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Protective effect of glucosamine and risedronate
(alone or in combination) against osteoarthritic
changes in rat experimental model of
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Abstract: This study is aiming to investigate the protective effect of glucosamine, risedronate (alone or in combination)
on articular cartilage in experimental model of immobilized rat knee. Twenty-five adult male albino rats were divided
into five groups (five rats each): control group, immobilized group, glucosamine-treated group, risedronate-treated group,
and group treated by a combination of glucosamine and risedronate. The articular cartilage was obtained for histological,
immunohistochemical and morphometric studies. The immobilized group showed manifestations of osteoarthritis in the
form of significant decrease of articular cartilage thickness with surface erosions, shrunken chondrocytes with pyknotic nuclei
and marked manifested fall of chondrocyte number. There was manifested reduction of collagen contents of the articular
cartilage using Masson trichrome stain. Safranin O–Fast Green revealed low proteoglycan contents. The collagen type II
was also declined. The manikin score was 7.8. Risedronate improved this manifestation slightly more than glucosamine, but
combination of booth drugs caused significant improvement of the damaged articular cartilage caused by immobilization. Oral
administration of glucosamine and risedronate improved the degenerative changes of rat knee articular cartilage that follow
immobilization. This improvement was more remarkable when both drugs were used in combination.
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Introduction
The articular cartilage is a load-bearing resistant in joints.
It gets its nourishment by diffusion through the matrix. It is
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composed of chondrocytes, which form 1%–5% of its volume
of the articular cartilage, a framework formed of collagen-rich
fibrils and a hydrated substance contains cartilage-specific
proteoglycan (PG) aggrecan [1]. The collagen found in adult
articular cartilage is mainly composed of type II collagen [2].
Injured articular cartilage is less capable of healing than
other tissues in the body due to lack of a vascular system, the
chondrocytes immobility and the restricted ability of mature
chondrocytes to proliferate and rejuvenate new cartilage [3, 4].
Immobilization of joint is usually used for the management of joint injuries as ligament injuries and periarticular
fractures. Plaster cast is used to immobilize the knee for man-
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agement of femoral, patellar, or tibial fractures. Moreover, it
is used to stabilize the knee in case of cruciate, collateral, meniscus ligament injuries, after knee surgery or management of
the quadriceps tendon rupture [5].
It is stated that immobilization induces degeneration of articular cartilage due to a reduction in chondrocytes activity [6,
7].
In another experiment on an immobilized dog knee with a
splint, softening of the femoral and tibial cartilages and joint
stiffness were noticed [8].
Furthermore, immobilization of rat knee with a plate and
screws, Hagiwara et al. (2009) [9] observed hypertrophy of
chondrocytes in the transitional area and reduced number of
chondrocytes in the contact area. Besides, it was noticed that
immobilization caused rapid reduction of bone mass, osteoporosis and increases risk of bone fracture [10].
It was stated that glucosamine is synthesized by chondrocytes from glucose and its precursors, which share to form the
non-cellular part of the connective tissue. This component is
mainly responsible for the mechanical function of cartilage
[11].
The efficacy of glucosamine in healing the articular cartilage has been demonstrated in animal models [12, 13] and
many clinical trials [14, 15]. In postmenopausal women, glucosamine sulfate reduced the progression of knee osteoarthritis and diminished the symptoms [16].
Glucosamine has a mild anti-inflammatory activity [12]
and aids to retrieve the PG matrix of the articular cartilage, to
guard injured cartilage from metabolic impairment [17].
Risedronic acid is one of the most potent Bisphosphonates.
It revealed numerous serviceable effects on osteoarthritis
treatment. This effect has been reported by several studies on
animals and human [18, 19].
In rabbit models, risedronic acid demonstrated a protective effect on mechanical properties of the ligaments and
periarticular bone and reduced the mineral loss at the bony
attachment of the medial cruciate ligament [20]. Moreover, it
reduced joint cartilage lesion in guinea pig models [21]. In the
early stages of osteoarthritis of a rat model, using non-steroidal anti-inflammatory drug and risedronate, they decreased
the impact of osteophyte bony adaptations and preserve trabecular bone mass [22].
In clinical trials of osteoarthritis, treatment with risedronate, improved both symptoms and joint structure in patients
with primary knee osteoarthritis [18].
The current study was carried out to detect changes that
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occur in the rat knee joint following immobilization and to
evaluate whether the oral administration of a combination
of risedronate and glucosamine is capable to improve these
changes compared to using each drug separately.

