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A R T I C L E  I N F O                              

INTRODUCTION 
 

In Australia, it is reported that 18% of the 
experience joint diseases (JD); approximately 3.85 million 
people [1].  A public opinion poll (2008) [2] showed that 
Australians were more worried about developing arthritis than 
any other disease. The average cost of arthritis treatment per 
person is Au$6200 a year, and 61% of arthritis costs are borne 
by the individual patients themselves. 
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                             A B S T R A C T  
 

 

Introduction: In Australia, 18% of the population, experience or are diagnosed with some 
form of joints diseases (IJD) such as arthritis. The average cost of arthritis treatment per 
person per year is reported as Au$6200; 61% of arthritis costs are covered by the 
individuals themselves.  Glucosamine is a complementary or alternative medicine used in 
the treatment of Inflammatory Joint Disease (IJD).  
Aim: The aim of this study was to explore consumers’ perception of the efficacy and 
tolerance of glucosamine preparations in IJD. 
Method: A 20-question survey was administered to members of the public to capture their 
experience of the efficacy, the side-effects of glucosamine and to investigate if it was 
prescribed or self-selected.  Also, which glucosamine salt was used, for how long it was 
used and at what dose? 
Results: From 87 participants, 91.9% stated that glucosamine reduced their pain and 
91.7% stated that it improved their joint movement. In 46.5% participants pain reduced by 
3-4 points and in 51.7% joints movement improved by 1
by 60% for 6 months or more where improvement in pain and joint function by at least 1
point was reported. Six participants reported glucosamine was not effective. There were no 
reports of glucosamine intolerance. Five participants diagnosed with rheumatoid arthritis; 
reported improvement in pain and joint movement by up to 2
1500mg of Glucosamine Sulphate for over 6 months.   
Discussion: This study provided insight on the possible benefits of glucosamine in 
relieving pain and joints function associated with arthritis. Most studies reviewed that 
reported effectiveness of glucosamine used glucosamine sulphate whilst those deemed 
glucosamine ineffective had used the hydrochloride formulation. No research has been 
conducted on the antioxidant activity of glucosamine in all IJD.
Conclusion: Five out of 87 participants had rheumatoid arthritis reported they found it was 
effective. It is therefore recommended that further research be conducted to measure the 
efficacy of glucosamine in treatment of different types of IJD and examining its antioxidant 
property. 
 
 
 
 
 

In Australia, it is reported that 18% of the population 
experience joint diseases (JD); approximately 3.85 million 
people [1].  A public opinion poll (2008) [2] showed that 
Australians were more worried about developing arthritis than 
any other disease. The average cost of arthritis treatment per 

son is Au$6200 a year, and 61% of arthritis costs are borne 

Glucosamine is not a prescription medicine in Australia, but a 
complementary medicine, self
osteoarthritis (OA) [3]. There is supporting evidence for its 
effectiveness in treating OA of the knees but its effectiveness 
in inflammatory joint diseases (IJD) such as Rheumatoid 
Arthritis (RA) is lacking [4]. Recent 
shown strong antioxidant activity of glucosamine [5, 6, 7, 8]. 
This paper presents arthritis and IJD patient experience of the 
efficacy and tolerability of glucosamine in both OA and RA.
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In Australia, 18% of the population, experience or are diagnosed with some 
(IJD) such as arthritis. The average cost of arthritis treatment per 

person per year is reported as Au$6200; 61% of arthritis costs are covered by the 
individuals themselves.  Glucosamine is a complementary or alternative medicine used in 

The aim of this study was to explore consumers’ perception of the efficacy and 

question survey was administered to members of the public to capture their 
effects of glucosamine and to investigate if it was 

osamine salt was used, for how long it was 

From 87 participants, 91.9% stated that glucosamine reduced their pain and 
91.7% stated that it improved their joint movement. In 46.5% participants pain reduced by 

n 51.7% joints movement improved by 1-2 points. Glucosamine was used 
by 60% for 6 months or more where improvement in pain and joint function by at least 1- 
point was reported. Six participants reported glucosamine was not effective. There were no 

of glucosamine intolerance. Five participants diagnosed with rheumatoid arthritis; 
reported improvement in pain and joint movement by up to 2-points after taking daily 

ght on the possible benefits of glucosamine in 
relieving pain and joints function associated with arthritis. Most studies reviewed that 
reported effectiveness of glucosamine used glucosamine sulphate whilst those deemed 

hydrochloride formulation. No research has been 
conducted on the antioxidant activity of glucosamine in all IJD. 

Five out of 87 participants had rheumatoid arthritis reported they found it was 
r research be conducted to measure the 

efficacy of glucosamine in treatment of different types of IJD and examining its antioxidant 

Glucosamine is not a prescription medicine in Australia, but a 
complementary medicine, self-selected for the treatment of 
osteoarthritis (OA) [3]. There is supporting evidence for its 
effectiveness in treating OA of the knees but its effectiveness 

mmatory joint diseases (IJD) such as Rheumatoid 
Arthritis (RA) is lacking [4]. Recent in vitro research has 
shown strong antioxidant activity of glucosamine [5, 6, 7, 8]. 
This paper presents arthritis and IJD patient experience of the 

lity of glucosamine in both OA and RA. 

Research Article  

This is an open access article distributed under the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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Background 
 

Rheumatoid Arthritis 
 

RA is a systemic auto-immune inflammatory process 
manifesting with joint swelling and tenderness [9]. The 
inflammation is responsible for stimulating destructive 
mechanisms in the joint, leading to functional decline and 
disability [10]. The rheumatoid joint contains numerous cell 
types that are involved [9, 10, 11].  
 

IL-1 and tumour necrosis factor alpha (TNF-α) share many 
pro-inflammatory actions in RA; and the rheumatoid joint also 
contains other pro-inflammatory cytokines. Under normal 
physiological conditions, the actions of pro-inflammatory 
cytokines are balanced by anti-inflammatory cytokines. In the 
rheumatoid joint, the balance swings in favour of the pro-
inflammatory cytokines [12]. 
 

Nitric oxide (NO) is produced through constitutive and 
inducible pathways responsible for its pathogenic roles. NO 
combines with reactive oxygen species (ROS) to produce 
peroxynitrite (ONOO–), which promotes chondrocyte 
apoptosis [13, 14, 15].  
 

Osteoarthritis  
 

OA is the most prevalent of IJDs. It differs from RA in its 
aetiology; OA aetiology varies among individuals, with 
possible roles for systemic factors, such as genetics and 
obesity, as well as for local biomechanical factors, such as 
muscle weakness, joint laxity, traumatic injury and stress. OA 
is particularly frequent in the large, weight-bearing joints of 
the lower limbs [16, 17]. 
 

As in RA, the inflammation of OA involves cytokines such as 
IL-1, TNF-α, IL-6, IL-8, and NO, acting on chondrocytes to 
cause a catabolic cascade where proteases break down proteins 
in cartilage leading to inflammation.  This creates a positive 
amplification loop leading to further protease production and 
further cartilage degradation [18, 19, 20]. PGE 2 and NO play 
important roles in cartilage catabolism in OA. 
 

The role of Reactive Oxygen Species and Oxidative Stress in 
Pathogenesis of Inflammatory Joint Disease 
 

ROS are normal by-products of cellular metabolism, but in 
disease states, overproduction occurs [21]. Amongst ROS, O2

− 
plays a pivotal role in inflammation, particularly in patients 
with IJD [22]. The enzyme superoxide dismutase (SOD) 
neutralises O2

− by transforming it into H2O2, thereby 
preventing the formation of highly aggressive compounds such 
as ONOO− and HO– [23]. 
 

