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ligament transection model
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Abstract Evidence that combined glucosamine sulfate and
chondroitin sulfate (Gluchon) or isolated glucosamine (Glu)
modifies joint damage in osteoarthritis (OA) is still lacking.
We studied joint pain and cartilage damage using the
anterior cruciate ligament transection (ACLT) model.
Wistar rats were subjected to ACLT of the right knee
(OA) or sham operation. Groups received either Glu
(500 mg/kg), Gluchon (500 mg/kg glucosamine +400 mg/kg
chondroitin) or vehicle (non-treated—NT) per os starting
7 days prior to ACLT until sacrifice at 70 days. Joint pain
was evaluated daily using the rat-knee joint articular
incapacitation test. Structural joint damage was assessed
using histology and biochemistry as the chondroitin sulfate

(CS) content of cartilage by densitometry (microgram per
milligram dried cartilage), comparing to standard CS. The
molar weight (Mw) of the CS samples, used as a qualitative
biochemical parameter, was obtained by comparing their
relative mobility on a polyacrylamide gel electrophoresis to
standard CS. Gluchon, but not Glu, significantly reduced
joint pain (P<0.05) compared to NT. There was an increase in
CS content in the OA group (77.7±8.3 μg/mg) compared to
sham (53.5±11.2 μg/mg) (P<0.05). The CS from OA samples
had higher Mw 4:62� 0:24�ð 104 g=molÞ compared to
sham 4:18� 0:19� 104g=mol

� �
(P<0.05). Gluchon admin-

istration significantly reversed both the increases in CS content
(54.4±12.1 μg/mg) and Mw 4:18� 0:2� 104 g=mol

� �
as
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compared to NT. Isolated Glu decreased CS content though
not reaching statistical significance. Cartilage histology alter-
ations were also significantly prevented by Gluchon adminis-
tration. Gluchon provides clinical (analgesia) and structural
benefits in the ACLT model. This is the first demonstration
that biochemical alterations occurring in parallel to histological
damage in OA are prevented by Gluchon administration.
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Introduction

The use of glucosamine and chondroitin sulfate, either
isolated or combined, to treat osteoarthritis (OA) has gained
wide acceptance among patients. The skepticism among
doctors and researchers does not preclude unprescribed
dietary supplements containing these compounds to be
largely sold in Latin American countries as well as in the
United States. In addition, the apparent innocuous character
of the formulations, coupled to the lack of a gold-standard
medication to treat OA, lead physicians to prescribe them
where available.

Glucosamine sulfate or chondroitin sulfate was shown to
reduce radiographic progression of joint space narrowing,
used as a surrogate marker for cartilage loss in knee OA [1,
2]. However, criticism to the appropriateness of radiological
positioning questioned these results [3]. In addition to the
questioning of structural benefits of these compounds,
symptomatic efficacy and the differences of the pharmaco-
logical properties among preparations are also controversial
[4]. Two clinical trials suggested that variations of the
preparations of glucosamine, e.g., glucosamine sulfate
(the GUIDE study) [5] and glucosamine hydrochloride
(the GAIT study) [6] may behave differently in reducing
pain and disability in knee OA patients. Though three meta-
analyses suggested that isolated chondroitin sulfate pro-
vides symptomatic relief in knee OA patients [7–9], a
recent report showed that glucosamine hydrochloride
combined with chondroitin sulfate was not superior to
placebo in ameliorating knee OA symptoms [10]. Regard-
ing hip OA, the most recent publication failed to demon-
strate benefits of glucosamine sulfate over placebo [11].
Despite these controversies, the updated Osteoarthritis
Research Society International (OARSI) recommendations
to manage hip and knee OA state that glucosamine and/or
chondroitin sulfate may provide symptom relief and
structural-modifying effects in knee OA [12].

