Effects of salmon calcitonin on fracture healing in

ovariectomized rats
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ABSTRACT

Objectives: To explore the effects of salmon calcitonin
on the healing process of osteoporotic fractures in
ovariectomized rats.

Methods: We performed this study in The First
Affiliated Hospital of Guangzhou Medical College,
Guangzhou, China, during the period March 2002
to December 2004. We used 120 female adult Wistar
rats in this experiment, among which 90 underwent
ovariectomy (OVX) and the other 30 had sham-
operation. All rats had their left tibias fractured 3
months later. The 90 OVX rats were randomly divided
into 3 groups with 30 in each, while the 30 sham-
operated rats served as control group. After the fracture
the rats had subcutaneous injection of normal saline,
salmon calcitonin and estrogen, respectively. X-ray
film, histological examination, bone mineral density
(BMD) measurement and biomechanics testing were
carried out to evaluate the fracture healing.

Results: Compared with OVX rats treated with
normal saline, the rats with salmon calcitonin had
significantly higher BMD values in the left tibia,
higher max torque, shear stress of the left tibia 8
weeks after fracture (p<0.05), and presented with
stronger callus formation, shorter fracture healing
time and faster normalization of microstructure of
bone trabeculae.

Conclusions: Salmon calcitonin can, not only increase
BMD in osteoporotic bone, but also enhance the bone
biomechanical properties and improve the process of
fracture healing in fractured osteoporotic bone.
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Low bone mass and deterioration of bone micro-
architecture are the major characteristics of osteoporosis,
which results in decreased bone strength and an increased
risk for fracture.'” Salmon calcitonin has been widely
used for the treatment of postmenopausal osteoporosis.*”
In the Prevent Recurrence of Osteoporotic Fractures trial
carried out in the United States, Chessnut et al® found that
5-year treatment with calcitonin at a dosage of 200 IU per
day reduced the risk of new vertebral fractures by 33% in
postmenopausal women with established osteoporosis. It is
believed that salmon calcitonin inhibits bone resorption,
reduces bone mass loss and relieves bone pain without
the side effects of estrogen.”® Although it has been
well documented that calcitonin can enhance the bone
density for those fractured bones,” whether this agent can
improve the bone quality, including the construction and
biomechanical functions, requires further investigation. In
this study, female adult Wistar rats had ovariectomy (OVX)
and were then used as osteoporosis model to explore the
effects of salmon calcitonin on the bone mass and fracture
healing process.

Methods. Thisstudywascarried outin The First Affiliated
Hospital of Guangzhou Medical College, Guangzhou,
China, during the period March 2002 to December 2004.
The experimental protocol received approval from the
Medical Ethical Committee of the First Affiliated Hospital
of Guangzhou Medical College.

One hundred and twenty female Wistar rats, aged 6
months, weighted 280+30 grams and without copulation
(Guangdong laboratory animal center, Guangdong,
China), were involved in this study. Rats were housed on a
12-hour light/dark cycle in an environmentally controlled
room maintained at a temperature of 20-26°C, a relative
humidity of 40-70%. A high calcium (1.5%) intake diet
and water were available ad libitum.

All the 120 rats were anesthetized by intraperitoneal
injection of 1% pentobarbital sodium (30 mg/kg) and had
their bilateral ovaries exposed. Ninety rats then underwent
bilateral OVX and the other 30 rats had their ovaries left

alone (sham operation).
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Three months after operation, all the rats were
anesthetized again with the same manner to have their
left tibias fracture at the middle segment artificially
with the use of a 3-point bending device and then the
intramedullary fixation was made by inserting K-wires
from tibia tubercle. The position and characteristics of
fractures were confirmed radiographically immediately
after surgery. In the period from 1 week before and 8
weeks after fracture, the rats had subcutaneous injection
of different solutions, according to the design of the
experiment.

The 90 rats with OVX were randomly subdivided
into 3 groups with 30 in each for experimentation.
Group A had subcutaneous injection of salmon
calcitonin (Beijing Novartis Pharma Ltd, 2 IU/Kg once
daily),'® group B had subcutaneous injection of estrogen
(0.1 mg/kg once every 3 days)"" and group C had
subcutaneous injection of normal saline once daily. The
30 rats with sham operation were treated with normal
saline once daily and served as the controls (group D).