In IJD, pro-inflammatory cytokines and prostaglandins are 
released, together with ROS [24] and NO [25]. These are 
associated with low SOD concentrations in joint fluid [23]. 
Studies of nitrotyrosine residues in synovial tissues from 
patients with RA [26] or exposure of chondrocytes to synthetic 
ONOO– in vitro [27] established that the combination of O2

– 
and NO causes cartilage damage. Further evidence comes from 
a study where intra-articular injections of native SOD (bovine 
orgotein) produced greater improvements than intra-articular 
aspirin in RA [28]. 
 

Oxidative Stress in Rheumatoid Arthritis 
 

Although the causes of RA are unknown, involvement of ROS 
is clear. In vitro, ONOO– formation is associated with 

decreased production of type 2 collagen and aggrecan, and 
with a diminished chondrocyte response to the growth factor 
IGF-1. In addition, ONOO– increases the expression of MMP-
3 and MMP-13 and decreases the production and activity of 
the tissue inhibitors of MMPs [24, 29]. Together, these 
changes increase matrix breakdown. 
 

TNF-α overproduction is thought the main contributor to 
increased ROS release in RA. TNF-α cause cell damage and 
inhibits SOD, decreasing enzyme activity neutralising O2

− [30, 
31]. 
 

Oxidative Stress in Osteoarthritis 
 

IL-1-Beta (IL-1β) is one of the most active factors involved in 
OA [32]. It diminishes expression of type-2 collagen and 
aggrecan, and increases expression of MMPs-1 and 3. IL-1β 
stimulates NO production, leading to the formation of ONOO–, 
which targets guanine repeats in DNA telomeres, explaining 
the link between oxidative stress and telomere erosion [33]. 
Aging of cartilage and chondrocytes may be central to the 
pathogenesis and progression of OA.  Nitrotyrosine, formed 
when tyrosine is oxidised in the presence of NO, can serve as a 
measure of oxidative damage in vivo. Its presence in cartilage 
was associated with older age and with OA, suggesting a role 
of oxidative stress in cartilage aging and degeneration [34].  
 

Pharmacological Treatment of Rheumatoid Arthritis 
 

A combination of therapies is recommended in the treatment 
of RA [4, 35, 36]: 
 

 Rapidly acting anti-inflammatory medications, 
including non-steroidal anti-inflammatory Drugs 
(NSAIDs) and systemic and IA glucocorticoids. 

 Disease Modifying Antirheumatic Drugs (DMARDs), 
including nonbiologic (traditional small molecule or 
synthetic) and biologic DMARDs, and an orally 
administered small molecule kinase inhibitor, which 
all have the potential to reduce or prevent joint 
damage. 

 

The non-biologic DMARDs most frequently used include 
hydorxychloroquine, sulfasalazine, methotrexate, and 
leflunomide [35, 36]. Biologic DMARDs, generally target 
cytokines or their receptors, or are directed against other cell 
surface molecules. These include anticytokine therapies, such 
as the TNF-α inhibitors, etanercept, infliximab, adlimumab, 
golimumab, and cetrolizumab pegol; the IL-1 receptor 
antagonist, anakinra; and the IL-6 receptor antagonist, 
toclizumab. They also include other biologic response 
modifiers such as the T-cell co-stimulation blocker, abatacept, 
which affects the Cytotoxic T Lymphocyte Antigen 4 
(CTLA4-Ig), and the anti-Cluster of Differentiation 20 B 
(CD20)-cell depleting monoclonal antibody drug, nituximab 
[35, 36, 37, 38]. 
 

Several kinase inhibitors are in development for use in RA. 
Tofactinib is in use in the USA and is under review for 
approval in Europe. Tofacitinib is an orally administered small 
molecule DMARD that inhibits cytokine and growth factor 
signalling through interference with Janus kinases [35, 36]. 
 

Pharmacological Treatment of Osteoarthritis 
 

According to the Osteoarthritis Research Society International 
(OARSI) Treatment Guidelines Committee, there is no cure 
for OA; treatment should manage symptoms, reducing pain 
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[39, 40, 41]. Standard therapy is based on a combination of 
pharmacological (e.g. paracetamol, NSAIDs, glucosamine) 
and non-pharmacological methods (e.g. self-management and 
education about exercise, diet, appropriate footwear) [4]. 
 

OARSI pharmacological intervention recommendations also 
include three additional pharmacological interventions [4]: 
 

 Topical use of NSAIDs and capsaicin as adjuncts or 
alternatives to oral analgesic/anti-inflammatory 
agents in knee OA. 

 Treatment with glucosamine and/or chondroitin 
sulphate in knee or hip OA. 

 The use of weak opioids and narcotic analgesics for 
refractory pain in patients with hip or knee OA, when 
other pharmacological agents have been ineffective or 
are contraindicated. 

 

Paracetamol (acetaminophen) is an aniline analgesic, generally 
the first-line treatment recommendation [42]. Guidelines 
suggest that NSAIDs should be used with or without 
concurrent paracetamol if symptom relief is not sufficient with 
paracetamol alone [4, 43]. NSAIDs doses should be the 
minimum for effective results, and long-term use avoided [4]. 
They may be only slightly better than placebo in providing 
short-term pain relief [4], and are associated with important 
side effects: Gastrointestinal bleeding, the most significant side 
effect, causes approximately 16,500 and 2200 deaths, and 
107,000 and 12,000 hospital admissions in the USA and 
United Kingdom respectively, and is of particular concern in 
older patients [44, 45]. 
 

Intra-articular (IA) corticosteroid injections can provide rapid 
relief for up to four weeks [46]. IA hyaluronic acid injections 
administered weekly for 3-5 weeks [47] have provided slower 
onset but more prolonged (up to 12 weeks) relief than 
corticosteroids [48, 49]. 
 

Glucosamine 
 

Glucosamine was first used in the 1960’s as a topical 
medication for OA pain in Germany [50, 51]. Subsequently, it 
was developed as an oral preparation available on prescription 
(Rx) in Europe [52, 53]. It is available in many countries 
without prescription and is marketed to alleviate arthritic pain 
of the knee, and as a prophylactic agent against joint damage 
due to age or overuse [54]. Typically, glucosamine is 
formulated as the N-acetyl, sulphate, or hydrochloride (HCL) 
salt. In Australia glucosamine is usually formulated as a 
sulphate or HCL salt and alone or combined with chondroitin 
sulphate in capsules of 500 mg of glucosamine salt and 400 
mg chondroitin sulphate, with a recommended daily dose of 
three capsules per day [55]. 
 

Pharmacological Mechanism of Action of Glucosamine 
 

Glucosamine as a Stimulant for the Synthesis of 
Glycosaminoglycan 
 

Glucosamine is preferentially incorporated by chondrocytes 
into the components of glycosaminoglycan chains in cartilage 
[56], stimulating synthesis of physiological proteoglycans [57, 
58, 59] and decreasing the activity of catabolic enzymes in the 
cartilage, including matrix metalloproteinases (MMPs) [60]. 
In vivo, it is effective in animal models of OA [61, 62]. 
Initially, the mechanism of action was considered simply as 
above. However, this seems an oversimplification. While 
metabolic effects exerted at the level of articular cartilage 

might support a long-term joint structure-modifying activity, 
they hardly explain the relatively short-term symptomatic 
benefit outlined in clinical trials [63]. 
 

Recent studies demonstrate high glucosamine concentrations 
stimulate glycosaminoglycan synthesis in vitro [64], and may 
exceed the concentrations achieved in biological fluids after 
oral administration to humans [65]. Nevertheless, in vitro 
models also show it was effective in increasing proteoglycan 
levels by up-regulating the expression of corresponding genes 
at concentrations 100-fold lower and compatible with those 
found in biological fluids during human treatment [57]. An 
alternative hypothesis suggests the existence of glucosamine 
metabolic activities in tissues where extracellular glucosamine 
concentrations might be higher, including the intestine, liver 
and kidney, such that it might modulate the compound’s anti-
arthritic effects [66]. Yet another alternative hypothesis 
suggests that the increase in the production of cartilage 
extracellular matrix is mediated by glucosamine-induced up-
regulation of Transforming Growth Factor-[beta](TGFb), 
which has been observed at clinically relevant concentrations 
in the low micromolar range [67]. 
 

