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Abstract
Summary We investigated the effect of calcitonin (CT) on
lumbar intervertebral disk degeneration (LIDD) in rats with
ovariectomy-induced osteopenia. CT protected ovariecto-
mized rats from LIDD by, at least in part, modifying extracel-
lular matrix metabolism of the disks and preserving the
microarchitecture and biomechanical properties of adjacent
vertebrae.
Introduction The present study aimed to investigate the effect
of CT on lumbar vertebral bone mineral density and interver-
tebral disk degeneration in ovariectomized (OVX) rats.
Methods We first subjected 50 3-month-old female rats to
either OVX (n=30) or sham (n=20). Twelve weeks later, ten
OVX and ten sham rats were necropsied. The remaining OVX
rats began to receive either saline vehicle (OVX+V, n=10), or
salmon CT (OVX+CT, 16 IU/kg/2 days, n=10). After
12 weeks of treatment, necropsy was conducted and bone
mineral density was determined in L3–4 and L5–6 vertebrae.
The microstructure and biomechanical properties of L3 verte-
brae were detected by micro-computed tomography and

compression test, respectively. L5–6 was also used to measure
intervertebral disk height and observe intervertebral disk his-
tological changes by Van Gieson staining and histological
scores, as well as immunohistochemistry (IHC) analysis of
matrix metalloprotease (MMP)-1, MMP-13, and collagen II
expression.
Results At 12 weeks post-OVX, OVX rats had lower BV/TV
and Tb.N and higher intervertebral disk histological score than
sham rats. After 24 weeks, OVX+CT rats had higher BMD,
BV/TV, Tb.N, and bone biomechanical strength values than
OVX+V rats. Histological analysis showed OVX+CT rats
had significantly lower disk degeneration scores than OVX+
V rats. IHC analysis revealed CT treatment decreased expres-
sion of MMP-1 and MMP-13 and increased expression of
collagen II compared with OVX+V rats.
Conclusions Our data demonstrate that CT-treated OVX rats
display less intervertebral disk degeneration and favorable
changes in intervertebral disk metabolism, associated with
h igher t r abecu la r bone mass , be t t e r t r abecu la r
microarchitecture, and better biomechanical strength when
compared to vehicle-treated OVX rats.
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Introduction

Intervertebral disk degeneration is a common musculoskeletal
condition. Disk degeneration can progress to disk herniation
and spinal canal stenosis and in conjunction with facet joint
arthrosis and degenerative spondylolisthesis. Over 90 % of
surgical spine operations are performed because of conse-
quences of disk degeneration [1]. The intervertebral disks
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are cartilaginous, articulating structures between the vertebral
bodies, which allow movement (flexion, extension, and rota-
tion) in the otherwise rigid anterior portion of the vertebral
column, and are continually changing as a result of develop-
ment, aging, and degeneration [2]. Although intervertebral
disk degeneration has a multifactorial etiology, involving
age, mechanical, genetic, systemic, and toxic factors [3], in-
creasing evidence suggests a relationship between changes in
vertebra body and intervertebral disk degeneration.

A correlation study of bone mineral density (BMD) and
lumbar disk degeneration in premenopausal and postmeno-
pausal women demonstrated that BMD not only of the lumbar
vertebrae but also of the calcaneus and radius is positively
associated with lumbar disk degeneration [4]. However,
Fabreguet et al. [5] have shown that in osteoporotic men, the
prevalence of lumbar spine degeneration is high. Relative es-
trogen deficiency may contribute to accelerated disk degener-
ation in postmenopausal females [6]. In addition, our previous
studies have revealed a strong association between osteopenia
and disk degeneration in OVX rats, and intervention by
alendronate, a widely accepted antiresorptive agent, could
not only prevent osteopenia but also inhibit intervertebral disk
degeneration [7, 8].

Calcitonin (CT) is a 32-amino acid peptide hormone, pro-
duced by the parafollicular cells in the thyroid gland, which
possesses antiresorptive effects by binding to its receptor on
osteoclasts [9]. As another bone resorption inhibitor, CT may
also be a potential choice for treatment of intervertebral disk
degeneration induced by estrogen deficiency. A previous ex-
perimental study revealed that CT reduced biochemical
markers of cartilage degradation [10]. Pretreatment with CT
exerts an inhibitory action on matrix metalloprotease (MMP)-
13 expression in articular chondrocytes, under the influence of
IL-1, and regulates expression of collagen II, MMP-3, and
ADAMTS-4, contributing to the histological integrity of car-
tilage [11]. Regarding the cartilage-protective effects of CT,
degeneration of the intervertebral disk might be directly
inhibited by CT intervention.

