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Abstract
Background: Calcitonin is used as a treatment to reduce the blood calcium concentration in
hypercalcemia and to improve bone mass in osteoporosis. An analgesic effect of calcitonin has been
observed and reported in clinical situations. Ovariectomaized (OVX) rats exhibit the same
hormonal changes as observed in humans with osteoporosis and are an animal model of
postmenopousal osteoporosis. The aim of this study to investigate antinociceptive effect of
calcitonin in OVX rats using the immunohistochemical study.
Methods: We assessed the antinociceptive effects of calcitonin in an ovariectomized (OVX) rat
model, which exhibit osteoporosis and hyperalgesia, using the immunohistochemical method.
Fifteen rats were ovariectomized bilaterally, and ten rats were received the same surgery expected
for ovariectomy as a sham model. We used five groups: the OVX-CT (n = 5), the sham-CT (n =
5), and the OVX-CT-pcpa (n = 5) groups recieved calcitonin (CT: 4 U/kg/day), while OVX-vehi (n
= 5) and the sham-vehi (n = 5) groups received vehicle subcutaneously 5 times a week for 4 weeks.
The OVX-CT-pcpa-group was given traperitoneal injection of p-chlorophenylalanine (pcpa; an
inhibitor of serotonin biosynthesis) (100 mg/kg/day) in the last 3 days of calcitonon injection. Two
hours after 5% formalin (0.05 ml) subcutaneously into the hind paw, the L5 spinal cord were
removed and the number of Fos-immunoreactive (ir) neurons were evaluated using the MannWhitney-U test.
Results: The numbers of Fos-ir neurons in the OVX-CT and sham-CT groups were significantly
less than in the OVX-vehi and sham-vehi groups, respectively (p = 0.0090, p = 0.0090). The number
of Fos-ir neurons in the OVX-CT-pcpa-group was significantly more than that of the OVX-CTgroup (p = 0.0283), which means pcpa inhibits calcitonin induced reduction of c-Fos production.
Conclusion: The results in this study demonstrated that 1) the increase of c-Fos might be related
to hyperalgesia in OVX-rats. 2) Calcitonin has an antinociceptive effect in both OVX and sham rats.
3) The central serotonergic system is involved in the antinociceptive properties of calcitonin.
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Background
Calcitonin is a polypeptide hormone that is secreted into
the general circulation by the parafollicular cells of the
mammalian thyroid gland, and it regulates the blood calcium concentration and bone metabolism by acting on
osteoclasts. Calcitonin is used as a treatment to reduce the
blood calcium concentration in hypercalcemia and to
improve bone mass in osteoporosis. An analgesic effect of
calcitonin has been observed and reported in clinical situations, and in randomized controlled studies calcitonin
has been found to produce an analgesic effect in patients
with osteoporotic vertebral compression fractures [1,2],
reflex sympathetic dystrophy [3], and cancer pain [4].
Menopause is well known to be one of the essential causes
of osteoporosis in human [5], and since the most important change following menopause is the depression of
estrogen, which regulate expression of various genes [6],
depletion of estrogen decreases the amounts of gene products, including receptors and peptides, required for modulation of nociceptive transmission. Ovariectomaized
(OVX) rats exhibit the same hormonal changes as
observed in humans with osteoporosis and are an animal
model of postmenopausal osteoporosis. OVX rats have
been used to evaluate the therapeutic effect of analgesic
drugs [7]. A significant reduction in the latencies of tail
withdrawal from hot water [8] and long-term formalininduced licking [9] has also been reported in OVX rats,
and because of this OVX is thought to induce hyperalgesia
in rats.
The c-fos proto-oncogene is one of the immediate-early
genes, and its expression by both noxious and non-noxious stimuli [10]. It encodes a nuclear phosphoprotein, cFos, that acts as a transcription factor by binding to DNA
or DNA-binding proteins in the promoter region. C-Fos is
expressed in postsynaptic neurons of the dorsal horn of
the spinal cord at an early stage of nociception, and temporarily in response to various stimuli from primary afferent neurons, and its level of expression depends on the
types and strength of the stimuli [11-14]. C-Fos expression is inhibited by applications of morphine and nonsteroidal anti-inflammatory drugs (NSAIDs) [15-18].
Because of these facts, the c-Fos expression in spinal cord
neurons has been used as a functional marker of nociception in many studies [11,15-19]. The aim of the present
study was to assess the hyperalgesia in OVX rats and the
antinociceptive effect of calcitonin in OVX rats by measuring the c-Fos expression as a marker of nociception.