Glucosamine as an Inhibitor of the Cytokine Pro-
Inflammatory Process 
 

A unifying hypothesis for glucosamine sulphate’s mechanism 
of action in OA was recently proposed. This refers to 
glucosamine-induced reversal of the pro-inflammatory and 
joint-degenerating effects of IL-1β [68, 69] through the 
blockade of the cytokine intracellular signalling cascade, by 
inhibiting the activation of the NFk-B pathway [70]. It inhibits 
the IL-1 β-induced activation and nuclear translocation of 
NFk-B in human osteoarthritic chondrocytes [71]. Further, it 
inhibits both gene expression and protein synthesis of COX 2 
selectively over COX 1, via the inhibition of NFk-B activation, 
preventing the release of PGE 2 into the culture medium [70]. 
Several new lines of evidence are emerging to further 
substantiate this mechanism. NFkB activity has been found to 
be inhibited by glucosamine sulphate in both human 
chondrocytes and synoviocytes, with subsequent decrease in 
COX 2 protein synthesis, PGE 2 and NO release, showing a 
pattern that differs from that of other potential 
antiosteoarthritic agents and NSAIDs [72]. Moreover, 
glucosamine sulphate consistently decreased IL-1 β-induced 
MMP synthesis in both types of cell [71]. 
 

An in vitro study confirmed the suppressive effect of 
glucosamine on both anabolic and catabolic gene expression in 
the osteoarthritic cartilage [73]. The authors speculate that the 
effect of glucosamine sulphate as a potential disease-
modifying agent might be due to anti-catabolic activities, 
rather than anabolic activities. Interestingly, glucosamine 
sulphate has been found to be a stronger inhibitor than the 
hydrochloride [70]. This and other recent human 
pharmacokinetic findings help to explain the different findings 
of recent clinical trials between these two glucosamine salts. 
 

Glucosamine as an Antioxidant 
 

Glucosamine also has strong antioxidant and immuno-
stimulating properties [5, 6, 7, 8].  The general reduction 
reaction equation for glucosamine, using N-Acetyl-D-
glucosamine as an example is as follows [73]: 
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N-Acetyl-D-glucosamine + 02 → N-Acetyl-D-glucosaminate 
+ H2O2 
 

Recent research by Xing, Liu, Guo et al. (2006) [6] 
investigating the antioxidant activity of glucosamine HCL in 
vitro showed strong scavenging activity for superoxide/HO– 

and pronounced reducing power. This was shown to increase 
with increasing concentration, was quite linear and similar to 
that of ascorbic acid (vitamin C). The reducing properties of 
glucosamine HCL are associated with the presence of 
reductones that have been shown to exert antioxidant action by 
breaking the free-radical chain through donating a hydrogen 
atom [6]. 
 

Studies of the antioxidant activity of glucosamine sulphate 
produced similar results. The scavenging ability of 
glucosamine sulphate was pronounced; increasing with 
increasing concentration and its reducing power was also 
strong. In addition glucosamine sulphate was shown to inhibit 
radical mediated expression and activation of NFk-B proteins, 
and enhance reduced GSH level in oxidatively stressed human 
chondrocytes, thus improving cellular redox balance [5, 7]. 
 

Another study demonstrated that glucosamine exhibited strong 
antioxidant ability in terms of its chelating effect on ions such 
as the ferrous ion (Fe2+). This ability, removed ions from 
substances such as deoxyribose, lipid and protein such that 
they were protected from oxidative damage. In terms of 
immuno-stimulating ability, D-glucosamine exerted a strong 
effect on the phagocytosis of macrophages, indicating that pre-
treatment could augment the humeral and cellular immune 
response [8].  This study presented the first evidence of 
sulphated glucosamine being efficacious in attenuating 
oxidation-related damage to cells via mechanisms involving 
radical scavenging, and suggests a superior treatment efficacy 
compared to non-sulphated glucosamine. Particularly, this 
effect was observed in cells involved in OA, such as 
chondrocytes and macrophages. From the results of this study, 
both glucosamine and sulphated glucosamine act to prevent 
oxidation of membrane lipids. 
 

The ROS-mediated protein damage has been reported to be 
higher in OA patients, thus the role of sulphated glucosamine 
in protecting DNA from damage mediated through OH 
produced from the concerted action of H2O2 and Fe2+ is highly 
significant [8].  In addition, consistent with a role for oxidative 
stress in pathogenesis of OA, clinical and preclinical studies 
have correlated increases in markers of oxidative stress and 
lower levels of the body’s natural antioxidants, such as GSH, 
with disease severity [8]. GSH is up-regulated in the presence 
of sulphated glucosamine, and this ability promotes its potency 
against intracellular oxidative stress. 
 

Aim  
 

The aim of this study was, to explore consumer’s perception of 
the efficacy and tolerance of glucosamine preparations in 
inflammatory joint diseases. 
 

METHOD 
 

The first component was a qualitative observational survey. A 
20-question survey was administered to members of the 
community who self-selected to use glucosamine, recruited 
through a poster campaign in local community pharmacies, to 
capture their personal experience of the efficacy and toxicity. 
Survey questions were based on validated clinical methods for 

assessing pain and joint functional movement, using a visual 
pain scale and visual joint-function scale [74, 75, 76, 77, 78, 
79, 80, 81, 82, 83]. 
 

The survey data was found to be not normally distributed. 
Non-parametric tests were used to test the statistical 
significance of the results. The tests used were: 
 

 The Shapiro Wilk test [84] 
 The Wilcoxon signed-rank sum test [85] 
 The Kruskal-Wallis test [86] 
 The Bonferoni adjustment method [87] 

 

RESULTS 

 

Out of 87 participants (aged 40-84 years), 91.9% and 91.7% 
stated that glucosamine reduced their pain and improved their 
movement (Table 1).  
 

Table 1 Reduction in joint pain versus time since started 
glucosamine 

 

 
Total 

Less than 6 
months 

6 months to a 
year 

1–2 years 
More than 2 

years 

Total answering
86 13 24 16 10 

100% 100% 100% 100% 100% 

Yes 
79 7 24 16 10 

91.9% 53.8% 100% 100% 100% 

No 
7 6 - - - 

8.1% 46.2% 
    

Pain was significantly reduced by 3-4 points (out of possible 5) 
in 46.5% of participants.  Joint movement reported significant 
improvement of 1-2 points out of a possible 5, in 51.7% of the 
participants (Table 2).  
 

Statistical analysis was performed to ascertain whether the 
difference between pain scores and joint movement scores 
before and after taking glucosamine was significant. Due to the 
data being not normally distributed, the Wilcoxon signed-rank 
sum test was used. For both joint pain and joint 
movement/function, the score difference before compared to 
after taking glucosamine was found to be statistically 
significant with Prob>z = 0.00001. This suggests that after 
taking glucosamine participants experienced a significant 
reduction in pain and improvement in joint movement. 
 

All of the participants who indicated that they had used 
glucosamine for more than six months, reported pain reduction 
and joint-movement improvement after using glucosamine 
ranging from 1–2 points through to 5 or more points on the 
rating scales. Six participants indicated that glucosamine was 
not effective in reducing their pain and four participants 
indicated that it did not improve their joints function. The 
participants reporting negative results took glucosamine for 
less than 6 months (Table 3).  
 

Insert Table 3 here 
 

Statistical testing was conducted to ascertain whether the 
difference between pain scores and joint-movement scores in 
participants taking glucosamine for more than six months 
compared to those taking glucosamine for less than six months 
was significant.  
 

