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 Background: Facet joint degeneration (FJD) is one of the common causes of low back pain (LBP), and estrogen deficiency is 
one of the triggers for FJD. Calcitonin may possess the potential for treating osteoarthritis, but to date the hor-
mone has not been studied in the treatment of FJD. Therefore, the aim of this study was to investigate the ef-
fects of salmon calcitonin (sCT) on FJD induced by estrogen deficiency after ovariectomy (OVX).

 Material/Methods: Thirty female Sprague-Dawley rats were randomly assigned to 3 groups: the OVX group received bilateral OVX, 
the OVX + sCT group received subcutaneous administration of sCT (16 IU/kg/2 days) following bilateral OVX, 
and the Sham group received sham surgery. All rats were euthanized at 12 weeks post-OVX. Serum COMP lev-
el, cartilage degradation, and subchondral bone micro-architecture were evaluated.

 Results: sCT relieved cartilage surface lesions, reduced histological score, and significantly increased cartilage thick-
ness. The OVX + sCT group exhibited significantly increased expression of aggrecan, as well as significantly de-
creased levels of ADAMTS-4, MMP-13, and caspase-3. The results of micro-computed tomography analysis re-
vealed that the OVX + sCT group exhibited higher BMD, BV/TV, and Tb.Th values but a lower Tb.Sp value than 
that of the OVX group. Serum COMP concentrations were significantly correlated with histological score and 
cartilage thickness.

 Conclusions: sCT can inhibit the progression of FJD in OVX rats, which is attributed to its inhibitory effects on cartilage me-
tabolism imbalance, chondrocyte apoptosis, and subchondral bone remodeling. Serum COMP has diagnostic 
potential for FJD.
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Background

Facet joints (FJs) are synovial joints, similar to knee joints, 
consisting of hyaline articular cartilage, a synovial membrane, 
and a joint capsule. FJs and intervertebral discs constitute a 
‘three-joint complex’, a critical component of spinal motion 
segments, and plays an important role when the spine com-
pletes multiple motions, such as flexion, intension, and rota-
tion [1]. Low back pain (LBP) is a major cause of activity limi-
tation and work absence, and more than 70% of adults suffer 
from LBP at some point during their lifetime [2,3]. FJ degen-
eration (FJD), also referred to as ‘facet joint syndrome’, is re-
garded as one of the common causes of LBP [4].

Multiple risk factors have been proposed for FJD, such as age, 
overweight, and smoking [1,5]. In recent studies, research-
ers found FJD in ovariectomy (OVX) mice [6,7], which indicat-
ed that estrogen deficiency may also be a risk factor for FJD. 
Cartilage is sensitive to sex hormones [8]. Estrogen receptors 
have been found in lumbar FJ cartilage, and increased expres-
sion of estrogen receptors has been associated with the sever-
ity of FJD [9]. Therefore, estrogen replacement therapy appears 
to be a superb choice for FJD induced by estrogen deficiency. 
However, since the risks of hormone use remain uncertain [10], 
it is necessary to explore a new drug that targets FJD induced 
by estrogen deficiency.

Calcitonin (CT) is currently clinically used to treat osteoporosis 
due to its antiresorptive effects by inhibiting osteoclast activ-
ity [11]. Interestingly, CT may also have therapeutic potential 
in the treatment of joint degeneration. Previous experimen-
tal studies of knee osteoarthritis found that CT significant-
ly retarded cartilage degeneration by preventing the loss of 
collagen, hyaluronan, and proteoglycan and suppressing the 
expression of matrix metalloprotease 13 (MMP-13), a disin-
tegrin and metalloproteinase with thrombospondin motifs 4 
(ADAMTS-4) [12–14]. Clinical studies have also indicated that 
CT can reduce cartilage lesions and the concentrations of bio-
markers of joint degeneration in patients with knee osteoar-
thritis [15–17]. In view of the protective effects of CT on knee 
osteoarthritis, FJD may also be alleviated by CT treatment. 
However, to date, no in vivo study has explored the therapeu-
tic effects of CT on FJD induced by estrogen deficiency.

The purpose of this research was to further explore the patho-
genesis of FJD induced by estrogen deficiency in OVX rats 
and to investigate the therapeutic effects of sCT on FJD and 
the diagnostic value of cartilage oligomeric matrix protein 
(COMP) for FJD.