Based on current literature, the present study was designed
to investigate the effects of CT on the vertebrae by detecting
the bone mass, microstructure, and biomechanical properties
of the vertebrae using BMD, micro-CT, and compression test-
ing and on intervertebral disk degeneration by histology, disk
height measurement, and immunohistochemistry (IHC) anal-
ysis in OVX rats.

Materials and methods

Experimental design

Thirty 3-month-old female Sprague–Dawley (SD) rats
(Peking University Animal Center, Beijing, China) were used

in this study. We first subjected 30 female rats to either dual
ovariectomy (n=30) or sham operation (n=20). Twelve weeks
later, ten rats from each group were sacrificed for the bone
histomorphometrical assessment and histological analysis.
The remaining sham rats received saline vehicle treatment,
and the remaining OVX rats received either (1) saline vehicle
treatment (OVX+V, n=10) or (2) subcutaneous injection of
salmon CT (Novartis AG, Switzerland) at a dose of 16 IU/kg/
2 days (OVX+CT, n=10) [12]. After 12 weeks of treatment,
all animals were sacrificed.

Confirmation of bone loss and disk degeneration in rats
at week 12

The posterior elements and transverse processes of the L2
vertebrae were removed, and the L2 vertebral body was fixed
in 70% ethanol for 3 days. The L2 vertebral bodywas then cut
in half in the sagittal plane with a low-speed metallurgical saw
(SYJ-150, Kejing, China), and both halves were dehydrated in
ascending grades of ethanol, defatted in dimethyl benzene,
and embedded in methyl-methacrylate without decalcifica-
tion. Undecalcified 5-μm-thick sections were prepared in the
parasagittal plane using a Jung-K microtome (Reichert-Jung,
Heidelberg, Germany). The sections were stained with
Giemsa; the following parameters were examined using a
semiautomatic digitizing system (Leica QWin, Leica,
Germany) for bone histomorphometrical assessment, with fi-
nal magnification of×200: percent bone volume (BV/TV),
trabecular number (Tb.N), trabecular thickness (Tb.Th), and
trabecular separation (Tb.Sp), The areas measured were de-
fined as the trabecular bone of the vertebra excluding the
region 1 mm from the proximal and distal growth plate.

The L4–5 segments of the lumbar spine (including the
intervertebral disk) were fixed in neutral-buffered 10 % for-
malin for 5 days and decalcified in 10 % disodium–ethylene-
diaminetetraacetic acid (EDTA-2Na) for 3 months and then
split down the mid-sagittal plane with a scalpel and embedded
in paraffin. Samples were then cut into 5-μm-thick sections in
the parasagittal plane, placed on microscope slides, and
stained with Van Gieson (VG) for light microscopic
examination.

Degenerative changes in the intervertebral disks were ob-
served and the degrees of change in the stained sections were
scored independently by three individuals blinded to the ex-
perimental protocol, using the disk degeneration assessment
scoring system (Table 1) described by Wang et al. [7].

Assessments at week 24

BMD assessment

At week 24, L34 and L5-6 segments from all animals were
dissected, freed from adjacent soft tissue, and preserved in
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70 % ethanol for 1 day. BMD of L3-4 and L5-6 was per-
formed on the anteroposterior plane, by dual-energy X-ray
absorptiometry using a densitometer (QDR Discovery,
Hologic, Bedford, MA, USA) operating at high-resolution
mode and specialized software for small animals supplied by
the equipment manufacturer.

Micro-CT measurements

3D analysis was performed on the trabeculae of the cancellous
tissue of the L3 vertebrae, using a SkyScan 1076 micro-CT
(SkyScan, Aartselaar, Belgium). The micro-CT equipment
comprised a microfocus X-ray tube with a focal spot of
9 μm to produce a fan beam detected by a charge-couple
device array and a turntable that could be shifted automatically
in the axial direction. The energy and intensity were equal to
40 kVp and 250 μA, respectively. On the original 3D images,
morphometric indices were directly determined from the vol-
ume of interest (VOI), which was restricted to an inner cylin-
der with 1.5-mm diameter and the trabecular bone of entire
vertebrae excluding the region 1 mm from the junction of the
growth cartilage with the metaphysis of the proximal and dis-
tal growth plate. The following 3D morphometric parameters
were calculated to describe the bone mass and microstructure:
BV/TV, Tb.N, Tb.Th, Tb.Sp, and structural model index
(SMI).

