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Abstract

The objective of this research was to evaluate the effect of glucosamine sulfate on histological changes of articular
cartilage degeneration in rabbits. Knee joints during development of osteoarthritis in rabbits following collagenase-
induced osteoarthritis were investigated. A total of 32 New Zealand White male and female rabbits were used in this
study. All animals were kept in standard conditions at Research Institute of Livestock Production in Nitra. Animals
were divided into 4 groups: healthy control group, osteoarthritic untreated group and two experimental groups. After
collagenase-induced osteoarthritis daily oral administration of glucosamine sulfate (80 mg.kg™ and 160 mg.kg™ of
live weight) was performed. After completion of the experiment, rabbits were subjected to euthanasia. After
euthanasia, femur and fibula together were dissected for morphological and histological examination.
Histopathological degeneration was assessed from histological slides. All parameters evaluated in osteoarthritic
groups have specific stage of development of osteoarthritis, thickening of cartilage surface, cartilage thickness,
number and distribution of chondrocytes and overall morphology. Morphological and histological evaluation of the
femoral condyles in glucosamine-treated groups showed a lower extent and severity of the destruction of the
cartilage in comparison with osteoarthritic control group.
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1. Introduction tissues and is used in the management of patients
with osteoarthritis [3, 4].

Osteoarthritis is thought to be the most prevalent

chronic and disabling joint disease in animals and 2. Materials and methods

humans and its treatment is a major orthopaedic

challenge because there is no ideal drug treatment Laboratory animals were kept under standard
to preserve joint structure and function, as well as conditions in an approved experimental facility of
to ameliorate the symptomatology of the disease Animal Production Research Centre Nitra. Male
[1, 2]. Osteoarthritis is a chronic disease and female New Zealand white rabbits of average
characterized by irreversible damage to joint live weight 2500+100 g were used in the
structures, including loss of articular cartilage, experiment. Animals were divided into 4 groups:
osteophyte  formation, alterations in the healthy control group, osteoarthritic untreated
subchondral bone and synovial inflammation. It group and two experimental groups. After
has been shown that chondroitin sulfate interferes collagenase-induced osteoarthritis, daily oral
with the progression of structural changes in joint administration of glucosamine sulfate (80 mg.kg™
GS1 group and 160mg.kg’GS2 group of live
weight) was performed.Test substances were
applied from the first day of the experiment.
Treatment lasted a total of 60 days. Original
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glucosamine sulfate with a molecular weight of
456.42 (Rottapharm, LtD) was used. The solutions
were prepared fresh before each administration to
animals. Glucosamine sulfate was administered
orally to rabbits through the probe a daily basis.
Osteoarthritis was induced by applying 0.5 ml of
collagenase (1.5 mg.ml™) (Sigma-Aldrich Chemie
GmbH) in saline intraarticular injection into the
right and left knee joint of rabbits. Water for
injection purposes in healthy control animals and
untreated osteoarthritic control animals was used.
After completion of the experiment, rabbits were
subjected to euthanasia.  Histopathological
degeneration of cartilage were evaluated in the
medial and lateral femoral condyle of the right and
left knees by histological slides by [7].
Stereoscopic microscope (Olympus S240) and 4-
point scale according to the modified method [5,
6]were used. The samples were fixed in 70%
ethanol and decalcified at room temperature in a
solution of EDTA at pH 7.6. Subsequently
samples were dehydrated in ascending alcohol and
mounted by the system Technovit 7100 (Heraeus
Kulzer GmbH). The samples were cut on a rotary
microtome AO Rotary Microtom 820 (American
Optical Company, USA). The sections thick 3-5

pum stained with base fuchsin (BF) transparent
staining - toluidine blue (TB) by Hayata [8] on
chondrocytes and then safranin O as specific
staining for proteoglycans. Microscope Jenaval
(C. Zeiss) and modified camera Olympus were
used for histological examination.

3. Results and discussion

Histological evidence of cartilage degeneration
was found in treated and untreated groups of
rabbits with induced osteoarthritis. The surface
layer of articular cartilage in a group of healthy
controls was smooth, without erosions, fibrillation
and fissures with  predominantly  normal
histological appearance. Cartilage matrix was
undamaged, entire and arrangement of
chondrocytes showed no degenerative changes
(Figure 1). The articular cartilage of osteoarthritic
groups showed degenerative changes such as the
roughened surface, loss of the surface layer,
erosion, fibrillation and fissures, irregular

arrangement of chondrocytes or chondrocyte loss
(Figure 2).

Figure 1. Microscopic structure of rabbit cartilage
(healthly control) (BF+TB; 250 x)
1-hyaline cartilage (matrix), 2-chondrocytes
(subchondral layer), 3 periosteum

Figure 2. Microscopic structure of the cartilage of
the rabbit (osteoarthritic group) (BF+TB; 250 x).