For joint pain, the score difference between taking 
glucosamine for more than six months and taking glucosamine 
for less than six months was significant, with Prob>z = 0.0018  
(Wilcoxon signed-rank sum test).  
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Table 3 Reduction in joint pain versus time since started 

glucosamine 
 

 
Total 

Less than 
6 months 

6 months 
to a year 

1–2 
years 

More than 
2 years 

Total 
answering 

86 13 24 16 10 
100% 100% 100% 100% 100% 

Yes 
79 7 24 16 10 

91.9% 53.8% 100% 100% 100% 

No 
7 6 - - - 

8.1% 46.2% 
    

This suggests that taking glucosamine for longer than six 
months results in significant reduction in overall pain. 
 

For joint-movement improvement, the score difference 
between taking glucosamine for more than six months and 
taking glucosamine for less than six months was significant, 
with Prob>z = 0.0343. Taking glucosamine for a period longer 
than six months’ had a statistically significant improvement in 
overall joint movement. 
 

Most participants indicated that their arthritic pain was 
associated with the knees, and most had been diagnosed with 
OA. However, five of the participants had been diagnosed with 
RA, and all of the RA participants reported significant 
decreases in pain and improvement in joint movement ranging 
from 1-2 points through to 5 points on the visual scale after 
taking daily 1500mg of Sulphate for over 6 months.   
 

There were no reports of glucosamine intolerance across the 
sample (44 males and 43 females). Most participants started 
taking glucosamine on the advice of their pharmacist (50%) or 
their doctor (50%) to improve joints pain and function even if 
they did not receive a medical diagnosis of arthritis.  
 

DISCUSSION 
 

Efficacy of Glucosamine 
 

Studies relating to the efficacy of glucosamine have been 
primarily concerned with glucosamine as a 
supplementary/complementary treatment for OA rather than 
RA, and have yielded mixed results. A number of meta-
analyses have been conducted on glucosamine, and have 
shown that glucosamine may provide better pain relief and 
improve function compared to placebo, while others have not 
reported benefit [88, 89, 90, 91, 92, 93, 94, 95]. A possible 
explanation for the mixed findings is a study reporting that 
glucosamine sulphate consistently produced better 
symptomatic benefits compared to glucosamine HCL [94].  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
This suggests that the form of glucosamine being used might 
possibly influence results. Two studies involving either 
paracetamol (acetaminophen) or NSAIDs as the comparator 
have shown that glucosamine sulphate was at least equal to, 
and in some studies superior to, NSAIDs in providing 
symptomatic pain relief [96].  
 

The critical analysis of a selected neutral/negative result study 
reveals the following: 
 

A study conducted in 1999 [97] concluded that there was no 
significant difference between glucosamine and placebo in 
terms of pain-score results. An analysis of the study reveals 
that 118 patients with moderate pain for at least six months 
due to primary knee OA and with radiological changes. The 
patients were given 1500 mg daily of glucosamine HCL versus 
placebo for eight weeks. Patients who had previously taken 
glucosamine or those who had received an IA injection of 
corticosteroids within the previous six months were excluded. 
The negative results may be largely due to the experimental 
design/methodology of the study. The current best-practice 
guidelines based on meta-analyses conducted in 2006, 2008 
and 2010 [88, 89, 95] recommend a dose of 1500 mg for a 
period of six months for full benefits to be achieved. 
Furthermore, these guidelines recommend the use of 
glucosamine sulphate rather than the HCL version for better 
results. 
 

Critical analysis of a positive-result study [96] found that the 
study concluded that administration of glucosamine to OA 
patients resulted in significant improvement in terms of the 
Lequesne index pain scores versus placebo. The study 
consisted of 318 patients with moderate pain for at least three 
months who were given 1500 mg daily of glucosamine 
sulphate versus placebo for six months. Patients already taking 
glucosamine were excluded from the study. These positive 
results may be largely due to the experimental design aligning 
with current best-practice recommendations pertaining to the 
use of glucosamine in the treatment of OA [88, 89, 95].  
 

Safety and Toxicity of Glucosamine 
 

A 2008 review of 20 clinical trials reported no significant side 
effects from the use of glucosamine [91]. This is consistent 
with other evidence indicating that the long-term use of 
glucosamine is associated with only minor and infrequent 
adverse effects – primarily mild and temporary gastrointestinal 
symptoms. It is believed that glucosamine does not carry risks 
such as gastric bleeding or ulcers, and does not raise the risk of 
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No pain improve-ment 
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18.2% 
 

11.8% 
Pain improve-ment (1–2 

points) 
28 16 12 10 7 4 7 14 12 2 

32.6% 36.4% 28.6% 45.5% 30.4% 20.0% 33.3% 42.4% 33.3% 11.8% 
Pain improve-ment (3–4 

points) 
40 19 21 8 10 11 11 10 20 10 

46.5% 43.2% 50.0% 36.4% 43.5% 55.0% 52.4% 30.3% 55.6% 58.8% 

Pain improve-ment (5+ points) 
10 5 5 1 3 3 3 3 4 3 

11.6% 11.4% 11.9% 4.5% 13.0% 15.0% 14.3% 9.1% 11.1% 17.6% 
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heart attack, stroke, or kidney disease, as do some first-line 
pharmacological treatments [88]. 
 

However, one potential safety concern involves blood sugar 
regulation. An initial study in a diabetic animal model raised 
concerns that glucosamine supplementation might increase 
insulin resistance [98, 99]. Subsequent studies conducted in 
2006 and 2007 in patients with diabetes and OA found that 
glucosamine did not directly affect blood-glucose levels or 
cause worsening of insulin sensitivity. In addition, it had no 
effect on levels of either high-density lipoprotein (HDL) or 
apolipoprotein A1, a constituent of HDL 100, 101]. A recent 
meta-analysis of clinical studies indicates that glucosamine 
may decrease insulin sensitivity and increase fasting glucose. 
The proposed mechanism is as follows: Glucosamine is 
thought to be a competitive inhibitor of beta cell glucokinase. 
Glucokinase in beta cells has a role in sensing glucose and 
stimulating insulin secretion. Thus, glucosamine may raise the 
glucose threshold for glucose stimulated insulin secretion and 
lead to higher plasma fasting glucose levels as a result [102]. 
Until definitive information is available, blood sugar levels 
should be closely monitored if glucosamine preparations are 
given to diabetic and glucose-intolerant patients. 
 

A further safety consideration is that, since most glucosamine 
is prepared from shellfish, it should not be recommended to 
patients with significant seafood allergy, although case reports 
show that patients do not typically react to glucosamine [103]. 
A study conducted by Knudsen and Sokol (2008) [104] 
discussed the possibility that glucosamine may result in a 
potential interaction between warfarin (an anti-coagulant 
medication) and glucosamine that is associated with an 
increase in the International Normalised Ratio (INR). The 
USA Food and Drug Administration (FDA) MedWatch 
database identified 20 reports of glucosamine or glucosamine-
chondroitin sulphate use with warfarin associated with altered 
coagulation (manifested by increased INR, or increased 
bleeding or bruising). The study further states that the World 
Health Organisation (WHO) adverse drug reactions database 
documented 21 spontaneous reports of increased INR 
associated with glucosamine use, 17 of which resolved when 
glucosamine was stopped. The study concludes, however, that 
the mechanism is not understood, and that more research is 
required to identify the mechanism. 
 

Despite the above it is assessed that it is unlikely that 
glucosamine will have adverse interactions with other drugs 
since glucosamine is mainly absorbed via glucose transporters 
and does not compete for general absorption mechanisms. In 
addition, it is mainly metabolised independently of the 
cytochrome P450 enzyme system [105]. 
 

