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Abstract: Chondroitin sulfate (CS) is recommended as a therapeutic intervention in the mul-
timodal approach of osteoarthritis (0A) management. CS has been studied extensively to
describe its pharmacology (pharmacokinetic, in vitro and in vivo effects) and its clinical efficacy.
Various results have been reported depending on the system of evaluation (model, dosage and
duration) and the source of CS (origin and quality). The purpose of this review was to gather
most of the available information about CS and to discuss its potency in OA management.
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Introduction

Chondroitin sulfate (CS) is a major component
of the extracellular matrix (ECM) of many con-
nective tissues, including cartilage, bone, skin,
ligaments and tendons. Osteoarthritis (OA) is
characterized by progressive structural and met-
abolic changes in joint tissues, mainly cartilage
degradation, subchondral bone sclerosis and
inflammation of synovial membrane. OA man-
agement involves multimodal therapeutic inter-
vention since no cure has been found to date.
OA management requires drugs that could slow
down, stop or even avoid joint degradation.
Many of the recommended interventions present
only symptom-modifying effects and a few struc-
ture-modifying effects.

CS and other compounds, such as glucosamine,
have been used for medicinal purposes for over
40 years. CS is sold as over the counter dietary
supplement in North America and is a prescrip-
tion drug under the regulation of the European
Medicine Agency (EMEA) in Europe. CS has
raised many interests over the past decades as a
potential therapeutic against OA. CS is part of
the Osteoarthritis Research Society
International (OARSI) recommendations for
the management of knee OA [Zhang er al
2010, 2008] and of the European League
Against Rheumatism (EULAR) recommenda-
tions for the management hip and knee OA

osteoarthritis, mechanism  of  action,

[Zhang et al. 2005; Jordan et al. 2003]. CS and
glucosamine could represent a great alternative
for OA patients.

CS, as a natural component of the ECM, is a
sulfated glycosaminoglycan (GAG) composed of
a long unbranched polysaccharide chain with a
repeating disaccharide structure of N-acetylga-
lactosamine and glucuronic acid. Most of the
N-acetylgalactosamine residues (Figure 1) are
sulfated, particularly in the 4- and 6-position,
making CS a strongly charged polyanion. CS is
responsible for many of the important biome-
chanical properties of cartilage, such as resistance
and elasticity. Its high content in the aggrecan
plays a major role in allowing cartilage to resist
pressure stresses during various loading condi-
tions. Chondroitin sulfatation profile has been
described in cartilage [Mourao, 1988]. Changes
in the structure of CS have been described in OA
tissues [Caterson et al. 1990] and a diminished
ratio of CS-6:CS-4 have been found in synovial
fluid and cartilage of OA patients [Shinmei ez al.
1992]. More than three decades ago, it was pro-
posed [Schwartz and Dorfman, 1975] that CS
supply, as a therapeutic intervention to cartilage
damage, could provide building blocks for the
synthesis of new matrix component, since
increasing CS concentration could act in favour
of matrix regeneration and account for its bene-
ficial effects.
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Figure 1. Chemical structure of chondroitin sulfate,
where R is Na or H and X is SO3R or H.
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However, since then, the mechanism of action of
CS, as a therapeutic intervention, is still to be
elucidated and its efficacy is under debate.

The overall goal of this review was to gather most
of the available information about CS, its phar-
macokinetics, its i vitro and in vivo effects and its
clinical efficacy. The aim on this review is to dis-
cuss the clinical usefulness of CS and the per-
spectives for CS use in OA management.

Pharmacokinetics

Natural CS has a molecular weight of
50—100kDa. After the extraction process, the
molecular weight is 10—40kDa depending on
the raw material. CS is mainly obtained from
bovine, porcine or marine (shark) cartilage.

CS is mostly administered orally at doses rang-
ing from 800 to 1200 mg/day. CS is rapidly
absorbed by the gastrointestinal tract. The
absorbed CS reaches the blood compartment as
10% CS and 90% depolymerized low-molecular-
weight derivatives.

