. Comparison 01 Glucosamine versus placebo

01.12 Toxicity (Number of Withdrawals due to Adverse Events)

Review: Glucosamine therapy for treating osteoarthritis
Comparison: 01 Glucosamine versus placebo
Outcome: 12 Toxicity (Number of Withdrawals due to Adverse Events)

Cibere 2004

Crolle 1980

D'ambrosio 1981

Drovanti 1980

Houpt 1999

Hughes 2002

McAlindon 2004

Noack 1994

Pavelka 2002

Pujalte 1980

Reginster 2001

Reichelt 1994

Rindone 2000

Rovati 1997

Usha 2004

Vajaradul 1981

Fig. 14. Comparison 02 Glucosamineversus NSAIDs [Pir oxicam, Ibuprofen]

02.02 Lequesne Index

94 9.60(5.80) 95 9.60(5.80) 50.6 0.00[ -0.29,0.29]

79 5.50(2.80) 77 7.90(3.70) 49.4 -0.73[ -1.05,-0.40]

173 172 100.0 -0.36[ -1.07,0.35]

-4.0 -2.0 0 2.0 4.0

Fig. 15. Comparison 02 Glucosamineversus NSAIDs [Pir oxicam, Ibuprofen]

02.03 Toxicity (Number of Patients Reporting Adverse Events)

NSAIDs

n/N n/N

6/100 35/99 39.9 0.17 [0.07, 0.39]

5/88 14/90 15.7 0.37 [0.14, 0.97]

12/79 36/86 39.1 0.36 [0.20, 0.65]

2/18 5/20 5.4 0.44 [0.10, 2.01]

285 295 100.0 0.29 [0.19, 0.44]

0.1 0.2 0.5 1 2 5 10

Review: Glucosamine therapy for treating osteoarthritis
Comparison: 02 Glucosamine versus NSAIDs [Piroxicam, Ibuprofen]
Outcome: 02 Lequesne Index

STUDY NSAIDs WEIGHT
(%)

STANDARDISED MEAN
DIFFERENCE (RANDOM)

95%CI

STANDARDISED MEAN
DIFFERENCE (RANDOM)

95%CIN NMEAND (SD) MEAND (SD)

GLUCOSAMINE

STUDY WEIGHT
(%)

GLUCOSAMINE

Muller-FassBender 94

Rovati 1997

Total (95% CI)

Favours NSAIDsFavours Glucosamine

Favours NSAIDsFavours Glucosamine

Review: Glucosamine therapy for treating osteoarthritis
Comparison: 02 Glucosamine versus NSAIDs [Piroxicam, Ibuprofen]
Outcome: 03 Toxicity (Number of Patients Reporting Adverse Events)

RELATIVE RISK (FIXED)
95%CI

RELATIVE RISK (FIXED)
95%CI

Müller-Faßbender 1994

Qiu 1998

Rovati 1997

Vaz 1982

Total (95% CI)

Total events: 25 (Glucosamine), 90 (NSAIDs)
Test for heterogeneity chi-square=2.73 df=3 p=0.43 I2=0.0%
Test for overall effect z=5.95 p<0.00001
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Study Groups

Patients 

with AE 

(%)

Patients withdrawn due to

AE 

(%)

Lack of 

efficacy 

(%)

Other 

reasons 

(%)

Noack 63 Placebo (n=126)

CGS (n=126)

p: CGS vs. placebo

10.3

6.3

NS

6.3

4.0

NS

0.0

0.0

-

1.6

2.4

-

Müller-Faßbender 66 Ibuprofen (n=99)

CGS (n=100)

p: CGS vs. ibuprofen

35.4

6.0

<0.001

7.1

1.0

0.035

1.0

1.0

-

4.0

0.0

-

Rovati 68 Placebo (n=77)

CGS (n=79)

Piroxicam (n=86)

Combination* (n=77)

p: CGS vs. placebo

p: CGS vs. piroxicam

p: CGS vs. combination

p: piroxicam vs.combination

24.7

15.2

41.9

36.4

NS

<0.001

0.003

NS

5.2

0.0

20.9

2.6

NS

<0.001

NS

0.003

7.8

1.3

3.5

0.0

-

-

-

-

10.4

1.3

8.1

3.9

-

-

-

-

Reginster 56 Placebo (n=106)

CGS (n=106)

p: CGS vs. placebo

93

94

NS

17.0

19.8

NS

4.7

2.8

-

11.3

13.2

-

Pavelka 57 Placebo (n=101)

CGS (n=101)

p: CGS vs. placebo

64

66

NS

9.9

7.9

NS

5.0

7.9

-

30.7

18.8

-

Table 18. 

