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l. Preface

My interest in glucosamine sulfate arose duringtitme at the college in Canada. At
this point in time, relatives of mine asked medaemedy against pain caused by
degenerative joints. Not knowing much about ostiboiéic pain | started a search for the
zcure® of it. While reading articles and books abthis subject | tumbled over a remedy
called glucosamine sulfate. Readily avaiable inestan North America | started to send some
packages back home. After | while those relatimésrmed me that their pain has disappeared
or at least got better.

When choosing a subject for the critical literattegading course at the Swiss
Chiropractic Institute | did not have to go a lomgy before | decided to do my literature
review about the role of glucosamine sulfate ireoatthritis.



The Role of Glucosamine Sulfatein Osteoarthritis

Il. Introduction

Osteoarthritis (OA) is a noninflammatory degewiee joint disease marked by
degeneration of the articular cartilage, hypertsophbone at the margins, and changes in the
synovial membrane, accompanied by pain and stifif#4). It is estimated that OA of the
hands affects more than 42 million (32.5%) Americaged 25-74 and this prevalence is
expected to rise further as the population agey @%hough it is one of the most common
forms of rheumatic diseases, the precise biochémaeese of OA remains unknown. What is
known, however, is that the disease process isactaized by a predominance of
degradation vs. repair of cartilage proteoglycand af subchondral bone. This ultimately
leads to a functional deterioration of the joinfiigh typically results in the painful features
observed in patients with OA. Additional symptomscts as stiffness, joint swelling,
deformity, and crepitus also develop with continuednover of cartilage matrix. The
development of variable degrees of inflammatiog.gynovitis) in the joints of these patients
occurs secondary to the increased release of warigilammatory mediators, including
metalloproteinases (e.g. collagenase, gelatinasaealysin) and chondrocytes.

Risk factors have been identified that may predisgmatients to the development of the
disease. These are age, gender, race, genetisgosition, obesity, mechanical stress, joint
trauma, congenital and developmental bone and jisdrders, prior inflammatory joint
disease and endocrine and metabolic diseases.rapidgic data show that age is considered
a major determinant of OA, with higher incidenctesareported in patients with increased age
(15).

Most current treatment modalities of OA are téedeat primary and secondary
prevention. Primary prevention strategies includgegmt education, protecting the joint from
further injury, exercise and weight reduction, awbidance of excessive repetitive motion.
Secondary prevention is primarily palliative andvdlves both nonpharmacologic and
pharmacologic therapies, as well as surgery. Nampaeologic treatment approaches include
exercise rehabilitation; physical and occupatiotta¢rapy; appropriate use of braces,
bandages, canes, crutches, and walkers; and thieadiom of heat or cold therapy. The main
goal of pharmacologic management is to minimize phaful symptoms. Although the
American College of Rheumatology guidelines for rédpy of OA recommended
acetaminophen as a first-line option (4), therenaa@y other effective topical and oral agents
available to treat patients with OA. These incladents such as capsaicin, methylsalicylate,
nonsteroidal antiinflammatory drugs (NSAIDs), anlden indicated, opiates and
corticosteroids.

Non-Pharmological
Patient education
Programmed exercises
Weight loss
Joint protection
Thermal modalities
Pharmacologic Therapy
Nonopioid analgesics




Topical analgesics
NSAIDs

Intra-articular steroids
Intra-articular hyaluronate
Opioid analgesics

Surgical Approaches
Arthroscopic débriment
Osteotomy
Total joint arthroplasty

Table 1: Current treatment of OA

Unfortunately, none of these drugs can contrel ékiolution of OA and some have
been implicated in accelerating its progression.d&te, there is no evidence that NSAID
treatment favorably modifies the progression afijdireakdown in humans with OA, in fact,
several, but not all, NSAIDs inhibit the synthesfsproteoglycans by cartilage in vitio a
concentration-dependent fashion, and some have $le®nn to accelerate progression of
cartilage degeneration in vivo in animal model©éf (4,13). Because of the possible serious
adverse events associated with the long-term useroé of the aforementioned medications,
recent experimental efforts have been directedeattifying ,chondroprotective" agents that
may repair, or at the very least, slow the degradaif articular cartilage in OA. It has been
suggested recently that the preferable label igd3is-Modifying OA Drug (DMOAD) (13).