Different bioavailability and pharmacokinetic
variables have been reported depending on the
CS characteristics and origin [Malavaki er al.
2008]. Some of them have been reported in
Table 1. The bioavailability of CS is under
debate. The data depends on the system used
for evaluation, the structure and characteristic
of CS such as molecular mass, charge density
and cluster of disulfated disaccharides, the con-
centration used and the animal species used to
perform the study [Volpi, 2003]. Most of the
studies used CS from bovine trachea (95%
purity) which is the same material used in clinical
trials [Barnhill ez al. 2006].

The bioavailability of CS ranges from 10% to
20% following oral administration [Lauder, 2009].

CS absorption could depend on the sulfatation
status. The position and percentage of sulfate
groups vary generally in relation to specific
animal sources [Volpi, 2006a, 2006b]. Indeed,
desulfated chondroitin in mouse [Kusano ez al.
2007] has a very rapid uptake, with a peak occur-
ring within 15min and a very rapid clearance
returning to baseline after 3h, whereas shark
CS in male healthy volunteers has a slower
uptake (peak at 8.7h) and slower clearance
(levels maintained until 16 h postadministration)
[Volpi, 2003]. CS from bovine trachea presents a
rapid increase in plasma of male healthy volun-
teers with a peak within 1—5h after administra-
tion and a return to baseline after 10h [Volpi,
2002].

The pharmacokinetic parameters of CS deter-
mined in healthy male volunteers [Volpi, 2002]
after oral administration showed a significant
increase in CS plasma levels (more than
200%) compared with predose levels over a
24-h period. The peak concentrations were
observed 2h after dosage and the increase is
significant from 2 to 6h after dosage. First-
order Kkinetics was observed for doses up to
3000 mg. Multiple doses of 800 mg in patients
with OA do not alter CS kinetics. Recently,
using fluorophore-assisted carbohydrate electro-
phoresis and superpose 6 chromatography,
Jackson and colleagues have observed no modi-
fication of the endogenous concentration (20 pg/
ml) and CS disaccharide composition after oral
ingestion of a single dose of 1200 mg CS. One
explanation could be that little, if any, of the
ingested CS reaches the circulation in a form
which is unchanged or composed of disaccha-
rides of larger fragments [Jackson er al. 2010];
alternatively, it could be that the assay was not
sensitive enough to detect lower concentrations.
This remains to be demonstrated by other meth-
ods of analysis. Another characteristic of CS is
its capacity to accumulate in joint tissue. A high
content of labelled CS has been found in joint
tissues, including synovial fluid and cartilage
after oral administration in humans [Ronca
et al. 1998].

It is difficult to assess the relevancy of the max-
imal concentration attained in the blood com-
partment (C..,) for this kind of drug, since
in vivo the response can be the result of the
effects of CS and disaccharides. What is more,
CS is a slow-acting drug, resulting in a slow
onset of action with a maximal effect attained
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Table 1. Different pharmacokinetic parameters depending on the system of study and the source of CS.

after several months. In addition, CS is a drug
of biological origin meaning that its measure-
ment in biological fluids does not discriminate
the drug from endogenous molecules. Maximal
effect (Ena.x) has been predicted using an alter-
native method [du Souich and Verges, 2001].
The effect E,,,x was calculated based on clinical
efficacy. It was calculated that 50% of E .. is
reached in 35 days in patients with mild OA.
The approximate half-life of CS and its deriva-
tives in plasma in humans is 15h. The steady
state is attained after 3—4 days and 3—6 months
of treatment may be needed to obtain the max-
imal effect.

CS is not metabolized by cytochrome P450. This
is in favour of a very low risk of interaction with
other drugs.

Finally, a carry-over effect has been described for
CS. Indeed after a delayed onset of action, the
maximal effect persists after the cessation of
therapy.

Mechanism of action

Many effects have been described for CS in dif-
ferent i vitro and in vivo studies using different
types and concentrations of CS and different
models. The exact mechanism of action still
remains to be detailed. In wvitro effects on joint

cells and i vivo effects in arthritic models have
been reported in Tables 2 and 3, respectively.

