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Abstract
Purpose: To investigate the effect of chitosan oligosaccharides (COS) against osteoarthritis (OA) 
and preliminarily discuss the osteoprotegerin (OPG), receptor activator of NF-κB ligand (RANKL) 
and RANK expression in a rat OA model. 
Methods: Thirty-six 6-week-old Male SD rats were randomly divided into three groups: sham-
operated group(CON), OA-induction group(OA), COS intervention group(n=12/group). At 
4 weeks after the operation, COS (50 ul) intervention weekily for consecutive 5 weeks. The 
OA and CON groups received an injection of 50 ul physiological saline. At death, 11 weeks 
following surgery, cartilage was harvested and total RNA and protein were extracted. Both the 
morphological changes of the cartilage were observed and harvested the total RNA and protein. 
Meanwhile, the expression of OPG, RANKL and RANK in cartilage were determined.
Results: The expression of OPG and RANKL were both enhanced in the cartilage of the OA model. 
Compared with the OA group, COS treatment improved the cartilage damage (both extent and 
grade). Furthermore, the COS group showed highly OPG and lower RANKL. Simultaneously, COS 
treatment upregulated the ratio of OPG/RANKL and downregulated the RANKL/RANK.
Conclusion: Chitosan oligosaccharides may be used as a unique biological agent to prevent 
and treat osteoarthritis, and this effect is associated with modulation of the expression of 
osteoprotegerin and receptor activator of NF-κB ligand.
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drug metabolism and detoxification11. In our 
previous study, carboxymethyl chitosan (39 
kDa) was found to inhibit interleukin-1β-
induced apoptosis in rabbit chondrocytes. And 
COS was depolymerized with a special enzyme 
technology product resulting oligosaccharides 
of chitosan. Therefore, we assumed that 
COS has the protective effects in OA model. 
However, no direct evidence was provided 
about the protective effects of COS on OA. It is 
hoped that the question will be resolved with 
our proposed approach.

 ■ Introduction

 Osteoarthritis (OA) is one of the 
most common joint disorders mainly 
affecting individuals over 60 years of age1. 
It is a degenerative process in joints, which 
involve cartilage, synovial membrane, and 
subchondral bone2. Patients with OA suffer 
from pain and functional disability, followed 
by a significant social and economic burden. 
Although significant progress has been made in 
the last few decades, the complete remission 
of this disease is not yet achieved3. Thus, this 
condition should be considered as a serious 
social problem.
 Chitosan is a cationic polysaccharide, 
which is composed of less than 20% β-(1,4)-
2-acetamido-D-glucopyranose and more than 
80% β-(1,4)-2-amino-D-glucopyranose, which 
presents in the exoskeleton of crustaceans and 
in cell walls of fungi and insects4. And COS is the 
hydrolysed products of chitosan by chemical 
and enzymatic hydrolysis that composed of 
linear polymers of β-1-4-linked D-glucosamine 
(Figure 1)5. COS is a unique nature positively 
charged cations basic amino oligosaccharide. 
Traditionally, COS were widely used as 
functional materials for their biodegradability 
and adsorption properties. In the past decades, 
COS were also shown to possess different 
biological activities including antimicrobial 
activities, anti-tumor activities, anti-
inflammation, anti-oxidative and anti-apoptotic 
effects and immuno-enhancing effects6-9. 
For example, COS can effectively protect 
HUVECs (human umbilical vein endothelial 
cells) against oxidative stress by H2O2 through 
regulation of p38 MAPK and PI3K/Akt signaling 
pathways, which might be of importance in 
the treatment of cardiovascular diseases10. 
COS was also reported to suppress hepatic 
CYP (cytochrome P450 proteins) enzymes and 
induce phase II detoxifying reactions in the 
liver and kidneys of rabbits, which promoted 

Figure 1 - The chemical structures of chitosan (A) 
and chitosan oligosaccharides (B).