Material and Methods

Experimental design

All experimental procedures in this research were approved 
by the Institutional Animal Care and Use Committee. Thirty 
female Sprague-Dawley rats (age: 3 months old; Vital River 
Laboratory Animal Technology Co., Ltd., China) were used in 
this research. Each rat received either sham surgery (Sham 
group, n=10) or bilateral ovariectomy (OVX; n=20). The OVX 
animals were randomly assigned to the OVX group (n=10) or 
the OVX + sCT group (n=10) immediately after the OVX oper-
ation. Animals in the OVX + sCT group received subcutaneous 
administration of sCT (Novartis AG, Switzerland) (dosage: 16 
IU/kg, every 2 days) [18]. All rats were euthanized at 12 weeks 
post-OVX to collect lumbar spine and blood.

Throughout the course of the experiment, all animals were 
housed at 21±1°C with a 12-h light/dark cycle. Intake of water 
and a sterilized diet (HFK Bioscience Co., Ltd., Beijing, China) 
was allowed ad libitum.

Biomarker assays

Blood samples were obtained when animals were eutha-
nized, and serum was separated by centrifugation and stored 
at –80°C. Serum level of COMP was analyzed using enzyme-
linked immunosorbent assay (ELISA) kits (Cusabio Biotech 
Co., Ltd., China) in accordance with the manufacturer’s in-
structions. The data were measured using an iMARK Reader 
(BioRad Laboratories Inc., USA).

Micro-CT analysis

To investigate the changes in subchondral bone architec-
ture, L4–L5 FJs were scanned by a high-resolution micro-CT 
(SkyScan1176, Bruker, Belgium) after all rats were euthanized. 
In the right L4–L5 FJ, the subchondral cancellous bone locat-
ed under the subchondral bone plate was regarded as the re-
gion of interest (ROI). Bone mineral density (BMD), trabecular 
separation (Tb.Sp), trabecular number (Tb.N), bone volume/
trabecular volume (BV/TV), and trabecular thickness (Tb.Th) 
were calculated.

Histological assessments

The L4–L5 spine segments (including the FJs) were sequential-
ly fixed in 10% formalin solution, decalcified with 10% EDTA-
2Na for 10 weeks, embedded in paraffin, and finally cut into 
6-μm sections, which were stained with toluidine blue for his-
tological observation. Degenerative changes in the right L4–
L5 FJ were evaluated according to a modified Mankin grading 
system [19] (Grade 0: intact surface; Grade 1: surface fissure; 
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Grade 2: surface fissure to mid-zone; Grade 3: surface fis-
sures to deep zone; Grade 4: complete destruction). The car-
tilage thickness of the right L4–L5 FJ was also calculated us-
ing these sections. Histological scoring and cartilage thickness 
calculation were both performed by 2 independent research-
ers in a blinded manner.

Immunohistochemical analysis

The expression levels of aggrecan (1: 300; Abbiotec LLC, San 
Diego, CA, USA), caspase-3 (1: 200; Boster Co., Ltd., Wuhan, 
China), MMP-13 (1: 200; Gene Tex Inc., USA), and ADAMTS-4 (1: 
200; Abcam Inc., USA) in cartilage were analyzed. Specifically, 
sections were rehydrated with ethanol following deparaffiniza-
tion with xylene. After antigen retrieval with 0.05% trypsin and 
inactivation of endogenous peroxidases with 0.3% H2O2, in-
cubation with the target protein was performed overnight at 
4°C. The remaining experimental procedures were conduct-
ed in accordance with the protocols provided with the PV-
6000 DAB detection kit and ZLI-9018 DAB kit (all from ZSGB-
BIO Corp., China). Finally, these sections were counter-stained 
with hematoxylin.

Immunohistochemical images were captured using a BX53 mi-
croscope (Olympus, Tokyo, Japan) at 100× magnification and 
then semiquantitatively analyzed with Image-Pro Plus ver-
sion 6.0 software (Media Cybernetics, USA). The average op-
tical density intensity of each protein, expressed as IOD/mm2, 
was defined as the value of the integrated optical density di-
vided by the cartilage area.

Statistical analysis

All data are expressed as the means ± standard error of the 
mean (SEM) and were analyzed using SPSS software (SPSS 
20.0, SPSS Inc.; Chicago, IL). The Kolmogorov-Smirnov test 
was used to assess whether the results presented a normal 
distribution. One-way analysis of variance (ANOVA) was per-
formed to confirm the differences in data with a normal dis-
tribution among groups, followed by Fisher’s least significant 
difference (LSD) test, which was used to perform pairwise com-
parisons. The differences in modified Mankin scores among 
groups were determined with Kruskal-Wallis H tests, and the 
Dunn-Bonferroni post hoc test was then used for pairwise com-
parisons. Spearman’s rank correlation analysis and Pearson 
correlation analysis were used to evaluate the correlations 
between the serum COMP level and modified Mankin score 
and between the serum COMP level and cartilage thickness, 
respectively. Two-tailed P values less than 0.05 were consid-
ered statistically significant.