Injuries to the ACL offer the opportunity to test
pharmacological interventions aimed to stop or slow OA
progression [13]. The anterior cruciate ligament transection

(ACLT) model has been widely used in different species as
an experimental OA model [14]. In rats, cartilage damage
occurs as early as 1 week after ACLT, whereas severe
histological cartilage damage and osteophytes formation are
seen at 10 weeks [14]. Using the ACLT model in rats, we
have recently standardized a method to reproducibly and
quantitatively study joint pain that occurs in parallel to
increased release of nitric oxide into the joint space [15].

Oral administration of glucosamine hydrochloride to
rabbits subjected to ACLT did not prevent fibrillation and/
or erosion of the articular cartilage [16]. In rabbits subjected
to anterior and posterior cruciate ligaments transection and
removal of the medial meniscus, oral administration of
glucosamine hydrochloride or chondroitin sulfate alone
showed no improvement of the histological parameters
evaluated, while the combination of both compounds
reduced cartilage destruction [17].

Based on the above, the beneficial effects of either
glucosamine sulfate or its combination with chondroitin
sulfate in functional and structural joint damage are yet to
be clarified. Difficulties in appropriately conducting human
studies in OA justify in vivo animal studies to provide
better biomarkers. In the present study, we present a
biochemical tool to directly assess joint damage in
experimental OA. Using this approach, we provide evi-
dence that a routinely prescribed association of glucos-
amine and chondroitin sulfate, rather than isolated
glucosamine sulfate, promotes analgesia and protects from
cartilage damage in the ACLT model in rats.

Materials and methods

Animals

Male Wistar rats (180–200 g) from the animal colony of the
Federal University of Ceará were used throughout the
experiments. The experimental protocol (number 22/04),
which followed the rules of the Brazilian College of Animal
Experimentation (COBEA), was approved by our local
ethics committee.

Anterior Cruciate Ligament Transection (ACLT)
and measurement of joint pain

Animals were anesthetized with chloral hydrate (400 mg/kg)
and subjected to ACLT of the right hind paw. A sham group
was subjected to the same surgical procedure, without
excision of the ligament. Joint pain was assessed as
described previously [15]. Briefly, animals were put to walk
on a steel rotary drum. After wrapping metal gaiters around
both hind paws, animals were allowed to walk freely for
habituation. The right paw was then connected via a simple
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circuit to a microcomputer data input/output port. The paw
elevation time (PET) is the time in seconds that during a 10-
min period the hind paw is not in contact with the cylinder.
Data are presented as ΔPET, which stands for values above
115 s/10 min established as a cutoff baseline mean value for
naïve rats. Animals subjected to ACLT display high PET
until day 14. The highest pain value for an animal is
represented by the maximal ΔPET achieved between day 4
and day 7 after ACLT.

Drugs and treatments

Groups of rats subjected to ACLT received either glucos-
amine sulfate 500 mg/kg (Glu) (Dinaflex™, Zodiac
Tecnofarma Brasil), a combination of glucosamine sulfate
500 mg/kg and chondroitin sulfate 400 mg/kg (Gluchon,
Artrolive™, Aché Laboratórios Farmacêuticos Brasil), or
0.9% sterile saline (non-treated group—NT). Dose selec-
tion was based on preliminary studies showing that these
concentrations reduced PET compared to NT (data not
shown). Drugs were given by gavage after 1 h fasting, once
daily, starting 7 days before ACLT and then daily, until
sacrifice, at day 70. PET was assessed 30 min after oral
gavage. As a positive control, a group of nine animals
subjected to ACLT received meloxicam (Movatec™,
Boehringer–Ingelheim Brasil) 6 mg/kg s.c., 30 min before
PET measurements, starting at day 4 until they were killed,
at day 7.

Collection of distal femoral extremities

Animals were terminally anesthetized (chloral hydrate
400 mg/kg i.p.), killed by cervical dislocation, and exsangui-
nated. The right distal femoral extremities from six animals in
each group were surgically excised after dissection of muscles
and ligaments. After fixation in 10% v/v formaldehyde
solution and decalcifying (5% v/v formic acid in 10% v/v
formaldehyde solution) for 7 days, the lateral and medial
condyles of each sample were separated with a scalpel. After
fixation and paraffin-embedding, the material was serially
sectioned at 5 μm in the sagittal plane of the articular
surface, from the outer to the inner limits of the condyles. At
every tenth section (50 μm apart), one section was removed
for staining with hematoxylin–eosin or toluidine-blue, with
ten different sections for each sample.