Methods
Twenty-five female Sprague-Dawley rats (200–250 g)
were used. The experiment was performed with the
approval of the Animal Research Committee of the Fukushima Medical University, and the animals were cared for
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in the Experimental Animal Center of Fukushima Medical
University.
The rats were anesthetized by inhalation of ethyl ether
(99%, Diethyl Ether, Wako Pure Chemical Industries,
Ltd., Osaka, Japan). Bilateral ovariectomy was performed
according to the method reported by Shibata K et al [20]
to create an OVX model. Rats whose ovaries were exposed
but not excised were used as a sham model. The operations and drug administrations were performed according
to the schedule shown in the Figure 1. Four weeks after
surgery, a synthetic derivate of eel calcitonin, ([Asu1'7]eel
calcitonin) (4 U/kg/day) (Elcatonin, Asahi Kasei Co.,
Tokyo, Japan) was subcutaneously injected into the back
of rats 5 times a week for 4 weeks. The vehicle was injected
as a control. P-chlorophenylalanine (PCPA; Sigma, MO,
USA), 100 mg/kg/day, an inhibitor of serotonin biosynthesis, was intraperitoneally injected on the final 3 days of
calcitonin administration. Normal saline was injected as a
control. The following 5 groups were established: a) a
group repeatedly subcutaneously injected with calcitonin
after OVX (OVX-calcitonin group, n = 5), b) a group
repeatedly subcutaneously injected with vehicle after OVX
(OVX-vehicle group, n = 5), c) a group intraperitoneally
injected with PCPA after OVX in addition to being repeatedly subcutaneously injected with of calcitonin (OVX-calcitonin-PCPA group, n = 5), d) a group repeatedly
subcutaneously injected with calcitonin after sham operation (sham-calcitonin group, n = 5), and e) a group
repeatedly subcutaneously injected with vehicle after
sham operation (sham-vehicle group, n = 5). After surgery
and injections, the formalin test was performed as an
acute noxious stimulus with subcutaneously injected with
5% formalin (0.050 ml) (Wako Pure Chemical Industries,
Ltd. Osaka, Japan) into the left hind paw. All rats were perfused two hours after formalin test.
C-Fos immunohistochemistry
The samples of spinal cord were prepared and immunohistochemically stained by methods based on those
described by Hamba et al [19]. Two hours after the formalin test, the rats were deeply anesthetized with ethyl ether
and they intracardially perfused with 200 ml of a 4% paraformaldehyde-0.1 M phosphate buffer (PBS) solution.
After perfusion, the L5 segment of spinal cord was excised.
The spinal cord was immersed in the 4% paraformaldehyde-0.1 M PBS solution for one hour, then in a 10%
sucrose-PBS solution for 24 hours, and finally in a 20%
sucrose-PBS solution for 24 hours. A 40-μm frozen section
was then cut with a microtome. It was collected as a floating section in 0.1 M PBS, and it was immersed in 0.1 M
PBS containing 0.2%Triton X for three days. All sections
were immunostained for c-Fos protein by the avidinbiotin peroxidase (ABC) technique with commercial ABC
kits (Vector Labs, Burlingame, CA). To eliminate confu-
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Sham-calcitonin group
Sham-vehicle group

Figure
Ovariectomy
was
injected
1 5ortimes
a sham
a week
operation
for 4 weeks
was performed in each group, and from postoperative week 4 onward calcitonin or vehicle
Ovariectomy or a sham operation was performed in each group, and from postoperative week 4 onward calcitonin or vehicle was injected 5 times a week for 4 weeks. PCPA was injected on the final 3 days of calcitonin injection.
A formalin test was conducted in postoperative week 8, and two hours later, the animals in each group were perfused, and tissue was removed.

sion between small immunoreactive neurons and red
blood cells, the protocol included hydrogen peroxide pretreatment. The sections were incubated in a solution of
normal goat serum and then for 48 hours at 4°C in primary antiserum, which was a rabbit polyclonal antibody
directed against a synthetic peptide that corresponded to
the N-terminal of the c-Fos protein (Santa Cruz biotechnology, Inc., CA, USA) at a dilution of 1:3000. The reaction was visualized with 0.006% hydrogen peroxide and
0.02% diaminobenzidine (DAB, Wako Pure Chemical
Industries, Ltd. Osaka, Japan). Tissue sections were thoroughly rinsed with Tris buffer, mounted onto MAS-coated
slides (Matsunami Grass Industries, Ltd. Osaka, Japan),
dried, dehydrated in a graded alcohol series, cleared in
xylene and coverslipped.
Quantitation of c-Fos immunoreactive neurons
All sections were digitized with a CCD camera (Axio Cam
Mrc, Carl Zeiss, Hallbergmoos, Germany) equipped with
a computer-assisted image analysis system (KS 100 imaging system, Carl Zeiss, Hallbergmoos, Germany). All data
analysis procedures were performed blindly with respect
to the experimental condition of the animal. The five sections from each rat that containing highest numbers of cFos immunoreactive neurons were selected for analysis.
The spinal cord was divided into 3 regions [21]: (1) laminae I–II (the superficial laminae); (2) laminae III–IV (the