A number of these chondroprotective or DMOAD areleminvestigation to determine their
role in joint repair and/or preservation of joittgture and function. Heparinoids, hyaluronic
acid, piroxicam, tetracyclines, corticosteroids,omtiroitin, and glucosainine sulfate are
among the various agents that have been describpdsaessing chondroprotective properties
(3,13). Recent clinical experience with one of &ehondroprotective agents, namely,
glucosamine sulfate, has resulted in controversr @¢ use as an alternative agent for the
treatment of OA.

Glucosamine sulfate

Glucosamine, an amino derivative ofcgke, occuring in many polysaccarides (14),
is an intermediate substrate used in the syntloégj/cosaminoglycan and proteoglycans by
articular cartilage. It is present as a natural poamd in almost all human tissue and has a
special tropism for cartilaginous tissue, wheresitreadily incorporated into proteoglycan
molecules.

Glucosamine sulfate, which has a relatively lowlenolar weight (456.42), is the
sulfate salt of the natural aminomonosaccharidacagamine. Glucosamine itself has a
molecular weight of 179.17. More than 50% of glwose is nonionized at the pH of the
small intestine, allowing rapid absorption. At H pf 7.4, 75% is in the nonionized form.
Following oral administration of glucosamine sutfaait least 90% is absorbed, with 10%
appearing in the feces. Approximately 20% to 3@fasequently appears in the urine, and up
to 70% appears as exhaled G@th approximately 8% to 12% retained in the tessu In
studies in rats, autoradiographs demonstrate tpeaapnce of &labeled glucosamine in
cartilage 4 hours after ingestion.



The pharmacokinetics of glucosamine sulfate hasnbnvestigated in humans, dogs
and rats. After intravenous administration éf-Clabeled glucaosamine sulfate in dogs, the
half-life of radioactivity in the plasma is 0.28uro After 1 to 2 hours, all radioactivity has
disappeared from the plasma and now appears inedgab in plasma proteins. The
pharmacokinetics after oral administration are kimito those after intravenous
administration, but concentrations are five tinwsdr.

In addition to the effect of glucosamion cartilage metabolism by stimulating
chondrocytes to produce glycosaminoglycans anageli (4), which has only been described
in vitro, anti-inflammatory effects have been ddssd. In rat models of inflammation
glucosamine has demonstrated anti-inflammatoryiagti Although this effect is 50 to 300
times lower than that of indomethacin, the toxiatyindomethacin is 1000 to 4000 times
greater, and the therapeutic margin favors glucesam The antiinflammatory activity of
glucosamine appears related to mechanisms thasubrstantially different from those of
NSAIDS, which act primarily through inhibition ofyclooxygenases. Glucosamine is
ineffective as an inhibitor of cyclooxygenase artust its effects are prostaglandin
independent.

In North America, glucosamine is available in hacies and health food stores as
the sulfate, hydrochloride, N-acetyl or chlorhyeraalt, and as a dextrorotatory isomer. Most
clinical studies have been conducted with glucosansulfate; less information is available
on the clinical effects of other forms of glucosami The sulfate and hydrochloride forms of
glucosamine differ intheir purity, sodium content, bioactive glucosamiaed equivalent
dosages.

The most common addverse effect experinced byall :aumber of patients taking
glucosamine sulfate is gastrointestinal discomf@pigastric pain, heartburn, diarrhea,
nausea, vomiting and dyspepsia).



1. Methodes

Pertinent citations were identified via a Medlimach (1995-2000). Only literature in
English language involving human subjects, all ggrips and both gender, all journals and
publication types were selected for review. Thedeavas carried out using the following
query terms:

* Glucosamine sulfate

» Osteoarthritis

This first search was concluded with 36 citatioosnfd. The following articles were
classified as useful for this project by the autiids2,3,4,5,6,13).

Reviewing the reference lists of those articlestethe following additional articles:
(7,8,9,10,11,12). From this total selection onligimal research papers were considered for
the final analysis. All other papers were excluddak articles written by Noack, Reichelt and
Qiu (6,8,9) were left and used for the analysis.

A checklist tailered to the topic was then devisedthe purpose of analysing the
original research papers.
The checklist includes the following points:

What kind ofstudy design was used?

Has there beensaudy goal defined?

Has thesour ce of a homogeneous study group been explained?
Was thenumber of subjects mentioned?

Were theinclusion criteria defined?

Were theexclusion criteria defined?

Was there @ompar ability of the complaints?

What kind ofpre-treatment diagnostics have been used?
What was the treatment of ttresatment group?

How was thecontrol group treated?

What has beethe method of statistical analysis?

Has arandomization taken place?

Was the studgouble-blinded?

Was thetreatment described?

