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ABSTRACT

Background and objectives: Osteoarthrilis is the resull of a defect in synovial
membrane-covered joint tissues. The purpose of this study was lo investigate effects of
glucosamine sulfate alone and combined with moderate intensily exercise on serum levels of
(S 846 epitope and cartilage oligomeric maltrix protein (COMP) in a rat model of
osteoarthritis.

Methods: In this study, after inducing osteoarthritis in 42 male Wistar rais
(weighting 2501300 g, aged 8 to 12 weeks), the rats were randomly divided into five
groups: conirol-healthy, conirol-patient, patient-exercise, patient-glucosamine and patient-
glucosamine-exercise. The training program consisted of 30 minutes of running on a non-slip
treadmill at speed of 16 m/min in the first week with progressive overload principle
reaching 50 minutes by the eighth week. The glucosamine groups received oral glucosamine
sulfate (250 mg/kg/day) once a day for eight consecutive weeks. The serum levels of CS 846
epitope and COMP were measured using commercial ELISA kits. Data were analyzed using
one-way ANOVA and Tukey's post hoc test. All statistical analyses were performed in
GraghPad prism 8 and at significance level of 0.05.

Results: Combined exercise and glucosamine supplementation caused a significant
decrease in the COMP and (S846 levels (P<<0.0001). This decrease was more proiound
compared to that of glucosamine and exercise alone.

Conclusion: Overall, the findings of the present study showed that osteoarthritis
increases serum COMP and (S 846 levels. In addition, glucosamine supplementation
combined with exercise can significantly improve knee osteoarthritis in rats.

KEYWORDS: Cartilage oligomeric matrix protein, epitopes, Exercise, Glucosamine,
Osteoarthritis
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INTRODUCTION

Osteoarthritis (OA) is the result of a defect in a
synovial membrane-covered joint (1). The
prevalence of OA in Iran is about 16% in
individuals aged 15-82 years (2). The
symptomatic prevalence of this disease is 10%
in men and 13% in women over 65 years in the
United States (3). Clinical symptoms include
pain, joint stiffness, joint effusion, progressive
muscle weakness and atrophy, instability,
impaired articulation as well as contraction
and movement limitations, which affect the
patients’ ability to perform activities that
require weight-bearing (4). Undoubtedly, the
discovery of biochemical markers for early
detection of OA will be useful in the
development of new drug therapies aimed at
improving OA before its irreversibility (5).
Concentrations of specific cartilage and bone
molecules that reflect tissue remodeling in OA
patients are considered as prognostic factors
for the extent of joint destruction. Compared to
normal population, an increase in cartilage
oligomeric matrix protein (COMP)
concentration was found in all patients with
rapid knee arthroplasty. In contrast, the level
of a well-known marker of cumulative
cartilage synthesis, called chondroitin sulphate
epitope 846 (CS846) is elevated only in
patients with slow articular destruction.
Therefore, high serum levels of COMP may
indicate an unfavorable prognosis for rapid
destruction of the joint, while an increase in
the CS846 indicates a favorable prognosis (6).
COMP is a prominent component of cartilage
matrix. This glycoprotein plays an important
role in regulating the assembly (production) of
collagen type Il fibers in cartilage and, in
cooperation with other matrix proteins,
stabilizes the collagen network. Serum COMP
concentration is increased in patients with
knee OA. In addition, studies show that
elevated serum COMP levels are associated
with progressive articular injury in knee OA
(7). CS846 is also found on newly synthesized
aggrecan fragments that are released from the
cartilage matrix and can act as a marker of
cartilage metabolism (8).

Numerous pharmacological, surgical and non-
pharmacological  treatments have been
proposed for OA (9, 10). In recent years,
glucosamine supplements have received much
attention in the treatment of OA and other
similar diseases (11, 12). Glucosamine is an
amino monosaccharide synthesized from
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glucose that is converted to
glycosaminoglycan (5). Glucosamine is a
major component of proteoglycans and is
found naturally in articular cartilage and
synovial fluid (13). It has been reported that
oral glucosamine can reduce pain and improve
mobility in OA patients with no notable side
effects (5, 14, 15). Mohsin et al. reported that
500 mg oral glucoseamine three times a day
for six weeks improve pain, swelling and
mobility in OA patients (16). Another study
also indicated that both topical and oral
glucosamine have positive effects on
symptoms and pain in OA patients (17).

