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Abstract

Purpose Intervertebral disc degeneration related to post-

menopausal osteoporosis is an important issue in spinal

disorder research. This study aimed to investigate the

effects of salmon calcitonin (sCT), as an antiresorptive

medication, on lumbar intervertebral disc degeneration

using a rat ovariectomy (OVX) model.

Methods Thirty 3-month-old female Sprague–Dawley

rats were randomly divided into three groups: the sham-

operated (Sham) group and two ovariectomized groups

treated with vehicle (OVX?V) or sCT (OVX?CT; 16 IU/

kg, sc) on alternate days for 6 months. Treatment began

after OVX and continued for 6 months. At the end of the

experiment, bone mineral density (BMD), micro-CT ana-

lysis, biomechanical testing, histology, and immunohisto-

chemistry were performed for all groups.

Results Salmon calcitonin significantly maintained ver-

tebrae BMD, percent bone volume, and biomechanical

strength, when compared with the OVX?V group. The

changes of mucoid degeneration in the nucleus pulposus

and calcification in the middle cartilage endplate were

more moderate in the OVX?CT group compared with the

OVX?V group, and immunohistochemistry revealed a

significant increase in aggrecan and type II collagen

expressions, but marked reductions in matrix metallopro-

teinase (MMP)-1, MMP-3, and MMP-13 expressions in the

OVX?CT group.

Conclusions Salmon calcitonin treatment was effective in

delaying the process of the disc degeneration in OVX rats.

The underlying mechanisms may be related to preservation

of structural integrity and function of vertebrae, and

affecting extracellular matrix metabolism by modulating

the expressions of MMPs, aggrecan and type II collagen to

protect the disc from degeneration.

Keywords Calcitonin � Ovariectomy � Disc

degeneration � Biomechanics � Micro-computed

tomography

Introduction

As human life span increases so does the incidence of age-

associated diseases, such as osteoporosis (OP), interverte-

bral disc degeneration (IDD), and osteoarthritis (OA),

resulting in significant socioeconomic burden. IDD and OA

are the most common underlying causes of joint-related

chronic disability and debilitating pain in the elderly,

especially in postmenopausal women. Current treatment

methods are generally not effective and involve either

symptomatic relief with nonsteroidal anti-inflammatory

drugs and physical therapy, or surgery when conservative

treatments fail.

To date, the precise pathogenesis and pathophysiology

of IDD have been obscure. However, several evidences
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indicate that disc degeneration is associated with the dis-

ruption of intact spinal structure, including adjacent

structures such as the vertebral body [1–4], which might

result in imbalanced mechanical loading on the disc. Bone

mineral density (BMD) assays in both pre- and postmen-

opausal women revealed a correlation between the value of

BMD and disc height, suggesting that the vertebral struc-

tural change is closely related to the degree of disc

degeneration, and the influences occurring to one structure

may similarly influence others [5]. Previous studies showed

that decreases in vertebral BMD, percent bone volume and

biomechanical strength have a strong relationship with

IDD in the rat model of ovariectomy (OVX), suggesting

that measures to reduce osteoporotic changes might have

inhibitory effects on disc degeneration [3, 6].

Salmon calcitonin (CT) is a physiologic modulator of

osteoclast function and a well-established antiresorptive

medication that has long been widely used in the treatment

of metabolic bone diseases, such as osteoporosis, hyper-

calcemia, and Paget’s disease. Recent lines of evidence

suggest that calcitonin acts on both osteoclasts and chon-

drocytes [7]. Sondergaard et al. [8, 9] showed that calci-

tonin could increase proteoglycan and counteract type II

collagen degradation, and inhibit matrix metalloproteinase

(MMP) expression and activity in articular chondrocytes.

These results demonstrate the efficacy of sCT against

osteoarthritis; however, little is known about the effect of

sCT on spinal osteoarthritis, such as disc degeneration.

In this study, we hypothesize that sCT may be an

alternative drug treatment for lumbar disc degeneration

resulted to osteoporosis, although the underlying mecha-

nisms about how sCT impacts the process of disc degen-

eration remain unclear. Thus, the purpose of this study is to

investigate the effect of sCT on lumbar IDD in OVX rats.