Was the eference treatment explained?

Has there been@mparison with an established treatment?
Was there @omparison with a placebo treatment?

Any contamination of the study thru other medical treatment?
How manydr op-outs during the study?

How was theoutcome measurement been carried out?
Duration of the study?

Duration of thefollow up?

What is theconclusion of the author?

Finally, the selected RCTs were analysed with tthecklist for methodological
adequacy and scientific plausibility.



V.

Results

Checklist1:  Glucosamine sulfate in osteoarthritis of the knee.

by Noack W, et al.

1. Study type Multicenter, randomized, placebo-
controlled, double-blind, parallel group
design.

2. Study goal Defining the activity and safety of GS on
the symptoms of patients with OA.

3. Source of homogeneous study subjects | Patients with knee OA over 18 years of «

4. Number of subjects 252 patients of both sexes

5. Inclusion criteria Clinical and radiological, others

6. Exclusion criteria Radiological, medication, others

Comparability of complaints
Pre-treatment diagnostics

Treatment group

10. Control group

11.Method of statistical analysis

12.Randomization

13.Double blinding

14. Treatment described

15. Referrence treatment described

16. Comparison with established treatment

17.Comparison with placebo

Yes

Yes

Sugar-coated tablets of 250mg GS each
4 weeks, at meals, three times per day

(1500mg per day of GS)

Placebo consited of indistinguishable
tablets containing only excipients.

Fisher’s two-tailed Exact Probability test
Student’s t-test, chi-squared and McNen
Shift test.

By means of computer software in block|
of four for series of 28 pateints in each
center.

Yes

Yes

Yes

No

Age

for

nar

Yes




18. Contamination No

19. Drop-outs GS: six patients; placebo: five patients
20.Measurement of outcome: Same as inclusion

21.Duration of study 4 weeks

22.Duration of follow up No follow up

23.Conclusion GS may be a safe and effective

symptomatic Slow Acting Drug for OA.

Most important points:



* Short study period
* No follow-up period

* No comparison with established treatment

* Methodological design of this study is well made

> Nevertheless, this was the best study which walyseth

Checklist 1I:  Efficacy and Safety of Intramuscular Glucosamin#ee in Osteoarthritis of

the Knee.
by Reichelt A., et al.

1.Study type

2. Study goal

3. Source of homogeneous study subjects

4. Number of subjects

5. Inclusion criteria

6. Exclusion criteria
7. Comparability of complaints
8. Pre-treatment diagnostics

9. Treatment group

10. Control group

11.Method of statistical analysis

12.Randomization
13.Double blinding

14. Treatment described

Multicentre, randomised, placebo-
controlled, double-blind, parallel-group
sudy.

assessing the efficacy and safety of GS
intramuscularly given on the same
parameters.

Not mentioned

155 of both sexes and aged over 18 yed
knee OA (Lequesne’s criteria), radiologi
stage between | and Ill, Lequesne’s
severity index of at least 4 points and
symptoms of at least 6 month.
Mentioned

Yes

Radiographs, Lequesne’s index

400mg intramuscularly twice a week for
Six weeks.

0.9% saline solution

Fisher’s two-tailed Exact Probability test
Student’s t-test, Chi-Square test, McNen
Shift analysis

Yes

Yes

Yes

cal

nar




15. Referrence treatment described

16. Comparison with established treatment
17.Comparison with placebo

18. Contamination

19. Drop-outs

20. Measurement of outcome:

21.Duration of study

22.Duration of follow up

23.Conclusion

Yes

No

Yes

No

GS: 6 patients, placebo: 7 patients
Same as enrollment criteria, but without
radiographs and with a final overall
judgment by an investigator.

6 weeks

2 weeks

The results of this study with intramuscu
GS confirm the positive effects obtained

with the oral preparation of the drug on
pain relief and functional improvement.

10
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Most important points:

e Similar study to the one done by Noack W.

e Short study and follow-up period

» Otherwise a methodological useful design
* No words lost about homogenous study group

* Not compared with established treatm

ent

» Second best study based on my checklist

Checklist 111: Efficacy and safety of glucosamine sulfate veibuprofen in patients with

knee osteoarthritis
by Qiu GX.