 The OPG/RANKL/RANK system is 
important in the balance between bone 
formation and resorption. Although it is 
well-known that bone, and particularly the 
subchondral bone remodeling process is tightly 
controlled by a molecular triad composed of 
osteoprotegerin (OPG), receptor activator NF-
kB ligand (RANK) and RANK ligand (RANKL)12. 
Earlier studies suggest the involvement of OPG, 
RANK and RANKL in OA subchondral bone 
metabolism. RANKL mediates bone resorption 
through the regulation of osteoclastogenesis 
and the activation of mature osteoclasts. RANKL 
binds to the cell surface receptor RANK, which 
is located on precursor and mature osteoclasts. 
OPG is secreted by the stromal cells and other 
cell types including osteoblasts. By binding to 
RANKL, OPG inhibits the interaction of RANKL-
RANK, thereby preventing RANK activation and 
subsequent osteoclastogenesis13. This system 
has also been reported to play roles in several 
cellular functions, which include apoptotic 
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effect, immune response maintainance, and 
carcinogenesis14,15. Recently, studies showed 
that human OA chondrocytes also express 
and produce OPG, RANKL  and RANK, and the 
molecular triad appears to be involved in OA 
progression16. Howerer, very little data exists 
regarding the expression/production of these 
factors by OA rats. Thus, in this study, we focus 
on the influences of COS on the changes of OPG, 
RANK and RANKL expression in experimentally 
induced OA rats. The aim of this study was to 
investigate the relative effects of COS on OPG, 
RANKL and RANK mRNA and protein expression 
in OA. Also, further studies on the effects of COS 
on OA will be summarized in our next study.

 ■ Methods

Chemicals and reagents

 COS (MW<1KDa, degree of 
deacetylation≥93%) was supplied by Zhaoqing 
Longline Biotechnology Co., Ltd. (Guangdong, 
China). TRIzol were purchased from Gibco 
BRL (Paisley, UK). RT-PCR kit was purchased 
from Invitrogen (Paisley, UK). OPG, RANKL, 
RANK and glyceraldehyde-3-phosphate 
dehydrogenase(GAPDH) were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA). 
Formaldehyde and EDTA were purchased from 
Boster Biological Company (Wuhan, China). BCA 
protein quantitative assay kit was purchased 
from Beyotime Institute of Biotechnology 
(China). All the other common chemicals and 
reagents were of the high purity commercially 
available.

Establishment of a rat knee OA model

 A total of 36 male SD rats, weighing 200-
220 g, were obtained from the Animal Centre of 
Wuhan University were used in this experiment. 
The animals were accommodated to standard 
laboratory conditions (12 h light and dark 

cycle at: 21±2°C, and humidity: 55-60%) and 
allowed free access to food and water. The OA 
model was established in the right knee joint 
by anterior cruciate ligament transection and 
medial meniscectomy (ACLT+MM). After one 
week of acclimation, the following experimental 
groups were developed: (1) 12 rats with sham 
surgery (CON group), (2) 12 rats with ACLT+MM 
(OA group) and (3) 12 rats with ACLT+MM+COS 
intra-articular injection (COS group). The OA 
model was established in the right knee joint by 
anterior cruciate ligament transection combined 
with medial menisci resection (ACLT+MM) 
as previously described17,18. In brief, animals 
were anaesthetized intraperitoneally with 
trichloroacetaldehyde hydrate (10%, 0.3 ml/100 
g) in sterile saline. Vertically incised in the midline 
was made in the skin, and a medial arthrotomy 
was performed. The patella was dislocated and 
the knee placed in full flexion to expose the 
articular cavity. The synovial membrane was 
excised and the knee joint was bent to expose 
the anterior cruciate ligament. Then, the anterior 
cruciate ligament was transected and the 
medial meniscus was completely removed with 
a surgical scissor. After surgery, the patella was 
then relocated back to its original position. Then 
the knee was irrigated with physiological saline, 
after which the capsule and skin were closed and 
the fascia and skin were closed with 4-0 nylon 
suture. The same procedure was performed for 
both OA and COS rats. For the sham-operated 
group, the wounds were sutured after exposing 
the knee joint cartilage surface. The animals 
were injected intramuscularly with antibiotics 
(1.0-1.3 mg/cefotiam hydrochloride) for 3 days 
after surgery. Postoperatively, the animals 
were permitted freedom of the cage without 
immobilization, the cage was maintained under 
consistent environmental conditions. 4 weeks 
after surgery, the COS group rats received 50 
ul of intra-articular COS (1 mg/mL) by injection 
once a week for 5 weeks. Meanwhile, the sham-
operated and OA-induction groups received an 
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injection of 50 ul physiological saline into the 
right knee joint. All animals were not sacrificed 
until the 11th week after surgery. All animal 
studies were conducted with approval from 
the Animal Care and Use Committee of Medical 
School, Wuhan University.