Biomechanical testing

Using a table mount mechanical strength analyzer (AG-IS
10kN, SHIMADZU, Japan), the mechanical strength of the
lumbar vertebrae (L3) was measured by compression test
[13]. In this test, the posterior elements and transverse pro-
cesses were removed, the planoparallel surfaces were obtained
by removing the cranial and caudal ends of the vertebral spec-
imen, and then, the vertebral body test specimen with
planoparallel ends was obtained by using a file to smooth
the cranial and caudal sides of each sample. All compression
tests were performed in the displacement-control mode at a
crosshead speed of 0.5 mm/min to eliminate any strain rate
effects. Maximum load was read automatically from the load–
deformation curve, which was recorded by the Trapezium 2

(version 2.10) and exported into the Microsoft Excel, yield
stress and maximum stress were obtained as the division of
yield load and maximum load by the cross-sectional area of
the vertebrae, respectively, vertebral cross-sectional area was
calculated by the ratio of vertebral volume/vertebral height,
and vertebral volume was obtained by the formula as follows:
[(vertebra wet weight−vertebra weight in water)/water densi-
ty×gravity acceleration], and the height of the vertebral body
was measured with a vernier caliper. Elastic modulus was
calculated by the formula KL/A based on the data of stiffness
(K, the slope of load–deformation curve in elastic region),
length (L, the height of vertebral body test specimen), and area
(A) of the vertebrae.

Disk height measurement and histological evaluation

After the BMD test, the L5-6 segments of the lumbar spine
(including the intervertebral disk) were fixed in neutral-
buffered 10 % formalin for 5 days, decalcified in 10 %
EDTA-2Na for 3 months, split down at the mid-sagittal plane
with a scalpel, and embedded in paraffin. Samples were then
cut into 5-μm-thick parasagittal plane sections, placed on mi-
croscope slides, and stained with VG for light microscopic
examination.

Disk height measurements were taken from the caudal as-
pect of the growth plate of L5 to the cranial aspect of the
growth plate of L6 on histological samples from the L5-6
segments. For each image that projected from a microscope
through a camera onto a computer screen, the height was
determined under×12.5 magnification using a semiautomatic
digitizing system (Cell Sens Version. 1.8, Olympus Soft
Imaging solutions GmbH, Germany) with 300 dpi of resolu-
tion, with an average of three measurements made in three
areas of the disk space for one section from each rat: one at
the anterior, one at the central, and one at the posterior side
(Fig. 2) [14]. The operator was blinded to the identification of
the slide as blind-coded slides were presented to the operator
in random order. The coefficient of variation of three measure-
ments of the same IDH site taken by the same investigator
over a 1-week period was 0.007.

Degenerative changes in the intervertebral disks were ob-
served from one section per rat, and the degrees of change in

Table 1 Lumbar
intervertebral disk
degeneration assessment
scoring system

Score Nucleus pulposus Annulus fibrosus Osteophyte

0 Bulging gel with abundant notochordal cells Compact fibrous lamellas Absence

1 Notochordal cells loss; chondrocyte-like
cell emergence

Proliferation of fibrocartilaginous tissue
and loss of nuclear–annular border

Appearance

2 Focal mucoid degeneration; clefts Fissures in annulus fibrosis Overgrowth

3 Diffuse mucoid degeneration and clefts
throughout the nucleus

The maximum possible histological score for any section is 7 points. It is the sum of 3 possible points for the nucleus
pulposus, 2 possible points for the annulus fibrosus, and 2 possible points for osteophyte
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the stained sections were scored independently by three indi-
viduals blinded to the identification of the slide as blind-coded
slides were presented in random order, using the disk degen-
eration assessment scoring system (Table 1) described by
Wang et al. [7].