1-hyaline cartilage, 2-regular arrangement of

chondrocytes, 3-chondrocytes grouped (character of
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Necrotic chondrocytes (without nuclear staining)
were observed infrequently and sporadically
occurring together with hypertrophic
(enlargement) and hyperchromic
(hyperfunctioning) chondrocytes.

All parameters evaluated in osteoarthritic groups
have specific stage of development of
osteoarthritis, thickening of cartilage surface,
cartilage thickness, number and distribution of
chondrocytes and overall morphology.
Morphological and histological evaluation of the
femoral condyles in glucosamine-treated groups

showed a lower extent and severity of the
destruction of the cartilage in comparison with
osteoarthritic control group.

The osteoarthritic groups treated with glucosamine
(GS1) visible loss of the cartilage surface with
visible erosions were found. Chondrocytes were
formed into groups in bunches and the

disorganization was evident (Figure 3).

The osteoarthritic group treated with glucosamine
(GS2), thickened surface with fissures (cracks)
was observed. Chondrocytes were grouped into
bundles (Figure 4).

Figure 3. Microscopic structure of rabbit cartilage (GS1)

(BF+TB-250 x) 1-loss of the surface layer, 2-

disorganization of chondrocytes, 3-chondrocytes drafted

into groups (bunches)

The severity of damage of the articular cartilage
surface was generally lower in the groups treated
with  glucosamine sulphate compared to
osteoarthritic group. We can conclude that the
severity of damage to the articular cartilage during
development of osteoarthritis in the knee joints of
rabbits proportionally decreased with increasing
doses of glucosamine sulfate. Similar results have
been documented by Kim et al. [9], Permuy et al.
[10], Henrotin et al. [11], Silva et al. [12] and
Lippiello et al. [13] in the experiment with the
enzyme-induced osteoarthritis in the rabbit. On the
other hand, Roman-Blas et al. [14] stated that
combined therapy with chondroitin sulfate plus
glucosamine sulfate or chondroitin sulfate plus
glucosamine hydrochloride does not improve joint
damage in an experimental model of knee
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Figure 4. Microscopic structure of rabbit cartilage (GS2)

(BF+TB -250x) 1-chondrocytes arranged in groups
2-fissures (cracks), 3-rough surface

osteoarthritis in rabbits. Desando et al. [15] was
studying biodistribution of an intra-articular
injection of mesenchymal stromal cells (MSCs)
and bone marrow concentrate (BMC) in a rabbit
OA model and whether the additional use of
sodium hyaluronate (HA) could modulate their
migration and delay joint degeneration. Roman-
Blas et al. [14] found that therapies of chondroitin
sulfate plus glucosamine sulfate or chondroitin
sulfate plus glucosamine hydrochloride failed to
improve structural damage or to ameliorate the
inflammatory profile of joint tissues during
experimental  osteoarthritis.  Analgesics and
nonsteroidal antirheumatics drugs plays vital role
in improve pain and joint function [16].
Symptomatic effect is not based on the inhibition
of prostaglandin synthesis - the essence of their
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activity is the interference with the metabolism of
joint cartilage, wherein the stimulating anabolic

processes  (synthesis  of  collagen  and
proteoglycans) and inhibits catabolic processes.
This mechanism of action leads to the

improvement of the symptoms of osteoarthritis
[17]. Some drugs of this class (glucosamine
sulphate, hyaluronic acid) have demonstrated the
anti-inflammatory effect. Not acting via inhibition
of cyclooxygenase Il. Their anti-inflammatory
effects caused by inhibition of inflammatory
cytokines and oxygen free radicals by stimulating
the synthesis of proteoglycans and by reducing the
activity of proteolytic enzymes. They do not have
serious side effects. They are chondrotrophic, it
means that is taken up in cartilage and positively
affects the function and metabolism of
chondrocytes [18]. Chondroitin sulfate and
glucosamine sulfate increase type Il collagen and
proteoglycan synthesis in human articular
chondrocytes and are able to reduce the
production of some pro-inflammatory mediators
and proteases, to reduce the cellular death process
and improve the anabolic/catabolic balance of the
extracellular cartilage matrix [11, 19, 20]. In
experimental animal models, the glucosamine
sulfate is able to slow the development of
osteoarthritis.

4. Conclusions

Differences between the control groups and
experimental groups were statistically significant.
The severity of articular cartilage damage during
development of osteoarthritis in the knee joints of
rabbits proportionally decreased with increasing
doses of glucosamine sulfate.

These results demonstrate the chondroprotective
effects of glucosamine sulphate in the
experimental model in rabbits and suggest that this
dosage may be useful to control the joint catabolic
effects of inflammatory stress. These findings
could have clinical relevance related to the
prevention of joint degradation by glucosamine
sulphate. Chondroitin sulfate is an effective and
safe treatment option for patients with
osteoarthritis.
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