Materials and methods

Experimental design

Three-month-old female Sprague–Dawley rats (Peking

University Animal Center, Beijing, China) were randomly

divided into three groups. All rats received either ovari-

ectomy (OVX) or sham-operation (Sham). OVX rats were

divided into two groups: vehicle treatment (OVX?V,

n = 10) and sCT treatment (OVX?CT, n = 10).

Rats in the OVX?CT group received sCT (Novartis

AG, Switzerland) treatment starting after surgery by sub-

cutaneous injection at a dosage of 16 IU/kg, every other

day for 6 months. The dose was effective in reducing bone

turnover and partially preventing cancellous bone loss in

the estrogen-depleted skeleton [10, 11]. Saline was given

as a placebo to rats in the OVX?V group. All animals were

sacrificed at 6 months postsurgery (9 months old). All

experimental procedures were reviewed and approved by

the Institutional Animal Care and Use Committee.

BMD analysis using dual energy X-ray absorptiometry

Segments L3–4 and L5–6 of each animal were removed,

dissected free of muscle, and BMD measurements were

performed on the anteroposterior plane by dual energy

X-ray absorptiometry. This was performed using a densi-

tometer (QDR Discovery, Hologic, Bedford, MA, USA)

operating in high-resolution mode and specialized software

for small animals supplied by the equipment’s

manufacturer.

Micro-CT measurements

To investigate the effects of sCT in the trabeculae of the

cancellous tissue of the L4 vertebral body, three-dimen-

sional trabecular analysis was performed using a micro-CT

system (SkyScan 1076, Aartselaar, Belgium). The micro-

CT is equipped with a micro-focus X-ray tube, with a focal

spot of 18 lm, producing a fan beam that is detected by a

charge-coupled device array, with a turntable that can be

shifted automatically in the axial direction. The energy and

intensity are equal to 70 kVp and 140 lA, respectively. On

the original three-dimensional images, morphometric

indices were directly determined from the volume of

interest (VOI), which was restricted to an inner cylinder

with 1.5 mm diameter, and the height was taken below

1 mm between the bilateral growth plates, excluding the

cortex. Cancellous micro-structure was characterized using

standardized techniques to determine the percent bone

volume (BV/TV), trabecular thickness (Tb.Th), trabecular

number (Tb.N), trabecular separation (Tb.Sp), and struc-

tural model index (SMI).

Biomechanical testing

The mechanical strength of the lumbar vertebra (L4) was

measured by compression testing using a mechanical

strength analyzer (AG-IS, Shimadzu, Japan) [12]. In this

test, the planoparallel surfaces were obtained by removing

the cranial and caudal ends of the vertebral specimen,

thereby allowing for a uniform compression test to be

performed on individual vertebrae. From the vertebral

body, a central cylinder with planoparallel ends and a

height of approximately 5 mm was obtained. All com-

pression 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, maximum stress, and

yield stress were obtained from the compression tests of

vertebral bodies.
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Histological evaluation

After the rats were sacrificed, their lumbar spines (L5–6)

were removed, fixed in 10 % buffered neutral formalin

solution, decalcified in ethylenediaminetetraacetic acid,

and embedded in paraffin. These blocks were cut into

5-lm-thick sections, and histological examination was

performed using van Gieson (VG) stain. Morphometric

analysis was performed using an image auto-analysis sys-

tem (Olympus BX51, Japan).

The degenerative changes in the intervertebral discs were

observed and the degrees of change in the stained sections

were scored independently by an individual blind to the

experimental protocol using the disc degeneration assess-

ment scoring system (Table 1) described by Wang et al. [3].

Disc height and thickness of the cartilage endplate

Disc height measurements were taken from the cranial

growth plate to the caudal growth plate in the histological

samples. For each image, the height was determined by an

average of three measurements made in three areas of the

disc space: the left side, the center, and the right side [13].

The thickness of cartilage endplate was measured from the

cranial growth plate to the border between the nucleus

pulposus and the cartilage endplate in the histological

samples. For each image, the thickness was determined by

an average of 10 measurements made in the cartilage end-

plate. Histomorphometric assessment was performed using

a digital image analysis system (Olympus BX51, Japan).