Articular cartilage assessment

 At the time of harvest, the rat articular 
cartilage were evaluated from the right knee 
joints. The samples were harvested, divided 
into thirds, and stored at -80°C for further 
studies.

Histologic study

 For the histologic study (n=4, each 
group), knee joint tissues with synovial 
membrane were extracted by trimming the 
muscles. The right knee joints were immediately 
fixed in 4% paraformaldehyde after dissection 
for 24 h, decalcified in Calci-Clear slow solution 
[10% (w/v) EDTA, pH 7.4] for at least 3 weeks 
and embedded in paraffin and then sectioned 
in the sagittal plane under the midline at 6 
μm thickness. To observe the nucleus and 
cytoplasm, hematoxylin and eosin (H&E) and 
Safranin O staining was also performed. The 
light microscopic photographs of stained slides 
(at×200) were taken. 
 Semi-quantitative histopathological 

grading was performed by two blinded 
observers according to a modified Mankin’s 
scoring system used to quantify the degree 
of OA19. Items for scoring were (i) cartilage 
structure (0–6), (ii) cartilage cells (0–3), (iii) 
Safranin O staining (0–4), and (iv) tidemark 
integrity (0–1).The modified Mankin’s score 
range is from 0 to 14 and the higher the score, 
the more severe is the extent of osteoarthritis20. 

Quantitative real-time polymerase chain 
reaction (qRT-PCR)

 Total RNA was extracted from rat 
knee articular cartilage with Trizol reagent 
(Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions. The purity and 
quantity of the RNA preparation were assessed 
by measuring the absorbance at 260 and 280 
nm. Total RNA was reverse-transcribed with 
the PrimeScript RT Reagent kit (TaKaRa, Dalian, 
China). Real-time PCR was then performed 
using an ABI 7900 System in the presence of 
SYBR- Green (TaKaRa, Dalian, China) following 
the manufacturer’s instructions in an Eco Real 
Time PCR System (Illumina China, Shanghai, 
China). The mRNA level of individual genes was 
normalized and presented as a ratio to GAPDH. 
Quantitative RT-PCR data were calculated using 
the 2−ΔΔCT method. The primer sequences are 
listed in Table 1.

Table 1 - Primers of targeted genes.
Gene Forward Reverse
OPG 5-GCTTGAAACATAGGAGCTG-3’ 5-GTTTACTTTGGTGCCAGG-3’
RANKL 5-CACTATTAATGCCACCGAC-3’ 5-GGGTATGAGAACTTGGGATT-3’
RANK 5-ATGCGGTTTGCAGTTCTTCTC-3’ 5-ACTCCTTATCTCCACTTAGG-3’
GAPDH 5’AGAAGGCTGGGGCTCATTTG-3’ 5’-AGGGGCCATCCACAGTCTTC-3’

Western blot analysis

 The relative levels of target proteins 
were detected by western blot analysis. Briefly, 

protein samples were extracted from rat knee 
articular cartilage for immunoblotting analysis of 
OPG, RANKL and RANK. The cartilage specimens 
previously stored in liquid nitrogen were 
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milled in 200 μl of radioimmune precipitation 
assay lysis buffer supplemented with protease 
inhibitor cocktail and phenylmethanesulfonyl 
fluoride with a homogenizer. Cell lysates were 
extracted using RIPA lysis buffer containing 
protease inhibitor cocktail. The mixture was 
incubated on ice for 30 min and centrifuged at 
10.000×g for 10 min at 4°C, and the supernatant 
was then collected. Protein concentrations 
were determined using BCA assay. Cell lysates 
containing 40 μg of protein were loaded 
and separated on 10% SDS-PAGE gels and 
subsequently transferred to polyvinylidene 
difluoride membranes (PVDF). After briefly 
washing in Tris-buffer saline Tween-20 (TBST), 
the membranes were blocked with 5% (w/v) 
nonfat drymilk in TBST at roomtemperature 
for 1 h. The membranes were incubated at 4°C 
overnight with following primary antibodies: 
a goat polyclonal OPG (Santa Cruz; sc-8468; 
1:800), goat polyclonal RANKL (Santa Cruz; sc-
7628; 1:1000), goat polyclonal RANK (Santa Cruz; 
sc-6248; 1:1000), a mouse monoclonal GAPDH 
(Santa Cruz; sc-47778; 1: 1,000). They were 
then washed, and incubated with horseradish 
peroxidase conjugated secondary antibody at 
dilution 1:5.000 for 1 h at room temperature 
(Amersham Biosciences, Piscataway, NJ, USA). 
Immunoblot bands were analyzed using 
Odyssey infrared imaging system (LI-COR, NE, 
USA). The expression levels of target proteins 
were normalized to GAPDH.