Anti-inflammatory effect

CS has been reported to have anti-inflammatory
effects. It was shown to inhibit # vitro the syn-
thesis of various inflammatory intermediates,
such as nitric oxide (NO) synthase, cyclooxygen-
ase (COX)-2, microsomal prostaglandin synthase
(mPGES)-1 and prostaglandin (PG) E, [Campo
et al. 2009a; Legendre er al. 2008; Chan er al.
2005b; Bassleer er al. 1998]. It was also shown
that CS could act on the toll-like receptor (TLR)-
4 to inhibit the inflammatory cytokines, MyD88
and tumour necrosis factor (TNF) receptor asso-
ciated factor (TRAF)-6, through the inhibition of
nuclear factor (NF)-«xB activation [Campo er al
2009b].

The anti-inflammatory effect of CS was also
demonstrated i vivo. CS was shown to reduce
synovitis in collagen-induced arthritis in mouse
[Omata er al. 2000]. It was also able to reduce
the pro-inflammatory cytokine, interleukin
(IL)-6, in the same model [Cho er al. 2004].
CS also reduced IL-1f in joint tissue in
Freund’s adjuvant arthritis when administered
as a dietary supplement [Chou er al. 2005] and
TNF-a and myeloperoxidase in the plasma of rat
with collagen-induced arthritis and after oral
administration [Campo er al. 2003].
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Table 2. /n vitro effects of chondroitin sulfate.
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Table 2. Continued.

Study Chondroitin System and duration Results
Bian et al. [2009] CS-6 and CS-4 from Bovine cartilage explants Reduction of GAG content
shark origin 4 weeks

10—100 mg/ml

Shark (mainly CS-6) and
porcine (mainly CS-4)

1-100 pg/ml

Imada et al. [2010]

Human articular chondrocytes in  Different
alginate beads and synovial
fibroblast stimulated with
IL-1B

6 or 4 days

effect

Suppression of IL-1B-induced
ADAMTS-4 and -5 in both cell types

Suppression of IL-1B-induced MMP-
13 and increase expression of

of both CS

aggrecan in chondrocytes
Recovery of TIMP-3 in chondrocytes
and TIMP-1 in synoviocytes by por-

cine CS

CS, chondroitin sulfate; IL, interleukin; PGE,, prostaglandin E,; PG, proteoglycan; MMP, matrix metalloproteinase; NO, nitric oxide; OPG, osteo-
protegerin; RANKL, receptor activator for NF-«kB ligand; ADAMTS, a disintegrin and metalloprotease with thrombospondine motifs; NF-«kB,
nuclear factor kB; GAG, glycosaminoglycan; TGF, transforming growth factor; TLR, Toll-like receptor; LPS, lipopolysaccharide.

Anticatabolic and anabolic effects

The first anabolic effect of CS was described
more than 30 years ago. CS increased the synthe-
sis of hyaluronate in synovial cells [Verbruggen
and Veys, 1977]. Since then, it was also demon-
strated to increase type II collagen and proteogly-
can (PG) synthesis in human chondrocytes
[Wang et al. 2002; Bassleer er al. 1998] and
GAG in bovine chondrocytes [Legendre et al
2008]. This effect can also be secondary to
matrix metalloproteinase (MMP) downregula-
tion [Wang er al. 2002]. CS was also shown to
inhibit MMP-1, -3 and -13, and ADAMTS-4
and -5 (aggrecanases) in human, porcine and
bovine chondrocytes [Imada ez al 2010;
Legendre er al. 2008; Tahiri er al. 2008; Chan
et al. 2005a; Monfort et al. 2005]. MMP-13 inhi-
bition can happen through the inhibition of p38
and Erkl/2 activation [Holzmann er al. 2006].
Different inhibitory potencies were demonstrated
for CS-4 and CS-6 against MMPs in murine
chondrocytes [Campo er al. 2009a]. Differences
between CS-6 and CS-4 were also recently
shown in human cells. Indeed, CS-6 (shark
origin) can counteract IL-1f inhibition of tissue
inhibitor of metalloproteases (TIMP)-3 in
human chondrocytes and TIMP-1 in synovial
fibroblast, whereas CS-4 (porcine trachea
origin) did not produce the same effect [Imada
et al. 2010]. CS can upregulate hyaluronan
synthase in fibroblast-like cells [David-Raoudi
et al. 2009] and could be efficient as a joint lubri-
cant as was shown in bovine cartilage explants
[Katta ez al. 2009]. It was also reported that CS
could have an influence on the resorption process
that takes place in the subchondral bone during