Immunohistochemistry

Tissue sections were deparaffinized in xylene, and rehy-

drated in a reverse-graded series of ethanol as usual. After

antigen retrieval, quenching of endogenous peroxidase and

blocking of nonspecific binding, sections were incubated

overnight at 4 �C with either anti-rat MMP-1, MMP-3,

MMP-13, type I collagen, type II collagen, type X collagen

(1:100; all from Bioss Inc., Beijing, China) or aggrecan

(1:100; ANBO Biotechnology Co., Ltd., San Francisco,

CA, USA). The remaining procedures were performed

according to the SA1066 SABC-FITC kit (Boster Corpo-

ration, Wuhan, China), and the color (brown) was devel-

oped by incubation in DAB (ZSGB-BIO Corporation,

Beijing, China). The sections were counter stained with

hematoxylin. Specimens were examined using an image

analysis system (Olympus BX51).

Statistical analysis

All data were analyzed using SPSS15.0 software and

results shown in tables are reported as mean ± SD. The

statistical significance between groups was estimated using

one-way analysis of variance (ANOVA) and Fisher’s pro-

tected least significant difference test. The results of his-

tological scores were analyzed using a nonparametric test

of Kruskal–Wallis. P\ 0.05 was considered statistically

significant.

Results

Bone mineral density and micro-CT parameters

of the lumbar vertebral body

At 6 months postsurgery, the BMD of the lumbar segments

(L3–4 and L5–6) in the OVX?V group was significantly

decreased compared with the Sham group (P\ 0.05)

(Table 2), and the BMD of the OVX?CT group was sig-

nificantly higher than the OVX?V group (P\ 0.05). The

L4 of each group was also analyzed with regard to the

three-dimensional trabecular micro-architecture. Figure 1

shows representative three-dimensional reconstructed

micro-CT images of the vertebral trabecular bone of the

VOI from each group. Quantification of three-dimensional

trabecular structures revealed that BV/TV and Tb.N in the

OVX?V group was significantly decreased compared with

the Sham group (P\ 0.05), and Tb.Sp was higher in the

OVX?V group than in the Sham group (P\ 0.05)

(Table 3). The BV/TV and Tb.N in the OVX?CT group

are significantly higher than their counterparts in the

OVX?V group (P\ 0.05). Meanwhile, the Tb.Sp was

markedly lower in the OVX?CT group than in the

OVX?V group (P\ 0.05). There was no significant dif-

ference in Tb.Th and SMI among the three groups

(P[ 0.05).

Table 1 Lumbar intervertebral disc 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 cells

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

nucleus
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Mechanical testing of the lumbar vertebral body

The L4 of each rat was also analyzed for strength by

determining the maximal compressive load in Newtons

(N) each bone could sustain before structural failure. Fig-

ure 2 shows the bone mechanical properties obtained from

lumbar compression. Compared with the Sham group, the

values of maximum load, maximum stress, and yield stress

were significantly decreased in the OVX?V group

(P\ 0.05). However, the values of maximum load, max-

imum stress, and yield stress were significantly higher in

the OVX?CT group than in the OVX?V group at

6 months postsurgery (P\ 0.05), suggesting that sCT

could effectively maintain the biomechanical strength of

the vertebrae.

Histological findings

The intervertebral discs between L5 and L6 were normal

in the Sham group at the 6 months postsurgery. The

nucleus pulposus contained abundant notochordal cells,

surrounded by large zones of extracellular matrix, and the

cartilage endplates were hyaline cartilage composed of

chondrocytes (Fig. 3). In the OVX?V group, discs

showed degenerative changes, where the nucleus pulposus

appeared reduced in size relative to the Sham group and

comprised relatively few clustered doublets of chondro-

cyte-like cells. Mucoid degeneration could also be seen

eroding the nucleus pulposus, with clefts forming within.