Materials and Methods
Drugs

The rats were given glucosamine sulfate (EVA Pharma
Company, Cairo, Egypt) 40 mg/kg/day orally diluted in saline solution (NaCl) 0.9% [23]. Risedronate (actonel 35 mg,
Sanofi Aventis Pharmaceutical Company, Cairo, Egypt) was
given orally to rats in a dose of 0.2 mg/kg/day. Gypsona was
obtained from International Medical Company (Cairo, Egypt)
under license of BSN Medical Limited (London, UK).

Animals

Twenty-five adult male albino rats weighing 200±20 g were
used in this study after approval of the protocol by the Ethical Committee of faculty of medicine Ain Shams University.
Animals were obtained from Ain Shams animal house Egypt.
They were housed under standard conditions of temperature
(23°C±2°C) and lighting (12-hour light/dark cycles) and were
allowed free access to food and drinking water. All rats received care in accordance with the rules and regulations of the
Medical Research Ethics Committee of Faculty of Medicine
Ain Shams University.

Groups

The animals were randomly divided into five groups (five
rats each) as follows: group I, sacrificed and served as control;
group II (immobilized group), immobilized by casting their
right hindlimb for 6 weeks; group III, immobilized and received oral glucosamine; group IV, immobilized and received
oral risedronate; and group V, immobilized and received a
combination of oral risedronate and glucosamine.

Method of immobilization

The knee joints of the right hindlimb of rats were immobilized in full extension, using a plaster cast for 6 weeks. The
plaster cast was wrapped from above knee to above ankle.
The plaster cast was replaced at least every 3 days to prevent
loosening and edema in the hind limb. The rats were able to
move freely in the cage by using the three limbs that were not
immobilized [24, 25].
At the end of the experiment, the rats were anesthetized by
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diethyl ether. Animals were sacrificed by cervical dislocation.
The skin above knee joint was removed and the knee joint
was exposed, Then the knee joint was cut in sagittal plane.
The specimen contained tibia, femur with articular cartilages
and menisci. The specimen was fixed in 10% formaldehyde
for 48 hours. The specimen was decalcified using ethylenediaminetetraacetic acid. After processing for making paraffin
blocks, 7-μm sections were cut and stained with hematoxylin
and eosin (H&E) stain for routine histological examination,
Masson trichrome stain for detection of collagen fibers, and
Safranin O–Fast Green for detection of PG content of the cartilage matrix.

Immunohistochemical

Tissue sections were de-waxed, followed by treatment with
hyaluronidase and trypsin (0.1% hyaluronidase and 0.2%
trypsin 1 hour 37°C for wax sections; Sigma-Aldrich, St. Louis, MO, USA) to unmask the collagen antigens. Sections were
then incubated for 1 hour at room temperature with primary
antibodies against type II collagen (Collagen, Type II, Bovine
Joint Cartilage, Sigma-Aldrich). Endogenous peroxidase was
blocked with 0.3% hydrogen peroxide in methanol before sections were incubated with secondary antibody, anti-mouse for
collagen types II primary antibody, then incubate sections in
ABC-peroxidase solution for 30 minutes at room temperature
followed by incubation with diaminobenzidine chromogen to
detect immunoreactivity. Mayer’s hematoxylin was used for
counterstaining [26].