Histopathology

Semi-quantitative histopathological grading was performed
by two independent pathologists (VCCG and MMLP)
blinded to group allocation according to the recently
published Osteoarthritis Research Society International
(OARSI) histopathology grading and staging system [18].

The maximal possible score was 24. Analysis was done for
both condyles and expressed as one result for each sample.
Results are expressed as the median (range) values for each
treatment group.

Quantitative evaluation of glycosaminoglycans

The cartilage of the distal femoral extremities (six animals
per group) was excised with a surgical blade immediately
after sacrifice. The samples were weighed after overnight
drying (80°C). The material was subjected to proteolysis
using PROLAV 750™ (Prozyn, SP, Brazil) suspended in
Tris–HCl/NaCl 50 mM/150 mM buffer (pH 8.0), and
further precipitated in absolute ethanol, followed by
dilution in distilled water. This material was separated on
a 0.6% w/v agarose gel-electrophoresis in diaminopropane-
acetate buffer (50 mM, pH 9.0). Gels were stained with
0.1% w/v toluidine-blue [19]. For comparison, standard
chondroitin 4-sulfate (C4S), chondroitin 6-sulfate (C6S),
and heparan sulfate (Sigma, St. Louis, MO, USA) were
subjected to the same protocol. After this protocol,
digestion with specific chondroitinases identified chondroi-
tin sulfate (CS) as the sole glycosaminoglycan present in
the samples (data not shown). Quantification was made by
densitometry (525 nm). Data were expressed as microgram
CS per milligram of dried cartilage.

Qualitative evaluation of CS molar weight (Mw)

Qualitative alterations in cartilage are considered relevant to
express changes secondary to OA that impair homeostasis
[10]. We aimed to demonstrate these changes by analyzing
the Mw of CS extracted from the femoral articular
cartilages. Samples were separated on a 6% w/v polyacryl-
amide gel-electrophoresis in barbital buffer (60 mM,
pH 8.6). After staining with 0.1% w/v toluidine-blue, the
gels were digitalized and analyzed with the software Image
J 1.37 v [http://rsb.info.nih.gov/ij/download.html], which
gives a distribution curve for the samples. The peak of the
curve represents the central tendency of Mw distribution.
The relative mobility [20] was obtained by the ratio between
the peak position of the sample and the peak position of a
standard C4S Mw ¼ 4:55� 104 g=mol

� �
, which was arbi-

trarily set as 1.0. The Mw can then be estimated as inversely
related to the relative mobility of the sample. As a
comparison, C6S Mw ¼ 5:88� 104 g=mol

� �
, under the

same conditions, presents a relative mobility of 0.71.

Statistics

ΔPET and CS concentration are presented as the means ±
standard deviation (SD) of measurements in each group.
Histological data are reported as medians (range). Differences
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between means were compared using one-way analysis of
variance (ANOVA) followed by Tukey’s test. For comparison
of medians, we used the Kruskal–Wallis test, followed by
Dunn’s test; P<0.05 was considered significant.

Results

Effects of glucosamine sulfate and chondroitin sulfate
in joint pain

Animals subjected to ACLT (OA group) displayed articular
incapacitation ΔPET ¼ 82:5� 33:4s=10minð Þ as compared
to the sham group ΔPET ¼ 0:9� 2:2s=10minð Þ, respec-
tively; P<0.001). Prophylactic oral administration of associ-
ated glucosamine sulfate and chondroitin sulfate
(Gluchon;ΔPET ¼ 45:9� 27:2s=10min), but not of glucos-
amine sulfate alone (Glu; ΔPET ¼ 62:2� 29:7s=10min),
significantly reduced the maximal PET compared to the NT
group. Though mild, the 44.6% PET reduction in the
Gluchon group was statistically significant (P<0.05) com-
pared to the NT group. This reduction was similar to that
achieved by administering meloxicam ΔPET ¼ 42:5�ð
22:5s=10minÞ (Fig. 1).