An increased number of small chondrocytes appeared in

the inner layer of the annulus fibrosus, which was present

in the form of fibers invading the nucleus pulposus. Bony

tissues that contained bone marrow, hematopoietic lineage

cells and mineralized bone became more obvious in the

deep zone of the middle cartilage endplate. In contrast,

the morphology in the OVX?CT group did not show

obvious changes; there was no significant difference in

the number of notochordal cells, there were only a few

chondrocyte-like cells in the nucleus pulposus, and some

small chondrocytes were observed in the inner layer of

the annulus fibrosus. Mild mucoid degeneration was

observed in some samples in the OVX?CT group and

there were no bony tissues formed in the middle cartilage

endplate.

The histological score of the discs in the OVX?V group

was significantly higher than the Sham group (P\ 0.05)

(Fig. 4) and the histological score of the discs in the

OVX?CT group was lower than the OVX?V group

(P[ 0.05).

Disc height and thickness of the cartilage endplate

At 6 months postsurgery, histomorphometric analysis

revealed that the disc height in the OVX?V group was

significantly decreased compared with the Sham group

(P\ 0.05) (Fig. 5a). Both the cartilage endplate thickness

and the bony tissue area within the cartilage endplate,

especially in the middle cartilage endplate, were markedly

increased in the OVX?V group when compared with the

Sham group (Fig. 5b, c). The disc height in the OVX?CT

group was significantly higher than the OVX?V group

(P\ 0.05), but there was no significant difference between

the OVX?CT and Sham groups. The thickness of the

cartilage endplate and the bony tissue area of the cartilage

endplate in the OVX?CT group were both significantly

decreased when compared with the OVX?V group

(P\ 0.05).

Table 2 BMD values among the three groups at 6 months after

operation (g/cm2)

Group L3–4 L5–6

Sham 0.277 ± 0.012 0.282 ± 0.008

OVX?V 0.228 ± 0.013* 0.236 ± 0.008*

OVX?CT 0.252 ± 0.004# 0.259 ± 0.007#

* P\ 0.05 vs. the Sham group, # P\ 0.05 vs. the OVX?V group

Fig. 1 Representative micro-CT images of the volume of interest in

the vertebrae for three groups

Table 3 Micro-architecture parameters of vertebral body by micro-

CT analysis at 6 months after operation

Group Sham OVX?V OVX?CT

BV/TV (%) 23.3 ± 3.0 16.8 ± 2.5* 21.0 ± 1.2#

Tb.Th (lm) 102 ± 2 103 ± 3 100 ± 4

Tb.N (mm-1) 2.4 ± 0.4 1.6 ± 0.2* 2.1 ± 0.1#

Tb.Sp (lm) 254 ± 27 358 ± 24* 257 ± 6#

SMI 1.3 ± 0.4 1.6 ± 0.1 1.4 ± 0.3

* P\ 0.05 vs. the Sham group; # P\ 0.05 vs. the OVX?V group
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Immunohistochemistry

Immunohistochemical analysis of the Sham group revealed

strong immunostaining for aggrecan and type II collagen in

the nucleus pulposus (Fig. 6). In the OVX?V group,

because the notochordal cells were replaced by some

chondrocyte-like cells, the density of aggrecan and type II

collagen staining in the OVX?V group was markedly

decreased compared with the Sham group. However, much

stronger immunostaining was observed for aggrecan and

Fig. 2 Mechanical properties

of vertebral body at 6 months

postoperation. a maximum load,

b maximum stress, c yield

stress. *P\ 0.05 vs. Sham

group; #P\ 0.05 vs. OVX?V

group

Fig. 3 Histologic illustration of L5–6 segments of lumbar spine at

6 months after operation. a van Gieson staining of the L5–6 segments

of lumbar spine (93.2). b The degenerative changes of the nucleus

pulposus and the inner layer of the annulus fibrosus stained by van

Gieson (920). Arrow indicates the nucleus pulposus underwent

mucoid degeneration. Arrowhead indicates doublets of chondrocyte-

like cells appeared within the nucleus pulposus. c van Gieson staining

of the middle cartilage endplate (940). VP vertebral physis, CEP

cartilage endplate, B bony tissues
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type II collagen in the OVX?CT group compared with the

OVX?V group. Weak immunostaining for MMP-1, MMP-

3, and MMP-13 were observed in the Sham group, and

stronger immunostaining could be observed in chondro-

cyte-like cells in the OVX?V group. In the OVX?CT

group, immunostaining for MMP-1, MMP-3, and MMP-13

were much weaker than in the OVX?V group.