CGS high-quality trials: 

proportions of patients with 

adverse events (AE) and of 

withdrawals

chapter 7  •  cgs - safety and tolerability

Statistical analysis by the two-tailed χ2 or Fisher exact test, as appropriate. NS=not significant *CGS plus piroxicam
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In preparing the EULAR recommendations for the management of 

knee OA 16, the members of the expert committee also analyzed the toxi-

city of pharmacological and non-pharmacological interventions. Once the 

list of treatments had been completed, the committee ranked the potential 

toxicity of each intervention on a 100 mm visual analogue scale (0-not toxic 

at all; 100-very toxic). Figure 26 shows the results obtained. NSAIDs, opio-

id analgesics, and antidepressant drugs were regarded as having a toxicity 

profile similar to that of joint replacement surgery. Conversely, Glucosami-

ne scored less than any other pharmacological treatment and was rated as 

similar to harmless interventions such as hydrotherapy, for instance.

Figure 26. 

From the most recent 

EULAR Guidelines on 

knee OA. Toxicity profile of 

the treatment modalities 

based on expert opinion (23 

experts)

Figure 1 Toxicity profile of the treatment modalities based on expert opinion (23 experts).
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7.4 Safety in Special Groups and Situations

Impaired glucose tolerance

Because Glucosamine is an amino monosaccharide, it was speculated 

that it might interfere with the hexosamine pathway, thus leading to hyper-

glycemia and insulin resistance. However, the hypothetical mechanisms of 
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Glucosamine-induced alterations of glucose metabolism have never been 

observed in humans. Conversely, several studies have demonstrated that 

therapeutic doses of CGS do not influence glucose metabolism.

The possibility that exogenous Glucosamine might alter glucose meta-

bolism in humans was raised following experimental studies in which very 

large amounts of Glucosamine were infused intravenously into rats 91,92. 

Under these conditions, Glucosamine tended to decrease insulin secre-

tion and/or induce insulin resistance in peripheral tissues. In contrast, other 

animal studies did not find any adverse effects of Glucosamine on blood 

glucose 93, not even in models highly sensitive to sugar-induced insulin re-

sistance 94.

At least two studies have investigated the effect of intravenous or intra-

arterial Glucosamine infusion in healthy human volunteers 95,96. Unlike the 

experimental models, these studies do not support a role for Glucosamine 

and the hexosamine pathway in the regulation of insulin sensitivity in hu-

mans, at least over the short-term but at much higher concentrations than 

those observed after therapeutic doses of CGS. A further physiology stu-

dy assessed whether repeated administration of a therapeutic dose (1500 

mg/day) of GS could induce glucose intolerance 97. Nineteen healthy adults 

received the treatment for 12 weeks. There were no alterations in serum 

insulin or blood glucose during an oral glucose tolerance test (OGTT) per-

formed after 6 and 12 weeks of treatment. Similarly, there were no chan-

ges in glycated hemoglobin levels.

Scroggie et al. examined whether treatment with Glucosamine could 

affect preexisting diabetes 98. Twenty-six patients with controlled type 2 

diabetes received a combination of Glucosamine 1500 mg and chondroitin 

sulfate 1200 mg for 90 days, whereas 12 patients received a placebo. There 

were no significant changes within or between groups in glycated hemo-

globin levels, indicating that oral Glucosamine does not alter glucose meta-

bolism in patients with mild and well controlled type 2 diabetes.