Immunohistochemistry analysis

Tissue sections from L5-6 segments were deparaffinized in
xylene and rehydrated in a reverse-graded series of ethanol.
After antigen retrieval, quenching of endogenous peroxidase
and blocking of non-specific binding, sections were incubated
overnight at 4 °C with either antirat MMP-1, MMP-13, or
collagen II (1:100; all from Bioss, Inc., Beijing, China). The
remaining procedures were performed according to the
SA1066 SABC-FITC kit (Boster Corporation, Wuhan,
China), and the color (brown) was developed by incubation
in DAB (ZSGB-BIO Corporation, Beijing, China). Sections
were counterstained with hematoxylin. The samples
appearing yellow or brownish yellow were considered as pos-
itive staining. All sections were semiquantitatively analyzed
by Image Pro Plus (IPP) version 6.0 software, and the inte-
grated optical density (IOD) was measured from staining of
six fields for each section using one section per rat, on the
images at×400 magnification [8, 15]. The average IOD from
three observers was the final observation result and used for
statistical analysis.

Statistical analysis

All data were analyzed using SPSS 15.0 software, and results
are expressed as mean±SD. The statistical significance be-
tween groups was estimated using one-way analysis of vari-
ance (ANOVA) and Fisher’s protected least significant differ-
ence test. The results of histological scores were analyzed
using a non-parametric test of Kruskal–Wallis, followed by
Fisher’s protected least significant difference post hoc test.
Spearman correlation was done to analyze the relationship
between L5-6 BMD and histological scores. P values less than
0.05 were considered statistically significant.

Results

Histomorphometrical findings and histological changes
in rats at week 12

Histomorphometrical assessment showed that BV/TV, Tb.Th,
and Tb.N in OVX rats were significantly lower than those in
sham rats, and significantly higher Tb.Sp was observed in
OVX rats in comparison with sham rats (Table 2).

As shown in Fig. 1, in comparison with sham rats, OVX
rats exhibited mild degeneration as the cartilage layers in end

plates were decreased and were partially replaced by calcified
tissues. Loss of cellularity of notochordal cells was observed
in the nucleus pulposus, mucoid degeneration was also ob-
served in the posterior part of the nucleus pulposus, and dis-
ruption of the nuclear–annular border was observed at the
annulus fibrosus (Fig. 1). Histological score of the disks in
the OVX rats was significantly higher than that in the sham
rats (P<0.05) (Table 2).

Bone mineral density of L3-4 and L5-6

At week 24, BMD of L3-4 and L5-6 in the OVX+V was
significantly lower than that in the Sham rats, and BMD of
L5-6 in OVX+CT rats was significantly lower than that in the
Sham rats. OVX+CT rats showed significantly higher BMD
of both L3-4 and L5-6 than OVX+V rats (Table 3).

Micro-CT analysis of L3 vertebrae

Quantification of 3D trabecular structures revealed that in the
OVX+V rats, BV/TV and Tb.N were significantly decreased
(P<0.05) and Tb.Sp was significantly higher (P<0.05), com-
pared with the sham rats and OVX+CT rats. OVX+CT rats
had BV/TV, Tb.N, Tb.Th, and Tb.Sp values comparable to
those of sham rats (Table 3).

Biomechanical properties of L3

As shown in Table 3, the maximum load, yield stress, maxi-
mum stress, and elastic modulus in the OVX+V group were
significantly lower than those in the Sham group (P<0.05).
Furthermore, OVX+CT rats showed markedly higher values
compared with the OVX+V group (P<0.05), while only the
elastic modulus in OVX+CT rats was lower than that in sham
rats (P<0.05) (Table 3).

Table 2 The results of bone histomorphometrical analysis and
histological score at week 12

Sham OVX

Histomorphometrical test

BV/TV (%) 38.5±2.18 29.03±2.95*

Tb.Th (μm) 110.6±9.5 95.5±13.7*

Tb.N (/mm) 3.50±0.28 2.25±0.14*

Tb.Sp (μm) 176.8±19.1 317.3±27.1*

Histological score 1.18±0.47 3.02±1.24*

Data are expressed as mean±SD

BV/TV percent bone volume, Tb.Th trabecular thickness, Tb.N trabecular
number, Tb.Sp trabecular separation
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Disk height and histological findings

Disk height in the OVX+V group was significantly lower than
that in the sham and OVX+CT rats (P<0.05), while the value in
OVX+CT rats was significantly lower than that of sham rats
(Table 3). The sham group appeared to exhibit mild degeneration
as the cartilage end plates were partially calcified and a few
doublets of chondrocyte-like cells were observed within the

nucleus pulposus at the rear side. In addition to diminished disk
height, the OVX+V group experienced degeneration of the end
plate, annulus fibrosus, and nucleus pulposus.Mineralized tissue
became more obvious in the deep zone of the middle cartilage
end plate. The nucleus pulposus exhibited significant loss of
cellularity of notochordal cells, which were replaced by
chondrocyte-like cells. Mucoid degeneration was also observed
to erode the nucleus pulposus, with apparent cleft formation.