Results

Biomarker analysis

A significantly higher serum COMP concentration was observed 
in the OVX group than in the Sham group (P<0.001), where-
as after sCT treatment, rats in the OVX + sCT group showed a 
significantly lower serum COMP concentration than that ob-
served in the OVX group (P<0.05). No significant difference in 
serum COMP was observed between the Sham group and the 
OVX + sCT group (P>0.05) (Figure 1).

Micro-CT parameters of subchondral bone

The OVX group exhibited significantly lower BMD, BV/TV, and 
Tb.Th values but a significantly higher Tb.Sp value than in the 
Sham group (P<0.001, P<0.001, P<0.001, and P<0.01, respec-
tively). Compared with those of the OVX group, the BMD, BV/
TV, and Tb.Th values of the OVX + sCT group were significantly 
higher, but the Tb.Sp value was significantly lower (P<0.05, 
P<0.01, P<0.05, and P<0.01, respectively). Compared with the 
Sham group, the OVX + sCT group showed significantly low-
er BMD and BV/TV values (P<0.01 and P<0.05, respectively), 
whereas there was no significant difference in Tb.Th and Tb.Sp 
values between the 2 groups (all P>0.05). No significant differ-
ence in the Tb.N value was observed between groups (P>0.05) 
(Figures 2, 3).

Histological observation in articular cartilage

In the Sham group, the cartilage surface of FJs was intact, the 
structures of chondrocytes were normal, and toluidine blue 
staining of extracellular matrix (ECM) was evenly distribut-
ed (Figure 4A). Distinct cartilage degeneration was observed 
in the OVX group, characterized by surface irregularities and 
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Figure 1.  COMP levels in serum of the Sham group, the OVX 
group, and the OVX + sCT group. Data represented as 
mean ±SEM. P values were determined by Fisher’s LSD 
test following one-way ANOVA. * P<0.05; *** P<0.001.
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small fissures (Figure 4B). After treatment with sCT, cartilage 
lesions of OVX rats were alleviated to some extent (Figure 4C). 
The OVX group showed a significantly higher modified Mankin 
score than did the Sham group (P<0.05). No significant differ-
ences were found between the OVX group and the OVX + sCT 
group or between the Sham group and the OVX + sCT group 
(all P>0.05).

The cartilage thickness of the OVX group was decreased sig-
nificantly compared with that of the Sham group (P<0.001). 
The OVX + sCT group presented a significantly greater carti-
lage thickness than that of the OVX group (P<0.05) but dis-
played significantly thinner cartilage than that of the Sham 
group (P<0.01) (Figure 5).

Immunohistochemical assessments

Aggrecan expression was significantly lower in the OVX group 
than in the Sham group (P<0.001), whereas aggrecan expres-
sion was significantly higher in the OVX + sCT group than 
in the OVX group (P<0.001). Significantly higher ADAMTS-4, 
MMP-13, and caspase-3 expression levels were observed in 
the OVX group than in the Sham group (P<0.01, P<0.001, and 
P<0.001, respectively), whereas significantly lower levels of 
ADAMTS-4, MMP-13, and caspase-3 expression were observed 
in the OVX + sCT group than in the OVX group (P<0.05, P<0.001, 
and P<0.001, respectively). The OVX + sCT group showed no 
significant differences in the expression levels of ADAMTS-4, 
MMP-13, caspase-3, and aggrecan compared with the Sham 
group (all P>0.05) (Figure 6).

A B C

Figure 2.  Micro-CT images of L4–L5 FJ in every group: (A) the Sham group, (B) the OVX group, and (C) the OVX + sCT group.
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Figure 3.  Micro-architecture parameters of FJs analyzed by micro-CT. Data are represented as mean ±SEM. P values were determined 
by Fisher’s LSD test following one-way ANOVA. * P<0.05; ** P<0.01; *** P<0.001.
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Correlation analysis

The serum COMP concentration showed a significant positive 
correlation with the modified Mankin score (r=0.467, P<0.05) 
but had a significant negative correlation with cartilage thick-
ness (r=–0.485, P<0.05) (Figure 7)

Discussion

The results of the present study demonstrate that estrogen 
deficiency induced by OVX leads to subchondral bone loss and 
cartilage degeneration, particularly a notable decrease in carti-
lage thickness. All of these degenerative changes in the mod-
el used in this study were retarded by sCT inhibiting over-ac-
tivated subchondral bone remodeling and cartilage catabolic 
metabolism.