The IOD value of MMP-1-, MMP-3-, and MMP-13-

positive cells in the annulus fibrosus was significantly

higher in the OVX?V group than that in the Sham group

(P\ 0.05) (Fig. 7). The IOD values of type II and type I

collagens were significantly lower and higher, respectively,

in the OVX?V group compared with the Sham group

(P\ 0.05). However, the IOD values of MMP-1, MMP-3,

and MMP-13 were significantly lower in the OVX?CT

group compared with the OVX?V group (P\ 0.05), and

the IOD values for type II and type I collagens were sig-

nificantly higher and lower, respectively (P\ 0.05).

Expression of type X collagen was also evaluated in the

cartilage endplate. The chondrocytes in the middle carti-

lage endplate were stained more strongly positive for type

X collagen in the OVX?V group than in Sham group, but

stained milder in the OVX?CT group than that in OVX?V

group (Fig. 8).

Discussion

Previous studies have largely focused on the effects of sCT

on the physiology and pathology of osteoporotic bone;

however, this study is the first to investigate the effect of

sCT on IDD in OVX rats. We have previously shown in the

OVX model of osteoporosis in rats, histological evidence

demonstrating that estrogen deficiency induced by OVX

accelerated vertebral body bone loss, concomitantly caus-

ing degeneration of lumbar intervertebral discs. In this

study, the administration of sCT could preserve the struc-

tural integrity and biomechanical properties of the verte-

brae, preventing abnormal stress loading on the discs. In

contrast, sCT could also effectively modulate extracellular

matrix metabolism, such as inhibiting the expression of

MMPs, maintaining type II collagen and aggrecan

expression, thereby helping sustain the biological charac-

teristics of the intervertebral disc.

The mechanical interaction between the disc and ver-

tebra has been examined in a number of studies. The

normal disc acts as a fluid-filled cushion that distributes

stress or load evenly across the vertebral endplate. Com-

pression under normal circumstances creates pressures in

Fig. 4 Histological score of L5–6 segments of lumbar spine among

the three groups at 6 months after operation. *P\ 0.05 vs. Sham

group

Fig. 5 Histomorphometric

assessment of intervertebral

discs among the three groups at

6 months after operation.

a Histomorphometric

assessment of disc height,

b histomorphometric

assessment of the thickness of

cartilage endplate,

c histomorphometric assessment

of newly formed bony tissue in

the cartilage endplate. Values

are the mean ± SD of ten rats.

*P\ 0.05 vs. Sham group;
#P\ 0.05 vs. OVX?V group
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the nucleus, leading to compressive stresses at the center of

the endplate and tension at the periphery where the annulus

fibers attach, suggesting a relationship between the inter-

vertebral disc and vertebral body bone [14]. The mechan-

ical loading and structural integrity of vertebrae might play

an important role in the progression of disc degeneration,

whereby aberrant loading can give rise to localized tissue

injury [15]. Amling et al. [16] found that in osteoporotic

subjects, the selective loss of structural elements reduced

the load-bearing capacities of the vertebrae. Well-

connected trabeculae are much more resistant to bending

and buckling than those with reduced reinforcement

orthogonal to the loading axis. Morphological changes in

the vertebral bone may be a reason for disc degeneration

[17]. The changes of vertebral body trabecular bone

architecture may modulate the mechanical loading of the

disc. Osteoporosis in an OVX setting can result in weak-

ened vertebrae with lower BMD, which decreases the

loading strength and consequently affects disc metabolism.