Statistical analysis 

 All values were expressed as the mean 
± standard deviation (SD). The differences 
between each group were compared for 
statistical significance using one-way ANOVA 
analysis and Student’s t-test with SPSS 17.0 
statistical software (SPSS, Chicago, IL, USA). P 
< 0.05 was regarded as statistical significant. All 
statistical tests were performed using GraphPad 
Prism software, version 5.0 (San Diego, CA, 
USA).

 ■ Results

Effects of COS on histopathology in OA 
cartilage

 Histopathological changes in each group 
were concentrated on the cartilage surface and 
matrix layer (Figure 2). In the CON group, articular 
cartilage possessed regular morphological 
structure. In contrast, in the OA induction group, 
the surface of articular cartilage was irregular 
and the articular cartilage was badly eroded and 
the cartilage matrix was thinner. Rats treated 
with intra-articular injection of COS, the right 
knee articular cartilage thickness had increased 
significantly, and the severity of lesions and 
osteophytes were apparently ameliorated. 
Meanwhile, cartilage proteoglycan content assay 
performed using Safranin-O staining showed that 
the cartilage matrix was well preserved in the COS 
groups, whereas a remarkable loss of proteoglycan 
was observed in the OA induction group.

Figure 2 - Effect of COS on histological changes in 
articular cartilage of the rat model (x200). Gross 
morphology, histological analyses of rat articular 
cartilage by H&E and Safranin O staining in each 
experimental group.
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 The modified Mankin scores of three 
groups are shown in Table 2. Modified Mankin’s 
scores were 1.5±0.4 in the CON group, 9.6±1.6 
in the OA group and 3.8±1.8 in the OA group. 
There were significant differences among 
all groups. The severity of the OA group was 
much higher than that of the CON group (*** 
P<0.001). Specifically, the severity of the COS 
group was much lower than that of the OA-
induction group (## P<0.01 and ###P<0.001).

Table 2 - Histological evaluation scores of 
articular cartilage.
Femoral 
condyle CON OA COS

cartilage 
structural(0-6) 0.8±0.1 4.2±0.6 

***
1.4±0.8 

###
chondrocyte 
(0-3) 0.3±0.1 2.1±0.4 

***
1.2±0.5 

###
safranin O 
staining (0-4) 0.3±0.1 2.6±0.4 

***
0.9±0.4 

###
tidemark 
change (0-1) 0.1±0.1 0.7±0.2 

***
0.3±0.1 

##
sum of score 
(0-14) 1.5±0.4 9.6±1.6 

***
3.8±1.8 

###
Histopathological scores were performed by Mankin’s score. 
Values are mean ± SD (n=6). 
CON, normal controls; OA, joints in OA rats; COS, COS-
treated OA rats. *** P<0.001 vs CON group, ## P<0.01 and 
###P<0.001vs OA group

treated with COS, expression of OPG was even 
higher than OA group.

Effects of COS on the expression of OPG in rat 
OA model

 As shown in Figure 3, we further 
examined the expression of OPG, the OPG 
mRNA was increased in OA compared to CON 
(**P < 0.01). COS treatment further promoted 
the OPG mRNA level in OA cartilage (##P < 
0.01). The protein level of OPG was further 
detected by western blot, in accordance with 
the mRNA data, OPG was expressed in normal 
and OA cartilage, and OA group showed an 
increased expression of OPG in cartilage. When 

Figure 3 - COS increased the expression of OPG in 
OA. (A) OPG mRNA was examined by real-time PCR, 
there was a significantly increased expression in OA 
cartilage, while COS treatment further promoted 
the OPG mRNA level in OA cartilage. (B) The protein 
level of OPG was in accordance with the mRNA 
data. ** P < 0.01 vs CON, ## P < 0.01 vs OA.