nucleus proprius); (3) laminae V–VI (the neck of the dorsal horn), and the average number of c-Fos immunoreactive neurons in each region was calculated by averaging
the counts made in the five sections from each rat.
Statistical analysis
Comparisons between the numbers of c-Fos immunoreactive neurons in two groups were made by the Mann-Whitney's U test. A p-value less than 0.05 was considered
indicative of a statistically significant difference.

Results
c-Fos expression in laminae I–II of the dorsal horn of the
spinal cord
Figure 2 shows illustrative cases of c-Fos immunoreactive
neurons in each of the groups. The number of c-Fos
immunoreactive neurons in the OVX-vehicle group was
significantly greater than in the sham-vehicle group (p =
0.0367; Figure 3), indicating that OVX in rats result in a
greater number of neurons in dorsal horn of the spinal
cord that produce c-Fos after formalin test. There were significantly fewer c-Fos immunoreactive neurons in the
OVX-calcitonin group than in the OVX-vehicle group (p =
0.0090; Figure 4), and significantly fewer c-Fos immunoreactive neurons in the sham-calcitonin group than in the
sham-vehicle group (p = 0.0090; Figure 5). These findings
mean that repeated calcitonin injection of both the OVX
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immunore(c),
Photomicrographs of transverse sections of L5 level of the lumbar spinal cord illustrating the distribution of cFos immunoreactive neurons in the dorsal horn in the OVX-vehicle group (a), OVX-calcitonin group (b),
OVX-calcitonin-PCPA group (c), sham-vehicle group (d), and sham-calcitonin group (e). Scale bar, 100 μm. The
Figure shows a section of dorsal horn at the L5 level [21].

rats and the sham-operated rats result in fewer neurons in
the dorsal horn of spinal cord that produced c-Fos after
the formalin test. There were significantly more c-Fos
immunoreactive neurons in the OVX-calcitonin-PCPA
group than in the OVX-calcitonin group (p = 0.0283; Figure 6), but the difference from the OVX-vehicle group was
not significant (Figure 6), indicating that the effect of
repeated doses of calcitonin that decreases the number of
c-Fos-producing neurons after the formalin test was abolished when the serotonin synthesis inhibitor was administered.
c-Fos expression in laminae III–IV and laminae V–VI
The results of the comparison between groups of c-Fos
expression in laminae III–IV and laminae V–VI were similar to the results in laminae I–II, however, the only statistically significant difference was between the shamcalcitonin group and the sham-vehicle group. Significant
differences in the numbers of c-Fos immunoreactive neurons in laminae III–IV and laminae V–VI were observed
only between the sham-calcitonin group and the shamvehicle group (laminae III–IV; p = 0.0163, laminae V–VI;

p = 0.0163; Figure 7), indicating that the numbers of neurons that produced c-Fos after the formalin test in the
sham-operated rats were decreased by calcitonin administration.

Discussion
Subcutaneous injection of the rat hind paw with formalin
is known to produce a biphasic response consisting of an
early intense response (early phase) in the first five minutes, and a later moderate response (late phase) that is
lasts from 20 to 60 min after the injection. The nociceptive
response to formalin injection is matched by a corresponding biphasic increase in the activity of dorsal horn
neurons after the injection [22]. The early phase is
thought to be caused by stimulation of the peripheral
nerve by the formalin, and the late phase is thought to be
attributable to the secondary inflammation in the tissues
[23]. C-fos mRNA was observed in the spinal cord after
the formalin test, and expression peaked at 15–30 minutes in the superficial laminae of dorsal horn (laminae I–
II) and at 30–60 minutes in the deep laminae (laminae V–
VI). The expression of c-fos mRNA in those lesions
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5 in laminae I–II: Sham-calcitonin group vs shamExpression in laminae I–II: Sham-calcitonin group vs
sham-vehicle group. There were significantly fewer c-Fos
immunoreactive neurons in the sham-calcitonin group than in
the sham-vehicle group (p = 0.0090).