Significance of Results 
 

The results of the study indicate that glucosamine is effective 
in the treatment of OA. A majority (91.9%) of respondents 
equally distributed between male and female, stated 
glucosamine had helped reduce pain in their joints. Only 8.1% 
stated glucosamine had been ineffective. Further, 91.7% of 
respondents stated that taking glucosamine had improved the 
movement in their joints. Likewise, 93.2% of respondents 
indicated that taking glucosamine has helped to improve the 
function of their joints due to the pain reduction. 
It is clear from the study that those patients who used 
glucosamine for more than six months perceived a significant 

reduction in pain and an improvement in joint movement. The 
results show that all respondents (100%) reported that 
glucosamine was beneficial in reducing their joint pain and 
improving their joint-movement after using glucosamine 
ranging from 1–2 points through to 5 or more points on the 
rating scales. 
 

However, amongst those respondents who took glucosamine 
for less than six months, nearly half reported no benefit from 
taking glucosamine. This leads to the conclusion that for 
glucosamine to be effective in reducing joint pain, it must be 
taken for a period exceeding six months. This is supported by 
the existing literature. The current best-practice guidelines 
recommend a glucosamine dose of 1500 mg daily for a period 
of six months for full benefits to be achieved. The guidelines 
further recommend the use of glucosamine sulphate rather than 
the HCL formulation [88, 90, 95, 106]. A recent meta-analysis 
conducted in 2013 agrees with this assessment, concluding that 
whilst glucosamine HCL was ineffective for pain reduction in 
patients with knee OA, glucosamine sulphate was effective 
when administered for more than six months [107].  A small 
number of the total number of participants in the study 
indicated that glucosamine had not been effective. All of these 
participants took glucosamine for less than six months, 
corroborating the supporting literature. 
 

The literature review in this study provided insight on the 
possible benefits of glucosamine in relieving oxidative stress 
associated with arthritis. A small group of participants reported 
that they were diagnosed with RA (five out of 87 participants), 
and 100% of those participants reported a highly significant 
decrease in pain ranging from 1–2 points through to 5 points or 
more on the visual scale. They also reported a significant 
improvement in joint function/movement ranging from 1–2 
points through to 5 or more points. All of the participants with 
a self-reported RA diagnosis indicated they had been taking 
glucosamine for longer than six months at the recommended 
dose of 1500mg per day. Given the role of ROS and the 
resultant oxidative stress found in both the pathogenesis and 
disease progression of RA, and the reported antioxidant 
activity of glucosamine, inferences can be made regarding the 
findings of this study which may be rationalised as follows: 
That is, the antioxidant properties of glucosamine may be 
directly responsible for the positive effects of glucosamine 
reported by RA suffers who took part in this study.  
 

A critical literature review revealed that few studies have 
investigated the effectiveness of glucosamine in other types of 
arthritis and to date; no research has been conducted regarding 
the antioxidant/pro-oxidant activity of glucosamine in human 
patients suffering from IJDs. Particularly, there has also been 
very little research conducted on the efficacy of glucosamine 
in the treatment of RA patients. Nakamura et al. (2007) [108] 
found that glucosamine treatment produced noticeable 
improvements in symptoms of RA patients. However, 
antioxidant status was not measured in this study. 
 

Limitations 
 

This study is based solely upon patient perceptions not any 
formal investigations. Nevertheless the reported benefits 
appear strong and it is unlikely that the results were purely 
placebo. 
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CONCLUSION  
 

The results of this study indicated that health professionals 
have a degree of confidence in the benefits of glucosamine as a 
complementary treatment of Osteoarthritis. However further 
study is required regarding efficacy.   
 

In further examining the antioxidant effect of glucosamine, a 
further research question arises regarding what possible role 
glucosamine may have in the treatment of other diseases 
associated with oxidative stress. The existing literature reports 
antioxidant properties of glucosamine. Further research 
examining the possible role of glucosamine in the treatment of 
other diseases associated with oxidative stress is surely 
warranted. 
 

Declarations 
 

Ethics: ethical clearance was approved by the Research in 
Human Ethics committee of Charles Darwin University, 
Darwin, Australia. All survey procedures and content were 
performed in strict accordance with the Charles Darwin 
University ethics approvals. All participants consented to 
participate and voluntarily enrolled.  
 

Consent for publication: all authors have consented for 
submission and publication. 
 

Availability of data and material: all data and material are 
available on request.  
 

Competing interests: The authors declare that they have no 
competing interests 
 

Funding: No external funding received for this project; 
expenses were covered by Higher Education by research 
allocation provided by Charles Darwin University. 
 

Authors’ contributions: The First author conducted the 
research, the second and third authors contributed equally 
towards the development of the research concept and the 
drafting of the paper. 
 

Acknowledgements 
 

Not applicable 
 

References 
 

1. Chong S.  Feature-arthritis: Joint outcomes: 
Communication + understanding = pain relief. Aust J 
Pharm   2012;93(1103):40. 

2. Textor C. Public Opinion Poll – Arthritis. 2008.  
Available at: 
www.arthritisaustralia.com.au/index.php/research-
grants6/why-invest-in-arthritis-research.html. 
Accessed: 21/03/2017. 

3. Rheumatology, (2016).  In eTherapeutic Guidelines 
(eTG) complete.  Available at: 
www.online.tg.org.au.ezproxy.cdu.edu.au/ip/desktop/
index.htm.  Accessed 22/07/2013. 

4. Smolen JS, Aletaha D, Bijlsma JW, Breedveld FC, 
Boumpas D, Burmester G, Schoels M. Treating 
rheumatoid arthritis to target: recommendations of an 
international task force. Ann Rheum Dis 
2010;69(4):631-639. 

5. Mendis E, Kim MM, Rajapakse N, Kim SK.  Sulfated 
glucosamine inhibits oxidation of biomolecules in 
cells via a mechanism involving intracellular free 

radical scavenging. Eur J Pharmacol 2008; 
579(1):74-85. 

6. Xing R, Liu S, Guo Z, Yu H, Li C, Ji X, Li P. The 
antioxidant activity of glucosamine hydrochloride in 
vitro. Bioorgan Med Chem 2006; 14(6):1706-1709. 

7. Xing R, Liu S, Wang L, Cai S, Yu H, Feng J, Li P.  
The preparation and antioxidant activity of 
glucosamine sulfate. Chinese J Oceanol Limnol, 
2009;27(2):283-287. 

8. Yang Y, Liu W, Han B, Wang C, Fu C, Liu B, Chen 
L.  The antioxidative and immunostimulating 
properties of D-glucosamine. Int Immunopharmacol 
2007;7(1):29-35. 

9. Choy E, Panayi G.  Cytokine pathways and joint 
inflammation in rheumatoid arthritis. New Engl J Med 
2001;344(12):907-916. 

10. Moreland LW. Potential biological agents for treating 
rheumatoid arthritis. Rheum Dis Clin N Am, 2001; 
27(2):445-491. 

11. Feldman M, Brennan F, Maini RN.  Role of cytokines 
in rheumatoid arthritis. Ann Rev Immunol 
1996;14(1):397-440. 

12. Arend W. Cytokine imbalance in the pathogeniesis of 
rheumatoid arthritis: the role of interleukin-1 receptor 
antagonist. Semin Arthritis Rheumm 2001;30(5):1-6. 

13. Grabowski P, Macpherson H, Ralston S.  Nitric oxide 
production in cells derived from the human joint. Brit 
J Rheumatol 1996;35(3):207-212. 

14. Lotz M.  The role of nitric oxide in articular cartilage 
damage. Rheum Dis Clin N Am 1999;25(2):269-282. 

15. Lotz M, Hashimoto S, Kuhn K. Mechanisms of 
chondrocyte apoptosis. Osteoarth Cartilage 
1999;7(4):389-391. 

16. Abramson S, Krasnokutsky S. Biomarkers in 
osteoarthritis. B NYU Hosp Joint Dis 2006;64(1-
2):77. 

17. Hunter D. In the clinic: osteoarthritis. Ann Intern Med 
2007;147(3):1-16. 

18. Alturfan A, Uslu E, Alturfan EE, Hatemi G, Fresko I, 
Kokoglu E. Increased serum sialic acid levels in 
primary osteoarthritis and inactive rheumatoid 
arthritis. Tohoku J Exp Med 2007;213(3):241-248. 