Quantification of CS extracted from the articular cartilage

Effects on the structural lesions were evaluated 70 days after
ACLT. At this time, the amount of CS, measured by

densitometry, was significantly higher in the cartilage samples
obtained from the animals subjected to ACLT (OA) compared
to sham (OA 77.7±8.3 µg/mg; Sham 53.5±11.2 µg/mg;
P<0.05) (Fig. 2). However, the relative mobility of the CS
extracted from OA cartilages at day 70, shown in Fig. 3, was
significantly lower compared to samples from animals of the
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Fig. 1 Effects of glucosamine sulfate and chondroitin sulfate in joint
pain. Rats were subjected to ACLT. Joint pain was assessed daily as
the increase in the paw elevation time (PET), using the articular
incapacitation test. A sham group was subjected to the surgical
procedure without ACLT and received saline by gavage. The non-
treated (NT) group received saline. Groups received Glu (500 mg /kg),
Gluchon (500+400 mg/kg) by gavage, starting 1 week prior to ACLT.
Meloxicam (Mel 6 mg/kg s.c.) was given daily, starting 4 days after
ACLT. ΔPET (seconds/10 min) represents the mean ± S.D. of the
variation of the increase in PET related to baseline value, achieved
between days 4 and 7 after ACLT; n=9–12 animals/group; Asterisk P
<0.05 compared to NT (one-way ANOVA, followed by Tukey’s test)
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Fig. 2 Assessment of cartilage chondroitin sulfate (CS) content in the
ACLT model. Rats were subjected to ACLT (OA) and the CS content
in cartilage samples was measured by densitometry after agarose gel
electrophoresis. A sham group was subjected to the surgical procedure
without ACLT. Groups received Glu (500 mg /kg), Gluchon (500+
400 mg /kg) or saline (NT) daily, by gavage, starting 1 week prior to
ACLT until sacrifice 70 days after ACLT. Results are the means ± SD
of CS (microgram per milligram of dried cartilage) in groups of six
animals. Asterisk P<0.05 compared to sham; pound symbol P<0.05,
compared to NT (one-way ANOVA, followed by Tukey’s test)
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Fig. 3 Graphic representation of the relative mobility of cartilage CS
in the ACLT model. Cartilage samples were run on a 6%
polyacrylamide gel electrophoresis. After digitalizing, the peak
mobility of the sample curves were compared to that of standard
chondroitin-4-sulfate (C4S) ran in parallel, arbitrarily set at 1.0.
chondroitin-6-sulfate (C6S –Mw ¼ 5:88� 104 g=mol) is shown for
comparison. The peak of the curve represents the central tendency of
Molar weight (Mw) distribution for each sample. The relative mobility
was obtained by the ratio between the peak position of the sample and
the peak position of C4S
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sham group (OA 0.98±0.06; Sham 1.10±0.05; P<0.05).
Thus, although there was an increase in the amount of CS
extracted from samples of the OA groups, the CS displayed
a significantly higher Mw ð4:62� 0:24� 104 g=molÞ com-
pared to sham 4:18� 0:19� 104 g=mol

� �
(Table 1).

Effects of glucosamine sulfate and chondroitin sulfate
on cartilage damage assessed biochemically

The administration of Gluchon to animals subjected to
ACLT significantly reversed the increase in the amount of
CS (54.4±12.1 µg/mg) compared to non-treated (NT)
animals (Fig. 2). Samples obtained from animals subjected
to ACLT that received isolated Glu did also have less CS
(60.5±16 µg/mg) compared to those of the NT group,
though this difference did not reach statistical significance
(Fig. 2). Furthermore, both Gluchon and Glu administration
did significantly reverse the increase in the Mw of the CS
compared to the NT group. In fact, the relative mobility of
the CS from the cartilage of the animals treated with
Gluchon or Glu was similar to that of the samples from the
sham group (Fig. 4). The calculated Mw of the CS from the
groups that received Gluchon 4:18� 0:20� 104 g=mol

� �

or Glu 4:20� 0:21� 104g=mol
� �

was significantly lower
compared to the OA group (Table 1).