In this study, the OVX group displayed distinct cartilage degen-
eration and a higher histological score than in the Sham group. 
This finding is similar to the results reported in previous studies 
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Figure 4.  Toluidine blue staining and histological score for every group: (A) the Sham group, (B) the OVX group, and (C) the OVX + sCT 
group. The arrowhead indicates small fissures of cartilage. Data represented as mean ±SEM. P values were determined by 
Dunn-Bonferroni post hoc test following Kruskal-Wallis H test. * P<0.05. Bars=100 μm.
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Figure 5.  Measurements of cartilage thickness of the Sham 
group, the OVX group, and the OVX + sCT group. Data 
represented as mean ±SEM. P values were determined 
by Fisher’s LSD test following one-way ANOVA. 
* P<0.05; ** P<0.01; *** P<0.001.
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of FJD in mouse models [6,7]. However, the histological score 
of the OVX group was only approximately equivalent to Grade 
1 (surface fissure), and the degenerative cartilage changes in 
OVX rats were mainly characterized by small fissures limited 
to the cartilage surface, without fissures extending into the 
middle or deep zone of cartilage, which indicates a different 
severity of cartilage lesions from that observed in other joint 
degeneration models secondary to mechanical instability or 
chemical stimulation [20–22]. The cartilage of FJs in the OVX 
group was significantly thinner than that in the Sham group, 
which is a major feature of articular degeneration [20,21,23]. 
Thus, based on the results of the present study and previous 
studies [7,21], the most specific degenerative change in this 
model is the loss of cartilage thickness, not damage to super-
ficial cartilage.

To further explore the mechanism underlying the loss of FJ 
cartilage thickness in OVX rats, we detected the proteins re-
lated to cartilage metabolism and chondrocyte apoptosis. 
Aggrecan, an integral component of chondrocyte ECM, plays 

an important role in maintaining the proper function of car-
tilage. The hydrated gel structure provided by aggrecan im-
parts load-bearing properties to cartilage [24]. MMP-13 and 
ADAMTS-4 are important matrix-degrading enzymes involved 
in the process of cartilage turnover and degrading Col-II and 
aggrecan, respectively, in cartilage [25,26]. Caspases-3 is the 
executive protease of apoptosis [27], and its expression is in-
creased during chondrocyte apoptosis [28]. The immunohis-
tochemical results obtained in this study indicate that the ex-
pression levels of MMP-13, ADAMTS-4 and caspase-3 were 
significantly increased, whereas the expression of aggrecan 
was significantly decreased in OVX rats. These findings indi-
cate that estrogen deficiency leads to enhanced catabolism of 
cartilage and apoptosis of chondrocytes, which may be the pri-
mary cause of reduced cartilage thickness in the model used 
in the present study.

Increased subchondral bone turnover is closely related to the 
development of joint degeneration [29]. In our study, OVX rats 
displayed significantly decreased BMD, BV/TV, and Tb.Th values 
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Figure 6.  Immunohistochemical assay for ADAMTS-4, aggrecan, caspase-3, and MMP-13 for every group. Data are represented as 
mean ±SEM. P values were determined by Fisher’s LSD test following one-way ANOVA. * P<0.05; ** P<0.01; *** P<0.001. 
Bars=100 μm.

2854
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Gou Y. et al.: 
Salmon calcitonin attenuates degenerative changes…

© Med Sci Monit, 2018; 24: 2849-2857
ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



in subchondral bone but a significantly increased Tb.Sp value, 
indicating that bone remodeling occurred in the subchondral 
bone of FJs. Preclinical and clinical studies have found that 
both high and low BMD, including osteoporosis, can cause 
osteoarthritis [30]. It is conceivable that deleterious altera-
tions of subchondral bone may transmit abnormal stress to 
articular cartilage and cause secondary lesions, thereby caus-
ing the deterioration of cartilage to transmit increased loads 
to subchondral bone, which forms a vicious cycle sustaining 
joint degeneration [31].

Based on the results in this study, the mechanism whereby FJD 
occurred in OVX rats appears to be mainly due to the dual role 
of estrogen deficiency in cartilage and subchondral bone me-
tabolism. Firstly, estrogen deficiency caused increased chon-
drocyte apoptosis and imbalanced metabolism of cartilage ma-
trix, and further led to cartilage loss and degradation. Secondly, 
over-activated subchondral bone remodeling caused changes 
of biomechanical environments, which transmitted abnormal 
stress to articular cartilage and resulted in its secondary le-
sions [31]. Therefore, we speculate that FJD caused by estro-
gen deficiency may be a type of ‘metabolic disorder’. A new 
focus of studies on joint degeneration is the classification of 
the disease into distinguishable phenotypes [32]. Defining the 
different phenotypes of articular degeneration will deepen the 
recognition of the pathophysiology of this disease and devel-
op targeted treatments for different patients [32,33]. A pre-
vious study has indicated that bone-acting agents (including 
CT) may be beneficial for postmenopausal patients with artic-
ular degeneration [33].