Figure 4 - COS decreased the expression of RANKL 
in OA. (A) RANKL mRNA was examined by real-time 
PCR, there was a significantly increased expression 
in OA cartilage, while COS treatment inhibit the 
RANKL mRNA level in OA cartilage. (B) The protein 
level of RANKL was in accordance with the mRNA 
data. ** P < 0.01 vs CON, ## P < 0.01 vs OA.

Effects of COS on the expression of RANKL in 
rat OA model

 As shown in Figure 4, we further 
examined the expression of RANKL, the RANKL 
mRNA was increased in OA cartilage compared 
to normal cartilage (**P < 0.01), however, COS 
treatment decreased the RANKL mRNA in OA 
cartilage (##P < 0.01). Consistent with mRNA 
data, RANKL expression was upregulated in OA 
cartilage, and the effect was reversed by COS 
treatment.
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Effects of COS on the ratio of OPG/RANKL and 
RANKL/RANK in rat OA model

 We also investigated the expression 
of RANK expression. There was expression on 
both CON and OA cartilage, and the difference 
was not significant (P > 0.05). The effect of 
COS treatment on RANK expression was also 
insignificant (P > 0.05) (Figure 5A). We then 
asked whether the ratio of OPG/RANKL and 
RANKL/RANK was changed. We found that 
the ratio of OPG/RANKL was decreased in OA 
cartilage (*P < 0.05), while COS treatment 
increased the ratio of OPG/RANKL (**P < 0.01) 
(Figure 5B). The ratio of RANKL/RANK was 
upregulated in OA cartilage (##P < 0.01), and 
COS treatment downregulated the ratio in OA 
cartilage (#P < 0.05) (Figure 5C).

joint functions and quality of life21. Numerous 
animal models of OA have been developed to 
mimic pathologic human cartilage22. Among 
these different models, transection of the 
ACLT+MM has been one of the most widely 
used to induce OA, The joint instability caused 
by ACLT damage further leads to biological 
mechanics changes resemble the morphologic 
and biochemical changes seen in human OA23. 
ACLT+MM model provides progressive lesions 
that develop over time which is useful to 
study early stages of the OA24. In the present 
study, ACLT+MM was done in rat. Overall, 
we obtained a reproducible OA model with 
gradual and progressive articular cartilage 
degeneration.
 Bioagents based on glycosaminoglycans 
has chondroprotective effects, for 
instance, hyaluronic acid could protect 
chondrocytes against cytotoxicity25. COS has 
an analogous structure with hyaluronic acid 
and other glycosaminoglycans of cartilage 
extracellular matrix, COS thus shares some 
of their characteristics. In this study, we have 
demonstrated that COS, a soluble derivative 
of chitosan, could reduce cartilage destruction 
in OA. Several explanations may be proposed 
to account for this protective effect. COS may 
thus protect the articular cartilage by serving 
as a shock absorber and stress distributor 
during knee movements. Our previous study 
have shown that carboxymethyl-chitosan 
could protect cartilage through multiple ways, 
including nitric oxide production inhibition, 
mitochondrial function modulation and 
scavenge reactive oxygen species26. As a 
derivative of chitosan, COS may share these 
key properties.
 The receptor activator of NF-κB ligand 
(RANKL) (localized on osteoblasts) enhances 
osteo¬clastogenesis via interaction with its 
receptor RANK (localized on osteoclasts), 
whereas os¬teoprotegerin (OPG, produced by 
osteoblasts) inhibits this osteoclastogenesis 

Figure 5 - Effects of COS on the ratio of OPG/RANKL 
and RANKL/RANK. (A) RANK expression was not 
affected either in OA model or by COS. (B) The ratio 
of OPG/RANKL was decreased in OA cartilage, while 
COS treatment increased the ratio of OPG/RANKL. 
(C) The ratio of RANKL/RANK was upregulated in 
OA cartilage and COS treatment downregulated 
the ratio in OA cartilage. * P < 0.05 and ** P < 0.01 
vs CON, # P < 0.05 and ## P < 0.01 vs OA.