Bone mineral density (BMD) (g/cm?) of the
midshaft of the left tibia were measured before and 8
weeks after fracture by Hologic QDR 2000 dual-energy
x-ray bone densitometer with the small animal software
(Hologic, Waltham, MA, USA). The whole body was
scanned with the Hologic rat whole body scan protocol
(version 4.76), in which the lumbar spine was analyzed
as a subregion of interest, the left tibia was scanned with
the Hologic rat subregion Hi-res scan protocol (version
4.70).

The plain x-ray films of the fractured tibias were taken
at 2, 4 and 8 weeks after internal fixation, respectively.
At the end of the study, all the radiographs of each rat
were evaluated blindly by 2 orthopedic surgery residents
using the scoring system introduced by Severns et
al,’* which ranged the callus formation from 0 to 4 as
follows: 0-No callus; 1-Minimal callus; 2-Callus evident
but healing incomplete; 3-Callus evident and stability
expected (clinically healed); and 4-Complete healing
with bone remodeling complete. The mean radiologic
score was calculated for each group.

Each group had 6 rats sacrificed at 2, 4 and 8 weeks
after tibia fracture and internal fixation. Immediately
after sacrifice, 4 fracture calluses were selected from
each treatment group for histologic examination. The
tissue samples were fixed in 10% buffered formalin,
decalcified, sectioned longitudinally through the
fracture site, embedded in paraffin, and stained with
hematoxylin and eosin.

A single blinded observer examined the stained
slides and the fracture calluses were graded according to
the relative amounts of fibrous tissue, cartilage, woven
bone, and mature bone.”> Grade 1 indicated fibrous
tissue; Grade 2 indicated predominantly fibrous tissue

with some cartilage; Grade 3 indicated equal amounts
of fibrous tissue and cartilage; Grade 4 indicated all
cartilage; Grade 5 indicated predominantly cartilage
with some woven bone; Grade 6 indicated equal
amounts of cartilage and woven bone; Grade 7 indicated
predominately woven bone with some cartilage; Grade 8
indicated entirely woven bone; Grade 9 indicated woven
bone and some mature bone; and Grade 10 indicated
lamellar (mature) bone. Four slides were examined from
each fracture. The mean value of histological grade was
calculated for each group.

The torsion and shear but 3-point bending testing
were carried out to detect the changes in the bone as
the fractured tibias had been intramedullary fixed with
Kirschner wires. All the remaining rats were sacrificed 8
weeks after fracture, and the soft tissues were removed
from each harvested tibia. The tibias were stored in
gauze soaked in normal saline solution at -20°C. Before
testing, the specimens were thawed completely at
room temperature for 2 hours. Both bone ends were
embedded in liquid methyl methacrylate coagulant
(Shanghai Dental Material Factory, 9299) and powdery
methylmethacrylate coagulant (The Oral Cavity Material
Factory, Shanghai Second Medical University, 881124).
The embedded bulks were loaded onto the MTS 858
Bionix test system (Minneapolis, MN, USA). A 15-mm
section of tibia centered on the fracture was exposed.
A custom jig ensured consistent alignment of the bony
axis with the axis of the testing machine. Specimens
were tested to failure in torsion at room temperature on
testing machine at a rate of 5° per second with no axial
load.

Differences in the BMD values, the mean torsional
strength and torsional stiffness among each group were
analyzed using the Student t test. Differences in the
radiographic scoring results were analyzed statistically
using a one-way Kruskal-Wallis analysis of variance on
Ranks with group as a factor. Statistical analysis was
performed with Statistical Package for Social Sciences
10.0 software (SPSS/PC Inc., IL, USA). A p<0.05 was
considered statistically significant.