Several clinical studies have now demonstrated that CGS does not 

affect fasting plasma glucose levels. This was initially reported in a corre-

spondence to The Lancet 99 with reference both to a short-term (4-week) 

clinical trial including a small subset of patients with hyperglycemia at ba-

seline 63 and to the long-term study by Reginster et al. 56, in which fasting 

blood glucose tended on average to decrease. The possibility that chronic 

administration of CGS could induce the onset of diabetes was also exclu-

chapter 7  •  cgs - safety and tolerability
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ded in the long-term clinical trial by Pavelka et al. 57. Four patients deve-

loped diabetes during the 3-year study, but 3 were on placebo and only 

1 on CGS.

Fasting glucose levels were also measured in the recent pivotal GUI-

DE trial 58. Table 19 shows that mean serum glucose levels were virtually 

unaltered in all treatment groups between screening and the 3- or 6-month 

assessment.

To determine whether therapeutic doses of CGS could worsen glyce-

mic control in hyperglycemic subjects, those with serum glucose levels 

above the Upper Normal Limit (UNL) at screening were examined in a se-

parate analysis. CGS did not worsen glycemic control in this subgroup of 

patients. On the contrary, mean serum glucose levels tended to decrea-

se with time (Table 20). Similar results were observed in the subset of pa-

tients treated with acetaminophen, whereas glucose levels were unaffec-

ted in the placebo group.

Overall, a growing body of evidence seems to exclude that Glucosamine 

(any dose or formulation, and independent of treatment duration) may affect 

glucose metabolism in humans. The absence of risk in this respect has been 

endorsed by two recent Glucosamine reviews 100,101. However, data on dia-

betic patients are limited and virtually absent for chronic treatments in pa-

tients with severe or uncontrolled diabetes. Until further information beco-

mes available, it is suggested that patients with impaired glucose tolerance 

have their blood glucose levels monitored when starting CGS therapy.

Table 19. 

GUIDE trial. Mean ± SD 

serum glucose levels (n 

is the number of patients 

whose serum glucose value 

was available at each time 

point)

Absolute serum glucose values (mg/dL)

CGS Acetaminophen Placebo

Screening 98.06 ± 15.37

(n=98)

99.25 ± 13.21

(n=102)

98.69 ± 14.39

(n=100)

3 Months 96.53 ± 14.98

(n=80)

100.02 ± 17.99

(n=84)

100.86 ± 15.97

(n=83)

6 Months 97.94 ± 14.62

(n=80)

99.56 ± 14.33

(n=75)

101.84 ± 15.97

(n=75)
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Based on in vitro and animal data, the once daily dose of CGS produces 

peak plasma levels sufficient to attain efficacy in OA but largely insufficient 

to potentially affect glucose metabolism. In cultured L6 cells, Glucosamine 

influences glucose uptake at concentrations higher than 5×10-3 M, where-

as no effect is observed at lower concentrations (i.e., 10-3 and 10-4 M) 102. 

When CGS is administered to healthy subjects at normal therapeutic doses 

(equivalent to GS 1500 mg), it provides a mean maximum plasma concen-

tration (Cmax) of 9×10-6 M. At 3000 mg/day—twice the normally prescribed 

therapeutic dose—the maximum plasma concentration at steady state is 

1.4×10-5 M 50.

Allergy

Glucosamine is mostly obtained from shellfish. For this reason, people 

with a shellfish allergy may be more susceptible to allergic reactions when 

taking Glucosamine of shellfish origin. In one study, Glucosamine Sulfa-

te was administered to patients suffering from a shellfish allergy and was 

found not to cause allergic reactions or result in positive skin prick tests 103. 

The author concluded that Glucosamine is probably safe for patients with 

a shellfish allergy.

Table 20. 