1. Study type

2. Study goal

3. Source of homogeneous study subjeq
4. Number of subjects

5. Inclusion criteria

6. Exclusion criteria

7. Comparability of complaints

8. Pre-treatment diagnostics

9. Treatment group

10. Control group

11.Method of statistical analysis

12.Randomization

13.Double blinding

14. Treatment described

Double-blind randomized control trial
Assessment of the effcacy and safety of GS
administered in Chinese patients suffering frc
OA of the knee compared to ibuprofen (ibu).
t578 Chinese patients with knee pain

38 male and 140 female Chinese patients
none mentioned

none mentioned

knee pain

Pain of the knee at rest, movement and pres
Knee swelling. Improvement and therapeutic

utility rating.

Received for four weeks daily 6 capsules wit
1500mg GS and 3 placebo tablets

Received for four weeks daily 3 tablets with
1200mg IBU and 6 placebo tablets

Describitve statistics by conventional method
Mann-Whitney U test and Wilcoxon to evalug
the significance of differences.

Yes

Yes

Yes

oral

sure.

-

€s.
ite
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15. Referrence treatment described Yes

16. Comparison with established treatment€ompared to IBU (1200mg daily)

17.Comparison with placebo No

18. Contamination Not mentioned

19. Drop-outs GS group: 1 drop out, not related to therapy
IBU group: 9 drop outs, related to drug therapy

20.Measurement of outcome: Knee pain at rest

21.Duration of study 4 weeks

22.Duration of follow up 2 weeks

23.Conclusion GS is a selective drug for OA, as effective on

the symptoms of the disease as NSAIDs but
significantly better tolerated. For these

properties GS seems particularly indicated in the
long-term treatments needed in OA.

Most important points:

» Short study and follow up period

* No word lost about homogeneous study group
* No radiographs taken

* No inclusion nor exclusion criterias mentioned
* Weakest performed study of those selected

» Lacks some essential aspects. Therefore, roonmijomvement.

V. Summary

As one can see in these studies, clinical tmalk putative disease-modifying drugs
for osteoarthritis can be problematic: long-terradggs are difficult to perform, while the
short-term studies often suffer from several metthagical problems.

A joint working group of the World Health Orgaation’s Regional Office for Europe
and the European League Against Rheumatismus (EYlolRe suggested that the duration
of these studies should be at least 3 years anolsgible 5 years. They should be conducted
according to a controlled , randomized, double¢blnd parallel-group design (10).

Generally speaking, the most common problemscastead with these clinical trials of
disease-modifying drugs in osteoarthritis can barsarized into the following categories:

- number of patients,
- experimental design,

12



- diagnosis,
- disease status,
- evaluation criteria and end-points.

Number of patients

In most instances — except for the study doneNbsick et al (8) - the number of
patients necessary to show statistically soundtsesunot calculated. This implies that most
of the trials are performed with an insufficientnmober of patients. Furthermore, patients who
do not complete the trial might be reported but ao¢ included in the analysis, i.e. the
"Intention-to-treat" approach is not frequently kg — except, once again, for the study done
by Noack et al (8).

Experimental design

Several items are essential in this regardst leir all the study should be controlled,
and preference should be given to placebo, at feashe characterization of the drug effect.
The trial should be randomized, but this is an mgserequirement in any clinical study in
order to avoid a bias in the allocation of treatteenAlso, preference should be given to
double-blind procedures whenever possible: thisoafrse will depend on the characteristics
of the study medications and on the possibilityof recognizing one drug from another just
because of other clearcut effects, such as adveastions or biochemical changes. Finally,
the "parallel group” design should be preferreddmss-over” studies, because of the high
placebo effect, the drug given in the first arnthed cross-over has a higher probability to get
benefit from this situation, a problem that carpbely overcome by randomization.

Most of these points are fulfilled in the anagsstudies. Only Qiu in his study did not
use a placebo. His study was not of a parallelygesign, too.

Diagnosis

The diagnosis of osteoarthritis is not difficydtovided that we have defined what we
mean exactly by "osteoarthritis”. In any case, dlinical research purposes classification
criteria should be adopted in order to assure stersty of the patients enrolled in the trial.
Sets of criteria have been published for classistoarthritis localizations by Lequesne and
by the American College of Rheumatology (10). Whkgmptom evaluation is important, the
hip and the knee are among the best joints to ldiest, since other localizations are less
consistently painful.

Disease status

Once the diagnosis of the disease has beenliss&h appropriate clinical and
objective staging, as for example radiological sifésation, should be adopted and carefully
reported, in order to assure homogeneity of paiant to know the population to which the
results will be transferable. Patients should berahe age of 50 in order to avoid an
insufficiently homogeneous population and a diffexe in disease progression for younger
subjects. Secondary osteoarthritis should be dedwand a preference should be given to
gonarthrosis, because of the existence of weldstalized imaging techniques for this
localization (10).