Results. Measured 8 weeks after fracture, the BMD
values of the tibial fracture sites in group A or group
B were significantly higher than those measured just
before fracture with P values being less than 0.05 (Table
1). In group D, the BMD values of the left tibia before
and after fracture showed no significant difference.
However, the BMD value continually and significantly
decreased 8 weeks after fracture in group C (p<0.05).
On the serial x-ray examinations performed 2, 4
and 8 weeks after fracture, compared with the group C,
an abundant callous formation and earlier bone union
were observed in the same stage at the fracture sites in
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group A (Figure 1). The same results were also found
in the group B and group D. At all the 3 examined
time points, the scores of callus formation and bone
remodeling in group A, B and D were significantly
higher than that in group C (p<0.05) (Table 2).

Two weeks after fracture, fibrous callus, some
cartilaginous callus and a few primitive trabeculae were
observed at the fracture sites in group A, group B and
group D, whereas few such changes were seen in group
C. Four weeks after fracture, woven bone formation
was found around the edge of cartilaginous callus,
and the primitive trabeculae were replaced by mature
trabeculae in all animals except for the rats group C, in
which there was only sparsely and deranged trabecular
formation. Eight weeks after fracture, the transition
from cartilaginous callus to bony callus occurred in
group A, group B and group D, while the maturation
of trabeculae delayed in group C. The values of
histological grade in group C at different time points
were significantly lower than that in the other 3 groups
(p<0.05) (Table 2) (Figure 2).

The torque and stiffness of the left tibia in group
A, group B and group D were significantly higher than
those in group C (p<0.05). However, no significant

Table 1 - Alteration of bone mineral density of the left tibia of rats.

differences in the torque and stiffness of the left tibia
existed among the former 3 groups (Table 3).

Discussion. The OVX rats are widely accepted as an
animal model for the investigation on osteoporosis.”'*
' This model combines the easy manageability of rats
with the main features of postmenopausal osteoporosis
in women. Bone changes in rats and women during
the early stages of estrogen deficiency are qualitatively
similar, both exhibiting rapid cancellous bone loss
associated with increased bone turnover."” Hence, the
OVX rats model were employed in this experiment,
too. When a significant decrease of BMD was found in
all the ovariectomized rats 3 months after ovariectomy,
it was confirmed that an optimal osteoporotic rat model
was successfully established. Then their left tibias were
fractured, serving as the model to study the healing
progress in osteoporotic fracture. Since the bone
remodeling process is coupled with the OVX induced
acute estrogen deficiency, estrogen administration was
done to some OVX rats, thus serving as a positive
control. Estrogen affects bone by acting directly on its
related receptors, which are located on osteoblasts and
osteoclasts. Estrogen causes a depletion in number of the
osteoclasts cells on bone by inhibiting the maturation

Table 3 - Torsion test indexes of the left tibia of rats.

Group Bone mineral density (g/cm? mean + SD) Group Torque Stiffness
Before treatment After treatment (N.m, means + SD) (N.m/degree, means + SD)
A(n=12) 0.5259 + 0.0693 0.5491 + 0.0948* A(n=12) 0.85 +0.07* 0.13+0.01*
B (n=12) 0.5468 + 0.0386 0.5665 + 0.0397* B(n=12) 0.87 + 0.05* 0.15 + 0.01*
C(n=12) 0.5024 + 0.0412 0.4893 + 0.0435 Chn=12) 0.66 + 0.08 0.07 + 0.04
D (n=12) 0.5861 + 0.0491 0.5882 + 0.0378* D (n=12) 0.82 +0.03* 0.16 +0.01*

A - ovariectomy (OVX) + salmon calcitonin; B - OVX + estrogen,
C - OVX + normal saline; D - sham + normal saline

£<0.05, vs group C

A - ovariectomy (OVX) + salmon calcitonin, B - OVX + estrogen;
C - OVX + normal saline; D - sham + normal saline
Compared with the values obtained from group C p<0.05.

Table 2 - Radiographic score and histological grade of the left tibia.