19. Ayral X, Pickering E, Woodworth T, Mackillop N, 
Dougados M. Synovitis: a potential predictive factor 
of structural progression medial tibio-femoral knee 
osteoarthritis – results of a 1 year longitudinal 
arthroscopic study in 422 patients.  
OsteoarthCartilage, 2005;13(5):361-367. 

20. Glass GG.  Osteoarthritis. Disease-a-Month 
2006;52(9):343-362. 

21. Halliwell B, Gutteridge CE.  Cross free radicals, 
antioxidants and human disease. Where are we now? 
JLab Clin Med 1992;119(6):598-620. 

22. Henrotin YE, Kurz B, Aigner T. Oxygen and reactive 
oxygen species in cartilage degradation: friends or 
foes? Osteoarth Cartilage 2005;13(8):643-654. 

23. Marklund SL, Bjelle A, Elmqvist LG. Superoxide 
dismutase isoenzymes of the synovial fluid in 
rheumatoid arthritis and in reactive arthritides. Ann 
Rheum Dis, 1986;45(10):847-851. 

24. Henrotin YE, Bruckner P, Pujol JP. The role of 
reactive oxygen species in homeostasis and 



Consumer’s Perception of the Efficacy And Tolerance of Glucosamine in Joint Diseases  

 

9447 

degradation of cartilage. Osteoarth Cartilage, 
2003;11(10):747-755. 

25. Sakurai H, Kohsaka H, Liu MF, Higashiyama H, 
Hirata Y, Kanno K, Saito I, Miyasaka N. Nitric oxide 
production and inducible nitric oxide synthase 
expression in inflammatory arthritides. J Clin Invest 
1995;96(5):2357-2363. 

26. Sandhu JK, Robertson S, Birnboim HC, Goldstein R. 
Distribution of protein nitrotyrosine in synovial 
tissues of patients with rheumatoid arthritis and 
osteoarthritis. J Rheumatol 2003;30(6):1173-1181. 

27. Mathy-Hartert M, Martin G, Devel PG, Deby-Dupont 
G, Pujol JP, Reginster JY, Henrotin Y. Reactive 
oxygen species downregulate the expression of pro-
inflammatory genes by human chondrocytes. Inflamm 
Res 2003;52(3):111-118. 

28. Goebel KM, Storck U, Neurath F. Intrasynovial 
orgotein therapy in rheumatoid arthritis. Lancet 
1981;317(8228):1015-1017. 

29. Afonso V, Champy R, Mitrovic D, Collin P, Lomri A. 
Reactive oxygen species and superoxide dismutases: 
role in joint disease. Joint Bone Spine 
2007;74(4):324-329.  

30. Afonso V, Santos G, Collin P, Khatib A, Mitrovic 
DR, Lomri N. TNF-α down-regulates human Cu/Zn 
superoxide dismutase 1 promoter via JNK/AP-1 
signalling pathway. Free Radical Bio Med 
2006;41(5):709-721. 

31. Stralin P, Marklund SL. Multiple cytokines regulate 
the expression of extracellular superoxide dismutase 
in human vascular smooth muscle cells. 
Atherosclerosis 2000;151(2):433-441.  

32. Martel-Pelletier J, Alaaeddine N, Pelletier JP. 
Cytokines and their role in the pathophysiology of 
osteoarthritis. Front Biosci, 1999;4:D694-703. 

33. Yudoh K, van Trieu N, Nakamura H, Hongo-Masuko 
K, Kato T, Nishioka K. Potential involvement of 
oxidative stress in cartilage senescence and 
development of osteoarthritis: oxidative stress 
induces chondrocyte telomere instability and down 
regulation of chondrocyte function. Arthrit Res Ther 
2005;7(2):1. 

34. Loeser RF, Carlson CS, Carlo MD, Cole A. Detection 
of nitrotyrosine in aging and osteoarthritic cartilage: 
correlation of oxidative damage with the presence of 
interleukin-1beta and with chondrocyte resistance to 
insulin-like growth factor 1. ArthritisRheum 
2992;46(9):2349-2357. 

35. Saag KG, Teng GG, Patkar NM, Anuntiyo J, Finney 
C, Curtis JR, Furst DE. American College of 
Rheumatology 2008 recommendations for the use of 
non-biologic and biologic disease-modifying 
antirheumatic drugs in rheumatoid arthritis. Arthritis 
Rheum 2008;59(6):762-771. 

36. Singh JA, Furst DE, Bharat A, Curtis JR, Kavanaugh 
AF, Kremer JM, Saag KG.  2012 update of the 2008 
American College of Rheumatology 
recommendations for the use of disease-modifying 
antirheumatic drugs and biologic agents in the 
treatment of rheumatoid arthritis. Arthritis Care Res 
2012;64(5):625-632. 

37. Adachi T, Toishi T, Takashima E, Hara H. Infliximab 
neutralizes the suppressive effect of TNF-alpha on 

expression of extracellular-superoxide dismutase in 
vitro. Biolog Pharmaceut Bull, 2006;29(10):2095-
2098. 

38. Smolen JS, Schoels MM, Nishimoto N, Breedveld 
FC, Burmester GR, Dougados M, van der Heijdi D. 
Consensus statement on blocking the effects of 
interleukin-6 and in particular by interleukin-6 
receptor inhibition in rheumatoid arthritis and other 
inflammatory conditions. Ann Rheum Dis 
2013;72(4):482-492. 

39. Zhang W, Moskowitz RW, Nuki MB, Abramson S, 
Altman RD, Arden N, Tugwell P. OARSI 
recommendations for the management of hip and 
knee osteoarthritis: part I: critical appraisal of existing 
treatment guidelines and systematic review of current 
research evidence. Osteoarth Cartilage 
2007;15(9):981-1000.  

40. Zhang W, Moskowitz RW, Nuki G, Abramson S, 
Altman RD, Arden N, Tugwell P. OARSI 
recommendations for the management of hip and 
knee osteoarthritis: part II: OARSI evidence-based, 
expert consensus guidelines. Osteoarth Cartilage 
2008;16(2):137-162. 

41. Zhang W, Nuki G, Moskowitz RW, Abramson S, 
Altman RD, Arden NK, Tugwell P. OARSI 
recommendations for the management of hip and 
knee osteoarthritis: part III: changes in evidence 
following systematic cumulative update of research 
published through January 2009. Osteoarth Cartilage 
2010;18(4):476-499. 

42. Flood J. The role of acetaminophen in the treatment 
of osteoarthritis. Am J Manag C 2010;16:S48-S54. 

43. Pavelka K, Gatterova J, Olejarova M, Machacek S, 
Giacovelli G, Rovati LC. Glucosamine sulfate use 
and delay of progression of knee osteoarthritis: a 3-
year, randomized, placebo-controlled, double-blind 
study. Arch Intern Med 2002; 162(18):2113-2123. 

44. Moore RA.  The hidden costs of arthritis treatment 
and the cost of new therapy – the burden of non-
steroidal anti-inflammatory drug gastopathy. 
Rheumatology, 2002;41(supplement 1):7-15. 

45. Singh G.  Recent considerations in nonsteroidal anti-
inflammatory drug gastropathy. Am J Med 
1998;105(1):31S-38S. 

46. Ostergaard M, Halberg P.  Intra-articular 
corticosteroids in arthritic disease: a guide to 
treatment. BioDrugs 1998;9(2):95-103. 

47. Iannitti T, Lodi D, Palmieri B.  Intra-articular 
injections for the treatment of osteoarthritis: focus on 
the clinical use of hyaluronic acid. Drugs in R & D  
2010;11(1):13-27. 

48. Caborn D, Rush J, Lanzer W, Parenti D, Murry C.  A 
randomized, single-blind comparison of the efficacy 
and tolerability of hylan G-F 20 and triamcinolone 
hexacetonide in patients with osteoarthritis of the 
knee. J Rheumatol 2004;31(2):333-343. 