OA. CS could indeed increase the osteoprote-
gerin  (OPG):receptor activator for NF-xB
ligand (RANKL) ratio in OA osteoblasts in
favour of subchondral bone homeostasis [Tat
et al. 2007]. CS was demonstrated to act on
most of the joint tissues involved in OA patho-
physiology. Finally, a recent in witro study in
bovine cartilage explants treated with CS-4 and
CS-6 for 4 weeks have revealed a negative effect
of CS showing that it reduced the GAG content
[Bian er al. 2009]. It is important to note that this
study was performed with the highest concentra-
tion of CS ever tested (10—100 mg/ml).

The anabolic and anticatabolic effect of CS has
also been shown iz vivo. CS can increase PG pro-
duction in a rabbit model of cartilage degradation
[Uebelhart er al. 1998], prevent the increase of
MMP-9 in Freund’s adjuvant arthritis in rat
when administered as a dietary supplement
[Chou ez al. 2005] or inhibit MMP-13 in col-
lagen-induced arthritis in mouse [Campo et al.
2008].

Anti-apoptotic effect

CS has been demonstrated to have anti-apoptotic
properties both iz vitro and in vivo. It has been
shown that CS (200 pg/ml) reduced the sensibil-
ity of rabbit chondrocytes to apoptosis [Jomphe
et al. 2008]. This effect was associated with the
reduction of NF-kB translocation and with the
reduction of the MAP kinase signalling pathway
through p38 and Erkl1/2. Another study has
pointed to the anti-apoptotic effect of both
CS-4 and CS-6 in mouse articular chondrocytes
[Campo ez al. 2009a]. In vivo, it was shown in a
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Table 3. /n vivo effects of chondroitin sulfate.

Study

Chondroitin Model

Results

Uebelhart et al.
[1998]

Omata et al.
[2000]

Campo et al.
[2003]

Cho et al. [2004]

Caraglia et al.
[2005]

Chou et al. [2005]

Campo et al.
[2008]

80 mg/day oral or i.m.
induced by chymopapain

1000 mg/kg Collagen-induced arthritis in
mouse
1 ml/kg (i.p.) Collagen-induced arthritis in rat

25mg/kg (orally)

1200 mg/kg
0.3 mg/day
12 days
Dietary supplement
(18 mg/g)
CS-4 (bovine tracheal)
30—120 mg/kg (i.p.)

arthritis in rat

mouse
For 25 days

Rabbit model of cartilage injury

Collagen-induced arthritis in rat
Spontaneous OA in mouse

Freund’s adjuvant-induced

Collagen-induced arthritis in

Significant increase of PG production

Reduction of synovitis parameters: cell infil-

tration, fibrosis and proliferation of lining
cells

Treatment began after arthritis onset (day 10)

Protection against oxidative stress

Reduction of plasma levels of TNF-a and
myeloperoxidase

Reduction of IL-6 levels

Significant reduction of apoptotic
chondrocytes after 30 days

Prevention of MMP-9 increase Reduction of

IL-1B in joint tissues but not in serum

Inhibition of NF-kB activation Inhibition of

MMP-13 Inhibition of caspases-3 and -7
activation

TNF, tumour necrosis

factor; i.m., intramuscularly; i.p., intraperitoneally; CS, chondroitin sulfate; TNF, tumour necrosis factor; MMP, matrix
metalloproteinase; IL, interleukin; OA, osteoarthritis; NF-kB, nuclear factor kB; PG, proteoglycan.

mouse model of spontaneous OA that a 12-day
treatment with CS (0.3 mg/day) reduce the
number of apoptotic chondrocytes when assessed
after 30 days [Caraglia er al. 2005]. It was also
demonstrated to be able to inhibit caspase-3 and
-7 activation, in collagen-induced arthritis in
mouse [Campo et al. 2008]. These results are
in favour of a chondroprotective effect of CS.