Histomorphometric and statistical studies
Articular cartilage thickness
Thickness (mm) of total articular cartilage was defined as
the distance between the cartilage surface and the osteochondral junction at the mid-portion of any area. To determine
the cartilage thickness, histological sections stained with H&E
were analyzed using a digital image analysis system (ImageJ
software open source, UK, contributors worldwide) for quantitative histomorphometry. Each microscopic image was projected to a monitor and the thickness of the articular cartilage
was measured at contact area of the articular surface. The
mean thickness of each experimental group was calculated.
The number of chondrocytes
As the thickness of articular cartilage was different from
area to area, we set a certain range of interest (rectangles 100
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µm deep and 400 µm long) in the articular cartilage and superimposed it over histological sections stained with H&E
to count the number of chondrocytes, using a digital image
analysis program. The chondrocytes were counted and the
means were calculated.
Histological scoring
The histological appearance of the articular cartilage
of the knee joints was evaluated using a modified Mankin
scoring system (Table 1) [27], examining the surface, cellularity, matrix staining, and tidemark integrity. This scoring
method consists of four different parameters; each parameter
has scores, with higher scores reflected worse degenerative
change. The highest possible score was 13. Thus, 13 points
represented the worse degenerative change of cartilage and
zero signified no change. The hematoxylin and eosin–stained
sections were used to assess the structures, surface, cells, and
tidemark integrity. Loss of PG staining was assessed from Safranin O sections.
All data (data for articular cartilage thickness, number
of the chondrocytes and histological scores) were analyzed
statistically using GraphPad prism version 4. Data were expressed as mean±SD and analyzed by using One-way analysis
of variance followed by Bonferroni’s multiple comparison
post-hoc tests for comparison between all groups. Differences
were regarded as non-significant if P-values were >0.05, and

Table 1. Modified Mankin histological scores
Category
Structure
Normal
Surface irregularities
Pannus and surface irregularities
Clefts to transitional zone
Clefts to calcified zone
Complete disorganization
Cells
Normal
Diffuse hypercellularity
Clusters
Hypocellularity
Matrix staining
Normal
Slight reduction
Moderate reduction
Sever reduction
No staining
Tidemark integrity
Intact
Destroyed

Score
0
1
2
3
4
5
0
1
2
3
0
1
2
3
4
0
1
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significant if P-values were <0.05.

Results
Light microscopic results
Histological study
H&E staining
The examination of H&E-stained sections of knee joint of
control group revealed the normal histological architecture
of the articular cartilage and meniscus with no apparent degeneration in all of the specimens of the control group. The
articular cartilage showed regular smooth intact surface and
normal chondrocytes with normal organization. The chondrocytes appeared in non-calcified and calcified regions of
cartilage which were separated by a clear intact tidemark appearing as a basophilic line in between the two regions. The
chondrocytes in the non-calcified region were arranged in
three zones: superficial (tangential), transitional (intermediate), and radial (deep) zone. The superficial zone had small
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flat chondrocytes arranged parallel to the articular surface.
The transitional and radial zones had rounded, oval or triangular chondrocytes arranged in columns perpendicular to
surface. The chondrocytes appeared to have pale basophilic
cytoplasm with central rounded nuclei and are located inside
their lacunae either singly or in groups forming cell nests. The
calcified region had scattered rounded chondrocyte located
in their lacunae. The subchondral bone appeared intact. The
meniscus was composed of homogenous eosinophilic staining well-organized collagen fibers with fibrochondrocytes in
between them. The fibrochondrocytes were located singly in
their lacunae and appeared rounded to oval with vesicular nucleus. The meniscus showed smooth surface with no fraying
or undulation (Figs. 1A, 2A, 3A). On the other hand, sections
from immobilized group revealed many histological changes
as compared to control group. These changes were variable
in severity. The changes of articular cartilage were as follows:
irregular notched surface, apparent reduction in thickness of
cartilage, chondrocytes appeared shrunken with pyknotic nuclei, disorganized and few in number, loss of chondrocytes in
some areas, tidemark was not clearly visible and degenerative