Effects of glucosamine sulfate and chondroitin sulfate
on joint histopathology

Table 2 shows the results of the histopathological analysis
of the joints obtained from the various groups 70 days after
ACLT. Animals that received Gluchon had significantly
less severe and less extensive cartilage damage compared to
the NT group (P<0.05). Samples from animals that
received isolated Glu also displayed less cartilage damage
though not reaching statistical significance. Figure 5
illustrates the histopathological appearance of samples from

each group, showing preservation of cartilage lining in the
group that received Gluchon.

Discussion

The present data are the first demonstration that the
combined administration of glucosamine sulfate and chon-
droitin sulfate significantly provides pain relief (44.6%
reduction) in an experimental model of OA. As a positive
control, we show that this antinociceptive effect was similar
to that achieved with the cyclooxygenase inhibitor melox-
icam. Although the administration of glucosamine sulfate
isolated did also reduce pain (24% reduction) this differ-
ence did not reach statistical significance.

As mentioned in the “Materials and methods” section,
the test for articular incapacitation in rats was originally
described as a tool that allows a quantitative, reproducible
approach to study experimental joint pain [15]. Using this
approach, animals display increased PET as early as 6 h
(data not shown) after ACLT and PET remains elevated
until 14 days, being maximal during the first 7 days
compared to the sham group. Gait abnormalities following
ACLT could be due to protective behavior to stabilize the
joint, as it was shown in the ACLT model in dogs [21].
Comparable adaptations were reported in anterior cruciate
ligament deficient humans, i.e., quadriceps avoidance gait
[22]. Development of such adaptations in the rat may
explain the return to normal PET after 2 weeks, as seen in
this study. We believe that pain on weight-bearing, as well

Table 1 Effect of glucosamine and chondroitin sulfate on CS molar
weight (Mw)

Group Mw (x 104 g/mol)

Sham 4.18±0.19
NT 4.62±0.24*
Glu 4.20±0.21**
Gluchon 4.18±0.20**

Rats subjected to ACLT (OA group) or sham operation had the Mw of
cartilage CS analyzed. Groups received Glu (500 mg/kg), Gluchon
(500 mg/kg+400 mg/kg) or saline (NT). The Mw was estimated from
C4S (4.55×104 g/mol) and C6S (5.88×104 mol) standards (see text
for details). Results are means ± SD of n=6 animals/group.
*P<0.01 compared to sham; **P<0.01 compared to NT (one-way
ANOVA, followed by Tukey’s test).
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Fig. 4 Effect of glucosamine sulfate and chondroitin sulfate on
structural joint damage. Rats were subjected to ACLT (OA) or a sham
procedure, without ACLT. Groups received Glu (500 mg /kg),
Gluchon (500+400 mg /kg) or saline (NT) daily, by gavage, starting
1 week prior to ACLT until sacrifice 70 days after ACLT. The Mw of
the CS from the various group samples was assessed by determining
its relative mobility to standard C4S ran in parallel on a 6%
polyacrylamide-gel electrophoresis. Values represent the ratio of the
peak position of the digitalized gel image curves and that of C4S,
arbitrarily set at 1.0; n=6 animals/group. Pound symbol P<0.05
compared to NT (one-way ANOVA, followed by Tukey’s test)
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as response to classical analgesic compounds, indicate that
the increase in PET that occurs in rats subjected to ACLT
represents a major component of the multifactorial mech-
anism of joint pain in OA. Due to its reproducibility and

observer independence, avoiding subjective interpretation,
this strategy provides quantitative parametric data to
evaluate joint pain in this experimental OA model in rats.