OA is often treated with nonsteroidal anti-
inflammatory drugs (NSAIDs) or
glucosamine. These treatments may relieve
pain, but their effect on cartilage and
synovium metabolism in patients with OA is
controversial. In vitro studies have shown that
NSAIDs may lower cartilage proteoglycan
synthesis (7). There are limited clinical
evidence on the effects of non-
pharmacological interventions for treating and
controlling OA symptoms (18). It is well-
demonstrated that exercise reduces pain and
improves performance in people with knee OA
(7). Some studies indicated that high-intensity
exercise can cause pain in patients with
osteoarthritis (19), while moderate-intensity
exercise have positive effects (20, 21). It has
been shown that an acute period of exercise
could increase serum COMP in healthy adults
as well as in patients with knee OA, whereas
six weeks of chronic exercise has positive
effects on COMP blood levels (7). A limited
number of studies has examined the effect of
NSAIDs on serum COMP levels in patients
with OA along with exercise training (22). The
present study aimed to evaluate effects of
glucosamine supplementation on COPM and
CS846 levels in cartilage tissue of OA rats
exposed to weight-bearing exercise.

MATERIAL AND METHODS

This experimental study was performed on 42
male Wistar rats aged 8-12 weeks with a mean
initial weight of 250 to 300 g. The rats were
obtained from the research center of Islamic
Azad University, Sari Branch and were
divided into five groups: control-healthy,
control-patient,  patient-exercise,  patient-
glucosamine and patient-glucosamine-
exercise. The study was approved by the
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animal care and use committee at the Islamic
Azad University of Sari (approval number:
IR.IAU.SARI.REC.1398.132). The rats were
housed in a room with controlled conditions
(at ambient temperature of 20£2 °C, humidity
of 50%+5 and 12:12 light dark cycle). The
animals were also fed 10 g/100 g body weight
daily (according to weekly weight gain).
Induction of OA by surgical procedure was
carried out based on the method described by
Malfait and Little (23). The rats were
anesthetized with ketamine (30-50 mg/kg) and
xylocaine (3-5 mg/kg). Then, 1 cm incision
was made from the right knee to expose knee
joint. The knee joint was opened by lateral
displacement of the patella and its ligament,
and a longitudinal incision was made in the
medial part of the knee. The Ilateral
displacement of the patella and patellar
ligament was performed by forceps and then
an incomplete incision was made in the
anterior cruciate ligament without damaging
the articular cartilage and other ligaments.
Finally, articular capsule and skin were closed
with six absorbable sutures (23). One month
after the surgery, the rats were subjected to 10-
minute treadmill running, three days a week at
a speed of 16 m/min, 60-70% VO,max and
zero slope. No stimulant was used to move the

rats. Details of the training program are
presented in table 1.

The glucosamine group received oral
glucosamine sulfate (250 mg/kg/day) once a
day for eight consecutive weeks, through
gavage (24). The glucoseaminetexercise
group received this dose before each exercise
session. To evaluate the recovery rate in OA,
observable motor behaviors including walking
and weight bearing in the injured leg were
observed. After 12 to 14 hours of fasting and
48 hours after the interventions (to eliminate
the acute effects of exercise and oral
glucosamine), the animals were first
anesthetized with intraperitoneal injections of
ketamine (60 mg/kg) and xylocaine (5 mg/kg)
and then sacrificed. After the abdominal cavity
was opened, blood samples were taken and
frozen at -80 °C for analysis. Level of COPM
and epitope CS846 was measured using
enzyme-linked immunosorbent assay (ELISA)
kits according to manufacturer’s instructions
(IBEX Montreal, Quebec, Canada). Data were
expressed as mean xstandard deviation (SD).
Data analysis was performed in GraghPad
prism 8 software using the Shapiro-Wilk's test,
Leven's test, one-way ANOVA and Tukey's
post hoc test. All statistical analyses were
performed at significance level of 0.05.