Fig. 1 Histological assay of the L4-5 segments of the lumbar spine by
Van Gieson staining from sham and OVX rats at week 12. In OVX rats,
mineralized tissue was more abundant in the deep zone of middle
cartilage end plate (thick arrow); mild mucoid degeneration occurred in
the posterior part of the nucleus pulposus.A anterior side,P posterior side.

The score of the sham section was 1, as loss of the nuclear–annular border
in the posterior part of the nucleus pulposus was observed (1 point). The
score of the OVX section was 3, as focal mucoid degeneration (2 points)
and loss of the nuclear–annular border (1 point) were observed

Table 3 The results of BMD,
biomechanical test, micro-CT,
disk height, histological score,
and IOD of MMP-1, MMP-13,
and collagen II

Sham OVX+V OVX+CT

BMD (g/cm2)

L3-4 0.270±0.015 0.232±0.008* 0.257±0.013#

L5-6 0.286±0.011 0.238±0.006* 0.270±0.016*#

Biomechanical test

Maximum load (N) 188.2±43.6 82.9±31.7* 141.2±47.4#

Yield stress (MPa) 16.5±4.8 6.6±3.0* 11.3±4.2#

Maximum stress (MPa) 19.7±4.5 10.4±1.9* 15.1±2.3#

Elastic modulus (MPa) 706.5±48.9 228.0±47.3* 469.7±75.0*#

Micro-CT

BV/TV (%) 23.7±4.8 16.0±2.0* 21.2±0.5#

Tb.Th (μm) 101.1±3.2 102.3±3.8 99.3±0.5

Tb.N (/mm) 2.3±0.4 1.6±0.2* 2.1±0.1#

Tb.Sp (μm) 254.6±23.5 367.1±15.0* 266.2±4.6#

SMI 1.31±0.36 1.51±0.11 1.57±0.12

Disk height (mm) 1.29±0.04 1.13±0.05* 1.23±0.04*#

Histological score 2.33±0.47 4.17±0.62* 3.05±0.57*#

IOD

MMP-1 554±51 865±71* 681±89*#

MMP-13 390±81 783±111* 450±80#

Collagen II 6936±1060 3235±896* 5543±856#

Data are expressed as mean±SD

BV/TV percent bone volume, Tb.Th trabecular thickness, Tb.N trabecular number, Tb.Sp trabecular separation,
SMI structural model index

*P<0.05 vs. the sham group; #P<0.05 vs. the OVX+V group
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Loss of collagen, proliferation of fibrocartilaginous tissue, and
disruption of the nuclear–annular border were observed at the
annulus fibrosus. Maintenance of disk integrity was confirmed
by 12 weeks of CT treatment, after which the disk appeared less
degenerate compared with the OVX+V animals (Fig. 2,
Table 3).

At week 24, histological score of the disks in the OVX+V
group was significantly higher than that in the sham and
OVX+CT groups (P<0.05) (Table 3); the maximum score
observed in sham, OVX+V and OVX+CT groups is 3, 5,
and 4, respectively. The histological score was negatively re-
lated to L5-6 BMD. (r=0.599, P=0.018).

Immunohistochemical staining

As shown in Fig. 3, sham collagen II expressionwas extensive
at the annulus fibrosus, with weak expression of MMP-1 and
MMP-13 in the sham rats. OVX+V rats exhibited increased
MMP-1 and MMP-13 and weaker collagen II expression.
OVX+CT rats exhibited weaker MMP-1 and MMP-13 and
stronger collagen II expression, compared with OVX+V rats.

Quantitative analysis indicated higher IOD values for
MMP-1 and MMP-13 and a lower IOD value for collagen II
in the OVX+V group compared with the sham and OVX+CT
groups (P<0.05). A lower IOD value for MMP-1 was ob-
served in the OVX+CT group comparedwith the sham group.

Discussion

Our present findings demonstrate that CT can not only pre-
serve vertebra BMD, biomechanical properties, and trabecular

bone microstructure with the exception of SMI but also nor-
malize ECM metabolism of intervertebral disks, through
counteracting the enhanced MMP-1 and MMP-13 and dimin-
ished collagen II expression in ovariectomized rats.