This has been confirmed in a human study revealing that a

Fig. 6 Immunohistochemistry assay for a aggrecan, b type II

collagen, c MMP-1, d MMP-3, and e MMP-13 in the nucleus

pulposus among the three groups (940). Immunohistochemical

analysis showed that the protein levels of aggrecan and type II

collagen in the OVX?V group were much weaker than that in the

Sham and OVX?CT groups, and MMP-1-, MMP-3-, and MMP-13-

positive staining in the nucleus pulposus were stronger in the

OVX?V group than in the Sham and OVX?CT groups
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Fig. 7 Immunohistochemistry assay for a MMP-1, b MMP-3,

c MMP-13, d type I collagen and e type II collagen in the annulus

fibrosus among the three groups (940). MMP-1-, MMP-3-, MMP-13-

, and type I collagen-positive staining in the annulus fibrosus were

stronger in the OVX?V group than in the Sham and OVX?CT

groups, and type II collagen-positive staining in the annulus fibrosus

was much weaker in the OVX?V group than that in the Sham and

OVX?CT groups *P\ 0.05 vs. Sham group; #P\ 0.05 vs. OVX?V

group

Fig. 8 Type X collagen immunostaining in the middle cartilage endplate among the three groups (940). Arrow indicates positive type X

collagen staining in the middle cartilage endplate. Blank arrow indicates newly formed bone marrow cavity in the middle cartilage endplate
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decrease in intervertebral disc height is strongly related to

menopause [18, 19]. As described earlier in the literature

review, osteoporosis can lead to a concentration of stress

on the center of the vertebral endplate. Biomechanical

modeling has shown that increased compressive stress can

lead to axial endplate bulge and compression of the tra-

becular bone. Indeed, the estrogenic milieu may be relevant

because of the significant impact on the hydrophilic gly-

cosaminoglycans, the water content, collagen and elastin of

the intervertebral discs, suggesting that the endocrine and

metabolic changes are related to disc degeneration [20, 21].

The intervertebral disc is an avascular tissue, and poor

disc nutrition may be a major contributor to disc degen-

eration. It has been reported that the survival of disc cells

can be affected by limited nutrient availability [11].

Deteriorated disc cells have a reduced capacity to synthe-

size aggrecan and type II collagen, leading to the dehy-

dration of the nucleus pulposus with severe consequences

for both the biological and biomechanical stability of the

disc [22]. Using MR-based perfusion imaging, it has been

shown that in elderly subjects as the vertebral BMD

decreases, the vertebral body bone marrow perfusion also

decreases [23, 24]. Because the disc nucleus obtains

nutrients partially by means of diffusion from the endplate,

it is feasible that decreased blood perfusion in the osteo-

porotic vertebral body in postmenopausal women signifi-

cantly contributes to decreased diffusion and nutrient

supply to the intervertebral disc nucleus, which might be

another factor involved in disc degeneration in OVX rats.

Salmon calcitonin has potent antiresorptive effects

directly acting on osteoclasts, and is widely used in the

management of postmenopausal osteoporosis, Paget’s dis-

ease, and malignancy-associated hypercalcemia. Consis-

tently, we found that sCT effectively inhibited OVX-

induced vertebral bone loss using BMD assays, which was

further confirmed by micro-CT of the micro-architecture of

the vertebrae and maintenance of the BV/TV, Tb.N, and

Tb.Sp parameters. In accordance with the structural char-

acteristics, sCT administration also provided better bio-

mechanical performance of adjacent vertebral bodies than

the OVX?V group. Therefore, sCT protection of the disc

function and structure might be a result of maintenance of

function and structural integrity of the vertebrae.

The cartilage endplate plays an important role in pres-

ervation of the structural integrity and function of the disc.

The cartilage endplate served as the main route of nutrient

supply into the nucleus [25], where calcification and

blocking of the endplate route may lead to loss of nutrient

supply closely associated with disc degeneration [26, 27].

Increased calcification of the cartilage endplate could lead

to changes to the nutritional pathway of the disc, with

subsequent endplate-bone remodeling that affect the flow

of solutes to and from the intervertebral disc. It is possible

that the apparent disc degeneration observed in the

OVX?V group in this study is due to changes in the

nutritional pathway, although further investigation is

required to test this hypothesis. In the current study, the

cartilage endplate in the OVX?V group showed increased

thickness and increased bony tissues, which might be

associated with abnormal loading and poor nutritional

supply. In contrast, the cartilage endplate in the OVX?CT

group exhibited less degenerative changes, which was

accompanied by thinner cartilage and less bony tissues,

which might facilitate the maintenance of the normal

loading and nutrient supply beneficial to the disc function

and structure. We also found significantly increased

expression of type X collagen in the cartilage endplate in

the OVX?V group, which could be produced by hyper-

trophic chondrocytes during endochondral ossification and

matrix calcification. Furthermore, sCT administration

effectively decreased the expression of type X collagen.