GUIDE trial. Mean ± SD 

serum glucose levels of pa-

tients with glycemia >UNL 

at screening (UNL value was 

110 mg/dL, as established 

by the American Diabetes 

Association in August 2005)

Absolute serum glucose values (mg/dL)

CGS Acetaminophen Placebo

Screening

(n=tot pts, pts>UNL)

128.83 ± 16.67

(n=12, 12)

119.88 ± 10.37

(n=17, 17)

124.13± 12.16

(n=15, 15)

3 Months

(n=tot pts, pts>UNL)

121.70 ± 21.65

(n=10, 7)

115.75 ± 16.18

(n=16, 8)

125.50 ± 14.11

(n=14, 12)

6 Months

(n=tot pts, pts>UNL)

119.60 ± 20.17

(n=10, 7)

115.71 ± 13.78

(n=14, 7)

124.64 ± 14.73

(n=14, 12)

n=tot pts: the number of patients with an abnormal serum glucose value at baseline and, of these, the number of patients 

for whom serum glucose levels were available after 3 and 6 months.

n=pts>UNL: number of patients with a serum glucose level above UNL

chapter 7  •  cgs - safety and tolerability
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It should be emphasized that CGS is produced in a way that minimizes 

or removes the potential residual protein content. Therefore, cross-reac-

tions in patients with seafood allergies are unlikely. However, considering 

the possible consequences of an allergic reaction for hypersensitive pa-

tients, physicians should advise patients with a known shellfish allergy to 

take CGS with caution.

Renal or hepatic insufficiency

No special studies have been done in patients with renal or hepatic in-

sufficiency. The toxicological/pharmacokinetic profile of CGS does not in-

dicate limitations for these patients. However, CGS should be administe-

red to subjects with severe hepatic or renal insufficiency under medical 

supervision.

7.5 Interactions With other Drugs and other Forms of Interac-

tion

Osteoarthritis is a chronic disease that mostly affects elderly patients 

who may be receiving treatments for other concomitant diseases. Gluco-

samine does not compete for absorption mechanisms and does not bind 

to plasma proteins. The metabolic fate of this endogenous substance is 

mainly incorporation into proteoglycans or metabolism independent of the 

cytochrome enzyme system. Therefore, although no formal drug interac-

tion studies have been reported, the physicochemical, pharmacokinetic, 

and metabolic properties of Glucosamine suggest a low potential for drug 

interactions.

One exception is the possible interaction between Glucosamine and 

oral anticoagulants (e.g., warfarin, acenocoumarol). Some case reports 

and one letter have been found in the literature 104,105,106,107. The retrieved 

articles indicate an unclear pharmacodynamic mechanism of interaction 

between Glucosamine and oral anticoagulants. Because the majority of re-

ports draw attention to an increased INR, the most likely signal of altered 

coagulation seems to be, if confirmed, a slightly diminished coagulation. 

Although more information is necessary to define this interaction, patients 

should be advised that the concomitant use of Glucosamine and oral anti-

coagulants may increase the INR.

Finally, the sodium content of oral formulations (151 mg for the 1500 
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mg daily dose) should be taken into account by patients on a controlled 

sodium diet.

conclusions

Oral CGS 1500 mg once daily is an optimal dosage also from a sa-

fety point of view. The incidence of adverse events and related with-

drawals is similar to that of the placebo and significantly better that 

that of conventional NSAIDs. The low proportion of adverse events 

consists mainly of mild and transient GI symptoms.

Therapeutic doses of CGS do not affect glucose levels. Moreover, be-

cause CGS does not interfere with absorption mechanisms and is not 

metabolized by the cytochrome P450 system, the potential for inte-

raction with other drugs is very low.

chapter 7  •  cgs - safety and tolerability





The socioeconomic impact of osteoarthritis is becoming more signifi-

cant as the age of the general population increases, because this disease 

occurs mainly in subjects over 50 years of age. The following characteristics 

further exacerbate the impact of osteoarthritis on the community:

OA is common•	

OA can affect anyone•	

OA is associated with considerable morbidity.•	

Thus, when treating osteoarthritic patients, attention should be paid to 

pharmacoeconomic aspects.

In a cost-benefit analysis of a 3-month treatment of patients with knee 

OA, CGS compared favorably with piroxicam. The use of CGS resulted in a 

potential net saving of 11 Euro/patient in 90 days and 110 Euro/patient in 150 

days. These figures were calculated based on the value of the Euro in the 

year 2000 108. Regardless of the positive results, this analysis did not take 

into account the benefits derived from the long-term effects of CGS. A more 

accurate pharmacoeconomic evaluation of CGS could be obtained during 

the follow-up of patients participating in the two pivotal long-term trials.