49. Stahl S, Karsh-Zafrir I, Ratzon N, Rosenberg N.  
Comparison of intra-articular injection of depot 
corticosteroid and hyaluronic acid for treatment of 
degenerative trapeziometacarpal joints. JClin 
Rheumatol 2005;11(6):299-302. 

50. Vetter G.  Glucosamine in the therapy of degenerative 
rheumatism. Ger Med J 1965;16(13):446-449. 



International Journal of Current Advanced Research Vol 7, Issue 1(J), pp 9440-9450, January 2018 
 

 9448

51. Vetter G.  Topical therapy of arthroses with 
glucosamines (Dona 200). Munchen Med Wochen  
1969;111(28):1499-1502. 

52. Curtis CL, Harwood JL, Dent CM, Caterson B.  
Biological basis for the benefit of nutraceutical 
supplementation in arthritis. Drug Discov Today  
2004;9(4):165-172. 

53. Zerkak D, Dougados M.  The use of glucosamine 
therapy in osteoarthritis. Current Pain; and Headache 
Reports 2004;8(6):507-511. 

54. Villacis J, Rice TR, Bucci LR, El-Dahr JM, Wild L, 
DeMerell D, Lehrer, SB.  Do shrimp-allergic 
individuals tolerate shrimp-derived glucosamine? 
ClinExp Allergy 2006;36(11):1457-1461. 

55. McAlindon T.  Why are clinical trials of glucosamine 
no longer uniformly positive? Rheum Dis Clin N Am  
2003;29(4):789-801. 

56. Noyszewski EA, Wroblewski K, Dodge GR, 
Kudchodkar S, Beers J, Sarma AVS, Reddy R.  
Preferential incorporation of glucosamine into the 
galactosamine moieties of chondroitin sulphate in 
articular cartilage explants. Arthritis Rheum 
2001;44(5):1089-1095. 

57. Bassleer C, Rovati L, Franchimont P.  Glucosamine 
sulphate stimulates proteoglycan production in human 
chondrocytes in vitro. Osteoarth Cartilage 
1998;6(6):427-434. 

58. Dodge G, Jimenez S.  Glucosamine sulphate 
modulates the levels of aggrecan and matrix 
metalloproteinase-3 synthesized by cultured human 
osteoarthritis articular chondrocytes. Osteoarth 
Cartilage 2003;11(6):424-432. 

59. Piperno M, Reboul P, Le Graverand MH, Preschard 
MJ, Annefeld M, Richard M, Vignon E.  
Glucosamine sulfate modulates dysregulated 
activities of human osteoarthritic chondrocytes in 
vitro. Osteoarth Cartilage 2000;8(3):207-212. 

60. Sandy JD, Gamett D, Thompson V, Verscharen C.  
Chondrocyte-mediated catabolism of aggrecan: 
aggrecanase-dependent cleavage induced by 
interleukin-1 or retinoic acid can be inhibited by 
glucosamine. Biochem J 1998;335(1):59-66. 

61. Altman RD, Cheung H.  Glucosamine sulphate on 
cartilage: lapine study. Arthritis Rheum 
2001;44(supplement 9):1535. 

62. Tiraloche G, Girard C, Chouinard L, Sampalis J, 
Moquin L, Ionescu M, Laverty S.  Effect of oral 
glucosamine on cartilage degradation in a rabbit 
model of osteoarthritis. Arthritis Rheum, 
2005;52(4):1118-1128. 

63. Castaneda S, Herrero-Beaumont G, Roman-Blas J, 
Largo R.  Glucosamine sulfat;e for knee 
osteoarthritis: science and evidence-based use. 
Therapy 2010;7(6):591-604. 

64. Mroz PJ, Silbert JE.  Use of 3H-glucosamine and 
35S-sulphate with cultured human chondrocytes to 
determine the effect of glucosamine concentration on 
formation of chondroitin sulphate. Arthritis Rheum 
2004;50(11):3574-3579. 

65. Bagchi D, Moriyama H, Raychaudhuri S. (Eds).  
Arthritis: pathophysiology, prevention, and 
therapeutics.  Chapter 20: Hexosamine flux and the 

efficacy and safety of glucosamine in the treatment of 
osteoarthritis London, CRC Press 2011 pp265-267. 

66. Laverty S, Sandy JD, Celeste C, Vachon P, Marier JF, 
Plass AH.  Synovial fluid levels and serum 
pharmacokinetics in a large animal model following 
treatment with oral glucosamine at clinically relevant 
doses. Arthritis Rheum 2005;52(1):181-191. 

67. Varghese S, Theprungsirikul P, Sahani S, Hwang N, 
Yarema KJ, Elisseeff JH.  Glucosamine modulates 
chondrocyte proliferation, matrix synthesis, and gene 
expression. Osteoarth Cartilage, 2007;15(1):59-68. 

68. Gouze JN, Bordji K, Gulberti S, Terlain B, Netter P, 
Magdalou J, Fournel-Gigleux S, Ouzzine M.  
Interleukin-1 [beta] down-regulates the expression of 
glucuronosyltransferase I, a key enzyme priming 
glycosaminoglycan biosynthesis: influence of 
glucosamine on interleukin-1 [beta]-mediated effects 
in rat chondrocytes. Arthritis Rheum 2001;44(2):351-
360. 

69. Shikhman AR, Kuhn K, Alaaeddine N, Lotz M.  N-
acetylglucosamine prevents IL-1 [beta]-mediated 
activation of human chondrocytes. J Immunol  
2001;166(8); 5155-5160. 

70. Gouze JN, Bianchi A, Becuwe P, Dauca M, Netter P, 
Magdalou J, Terlain B, Bordji K.  Glucosamine 
modulates IL-1-induced activation of rat 
chondrocytes at a receptor level, and by inhibiting the 
NF kappa B pathway. FEBS Lett, 2002;510(3):166-
170. 

71. Largo R, Alvarez-Soria MA, Dìez-Ortego I, Calvo E, 
Sanchez-Pernaute O, Egido J, Herrero-Beaumont G.  
Glucosamine inhibits IL-1 [beta]-induced NF kappa B 
activation in human osteoarthritic chondrocytes. 
Osteoarth Cartilage 2003; 11(4):290-298. 

72. Alvarez-Soria MA, Largo R, Calvo E, Egido J, 
Herrero-Beaumont G.  Differential anticatabolic 
profile of glucosamine sulphate versus other anti-
osteoarthritic drugs on human osteoarthritic 
chondrocytes and synovial fibroblast in culture. 
Osteoarth Cartilage 2005;13(supplement A):P309. 

73. Schomburg D, Stephan D. (Eds) N-Acylhexosamine 
oxidase. In: Enzyme Handbook 10, Springer 1995 
pp475-477. Viewed at: 
http://link.springer.com/content/pdf/10.1007/978-3-
642-57756-7_125.pdf.  

74. Bellamy N, Buchanan W, Goldsmith C, Campbell J, 
Stitt LW.  Validation study of WOMAC: a health 
status instrument for measuring clinically important 
patient relevant outcomes to anti-rheumatic drug 
therapy in patients with osteoarthritis of the hip or 
knee. J Rheumatol 1988; 15(12):1833-1840. 

75. Bellamy N, Kean WF, Buchanan W, Gerecz-Simon 
E, Campbell J.  Double blind randomized controlled 
trial of sodium meclofenamate (Meclomen) and 
diclofenac sodium (Voltaren): post validation 
reapplication of the WOMAC osteoarthritis index. J 
Rheumatol 1992; 19(1);153-159. 

76. Bellamy N.  Pain assessment in osteoarthritis: 
experience with the WOMAC osteoarthritis index. 
Seminars in Arthritis Rheum 1989; 18(supplement 
2);14-17. 