Anti-oxidant effect

The anti-oxidant effects have been reviewed
[Campo et al. 2006a, 2006b]. CS was shown to
have anti-oxidant properties iz vitro in human skin
fibroblasts [Campo ez al. 2004] and 2 vivo in col-
lagen-induced arthritis in rat [Campo ez al. 2003].
CS provides protection against hydrogen peroxide
and superoxide anions. Indeed, these studies dem-
onstrated that it could limit cell death, reduce
DNA fragmentation and protein oxidation,
decrease the generation of free radicals and act
as a free radical scavenger. It reduces lipid perox-
idation and improves anti-oxidant defence by
restoring endogenous anti-oxidants reduced gluta-
thione (GSH) and superoxide dismutase (SOD).

Cell signalling pathway regulation

CS has been found to act on major cell signalling
pathways. It was shown to inhibit the activation
of the MAP kinase pathway, p38 and Erk %2 and
the inhibition of NF-kB transactivation in rabbit
chondrocytes [Jomphe er al. 2008; Vergés er al.
2004]. CS was also shown to act on other cell
signalling intermediates [Egea et al. 2010]. CS
was able to induce the protein kinase C (PKC)/

PI3K/Akt pathway in neuroblastoma cells. Many
effects described for CS on OA pathophysiology
could be due to its action on cell signalling.

It is important to keep in mind that most of the
in virro effects have been obtained using high con-
centrations of CS, which are not in concordance
with the expected plasmatic concentrations. What
is more, considering the slow acting effect of the
drug in humans, the i vitro and i vivo systems
were used for quite short durations. Different
authors have suggested that the high concentration
used i vitro was used to compensate these con-
cerns [Tat er al. 2010; Monfort et al. 2008b].
Differences in the purity and properties of CS
could be responsible for the disparity of the effects.
This was addressed recently in two comprehensive
reviews [Rainsford, 2009; Volpi, 2009]. This
matter was even confirmed in articular chondro-
cytes [Tat er al. 2010] when three different types
of CS were tested in the same system and produced
different effects on key OA mediators. This study
demonstrated that CS from bovine origin was
much more efficient at inhibiting catabolic media-
tors than that of porcine origin. This is also impor-
tant to note that the i vivo effects of CS have been
mostly observed in animal models of arthritis. Only
one study has been conducted in a spontaneous
OA model [Caraglia ez al. 2005].

The exact mechanism of action of CS still remains
to be clarified. Taken altogether, these data suggest
the intervention of CS at different levels of patho-
physiology of OA, as summarized in Figure 2.
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Figure 2. Schematic representation of chondroitin sulfate (CS) targets in chondrocytes during osteoarthritis
as suggested by in vitro studies: CS acts on cell signalling, inflammatory and catabolic pathways and on
oxidative stress (as shown with black arrows). CS targets different intermediates in these pathways
(as shown with grey arrows). CS, chondroitin sulfate; IL, interleukin; ECM, extracellular matrix; PGE,, pros-
taglandin E;; PG, proteoglycan; MMP, matrix metalloproteinase; NO, nitric oxide; ADAMTS, a disintegrin and
metalloprotease with thrombospondine motifs; NF-kB, nuclear factor kB; COX, cycloossigenase, iNOS, indu-

cible Nitric Oxide Synthase.

Clinical effect of chondroitin sulfate

The therapeutic efficacy of CS has been studied
and reported in different clinical trials in OA
patients. The effect of CS on OA patients has
been evaluated either on OA symptoms (pain
and function) to determine its symptomatic
slow-acting drug for OA (SYSADOA) effect or
on disease modification (structure effect, joint
space narrowing (JSN)) to determine its dis-
ease-modifying OA drug (DMOAD) effect.