The relationship between osteopenia and intervertebral
disk degeneration remains controversial. Relative estrogen de-
ficiency may contribute to accelerated disk degeneration in
postmenopausal females [6]. In a prospective radiographic
study of subjects 55 years and older, de Schepper et al. found
that disk degeneration was more prevalent in women than in
men [16]. Furthermore, elderly females are more likely to
have more severe lumbar disk degeneration than elderly males
[17, 18]. A positive relationship between radiographic lumbar
intervertebral disk height and hormone replacement treatment
in postmenopausal women has been reported. In this report,
untreated menopausal women were found to have the lowest
total lumbar disk height, significantly lower than both pre-
menopausal women and hormone-treated postmenopausal
women [19]. The present study shows deterioration of lumbar
vertebral body bone microstructure in rats at 12 and 24 weeks
after OVX. Furthermore, biomechanical testing showed
weaker vertebral body trabecular bone at 24 weeks post-
OVX, which was similar to our previous study [7, 8]. Based
on the recognition of wide variation in the degenerative
changes in intervertebral disk, the use of a grading system
pioneered by Wang et al. provides a semiquantitative assess-
ment of the severity of disk degradation in the end plate,
nucleus pulposus, and annulus fibrosus [7]. According to the
double-blind evaluated scores, intervertebral disk degenera-
tion developed by 12 weeks after OVX and persisted at
24 weeks after ovariectomy. Moreover, calcitonin prevented
progressive deterioration of disk integrity. However, in spite

Fig. 2 Histological assay of the L5-6 segments of the lumbar spine by
VanGieson staining. As the black arrows indicate, the sham group appear
to have mild degeneration as the cartilage end plates partially calcified
(thick arrow); abundant notochordal cells were observed, while a few
doublets of chondrocyte-like cells appeared within the nucleus pulposus
at the posterior side (thin arrow); in OVX+V group, mineralized tissue
was more abundant in the deep zone of middle cartilage end plate (thick
arrow); the nucleus pulposus appeared to have significant loss of
cellularity in notochordal cells and mucoid degeneration (thin arrow).
The blue lines mark the three exact locations where disc height was

measured. The blue rectangle frame indicates the origin of the tissue
shown in Fig. 3. A anterior side, P posterior side. The score of the sham
section was 2, as chondrocyte-like cells appeared (1 point) and loss of the
nuclear–annular border in the posterior part of the nucleus pulposus (1
point) was observed. The score of the OVX+V section was 4, as mucoid
degeneration (3 points) and loss of the nuclear–annular border (1 point)
were observed. The score of the OVX+CTsection was 3, as focal mucoid
degeneration (2 points) and loss of nuclear–annular border (1 point) were
observed
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of the higher values of BV/TV and Tb.N and lower Tb.Sp in
OVX+CT rats in comparison with OVX+V rats, the SMI
showed no significant difference between the two groups; it
is really an unexpected result and difficult to explain.

However, the relationship between osteopenia and disk de-
generation is still in debate. Increasing evidence supports that
BMD is positively related to disk degeneration, with a higher
BMD of the vertebral body being associated with more severe
adjacent disk degeneration [20]. Accordingly, lower lumbar
spine BMD is associated with less severe disk degeneration
[17]. Mattei reviewed the literature regarding the relationship
between osteopenia and intervertebral disk degeneration and
proposed that osteopenia delays intervertebral disk degenera-
tion, by increasing intradiscal diffusive transport of nutrients
through both mechanical and vascular pathophysiological
pathways [21]. The contradiction of these results, with regard
to the relationship between osteopenia and intervertebral disk
degeneration, is difficult to explain. However, it must be kept
in mind that although BMD is the gold standard for diagnosis
of osteoporosis, some other additional changes contribute to
the pathogenesis of osteoporosis, especially when induced by

ovariectomy. First, estrogen deficiency is a main cause of
bone loss in postmenopausal women. In addition, the post-
menopausal phase is accompanied by a progressive proin-
flammatory status, which is evidenced by increased systemic
IL-1, IL-6, and TNF-α [22], which are potentially important in
the pathogenesis of intervertebral disk degeneration, increas-
ing production of matrix degradation enzymes and inhibiting
matrix synthesis [23, 24]. Therefore, in the present study, ele-
vated levels of MMP-1 and MMP-13, and therefore activated
catabolism of ECM in OVX rat disks, may be due to a defi-
ciency of estrogen. Moreover, the impairments of microstruc-
ture and biomechanical properties are also key changes of
osteoporotic bone.