Fig. 1. Hematoxylin and eosin (H&E)–stained sections of the knee joint of different groups. (A) Control group showing articular cartilage with
regular smooth intact surface and well-organized chondrocytes which appeared in non-calcified (NCC) and calcified (CC) regions of cartilage with
a clear intact tidemark (arrows) in between. The subchondral bone (SC) appears intact. The meniscus shows regular smooth surface with no fraying
or undulation. (B) Immobilized group showing reduction in thickness of articular cartilage, shrunken chondrocytes, absence of chondrocytes in some
areas (*) and invisible tidemark. The SC appears intact. Meniscus shows severe fraying and tears and erosion of surface with necrotic cells shedding
from it (arrow). (C) The immobilized group treated with glucosamine; the articular cartilage shows smooth surface, shrunken chondrocytes and
visible tidemark (*). The SC appears intact. The meniscus shows smooth surface with some cracks (arrow). (D) The immobilized group treated with
risedronate; the articular cartilage shows smooth surface, shrunken chondrocytes, some empty lacunae, and hardly visible tidemark. The SC appears
intact. The meniscus shows smooth surface with some cracks (arrow). (E) immobilized group treated with glucosamine and risedronate; the articular
cartilage shows smooth surface, few shrunken chondrocytes, some empty lacunae, and visible tidemark. The SC appears intact. The meniscus shows
minimal erosion of its surface (arrow) (H&E, ×200). ar, articular cartilage; L, lacunae; m, meniscus; t, tears.

www.acbjournal.org

https://doi.org/10.5115/acb.19.050

502 Anat Cell Biol 2019;52:498-510

Ahmed Salman, et al

Fig. 2. Hematoxylin and eosin (H&E)–stained sections of articular cartilage of knee joint of different groups. (A) Control group showing the
chondrocytes in non-calcified region (NCC) of the articular cartilage arranged in three zones: superficial (S), transitional (T), and radial (R)
zone. The superficial zone contains small flat chondrocytes. The transitional and radial zone contain columns of rounded, oval, or triangular
chondrocytes (*). The chondrocytes are located inside their lacunae forming cell nests. The calcified region (CC) is separated from radial zone by a
tidemark (arrows). The subchondral bone (SC) appears intact. (B) Immobilized group; articular cartilage shows irregular notched surface (arrows)
and its chondrocytes appear shrunken with pyknotic nuclei, disorganized and few in number. Tidemark is invisible. The subchondral bone shows
degenerative changes (*). (C) The immobilized group treated with glucosamine; articular cartilage shows irregular degenerated surface (arrow) and
shrunken chondrocytes which appear disorganized and few in number. Tidemark is visible. The SC appears intact. (D) The immobilized group
treated with risedronate; articular cartilage shows smooth surface, shrunken chondrocytes which appear disorganized and few in number. Tidemark
is not clearly visible. (E) The immobilized group treated with glucosamine and risedronate; articular cartilage shows smooth surface, few shrunken
chondrocytes, few empty lacunae, and visible tidemark (arrow) (H&E, ×400). ch, chondrocyte; f, flat chondrocyte; L, lacunae; ne, cell nests.