Evaluation criteria and end points

13



For objectiv results we need tests and indices #ne reproducible and definitely
allow the clinical efficacy evaluation in shortiteand long-term trials.

Examples already exist and one of these is tlypiésne index of severity for knee or
hip osteoarthritis. This is a combined score agalvith pain, maximum walking distance
and movement limitation in some activities of ddigng. It has been validated, in that inter-
observer reproducibility is good and in drug trigtlsyields a finer score difference than
conventional indices. Unfortunately, the Qui onges knee pain as a criteria. On the other
hand, the two other studies use multiple criteragcluding the Lequesne index — for
evaluation.

Finally it is important, according to evaluati@niteria that have been chosen, to
decide the efficacy end point of the study befbiie started, so to allow the statistical plan a
priori as well as the calculation of the sample size rsacgd0 reach statistical significance.

VI. Conclusion

The main goal of therapy of OA is to relieve paiifhere are currently a
number of effektive medications that can accompiigh goal, but none are ideal for every
patient and their use is limited by serious longrtgoxicities. The use of NSAIDS, for
example, is also limited by the fact that they d@d mecessarily change the natural course of
the disease. Moreover, there is growing evidemzk @oncern that long-term therapy with
these agents may accelerate joint deteriorationeréfore, a better solution to this problern
would be to develop a medication that would prevent at the very least, slow the
progression of the disease and produced few adeffiessts. Animal and human studies seem
to suggest that glucosamine sulfate may be an idaatlidate that can provide these
therapeutic benefits. Based on the currently ghblil results of a small number of short-term
trials, it is difficult to make any firm recommernaas regarding the role of glucosamine
sulfate in the treatment of OA. However, thereesgup to be increasing evidence suggesting
that this agent may provide several therapeuticetisnfor patients with OA (11). These
include a progressive and gradual reduction ofcalgr pain and tenderness, improved
mobility, a lack of significant toxicity with sheterm use, and sustained improvement after
drug withdrawal. These benefits were significamigtter than those of placebo (12) and, in
some instances, equal to or slightly better thaditional therapies for OA.

The primary criticism against the use of glucosansulfate is that there are no
rigorously conducted long-term studies evaluatisgtherapeutic benefits or toxic effects in
patients with OA. According to McAlindon (11), nmpsf the trials published to date have
serious design flaws or insufficient details to maklequate assessments. Moreover, there are
no published trials examining the effects of gluuome sulfate (or other glucosatmine salts)
in any other forms of arthritis. Questions regagdproduct purity the most effective dose, or
longterm adverse effects of glucosamine remainet@afiswered (12). Studies investigating
glucosamine sulfate in combination with tradition@lA therapies have not yet been
performed, too.

Despite these controversies, patients with OA wvibloubtedly seek alternative forms
of therapy, especially when there are serious aoscabout adverse effects. While studies
conducted with glucosamine sulfate show some pmrius the treatment of OA, additional
longterm, rigorously controlled and better desigrdidical trials with larger numbers of
patients are needed to fully elucidate the safetyefficacy of this agent (12). In the interim

14



patients should continue to follow standard treamtmecommendations for OA such as
weight control, exercise, proper use of medicatigmat protection, and application of heat or
cold.
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APPENDIX I: Overview on the fulfillments of the tgria by each article analysed

Noack W.

Reichelt A.

Qiu GX.

Study type

Study goal

Homogenous subjects

Number of subjects

Inclusion criteria

Exclusion criteria

Comparability of compl.

Pre-treatment diagnostics

D

Treatment group

Control group

Method of statistics

Randomization

Double blinding

Treatment described

Reference treatment des

)

Comparison w. estab. tre|

Comparison with placebg

Contamination

Drop-outs

Measurement of outcome

Duration of study

Duration of follow-up

Conclusion

<|<[<[<[<[z]z]<[<[<[<[<][<[<][<[<[<|z]Zz|<]<|<]<

Total

<[<[z|<[<[<[<[<][Z]Z]<][<]<[<][<][<[<]<][<[<]<][<]<]=<

=21 N=2

<|<[<[<]<]<][<][<|z]<]<][<][<|<]<]<][<[<|<]<]<][z]<]|<

=21 N=2

Y=19 N=4

Y= criterion fulfilled

N= criterion not fulfillel
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APPENDIX II: GAG-Synthesis (taken from the artieleitten by Gottlieb MS)
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