Table 1- Details of the training protocol

Variable Compatibility 1%, week 2", 3, 4™ week 5™ 6", 7, 8,
week week week week week week

Turning Speed 16 16 16 16 16 16 16 16 16

(m/min)

Practice time per 10 30 30 30 50 50 50 50 50

session (minutes)

RESULTS

Results of ANOVA showed a significant
difference in COMP and CS846 levels
between the groups (Table 2). The
combination of exercise and glucosamine
supplementation caused a significant increase
in the mean COMP and CS846 levels
compared with the normal group, and a
significant decrease compared with the patient
and patient glucosamine groups (Table 3).
COMP level in the patient+glucosamine group
and the patient+exercise group  was
significantly lower than in the patient group.
CS846 level in the patient+exercise group was
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significantly lower than in the patient group
(Table 3). More importantly, the decrease in
the COMP and CS846 levels after combined
exercise and glucosamine supplementation
was more profound compared to that after
glucosamine and exercise alone (P<0.0001).
COMP and CS846 levels did not differ
significantly between the
exercise+glucosamine group and the exercise
group (Table 3). Moreover, CS846 level did
not differ significantly between the patient
group and the patient+ glucosamine group
(Table 3).
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Table 2- Differences in the level of COMP and CS846 between the study groups based on one-way ANOVA

Variable ANOVA table SS DF MS F P
COMP (ugfl) Treatment (Intergroup) 21.50 4 5.375 89.21 P<0.0001
Residual (Intragroup) 1.205 20 0.06026
Total 2271 24
Cs846 (ng/l) Treatment (Intergroup) 17.55 4 4.387 64.79 P<0.0001
Residual (Intragroup) 1.354 20 0.06771
Total 18.90 24

Table 3- Comparison of COMP and CS846 levels between the study groups based on the Tukey's multiple comparison test

Mean 1 Mean 2 P-Value Mean 1 Mean 2 P-Value

(COMP)  (COMP) (COMP) (CS846)  (CS846) (CS846)

Normal vs. Patient 1.052 3.842 <0.0001 1.624 4.050 <0.0001

Normal vs. Patient+Glu 1.052 2.962 <0.0001 1.624 3.740 <0.0001

Normal vs. Patient+Exe 1.052 2510 <0.0001 1.624 3.006 <0.0001

Normal vs. Patient+Exe+Glu 1.052 2.064 <0.0001 1.624 2.994 <0.0001

Patient vs. Patient+Glu 3.842 2.962 0.0001 4,050 3.740 0.3573

Patient vs. Patient+Exe 3.842 2510 <0.0001 4,050 3.006 <0.0001

Patient vs. Patient+Exe+Glu 3.842 2.064 <0.0001 4.050 2.994 <0.0001

Patient+Glu vs. Patient+Exe 2.962 2510 0.0589 3.740 3.006 0.0020

Patient+Glu vs. Patient+Exe+Glu 2.962 2.064 0.0001 3.740 2.994 0.0017

Patient+Exe vs. Patient+Exe+Glu 2.510 2.064 0.0637 3.006 2.994 >0.9999

DISCUSSION

OA is characterized by progressive destruction been reported in several cohort studies on OA
of articular cartilage associated  with samples and is thought to be associated with
subchondral bone regeneration, marginal OA severity. Recent evidence suggests that a

osteophyte formation and loss of progressive
symptoms of mechanical function (25). Early
destruction of articular cartilage in OA begins
with the loss of glycosaminoglycan (GAG)
from the articular cartilage surface followed by
collagenolysis. Consequently, early markers of
articular cartilage injury or OA changes may
be found among GAG metabolic products (5).
Thus, we measured cartilage tissue
degradation in OA rats by measuring COMP
and CS846 levels. The results showed that
levels of COMP and CS 846 abnormally
increased in the OA rat models. CS is a GAG
that is covalently attached to specific proteins
to form proteoglycans. The level of aggrecan
synthesis can be assessed using antibodies
against CS846, which is located in the
chondroitin sulfate chain. In contrast, the ratio
of CS846 to aggrecan was high in the more
advanced stages of OA, indicating that both
the synthesis and degradation of aggrecan
were up-regulated. The correlation between
the histology of cartilage injury and the change
in CS846 concentration indicates that aggrecan
synthesis in severely damaged -cartilage is
increased (5). COMP is also a non-collagenous
extracellular matrix glycoprotein that contains
domains such as thrombospondin that can bind
to different types of collagen and is
responsible for collagen-collagen interactions
and the formation of micro-fibrils in cartilage.
Increased serum COMP concentration has