Fig. 3. Hematoxylin and eosin–stained sections of meniscus of the knee joint of different groups. (A) Control group showing the meniscus
composed of homogenous eosinophilic staining well-organized collagen fibers (arrows) with fibrochondrocytes in their lacunae. The meniscus
surface is smooth with no fraying or undulation (*). (B) Immobilized group showing many meniscal tears with unorganized disrupted collagen
fibers (arrows) and markedly shrunken darkly stained fibrochondrocytes. (C) The immobilized group treated with glucosamine showing some tears
and cracks (arrows) and moderately shrunken darkly stained fibrochondrocytes. (D) The immobilized group treated with risedronate showing few
tears and cracks (arrows) and slightly shrunken fibrochondrocytes. (E) The immobilized group treated with glucosamine and risedronate showing
nearly normal meniscus except for minimal erosion of its surface (arrow) (H&E, ×400). fc, fibrochondrocytes.
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changes in subchondral bone. The meniscus showed severe
fraying and tears with unorganized disrupted collagen fibers
and markedly shrunken darkly stained fibrochondrocytes
(Figs. 1B, 2B, 3B). Interestingly, sections from the immobilized treated groups revealed better histological appearance as
compared to the immobilized group. The immobilized group
treated with both glucosamine and risedronate showed least
degenerative changes in the which appeared nearly normal
except for few shrunken chondrocytes, few empty lacunae
and slight erosion in the surface of the meniscus (Fig. 1C–E, 2
C–E, 3C–E).
Masson trichrome staining
Masson trichrome staining was used for the evaluation of
the collagen of the cartilage matrix. Masson trichrome commonly stains the cartilage matrix green, the nuclei dark blue,
and the zone of calcifying cartilage red. In the control group,
the matrix of articular cartilage was well stained with Masson
trichrome (green color) reflecting normal content of collagen
fibers (Fig. 4A). On the other hand, articular cartilage of the
immobilized group showed marked reduction of Masson
trichrome–stained area for collagen with appearance of an
extensive red color reflecting marked reduction of collagen
fibers in the matrix. Also, minimal erosion of the surface of
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articular cartilage was observed (Fig. 4B). Interestingly, the
matrix of the three treated immobilized group revealed increase in the Masson trichrome–stained area for collagen with
a reduction in the red color compared with the immobilized
group especially in the immobilized group treated with both
glucosamine and risedronate which showed a picture nearly
similar to the control group (Fig. 4C–E).
Histochemical study
Safranin O–Fast Green staining
The articular cartilage in the control group was well
stained with Safranin O (stains PG red) with no apparent
loss of staining intensity reflecting normal PG content of the
matrix (Fig. 5A). On the other hand, articular cartilage of the
immobilized group showed marked reduction of Safranin
O staining intensity in the entire non-calcified region of the
articular cartilage and slight reduction in its calcified region
reflecting marked decrease of the PG content of the matrix. In
addition, the surface of articular cartilage showed fibrillation
(Fig. 5B). However, the reduction in Safranin O staining intensity was less pronounced in the three treated immobilized
group as compared to the immobilized group with better conservation of Safranin O staining intensity in the immobilized

Fig. 4. A photomicrograph of Masson trichrome–stained sections of articular cartilage of knee joint of different groups. (A) Control group
showing the articular cartilage which is well stained with Masson trichrome for collagen (green color) (*). (B) Immobilized group showing marked
reduction of Masson trichrome–stained area for collagen with appearance of an extensive red color (*). Minimal erosion of the articular cartilage
surface is observed (arrow). (C) The immobilized group treated with glucosamine showing marked reduction of Masson trichrome–stained area
for collagen with appearance of a red color (*). (D) The immobilized group treated with risedronate showing moderate reduction of Masson
trichrome–stained area for collagen with appearance of a red color (*). (E) The immobilized group treated with glucosamine and risedronate
showing slight reduction of Masson trichrome–stained area for collagen with appearance of a slight red color (*) (Masson trichrome, ×400).
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Fig. 5. A photomicrograph of Safranin O–Fast Green (SO)–stained sections of articular cartilage of knee joint of different groups. (A) Control
group showing the articular cartilage which appears well stained with SO. The smooth surface of the articular cartilage (arrow) with normal cellular
distribution is observed. (B) Immobilized group showing marked reduction in SO staining intensity in the non-calcified region of the articular
cartilage (*) and slight reduction in its calcified region. The surface of articular cartilage shows fibrillation (arrow). (C) The immobilized group
treated with glucosamine showing marked reduction in SO staining intensity in the superficial part (arrow) of the articular cartilage and moderate
reduction in its deeper part (*). The smooth surface of the articular cartilage is observed. (D) The immobilized group treated with risedronate
showing moderate reduction in SO staining intensity in the calcified region of the articular cartilage (*) with disruption in the superficial part
of the articular cartilage (arrow). (E) The immobilized group treated with glucosamine and risedronate showing slight reduction in SO staining
intensity in the superficial part of the articular cartilage (*). The smooth surface of the articular cartilage is observed (SO staining, ×400).