Symptomatic slow-acting drug for OA effects
Various meta-analyses [Reichenbach ez al. 2007;
Richy ez al. 2003; Leeb ez al. 2000; McAlindon
et al. 2000] have reported a different effect size
(ES) on pain and function for CS ranging from
0.9 to as low as 0.3.

Recently, three studies have been designed and
published regarding the SYSADOA effect of CS,
i.e. the GAIT study [Hochberg and Clegg, 2008;
Clegg et al. 2006], the STOPP trial [Kahan ez al.
2009] and one other randomized controlled trial
(RCT) [Maziéres et al. 2007; Maziéres et al
2006] (Table 4). More recently, the Osteoarthritis
Research Society International (OARSI) recom-
mendations for OA management determined a
moderate to large ES (0.75, 95% CI 0.50—0.99)
[Zhang ez al. 2010] but emphasized the publication
bias, the heterogeneity of the results and a cumula-
tive reduction of the ES (1.85, 95% CI 1.47—2.22,
in 1992 to 0.75, 95% CI 0.50—1.01, in 2006).

Clinical trials have reported globally a beneficial
effect of CS on pain and function (Table 4).

http://tab.sagepub.com
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Table 4. Clinical efficacy of CS.
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Table 4. Continued.
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However, the largest trial, the GAIT study,
reported no effect on these endpoints.

Structure-modifying effects

The structure-modifying effects of CS have been
reported and analysed in two recent meta-
analyses [Hochberg, 2010; Lee er al. 2010]. It
has previously been reported that there was no
heterogeneity in the results of RCTs on struc-
ture-modifying effects [Hochberg er al. 2008].
The results showed a small but significant reduc-
tion in the worsening of JSN (ES =0.26, 95% CI
0.16—0.36). Recently, the follow-up of patients
for 2 years revealed a significant effect of CS on
JSN in CS-treated patients compared with pla-
cebo [Kahan et al. 2009].

Safety and tolerability

Most of the clinical trials reported a great safety
profile and a good tolerability of CS. The fre-
quency of side effects and the drop-off rate
were equivalent in CS and placebo groups. No
significant severe side effects were observed with
CS. Rescue medication (acetaminophen or non-
steroidal anti-inflammatory drugs [NSAIDs]) are
permitted during clinical trials. This fact could
diminish the difference between CS and placebo
groups [Monfort ez al. 2008a] (Table 4).

Chondroitin sulfate in guidelines

CS has been recommended in the guidelines pub-
lished by OARSI and the European League
Against Rheumatism (EULAR) for the manage-
ment of knee OA [Zhang ez al. 2008; Jordan er al.
2003]. The OARSI recommends CS for its symp-
tomatic and structure-modifying effect in knee
OA, but also recommends discontinuing it after
6 months if no symptomatic response is apparent.
Concerning hip and hand OA, EULAR recom-
mends the SYSADOA, including CS, for their
symptomatic effects and low toxicity, but under-
lines the facts that the ESs are small, suitable
patients are not well defined, and clinically rele-
vant structure modification and pharmaco-
economic aspect are not well established.

Discussion

CS has been used for decades now and it was
important to describe its pharmacokinetic, mecha-
nism of action and to describe its clinical efficacy.

CS was shown to have various effects from anti-
inflammatory and anticatabolic to anti-apoptotic,
and also anti-oxidant properties. All of these
results were obtained in different systems with