The decision to administer the compounds prophylacti-
cally was mostly due to the fact that joint pain, as assessed
in this study, develops shortly after ACLT waning after
2 weeks. Though we were unable to evaluate pain
associated to chronic cartilage damage, an intrinsic, though
mild, analgesic effect of the compounds was demonstrated
for the first time, associated with the chondroprotective
effects in the long term. Few experimental studies have
addressed the antinociceptive potential of glucosamine
sulfate and chondroitin sulfate. Glucosamine sulfate was
inactive in the abdominal writhings test in mice in doses up
to 500 mg/kg p.o. [23]. To our knowledge, our present report
is the first demonstration of the analgesic effect of these
compounds in experimental OA. Unfortunately, extrapolating
these dosages to the currently used glucosamine sulfate and

Fig. 5 Combined glucosamine sulfate and chondroitin sulfate
prevents histological alterations in the ACLT model. Rats were
subjected to ACLT or sham operation. The distal femoral extremities
were excised 70 days after ACLT and processed for hematoxylin–
eosin (lower panel) or toluidine-blue (upper panel) staining. Groups
received saline (NT; a), Glu (500 mg /kg; b) or Gluchon (500+
400 mg/kg; c) daily, by gavage, starting 1 week prior to ACLT until

sacrifice at 70 days. This representative illustration shows preservation
of the articular cartilage lining and staining intensity in c compared to
the non-treated group (a) that shows erosion (arrow) and areas of
denudation (arrowhead). The administration of isolated Glu did not
significantly prevent damage as seen in histology (b) (Original
magnification is ×40)

Table 2 Glucosamine sulfate and chondroitin sulfate prevents joint
damage in the ACLT model

Sham NT Glu Gluchon

Grade 1 (0–2) 4 (4–5) 4 (2–6) 2 (1–2)*
Stage 1 (0–2) 3.5 (2–4) 1 (1–2) 1 (0–2)*
Score 1 (0–2) 14 (8–20) 4 (2–12) 2 (0–2)*

Rats were subjected to ACLT and killed after 70 days. Groups
received Glu (500 mg/kg), Gluchon (500+400 mg/kg) or saline (NT),
daily, 7 days prior to ACLT until sacrifice. Femoral extremities were
excised and processed for hematoxylin–eosin and toluidine-blue
staining; evaluation used the OARSI grading and staging system.
Results are medians (range) of n=6 animals/group.
*P<0.05 compared to NT (Kruskal–Wallis, followed by Dunn’s test).
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chondroitin sulfate dosages in humans is not feasible. Though
apparently disappointing, this happens in many situations. For
instance, meloxicam dosing in rats can be as high as 6 mg/kg,
as used in the present study. This could be considered an
extremely high dosage, as compared to the usual 7.5 or 15 mg
approved daily dosages of meloxicam for humans. Therefore,
demonstration of pharmacological benefits from those com-
pounds has to consider that effective dose–response curves
may vary among species.

Strategies to halt disease progression are a major target
in this disease. The validation of quantifiable, reproducible,
reliable, easy-to-handle criteria is a crucial step to stan-
dardize parameters to assess joint damage in OA. To date,
systemic or even locally released biomarkers still have
limited applicability to evaluate OA [24]. The recently
developed OARSI system developed a grading and staging
tool to assess in vivo joint damage in OA [18]. However,
observer dependency, sampling variation, and the use of
non-parametric data limit the use of histological criteria to
assess tissue damage. A very recent report focused on this
issue, claiming for the OARSI grading and staging system
as the “premium choice” to evaluate joint damage in OA.
However, those authors did also conclude that correlation
of that system to biochemical parameters would mean a
significant improvement in assessing in vivo joint damage
in OA [25].

In the present study, we obtained that animals subjected
to ACLT that received Gluchon displayed significantly less
severe and less extensive alterations seen at histopathology
compared to vehicle, thus indicating a protective effect of
Gluchon both at the symptomatic and structural levels.