Up to now, the exact pathogenesis of disc degeneration

remains unknown, but the biologically mediated and

mechanically induced disc degeneration is conceptualized

to be a consequence of metabolic molecular changes in a

dynamic structure of extracellular matrix. Molecules in

the discs are continually being broken down by protein-

ases, such as the MMPs and aggrecanases [24, 28–30].

Some increases in degradation products in the discs

associated with MMP activity were observed with

advancing degenerative grade [28, 31]. The balance of

matrix macromolecules determines the quality and integ-

rity of the matrix, and thus the mechanical behavior of the

disc itself. The most significant biochemical change to

occur in disc degeneration is the loss of proteoglycan

[32]. Aggrecan is a large proteoglycan that forms mac-

romolecular aggregates with hyaluronic acid via an

interaction that is stabilized by a linker protein. Aggrecan

molecules are degraded as result of the loss of glycos-

aminoglycans, which causes a drop in the osmotic pres-

sure of the disc matrix and thus a loss in hydration.

Several collagen types are present in the disc, and they

form a fibrous network that holds cells and proteoglycans

in the matrix. Type II collagen is the most abundant

collagen in the disc, and its content is crucial for proper

disc function [19]. It is well known that type II collagen

can be degraded by MMPs. Collagenases, such as MMP-1

(collagenase 1, interstitial collagenase), MMP-8 (neutro-

phil collagenase), and MMP-13 (collagenase 3), appear to

be of particular importance as they can cleave intact tri-

ple-helical structure of type II collagen, while MMP-3 is

capable of degrading proteoglycan, fibronectin, laminin,

and the nonfibrillar collagens, activating other pro-MMPs,

including MMP (-1, -8, -9, and -13) [33, 34]. In addition,

it is reported that calcitonin receptors are found on

articular chondrocytes and that calcitonin can inhibit
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MMP-mediated type II collagen degradation in ex vivo

articular cartilage explants [9]. In addition, it was reported

that sCT can increase the synthesis of proteoglycans and

collagen type II, and decrease proteolytic and metallo-

proteinase activities [8, 9]. Our study showed that the

mechanism of sCT protection against OVX-induced disc

degeneration is via the effective inhibition of MMP-1,

MMP-3, and MMP-13 expressions while sustaining

aggrecan and type II collagen expressions.

There are some limitations of this study that should be

taken into consideration. The nucleus pulposus of rats is

populated with notochordal cells, which are not observed in

the human intervertebral disc. However, the rat IDD model

has been commonly used in many basic studies. Rats have

been used as models in the study of IDD, in particular the

mechanics of the intervertebral disc in relation to human

IDD. Previous studies have shown that annulus injury can

induce significant and progressive biochemical and

molecular changes in the murine intervertebral disc. These

studies have implied that the process of IDD induced by

annulus puncture shares some similarities with human

IDD. Another limitation is that the degenerative induction

in this study is not physiologic, because the intervertebral

discs of the rat are not affected with weight bearing.

However, OVX is a simple and technically easy method of

inducing IDD. This method is frequently used in many

studies and can lead to IDD [3, 6]. Consequently, estrogen

deficiency and long-term experimental duration applied to

the rat lumbar intervertebral disc in this study produced

morphological, biochemical, and structural changes repre-

sentative of mild degeneration, as well as accelerate

degenerative changes in very specific manners that may

interact with other risk factors of degeneration, including

nutrition, genetics, and aging.

In conclusion, this study sheds new light on the pre-

ventive effects of sCT on IDD, clearly showing that sCT

can slow the progression of disc degeneration. The

underlying mechanisms might be related to preservation of

the structural integrity and function of the vertebrae, which

is essential for maintaining disc function. sCT also affects

extracellular matrix metabolism by modulating the

expressions of MMPs, aggrecan and type I/II collagen to

protect the disc from degeneration. While sCT may not be

able to restore disc degeneration, it should be able to retard

its progression and thus delay the need for more aggressive

surgical intervention.
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