A

B

D

E

C

Fig. 6. Immunohistochemical stained sections for collagen type II of the articular cartilage of the knee joint of different groups. (A) Control group
showing very strong immunostaining intensity for collagen type II in articular cartilage (brown color). The smooth surface of the articular cartilage
is observed. (B) Immobilized group showing weak immunostaining intensity for collagen type II in articular cartilage with disruption in the
superficial part of cartilage (arrow). (C) The immobilized group treated with glucosamine showing moderate immunostaining intensity for collagen
type II in articular cartilage (*). Irregularity of the surface (arrow) and presence of a space in superficial part are observed. (D) The immobilized
group treated with risedronate showing moderate immunostaining intensity for collagen type II in articular cartilage (*) with necrosis of superficial
part of the articular cartilage (arrow). (E) The immobilized group treated with glucosamine and risedronate showing strong immunostaining
intensity for collagen type II in the articular cartilage. The smooth surface of the articular cartilage is observed (immunohistochemical staining for
collagen type II, ×400). s, space.
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Histomorphometric and statistical results

group treated with both glucosamine and risedronate reflecting nearly normal PG content of the matrix (Fig. 5C–E).

Articular cartilage thickness
The mean thickness of the articular cartilage (at the contact area) in the immobilized group (group II) showed a highly significant decrease (P<0.01) as compared to control. The
mean thickness of the articular cartilage in both the immobilized group treated with glucosamine (group III) and the immobilized group treated with risedronate (group IV) showed
a significant decrease (P<0.05) as compared to control. The
mean thickness of the articular cartilage in the immobilized
group treated with both glucosamine and risedronate (group
V) showed non-significant decrease (P>0.05) as compared to
control (Fig. 7A).

Immunohistochemical study
Immunohistochemical staining for collagen type II
Immunohistochemical staining for expression of collagen
type II fibers in the articular cartilage of the control group
revealed very strong immunostaining intensity (brown color)
reflecting dense and uniform distribution of collagen type II
fibers in the matrix (Fig. 6A). On the other hand, immunohistochemical staining of collagen type II fibers of articular
cartilage of the immobilized group revealed weak immunostaining intensity reflecting marked decrease of collagen
type II fibers in the matrix of the articular cartilage (Fig. 6B).
However, collagen type II fibers expression was stronger in
the three treated immobilized group as compared to the immobilized group especially in the immobilized group treated
with both glucosamine and risedonate which revealed strong
immunostaining intensity for collagen type II (Fig. 6C–E).

The number of chondrocytes
The mean number of the chondrocytes in the articular
cartilage in the immobilized group (group II) showed a highly
significant decrease (P<0.01) as compared to control. The
mean number of the chondrocytes in the articular cartilage in
both the immobilized group treated with glucosamine (group
III) and the immobilized group treated with risedronate
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Fig. 7. (A) The thickness of the articular cartilage (µm) of different experimental groups. Pairwise significant differences were detected between:
group I and group II (P<0.001); group II and group III (P<0.05), group IV (P<0.01) and group V (P<0.001); group III and groups IV and
V (P>0.05); group IV and group V (P>0.05). (B) The number of the chondrocytes in the articular cartilage of different experimental groups.
Pairwise significant differences were detected between: group I and group II (P<0.001); group II and groups III, IV and V (P<0.001); group
III and groups IV and V (P>0.05); group IV and group V (P>0.05). (C) The number of the chondrocytes in the articular cartilage of different
experimental groups. Pairwise significant differences were detected between: group I and group II (P<0.001); group II and groups III, IV, and V
(P<0.001); group III and group IV (P>0.05), V (P<0.001); group IV and group V (P<0.001). Group I, control; group II, immobilized knee; group
III, immobilized group treated with glucosamine; group IV, immobilized group treated with risedronate; group V, immobilized group treated with
glucosamine and risedronate. Analysis was done using GraphPad Prism version 4. Data were analyzed by using one-way analysis of variance test
followed by Bonferroni's multiple comparison post-hoc test for comparison between all groups. P>0.05, nonsignificant; P<0.05, significant.
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(group IV) showed a highly significant decrease (P<0.01) as
compared to control. The mean number of the chondrocytes
in the articular cartilage in the immobilized group treated
with both glucosamine and risedronate (group V) showed
non-significant decrease (P>0.05) as compared to control (Fig.
7B).
Histological scoring
The Mankin score of the control group (I) was 0. The examination of the stained sections of the immobilized group
(II) showed highly significant articular cartilage damage
(irregular notched surface, hypocellularity, severe reduction in the matrix staining intensity and invisible tidemark)
as compared to the control group, with a score of 7.80±0.27
(P<0.01). The examination of the stained sections of the
treated immobilized group revealed highly significant less
degenerative changes in the articular cartilage as compared to
the immobilized group, with the least degenerative changes
in the immobilized group treated with both glucosamine
and risedronate (group V) with a score of 1.20±0.27 (P<0.01)
indicating that the treatment of the immobilized group with
both glucosamine and risedronate was associated with better
preservation of articular cartilage (Fig. 7C).