high concentration of COMP can be detected
in the affected joints years after injury or in the
serum of patients with OA after exercise,
indicating that COMP is a very sensitive
marker for early asymptomatic OA. However,
some studies indicate that serum COMP levels
cannot be a reliable diagnostic marker for
primary OA. One reason for this may be that
in early OA, cartilage damage is not
significant yet; therefore, the serum COMP
level may be influenced by the turnover of
other types of cartilage in the body (for
example, rib cartilage) rather than damage (if
any) to the cartilage in the primary OA joint
(25). A previous study demonstrated a
relationship between serum COMP level and
CS846 and degree of OA. The levels of
COMP and CS846 significantly increased and
a positive correlation was observed between
the two biomarkers 10 weeks after OA (26).
Another study reported that rheumatoid
arthritis patients had significantly higher levels
of COMP compared to healthy controls. This
verifies the potential of COMP as a marker of
articular cartilage injury or cartilage turnover
(27).

In the present study, we investigated effects of
eight weeks of exercise alone and along with
glucosamine supplementation on serum levels
of COMP and CS846 in an OA model. Based
on the results, exercise training alone or
combined with glucosamine supplementation
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reduced cartilage degradation by lowering
COMP and CS846 levels. However, the most
significant effect was observed in the
exercise+glucosamine group compared to the
OA group. This indicates that the use of both
exercise and glucosamine might have a
synergistic protective effect against OA.

Glucosamine is an important precursor of
glycoprotein and GAG synthesis. When
glucosamine was first proposed for treatment
of OA, it was thought to enhance endogenous
production of glucosamine and enhance the
synthesis of proteoglycan, which is lost early
in OA. Oral glucosamine can recover GAG in
damaged cartilage, but its mechanism of action
is unknown. On the other hand, it has been
reported that glucosamine affects the synthesis
of type Il collagen. In the OA rat models,
glucosamine exerts protective effects on

cartilage by  preserving  proteoglycan,
inhibition of collagen type |l degradation and
enhancing collagen type Il synthesis in

articular cartilage. In addition, glucosamine
has a positive effect on bone remodeling,
structure and mineralization in the early stages
of experimental OA. Exogenous glucosamine
has been reported to increase hyaluronic acid
production in synovial tissue. This may also be
useful for preventing OA development or
progression (5). There have been several
studies that have suggested the role of
glucosamine administration in reducing joint
pain in patients with knee OA (28, 29). One of
the causes of pain in OA is synovium and
articular ~ capsule  inflammation.  Since
glucosamine is also an anti-inflammatory drug,
it prevents pain by inhibiting inflammation.
Small fractures in the subcutaneous bone in
OA can cause joint pain. Articular cartilage
destruction in any part of the knee joint can
cause elongation and spasm with uneven
distribution of force on the ligaments, muscles
and skin, leading to knee pain. Glucosamine
administration, with its role in cartilage
production, chondrocyte proliferation and
collagen production, avoids pain and prevents
unequal distribution of force across various
articular segments. Osteophyte production is
often caused by disproportionate force on the
subcartilage, and osteophytes stretch the nerve
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terminals below the periosteum and causes
pain. Therefore, osteophytes can be prevented
by administration of glucosamine and cartilage
repair and eliminate one of the mechanisms of
pain (30). In a study on horses with OA,
Koenig et al. reported that treatment with
pentosan  polysulfate  sodium, N-acetyl
glucosamine and sodium hyaluronan increased
epitope 846 and GAG concentrations (28).
Andersson et al. reported that the effect of
physical activity on COMP level was transient
(31). In contrast, Kersting et al. reported that
muscle activation was the most important
mechanical parameter for COMP cartilage
changes (32). Mindermann et al. studied
serum COMP concentration changes following
articular pressure by 30 minutes of walking
exercise in patients with knee OA. They
reported that serum COMP concentration
increased significantly immediately after the
training but decreased in the patients after 5.5
hours of exercise (33). According to Roberts
(2017), the intensity and type of exercise
training can alter the COMP response to
exercise-induced loading (34). The role of
exercise training in functional adaptation of
cartilage tissue suggests the need for further
investigation.

CONCLUSION

Overall, the findings of the present study show
that OA leads to an increase in serum COMP
and CS846 levels. The combined therapeutic
effect of glucosamine combined with exercise
to improve knee OA in rats is more effective
than exercise and glucosamine alone.
However, it may be more useful to examine
the histological findings along with the
measured biomarkers for a more accurate
assessment of joint damage in OA.
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