In an attempt to establish direct observer-independent
reproducible quantitative biochemical parameters, we mea-
sured the CS content of the articular cartilage. Despite the
dimethylmethylene blue assay being the most widely used
method to assess glycosaminoglycan content [26], we
decided to run these samples on an agarose-gel electropho-
resis, since this method allows us to determine which
glycosaminoglycan is being quantified [19].

The cartilage samples obtained from animals of the OA
group 70 days after ACLT showed a higher content of CS
compared to sham-operated animals. Increase in the CS
content of the articular cartilage in the early stages of OA
probably reflects increased synthesis. In advanced stages,
glycosaminoglycan concentration is expected to fall despite
increased production by chondrocytes, reflecting even more
intense catabolic mechanisms. Although our finding may
seem intriguing, similar data have been reported in other
experimental OA models. Dogs subjected to ACLT showed
increased amount of proteoglycans, assessed by hexuronic
acid analysis that was sustained for up to 64 weeks of
observation, despite the progression of OA changes seen
both at radiology and histology [27].

Our present results, showing increased CS content in the
articular cartilage samples of the OA group, could represent
the chondrocyte anabolic response to local stimuli in an OA
environment. However, the quality of this CS excess could be
altered. The polyacrylamide gel electrophoresis data sustain
this later hypothesis. Actually, analysis of the CS in these
samples showed that animals of the OA group had a
significant increase in the proportion of CS of higher Mw
compared to CS obtained from samples of the sham group.We
should stress that this is the first demonstration that quantita-
tive as well as qualitative alterations of a relevant extracellular
matrix cartilage component, i.e., chondroitin sulfate, is
significantly altered in this experimental model. Thus, this
measurable biochemical parameter allows us to investigate the
effects of treatments on an experimental OA model.

It was recently shown that horses with osteochondral
lesions secondary to racing had increased length of the CS
chains [28]. However, in OA secondary to hip dysplasia in
dogs, CS length was similar to controls [29]. Another study
also did not find alteration in CS length in articular cartilage
samples from hip OA in humans compared to controls [30].
On the other hand, in human articular cartilage obtained
from the knee at autopsy, a highly significant decrease in
the chain length and in the total CS content was reported
[31]. We should emphasize that the increase in the CS
content and Mw in the samples from the OA group was
associated to more severe damage at joint histology.
Therefore, at least in this model, these phenomena seem
directly associated.

The administration of either Gluchon or Glu prevented
the elevation of the CS content compared to the group that
received the vehicle. However, results achieved with Glu
did not reach statistical significance. In addition, both
treatments prevented the elevation of the Mw of CS seen in
the OA group, presenting values comparable to those of the
sham group. This result indicates that these treatments
either prevented damage to the original cartilage extracel-
lular matrix or led to the synthesis of normal CS, thus
restoring a biochemically normal cartilage.

Considering that CS is the most abundant glycosamino-
glycan found in aggrecan, which is the most relevant
proteoglycan present in joint cartilage, these quantitative
and qualitative alterations in CS probably account for the
altered biomechanics of the articular cartilage. In these
animals, modification of the negative charges of the CS
molecule could lead to an increase in the hydraulic pressure
in the extracellular matrix, thus favoring progression of
cartilage damage [32].

It has been demonstrated that glucosamine sulfate
decreases the expression of both anabolic and catabolic
genes in human OA cartilage explants and that chondro-
protective properties of glucosamine may also be based on
its ability to inhibit degradation rather than to rebuild
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cartilage [33]. Our present data suggest that restoration of
the cartilage with normal CS may also contribute to the
chondroprotection associated with these compounds.

In summary, our present data reveal that combined
Gluchon, but not isolated Glu, reduced joint pain in the
ACLT model in rats. Both treatments were associated with
the protection of the structural damage, but the Gluchon
combination worked better than Glu alone. This is the first
demonstration of a quantitative approach to study alter-
ations of the biochemical characteristics of CS in the
articular cartilage occurring in parallel to the histological
damage seen in the ACLT model in rats.
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