Our previous study described the beneficial effects of
antiresorptive drugs on disk degeneration in ovariectomized
rats; however, alendronate treatment was initiated the day after
ovariectomy was performed [8]. In the present study, CT in-
tervention was initiated 12 weeks after ovariectomy was per-
formed, when the osteopenia already existed in the ovariecto-
mized rats. Recent lines of evidence suggest that CT acts on
both osteoclasts and chondrocytes. Though the expression is

Fig. 3 Immunohistochemistry assay for MMP-1,MMP-13, and collagen
II in the annulus fibrosis (×400). Collagen II-positive staining in the
annulus fibrosis was much weaker in the OVX+V group than that in

the sham and OVX+CT and groups. MMP-1- and MMP-13-positive
staining in the annulus fibrosis was stronger in the OVX+V group than
in the sham and OVX+CT groups
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reduced as rodents age, the CT-receptor (CTR) was identified
in bone-matrix-embedded osteocytes [25, 26]. Moreover, ar-
ticular cartilage chondrocytes from osteoarthritis (OA) pa-
tients do indeed express CTR, which makes articular cartilage
a pharmacological target for salmon CT [27]. CT treatment
increases proteoglycan and collagen synthesis in human oste-
oarthritic cartilage in vitro [28]. Traumatic OA, augmented by
ovariectomy, was reduced by oral salmon CT treatment [29].
The protective effects of CT on IL-1-stimulated chondrocytes
in vitro and surgically induced osteoarthritic cartilage in vivo
were recently evidenced [7]. The present study may provide a
new insight into the potential benefits of CT on joint degener-
ative disease. CT treatment not only exerted a bone mass
preservation effect but also partially maintained disk integrity.
ECMmetabolism plays a key role in the integrity and function
of the intervertebral disk. For further insight into the mecha-
nism of action of CT on disk ECM metabolism, we explored
whether MMP-1, MMP-13, and collagen II participate in this
process. Breakdown of collagen II in the end plate and annu-
lus fibrosis is a key event in the progression of disk degener-
ation [30]. OVX+CT animals showed higher expression of
collagen II when compared with the OVX+V group. Thus,
CTmay contribute to ECM integrity. MMPs, includingMMP-
1 and MMP-13, are thought to be important catabolic en-
zymes responsible for ECM turnover, such as degrading col-
lagen II [31, 32]. The inhibition of MMP-13 is considered to
have a protective effect in the maintenance of intervertebral
disk integrity [8]. In line with these assumptions, we have
shown that CT treatment decreases enhanced expression of
MMP-1 and MMP-13 in the degenerated disk, similar to pre-
vious results in articular chondrocytes [10]. The present find-
ings suggest that the beneficial effect of CT treatment on
degenerated disks might be partly due to promoting synthesis
of collagen II and inhibitingMMP-1 andMMP-13 expression,
thereby maintaining the integrity of the ECM during the de-
velopment of disk degeneration in OVX rats. However, fur-
ther study is needed to confirm the role for this feature of CT
in preventing disk degeneration.

It should be acknowledged, however, that a limitation of
the present study is that the analyses of collagen II, MMP-1,
and MMP-13 expression in the nucleus pulposus were absent
in the present study. As the histological findings suggest, cell
type in the nucleus pulposus changed as disk degeneration
developed, whereby notochordal cells were replaced by
chondrocyte-like cells. These different cell types would likely
impact the significance of the data and increase the difficulty
of performing cellular detection of collagen II, MMP-1, and
MMP-13 expression in the nucleus pulposus. Moreover,
though all three groups were treated alike, storing L3 verte-
brae in ethanol before biomechanical test is still another weak-
ness of the present study, which may negatively affect biome-
chanical properties by dehydrating the tissue. Moreover, for
the semiquantitative disk degeneration assessment scoring

system, including tissue from rats young enough to have no
disk degeneration, would have assured the ability of the meth-
od to identify disease-free intervertebral disks.

Taken together, the present study provides the first evi-
dence that preservation of bone mass at the lumbar vertebrae
in OVX rats following CT treatment is associated with sup-
pression of intervertebral disk degeneration. The underlying
mechanism for this beneficial effect of CTon the degenerated
disk might be partially from the modulation of extracellular
matrix metabolism and improvement of microstructure pa-
rameters and biomechanical properties at the lumbar verte-
brae, which need to be confirmed by further study.
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