Group Radiographic score (means + SD) Histological grade (means + SD)
2 weeks (n=6) 4 weeks (n=6) 8 weeks (n=12) 2 weeks (n=6) 4 weeks (n=6) 8 weeks (n=6)
A 0.22 + 0.02* 3.02 + 0.09* 3.49 + 0.20* 2.3+0.9* 7.5 +0.5% 9.0 + 0.8*
B 0.19 + 0.07* 2.85+0.12* 3.71+0.31* 2.0 £ 0.5* 7.3+0.3* 9.2 +0.5%
C 0.08 + 0.04 1.80 £ 0.23 2.63 +0.14 1.5+0.7 5.3+0.6 6.8+0.3
D 0.24 + 0.08* 2.99 £+ 0.17* 3.54 + 0.42* 1.9 + 0.3* 7.9 +0.8¢ 9.5+ 0.5*

A - ovariectomy (OVX) + salmon calcitonin; B - OVX + estrogen; C - OVX + normal saline;

D - sham + normal saline, *p<0.05, vs group C
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at the cell level. The major action of estrogen is in the
suppression of bone loss."® However, the stimulating
role of estrogen in bone formation is still controversial."
The use of hormone replacement therapy (HRT) has
some restrictions due to the potential risks of breast
cancer, venous thromboembolism, migraine, coronary
heart disease and strokes.?* Calcitonin has been shown
to be a good alterative in treatment of postmenopausal
osteoporosis.”! The basic action of calcitonin is also
inhibition of bone resorption. It is believed that the
binding of calcitonin and its receptor on osteoclasts
reduces the number and life-span of osteoclasts by
inducing apoptosis, which, in turn, inhibits the bone
resorption.>*** Femtomolar calcitonin concentrations
inhibit the resorptive function of mature osteoclasts,
with quiescence being followed by margin retraction.
These kinetically separable morphological changes are
exerted through separate cAMP- and Ca’**-dependent
signaling pathways involving distinct G proteins.?** In
this study, the bone densitometry measurements of the
lumbar vertebrae showed that calcitonin and estrogen
treatments prevented the bone loss in OVX rats, but
no significant increase in cancellous bone volume was
observed, being similar to the previous studies.?**’

The cancellous bone volume is a very important
impact factor for fracture healing in the osteoporotic
model, as its loss is the major characteristics of
osteoporosis.”® However, results of studies on the effect
of calcitonin on the cancellous bone volume have been
controversial. Several studies have shown that the bone
mass loss in experimental osteoporosis can be reversed
by calcitonin treatment,”?° while the others have failed
to confirm this effect.’’*

There is evidence of the direct effects of calcitonin
on cartilage proliferation as well as the vascularization
of the callus. Calcitonin is found to promote the
cartilaginous phase of fracture healing. Several studies in
animals and in humans, shown that salmon calcitonin
administration has been found to have a beneficial
effect on fracture healing.?® In the present study, the x-
ray and histological examination demonstrated stronger
callus formation, shorter fractures healing and faster
normalization of microstructure of the trabeculae in rats
treated with salmon calcitonin than OVX rats receiving
normal saline. Similarly, the biomechanical testing
results revealed that max torque and shear stress in the
rats treated with salmon calcitonin were significantly
higher than those in OVX animals receiving normal
saline, but similar to those in the rats treated with
estrogen, indicating that calcitonin administration has
at least the same effect as estrogen on improving the
structure and strength of the osteoporotic bones.

In conclusion, salmon calcitonin can not only
prevent bone loss in the osteoporotic rats, but also

Figure 1 - X-ray photos of the fractured tibia 8 weeks after internal
fixation. (a) An unclear but visible fracture line and sparsely
callus formation were found in ovariectomize (OVX) rats
receiving normal saline, implying that the fracture healing
process was delayed. (b) In OVX rats with salmon calcitonin
treatment, compacted callus was found while the fracture line
was not visible, suggesting that the fracture was healed.

Figure 2 - Callus histological examination of the fractured tibia 8
weeks after internal fixation. (a) At 8 weeks after fracture,
compacted trabeculae and the transition of cartilage to
bony callus were noted obviously in rats with salmon
calcitonin treatment, (b) while the trabeculae were thin
and deranged, and only cartilaginous callus was observed
in ovariectomized rats receiving normal saline.
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improve the process of fracture healing and enhance
bone biomechanical properties of the fractured bone
in OVX rats, suggesting that salmon calcitonin may be
useful in prevention of osteoporosis and treatment of
osteoporotic fractures.
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