CT is an antiresorptive drug and is currently used for treat-
ing osteoporosis in clinical practice. Due to its relatively good 
safety profile, CT may be more suitable for elderly female pa-
tients with osteoporosis [34]. Our study and other previous 
studies indicate that CT exerts protective effects on knee or 

intervertebral disc degeneration [12–14,18]. In the present 
study, histological observation revealed that the cartilage le-
sions of OVX rats were alleviated by treatment with sCT, and 
the histological score was lower in the OVX + sCT group than 
in the OVX group, but the differences were not statistical-
ly significant. Moreover, sCT treatment significantly inhibit-
ed the reduction of cartilage thickness. These results indicate 
that sCT helps protect the morphological structure of carti-
lage, similar to the findings of experimental studies of knee 
osteoarthritis [12,13].

The protective effects of CT on cartilage metabolism have been 
reported in previous in vitro studies [35,36] and in vivo stud-
ies [12,13] of knee osteoarthritis. Our results demonstrate 
that intervention with sCT significantly decreased the expres-
sion levels of MMP-13, ADAMTS-4, and caspase-3 in the FJ 
cartilage of OVX rats and significantly increased the expres-
sion of aggrecan. These findings indicate that sCT has posi-
tive effects on maintaining the balance of cartilage ECM me-
tabolism and inhibiting the apoptosis of chondrocytes in FJ 
OA. Inhibiting chondrocyte apoptosis is another positive func-
tion of CT [36,37]. Although the exact details of the mecha-
nism are not clear, this function may be associated with the 
effects of CT on deactivation of the MAPK/Wnt/NF-kB path-
ways in chondrocytes [37]. Therefore, the direct effects of sCT 
in maintaining structural integrity of cartilage and inhibiting 
loss of cartilage thickness may be attributed to its protection 
of cartilage chondrocytes and ECM metabolism.

COMP is an important component of the cartilage ECM and 
is indispensable in preserving the structural integrity of car-
tilage and in regulating cellular functions [38]. Many studies 
have shown that serum COMP is a biomarker that is useful in 
assessing the incidence and progression of knee and hip de-
generation [39–44]. However, it remains unclear whether se-
rum COMP is influenced by estrogen deficiency and whether 
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serum COMP is a diagnostic biomarker for FJ degeneration. In 
our study, we found that the serum COMP concentration in 
the OVX group was significantly higher than that in the Sham 
group. After administration of sCT, the serum COMP concen-
tration of OVX rats was significantly reduced, which provides 
indirect evidence that sCT has protective effects on cartilage. 
Moreover, serum COMP concentration was significantly cor-
related with the cartilage thickness and histological score of 
FJs. Therefore, we believe that estrogen deficiency led to the 
increase in serum COMP concentration and that serum COMP 
has diagnostic potential for FJ degeneration.

In the present study, the deterioration of subchondral bone 
micro-architecture was remarkably ameliorated by treatment 
with sCT: BMD, BV/TV, and Tb.Th values significantly increased, 
and Tb.Sp values significantly decreased. These results demon-
strate the ability of sCT to prevent subchondral bone remodel-
ing, which is attributed to the effect of sCT in treating osteopo-
rosis. Inhibition of subchondral bone degeneration also exerts 
indirect protective effects on cartilage by avoiding secondary 
damage caused by abnormal stress. Furthermore, because car-
tilage may be damaged by prostaglandins, leukotrienes, and 

certain growth factors produced by osteoblasts during sub-
chondral bone remodeling [45], suppression of osteoclast ac-
tivity with sCT may alleviate cartilage degeneration caused by 
these factors. Therefore, the normal biomechanical and bio-
chemical environments of FJ in OVX rats were preserved by 
treatment with sCT.

Conclusions

In summary, estrogen deficiency can lead to FJD, character-
ized by enhanced cartilage catabolism and subchondral bone 
remodeling. Treatment with sCT can inhibit FJ degeneration 
by maintaining metabolic balances of cartilage, suppressing 
chondrocyte apoptosis, and alleviating subchondral bone re-
modeling. In addition, sCT can reduce high serum COMP lev-
els caused by estrogen deficiency, and serum COMP possess-
es diagnostic potential for FJD.
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