different dosages. Many reviews have addressed
the importance of CS source and purity [Lauder,
2009; Rainsford, 2009; Volpi, 2009; Lauder et al.
2000]. In addition, CS sulfated at different posi-
tions (e.g. 4 or 6) could have different effects. As an
example, CS-4 is more effective as anti-oxidant
than CS-6 [Albertini ez al. 2000; Volpi and
Tarugi, 1999]. In vitro and in vivo studies have lim-
itations, mostly due to the concentration used and
the duration of the study. CS is employed at con-
centrations which are largely superior to the plas-
matic concentration after an oral administration of
a therapeutic dose of CS. Indeed CS reached a
plasma concentration of approximately 2.0 pg/ml
in OA patients after oral administration of 0.8 g of
CS [Conte er al. 1995]. This study also showed
that CS can attain 2.7 ug/ml in synovial fluid of
OA patients. Another experiment in rat after oral
administration (16 mg/kg) showed a concentra-
tion of 3.3 ug/g in cartilage [Ronca er al. 1998].
Most in virro studies used at least 10 pg/ml of CS
and up to 1000 ug/ml (see Table 2). One has to
keep in mind the conditions of the study when
interpreting the data. Finally, the efficacy of CS
in inflammatory conditions other than OA and
mostly more severe than OA, have recently been
reviewed [Vallieres and du Souich, 2010; du
Souich ez al. 2009]. CS was shown to be effective
in pathology including psoriasis [Moller ez al
2010; Verges er al. 2005]. This suggests a strong
anti-inflammatory potency of CS. Unfortunately,
the lack of iz vivo demonstration of the effect of CS
on OA progression. Only one study has investi-
gated the effect of chondroitin on an OA model.
Further research investigating the effects of CS on
cartilage degradation, subchondral bone remodel-
ling and synovium inflammation are required to
better understand the clinical efficacy of CS.

CS is recommended as SYSADOA intervention
for OA management by the OARSI [Zhang et al.
2010, 2008] and EULAR ([Jordan er al. 2003].
Both organizations recognized its symptomatic
and structure-modifying effects. OARSI recom-
mends the discontinuation of treatment after
6 months in the absence of efficacy [Zhang er al.
2008]. At the time that EULAR published its
guidelines, they suggested growing evidence for
CS efficacy. However, by the time of the latter
OARSI update [Zhang ez al. 2010] was published,
the ES has decreased, suggesting an instability of
efficacy, which may be attributable, at least in
part, to an increase in the quality of studies. The
inconsistency of efficacy as shown in the several
clinical trials is of importance. This meta-analysis
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[Zhang er al. 2010] has also shown evidence of
important publication bias. These observations
are also made for other compounds of the
SYSADOA class, including glucosamine sulfate
(GS). In contrast, the ES for acetaminophen,
although very small, had apparently stabilized
with time, suggesting that further RCT to test its
analgesic efficacy were not required. Altogether,
this review indicates that there is a need for clinical
trials of good quality with a duration and number
of patients involved appropriate to this kind of
compound. It is also relevant to compare the ES
for pain of the main pharmacological modalities
commonly used in the treatment of OA. By com-
parison, the ES of CS is one of the most impor-
tant. For example, the ES pain (2010) for
acetaminophen was 0.14 (95% 0.05—0.23), for
NSAIDs 0.29 (95% 0.22—0.35) and for CS 0.75
(95% 0.50—1.01). This suggests the clinical rele-
vance of using CS in the treatment of OA, with
regards with its low toxicity. OA is a long-term
progressive disease for which an appraisal of the
risk/benefit ratio of each treatment should be con-
sidered before its application.

Some studies have evaluated the potency of
the use of CS in combination as with GS. This
was done i vitro [Chan ez al. 2006, 2007, 20054,
2005b] and also in clinical trials [Vangsness ez al.
2009; Sawitzke er al. 2008; Clegg er al. 2006,
2005]. The synergistic effect of both compounds
still has to be demonstrated but many authors
recommend the use of the combination.

One reason to be optimistic about the use of CS
alone or in combination with a related product
such as GS is the safety profile. CS does not
interact with other drugs and does not present
serious adverse events. This is in favour of a pos-
itive risk/benefit ratio.

Conclusion

Despite the moderate effects of CS on pain and
function, CS is an interesting product for the
management of knee OA. Clinical evidence is in
favour of a slow-acting effect on symptoms in
moderate knee OA. CS is recommended by the
most popular guidelines. Its safety profile is
surely one of its main benefits for the treatment
of aging patient with some comorbidity. There is
then no limitation to its use in OA patients, if we
ignore the economical impact. Nevertheless, cau-
tion should be exercise with regards to the type
and the formulation of CS. Of course, some
questions remain regarding its mechanism of

action. The effect of CS on subchondral bone
and synovium inflammation could be better
documented.
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