77. DAS-Score.  Available at www.das-
score.nl/das28/en/   Accessed 29 March 2015. 



Consumer’s Perception of the Efficacy And Tolerance of Glucosamine in Joint Diseases  

 

9449 

78. Hawker G, Melfi C, Paul JE, Green R, Bombardier C.  
Comparison of a generic (SF-36) and a disease 
specific (WOMAC) instrument in the measurement of 
outcomes after knee replacement surgery. J 
Rheumatol 1995;22(6):1193-1196. 

79. Bergamini CM, Gambette S, Dondi A, Cervellati C.  
Oxygen, reactive oxygen species and tissue damage.  
Curr Pharm Design  2004;10(14):1611-1626 

80. Melzack R.  The McGill Pain Questionnaire: major 
properties and scoring methods. Pain 1975;1(3):277-
299. 

81. Pain Rating Scales. Available at: 
www.health.vic.gov.au/qualitycouncil/.../appl_pain_r
ating_scales.do Accessed 5/6/2014. 

82. Stuki G, Sangha O, Stucki S, Michel BA, Tyndall A, 
Dick W, Theiler R.  Comparison of WOMAC 
(Western Ontario and McMaster Universities) 
osteoarthritis index and a self-report format of the 
self-administered Lequesne-Algo functional index in 
patients with knee and hip osteoarthritis. Osteoarth 
Cartilage 1998; 6(2):79-86. 

83. Williamson A, Hoggart B.  Pain: a review of three 
commonly used pain rating scales. J Clin Nurs 2005; 
14(7):798-804. 

84. Royston JP.  An extension of Shapiro and Wilk’s W 
test for normality to large samples. App Stat-J Roy 
ST C 1982;31(2):115-124.  

85. McDonald J.   Wilcoxon signed-rank test. Handbook 
of Biological Statistics. Available 
atwww.biostathandbook.com/wilcoxonsignedrank.ht
ml Accessed 04/10/2016. 

86. Spurrier JD.  On the null distribution of the Kruskal–
Wallis statistic. J Nonparametr Stat 2003;15(6):685-
691. 

87. Strassburger K, Bretz F.  Compatible simultaneous 
lower confidence bounds for the Holm procedure and 
other Bonferroni-based closed tests. Stat Med 2008; 
27(24):4914-4927. 

88. Bruyere O, Burlet N, Delmas PD, Rizzoli R, Cooper 
C, Reginster JY.  Evaluation of symptomatic slow-
acting drugs in osteoarthritis using the GRADE 
system. BMC Musculoskeletal Disorders 2008;9(1):1. 

89. Distler J, Anguelouch A.  Evidence-based practice: 
review of clinical evidence on the efficacy of 
glucosamine and chondroitin in the treatment of 
osteoarthritis. J Am Acad Nurs Pract 2006; 
18(10):487-493. 

90. Gregory PJ, Sperry M, Wilson AF.  Dietary 
supplements for osteoarthritis. Am Fam Physician 
2008;77(2):177-184. 

91. Hart J.  Osteoarthritis and complementary therapies. 
Alternative and Complementary Therapies 2008; 
14(3):116-120. 

92. McAlindon TE, LaValley MP, Gulin JP, Felson DT.  
Glucosamine and chondroitin for treatment of 
osteoarthritis: a systematic quality assessment and 
meta-analysis. JAMA 2000;283(11):1469-1475. 

93. Morelli V, Naquin C, Weaver V.  Alternative 
therapies for traditional disease states: osteoarthritis. 
Am Fam Physician  2003;67(2):339-344. 

94. Towheed T, Maxwell L, Anastassiades TP, Shea B, 
Houpt JB, Welch V, Wells GA.  Glucosamine therapy 

for treating osteoarthritis. Cochrane Database of 
Systematic Reviews, 2005;(2): CD002946. 

95. Wandel S, Jüni P, Tendal B, Nüesch E, Villiger PM, 
Welton NJ,Trelle S.  Effects of glucosamine, 
chondroitin, or placebo in patients with osteoarthritis 
of hip or knee: network meta-analysis. Brit Med J  
2010;341: c4675. 

96. Herrero-Beaumont G, Ivorra JA, Trabado MD, 
Blanco FJ, Benito P, Martin-Mola E, Branco J.  
Glucosamine sulphate in the treatment of knee 
osteoarthritis symptoms: a randomized, double-blind, 
placebo-controlled study using acetaminophen as a 
side comparator. Arthritis Rheum 2007;56(2):555-
567. 

97. Houpt J, McMillan R, Wein C, Paget-Dellio SD.  
Effect of glucosamine hydrochloride in the treatment 
of pain of osteoarthritis of the knee. JRheumatol  
1999;26(11):2423-2430. 

98. Hawkins M, Barzilai N, Liu R, Hu M, Chen W, 
Rossetti L.  Role of the glucosamine pathway in fat-
induced insulin resistance. J Clin Invest  
1997;99(9):2173-2182. 

99. Kim S, Roland J.  Symptoms of insulin resistance. 
Available at: 
www.healthline.com/health/diabetes/insulin-
resistance-symptoms#Overview1  Accessed: 
8/9/2016. 

100. Albert SG, Oiknine RF, Parseghian S, Mooradian A, 
Haas M, McPherson T.  The effect of glucosamine on 
serum HDL cholesterol and apolipoprotein AI levels 
in people with diabetes. Diabetes Care  
2007;30(11):2800-2803. 

101. Muniyappa R, Karne RJ, Hall G, Crandon SK, 
Bronstein JA, Ver MR, Hortin GL, Quon MJ.  Oral 
glucosamine for 6 weeks at standard doses does not 
cause or worsen insulin resistance or endothelial 
dysfunction in lean or obese subjects. Diabetes 
2006;55(11):3142-3150. 

102. Monauni T, Zenti MG, Cretti A, Daniels MC, Targher 
G, Caruso B,Bonadonna RC.  Effects of glucosamine 
infusion on insulin secretion and insulin action in 
humans. Diabetes 2000;49(6):926-935. 

103. Gray HC, Hutcheson PS, Slavin RG.  Is glucosamine 
safe in patients with seafood allergy? J Allergy Clin 
Immun 2004;114(2):459-460. 

104. Knudsen JF, Sokol GH.  Potential glucosamine-
warfarin interaction resulting in increased 
international normalized ratio: case report and review 
of the literature and Med Watch database. 
Pharmacotherapy 2008;28(4):540-548. 

105. Anderson JW, Nicolosi RJ, Borzelleca JF.  
Glucosamine effects in humans: a review of effects 
on glucose metabolism, side effects, safety 
considerations and efficacy. Food Chem Toxicol 
2005;43(2):187-201. 

106. National Centre for Complementary and Alternative 
Medicine, National Institutes of Health.  The NIH 
Glucosamine/Chondroitin Arthritis Intervention Trial 
(GAIT). J Pain Palliative Care Pharmacother  
2008;22(1):39-43. 

107. Wu D, Huang Y, Gu Y, Fan W.  Efficacies of 
different preparations of glucosamine for the 
treatment of osteoarthritis: a meta-analysis of 



International Journal of Current Advanced Research Vol 7, Issue 1(J), pp 9440-9450, January 2018 
 

 9450

randomised, double-blind, placebo-controlled trials. 
Int J Clin Pract 2013; 67(6):585-594. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

108. Nakamura H, Masuko K, Yudoh K, Kato T, Kamada 
T, Kawahara T. Effects of glucosamine 
administration on patients with rheumatoid arthritis. 
Rheumatol Int 2007; 27(3):213-218. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

How to cite this article:  
 

Marcus Sanders et al (2018) 'Consumer’s Perception of the Efficacy And Tolerance of Glucosamine in Joint Diseases', 
International Journal of Current Advanced Research, 07(1), pp. 9440-9450. 
DOI: http://dx.doi.org/10.24327/ijcar.2018.9450.1562 
 

******* 