Discussion
It has been proven that immobilization of joints decreases
patient pain, stop additional damage, and encourage healing
of injured structures [28]. However, this may cause articular
cartilage degeneration. Many authors have proved the occurrence of the articular cartilage damage due to joint immobilization [29-35], while others reported that the joint mobility
guards the cartilage from biochemical changes caused by
immobilization. These changes were in the form of reduction
of PG content [36, 37], upswing of hydration, which causes
swelling and softening of the cartilage [38], reduction of cartilage thickness [8, 39], decrease collagen II content [40] and
downgrading histological scoring system [41]. These changes
were classified as features of osteoarthritis. Moreover, osteoarthritis due to immobilization may be explained by loss of
weight-bearing force, shortening and thickening of joint capsule [42, 43], and contraction of the muscles [44] and cartilage
swelling which leads to increase tension inside the joint that
compresses the articular cartilage and causes its degeneration.
The present study revealed the presence of morphological
changes in the rats’ knee articular cartilages following immo-

https://doi.org/10.5115/acb.19.050

Ahmed Salman, et al

bilization for 6 weeks. The chondrocytes appeared shrunken
and pyknotic [45] reported the same finding. Our results have
shown a significant thinning and softening of articular cartilage [37, 39, 46] were also in concordance with these findings.
On the contrary, other studies reported an increase in the
cartilage thickness following immobilization [9, 37, 47] while
others reported no alteration in cartilage thickness [32, 48,
49].
According to some authors [39, 50], these contradictory
results may be explained by a lack of standard measurement
sites, the difference in animals age, or the use of contralateral
knees as controls.
The thinning of the cartilage and its layers in immobilized
rats which were found in this study could be explained by the
decline in chondrocytic activity during immobilization, which
influenced the structure of the extracellular matrix and led
to a gradual decrease in cartilage thickness [37, 48]. It is also
possible that the reduction in cartilage thickness occurred by
decreasing synovial fluid production and the nutrient supply
to the cartilage, as determined by the lack of motion and load,
and thus produced deficits in the diffusion of liquids and
pumping these elements into the cartilage [48].
In our study, the number of chondrocytes was markedly
decreased in the immobilized rats, which corresponded well
with Trudel et al.’s study [32], who explained this reduction by
chondrocyte death due to necrosis or apoptosis. On the other
side, others explained this reduction by alterations in chondrocyte biosynthesis [38, 51, 52].
In the present experiment, a reduction of collagen and PG
content of the articular cartilage in the immobilized group
was detected, by using Masson trichrome and Safranin O
Green stains, which could affect cartilage elasticity.
In agreement with these findings, a reduction in the PG
content in the immobilized knee was also detected by other
studies [9, 38, 53-55], while Trudel et al. [32] reported no
change in PG content of the deep part of the cartilage after
immobilization.
Moreover, a decrease in collagen content was also reported
by Haapala et al. [39]. On the other hand, Saamanen et al. [29]
and Muller et al. [53] reported no change of the same parameter. The reduction of PG and collagen cartilaginous contents
were clarified by Jortikka et al. [55] who reported that there
was an imbalance between synthesis and degeneration. This
imbalance was due to the activity of matrix metalloproteinase
aggrecanase II (ADAMTSs) which has a role in debasing the
collagen and PG constituents of articular cartilage [56, 57].
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Echtermeyer et al. [58] have suggested that one of the members of matrix metalloproteinase in the cartilage is matrix metalloproteinase-3 (MMP-3) that digests many components of