8.1 Pharmacoeconomic considerations based on the pivotal 

long-term trials

A recent study 75 assessed the incidence of total joint replacement 

(TJR) during the long-term follow-up of the knee OA patients who had for-

CHAPTER 8

Crystalline Glucosamine Sulfate
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merly received CGS or a placebo during the two 3-year pivotal trials 56,57. 

The populations from the two cohorts were merged for the purpose of this 

particular analysis. To make the findings more accurate and clinically rele-

vant, only those patients who had received the treatments for at least 12 

months were included in the analysis. The authors retrieved 81% of these 

patients—i.e., a total of 275 patients (131 formerly on placebo and 144 for-

merly on CGS)—and interviewed them regarding the occurrence of total 

knee replacement. Patients had stopped the study treatments at the end 

of the trials and had moved to a standard of care for an average of 5 years 

after trial completion (for a total of 2178 patient-years of observation).

Nineteen of the 131 (14.5%) patients formerly on placebo had under-

gone TJR during the follow-up, compared with only 9/144 (6.3%) (p=0.024) 

of those formerly receiving CGS. The relative risk was 0.43 (95% CI: 0.20 

to 0.92). Patients who had received CGS 1500 mg once daily for at least 12 

months and up to 3 years during the trials therefore had a 57% lower risk 

of undergoing TJR in the following 5 years.

If such data are included in any pharmacoeconomic model, the cost-

effectiveness of long-term treatment with CGS would be highly favorable 

under any circumstances.

Despite these data, that speak for themselves, the authors also did a 

standard pharmacoeconomic assessment based on the last year of follow-

up. The analysis was performed in a subset of 101 patients who had under-

gone a clinic visit and could be administered a detailed questionnaire on 

the use of health resources. The questionnaire included the use and cost 

(based on national formulary reference prices where the analysis was un-

dertaken) of:

medications•	

OA-related visits to any specialist physician or physiotherapist•	

diagnostic procedures.•	

Thus, the resulting cost-analysis assessed direct medical costs (Table 

21). Direct non-medical costs and indirect costs were not considered.

It is clear that patients who had formerly received CGS spent less on 

symptomatic drugs, namely analgesics and NSAIDs. In addition, they un-

derwent fewer visits, as well as fewer diagnostic procedures (especial-

ly fewer GI endoscopies, most probably because of their lower intake of 

NSAIDs). When all costs related to such use of health resources were put 
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together, during the last year of the follow-up period patients formerly on 

CGS spent less than half of what was spent by patients who had received 

the placebo.

This cost analysis offers strong evidence of the cost-effectiveness of 

CGS, even without taking into account the major benefits brought about by 

the 57% lower risk of undergoing total knee replacement surgery.

Conclusions

CGS 1500 mg once daily is cost-effective for treating OA. CGS com-

pares favorably with both NSAIDs and placebo.

Table 21. 

Mean (SE) use of health 

resources per patient in the 

year prior to the follow-up 

evaluation, and total cost 

calculated for OA-related 

expenses

Variables Placebo

N=43

CGS

N=58

Cost of analgesics - €*

Cost of NSAIDs - €

59 (23)

116 (31)

19 (3)

63 (17)

Total cost of OA† drugs - €

(including analgesics, NSAIDs etc) ‡ 204 (43) 108 (20)

Number of visits to specialist ‡

Number of visits to general practitioner

Number of paramedical visits for OA ‡

Number of radiographs for OA ‡

Number of gastroscopies ‡

Number of non-OA exams

2.1 (0.5)

11.1 (1.5)

17.4 (6.3)

0.60 (0.14)

0.30 (0.07)

5.4 (1.6)

1.8 (0.3)

9.8 (1.1)

6.6 (2.0)

0.44 (0.09)

0.10 (0.04)

2.8 (0.6)

Total cost calculated for OA-related resources - € 605 (21) 292 (6)§

chapter 8  •  cgs - pharmacoeconomics

The data refer to a subset of 101 patients that attended the follow-up clinic visit

*€ = Euro; OA†=osteoarthritis; ‡Included in total cost calculation; §P=0.024 vs. placebo
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