 ■ Discussion

 Osteoarthritis (OA) is thought to be 
the most prevalent chronic joint disease, 
which characterized by cartilage degeneration 
and an imbalance between the synthesis and 
degradation, leading to an impairment of 
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by binding to RANKL. Although OPG, RANK 
and RANKL gain importance in the bone tissue, 
several studies has shown that OPG and RANKL 
are produced by chondrocytes12. Both OPG 
and RANKL are expressed by osteoblastic cells 
and bone marrow stromal cells and it is now 
thought that the final step in the osteoclast 
regulatory pathway may be determined by 
the relative ratio of the RANKL/OPG system. 
Data show that rat OA subchondral bone 
osteoblasts have abnormal OPG and RANKL 
levels and consequently an altered OPG/
RANKL ratio. Recently, two different groups 
have studied the gene expression of these 
molecules from macerate of bone biopsies, 
which have reported that mRNA levels of OPG 
were lower, and RANKL and OPG/ RANKL ratio 
levels were higher in patients with fractures 
in respect to those with osteoarthrosis27. 
Our results confirmed that these factors are 
expressed in cartilage and changed during OA 
progression. In vivo and in vitro studies have 
confirmed the involvement of apoptosis in 
OA28. Chondrocyte apoptotic bodies releases 
degradative enzymes and accelerabbite 
extracellular matrix degradation, inhibition of 
chondrocyte apoptosis thus has a therapeutic 
value in osteoarthritis29 Shimizu et al.30 also 
found that intra-articular administration 
of OPG prevent cartilage destruction in a 
murine model of osteoarthritis, and such 
effect was also associated with anti-apoptotic 
effect. In our study, we found that OPG was 
upregulated in OA model and COS further 
increased its expression. We speculate that the 
upregulation in OA is a way of compensation 
to increasing apoptosis, while COS treatment 
could enhance the expression of OPG and 
exert strong anti-apoptotic effect.
 The aim of the present study was to 
investigate the changes in the RANKL/OPG 
system as well as evaluating whether the COS 
that modulate the expression of this system. 
This study demonstrates, for the first time, that 

OPG secretion in COS treatment is elevated 
with respect to OPG secretion from OA, while 
RANKL was inhibited. In addition, the ratio 
of OPG/RANKL was significantly increased 
after treatment with COS, while RNAKL/
RANK was decreased. These data indicate a 
decreased OPG/RANKL interaction, therefore 
maintaining a normal catabolic status. It 
was recently demonstrated that during 
longstanding OA and rheumatoid arthritis, the 
OPG/RANKL ratio in the synovial fluid is much 
more elevated in OA compared to rheumatoid 
arthritis. The OPG-RANKL mechanism is much 
more complex than previously though. As 
RANKL controls the bioavailability of OPG 
and vice versa, the equilibrium between 
membranous RANKL and soluble OPG will be 
determinant of a curative application of OPG. 
This data could have been of great importance 
in establishing a close relationship between 
the OPG/RANKL ratio and the subchondral 
bone changes. Hence, as membranous RANKL 
controls the bioavailability of exogenous OPG, 
the equilibrium between RANKL and OPG is 
crucial for future therapeutic use of OPG. 
 In summary, for the first time, we have 
also demonstrated that OPG secretion and 
OPG/RANKL mRNA ratio are higher in COS 
than in OA group in all studied conditions. 
And RANKL/RANK mRNA ratio are lower in 
COS than in OA group. Nonetheless, further 
experiments exploring the effects of adding 
or increasing OPG or inhibiting RANKL on 
the subchondral bone pathophysiological 
pathways of OA are required.

 ■ Conclusions

 OPG and RANKL are involved in the 
pathogenesis of OA. The present study 
suggests for the first time that COS can relieve 
the progression of OA, and this effect is 
associated with modulation of the expression 
of OPG and RANKL. However, the underlying 
mechanisms require further investigation. 
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We speculate that OPG/RANKL/RANK may be 
novel target for OA therapy.
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