extracellular cartilaginous matrix and activates aggrecanase II
(ADAMTS-5). Many studies detected an elevation of MMP-3
in acute injury or osteoarthritis [59, 60].
Furthermore, Grumbles et al. [61] detected an elevation of
matrix metalloproteinase in immobilized canine knee. This
could be explained by elevation of the MMP-3 during 6 hours
after immobilization and persistence uprising though 21 days
of immobilization [62].
Our results have shown changes in chondrocytes and cartilage extracellular matrix due to immobilization. This also led
to irregularity in cartilage surface which was also reported by
Trudel et al. [32] and Helminen et al. [63].
Glucosamine is an amino-monosaccharide and one of the
main constituents of the disaccharide parts of articular cartilage glycosaminoglycans. Besides, it is considered a symptomatic slow-acting drug for osteoarthritis treatment. Muller
et al. [53] have confirmed the higher efficacy of glucosamine
in treating knee osteoarthritis compared to non-steroidal
anti-inflammatory drugs. On the other hand, immobilization
induced marked reduction of glycosaminoglycans in canine
articular cartilage [7, 54, 64, 65]. The precise mechanism of
action of glucosamine has not been fully elucidated yet [66].
The protective effect of glucosamine may be explained by
the in vitro study of Vidal y Plana et al. [66] which stated that
the synthesis of cartilage glycosaminoglycans was increased
by adding glucosamine to cartilage culture. Moreover, glucosamine balanced between PG production and degeneration as
it stimulated chondrocytes to synthesis PG core protein [67,
68].
The use of glucosamine in osteoarthritis is a matter of
controversy. The benefits of the use of glucosamine for osteoarthritis have long been agreed with skepticism due to the
lack of reliable information regarding their absorption, pharmacokinetics, and mechanism of action. Pharmacokinetic
studies on glucosamine in dogs using 14C-glucosamine and
35
S-labeled chondroitin sulfate found that 87% of an orally administered dose of radiolabelled glucosamine and 70% of the
labeled chondroitin sulfate were absorbed [69]. Other studies
reported that glucosamine was bioavailable after oral dosing
and had a tropism for articular cartilage [70].
Our results confirmed the efficacy of glucosamine in protection of articular cartilage from osteoarthritis caused by
knee immobilization. These results were in consistence with
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the clinical studies of Naito et al. [70] and Richy et al. [71]
who proved the modifying effect of glucosamine in knee osteoarthritis.
Risedronate was considered as osteoarthritis modifying drug due to its anti-inflammatory effect. It diminished
swelling of the articular cartilage [72] and caused marked
reduction of CTX-II (marker of cartilage degeneration) [19,
73]. Moreover, it was considered as bone antiresorptive drug
which protected periarticular bone characteristic [74, 75].
It was found that patients with osteoarthritis had high level
of bone turnover markers [76]. Furthermore, treatment of
Paget’s disease patients with risedronate improved bony pathology and decreased biochemical bone markers [77].
In our study, we observed an improvement of cartilage
pathology in the risedronate-treated group, the same finding
was obtained by Permuy et al. [78] who detected an improvement in resedronate treated animals in a rabbit model of
osteoarthritis using Safranin O–Fast Green. In another study,
resedronate improved bone metabolism in subchondral level
which alleviated osteoarthritis symptoms [21]. On the other
hand, Thomsen et al. [79], in his study on Dunkin Hartley
guinea pigs, reported no significant differences between control animals and risedronate-treated one.
In conclusion, our findings have suggested that the use
of risedronate and glucosamine combination improves the
damage to the knee articular cartilage in an immobilized rat
model compared to the use of each drug separately.
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