appears to correspond to the early phase and the late
phase of the response to the formalin test [24]. Altogether
the appearance of c-Fos immunoreactive neurons in the
superficial laminae of the dorsal horn shows the sensitization of post synaptic neurons after stimulation of peripheral nerve by formalin, indicating that direct transmission
process of acute noxious stimulus. In the other hand, the
appearance of c-Fos immunoreactive neurons in the deep

laminae of the dorsal horn represents transmission of secondarily tissue inflammation.
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indicating that OVX enhances nociception in rats. The
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Figure 6 in laminae
Expression
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Expression in laminae I–II: OVX-calcitonin-pcpa
group vs OVX-calcitonin group and OVX-vehicle
group. There were significantly more c-Fos immunoreactive
neurons in the OVX-calcitonin-PCPA group than in the
OVX-calcitonin group (p = 0.0283), but the difference from
the OVX-vehicle group was not significant (p = 0.4034).
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Figure
c-Fos
expression
7
in laminae III–IV and laminae V–VI of the dorsal horn
c-Fos expression in laminae III–IV and laminae V–VI of the dorsal horn. The results of comparison of the number of
c-Fos immunoreactive neurons between groups in laminae III–IV and laminae V–VI were similar to the results in laminae I–II,
however the only significant difference was between the sham-calcitonin group and the sham-vehicle group (laminae III–IV; p =
0.0163, laminae V–VI; p = 0.0163).
mechanism of the hyperalgesia has not been well documented, although there have been some reports of hyperalgesia in OVX rat in behavioral studies [7,20,25]. A
significant decline in estrogen hormone is known as a
result of OVX [5]. Estrogen forms complexes with its
receptors and controls expression of various genes by
binding to specific sequences in the promoter region of
the genes [26], and thus estrogen depletion affects the
amount of gene products, such as peptides and receptors,
associated with transmission of nociception. The number
of serotonin receptors in the presynaptic area of dorsal
horn has been reported to be decreased in OVX rats [27].
The report conjectures the fact with a disorder of the
descending inhibitory serotonergic system that induces
antinociception by inhibiting the release of neurotransmitters such as somatostatin [28]. Since c-Fos is a functional marker of nociception, our results indicate a change
in that the transmission of noxious stimuli to secondary

afferent neurons in OVX rats. Taken together, the results
of this study suggest that the hyperalgesia in OVX rat is
attributable to changes in the descending inhibitory serotonergic system.
The results of this present study also show that the
repeated calcitonin injections have a suppressive effect
that decreases the number of c-Fos producting neurons in
the superficial laminae of the dorsal horn after the formalin test. Almost all experimental studies have examined
only the acute anti-nociceptive effects of calcitonin [2932], and administration consisted of a single centrally
injections such as an intracerebroventricular injections
[29,31], intrathecal injection [31,32] or injection into the
periaqueductal gray matter [30]. These acute antinociceptive effects were thought as acting by those binding sites in
central nervous system directry [33,34]. In clinical settings
repeated peripheral injections for a month are required to
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treat the pain accompanying osteoporosis [9,35]. In
behavioral studies, repeated systemic injections of calcitonin have been found to inhibit formalin-induced hypalgesia in rats, while single injections have had no effects
[36] and repeated systemic injections of calcitonin have
inhibited OVX-induced hypalgesia in rats [20]. In those
studies calcitonin was effective when it injected repeatedly
for about 4 weeks. These results are similar to the clinical
effects of calcitonin reported in patients [9,35]. According
to these facts, the duration and doses of calcitonin used in
the present study were similar to those used clinically. In
addition, it is reported in the experimental studies that the
expression of c-Fos in the dorsal horn increased and the
pain threshold decreased after formalin or yeast injection
and skin incision, and administration of NSAIDs or
anesthegia effects to improve pain threshold and inhibit
c-Fos expression in the spinal cord [36-39]. Therefore, our
results suggest that repeated systemic injection of calcitonin has an antinociceptive effect. However, the c-Fos
expression is related with the reaction of the formalin test
but dose not reflect the bone pain by postmenopausal
osteoporosis in this study. There are studies that calcitonin has the effect of reducing bone pain associated with
bone metabolic disorders, compression fracture and osteoporosis [1-4,40,41]. The bone pain induced by ovariectomy was not investigated in this study. In addition, the
pain induced by the formalin test is quite different from
the clinical situation and tissue damage is worse than the
clinical situation. This is the limitation of this study, however, calcitonin was the effect of inhibiting formalininduced c-Fos expression which is a strong stimulant.
Thereby, the results in this study show the benefit of calcitonin treatment. There are studies that show calcitonin
has an effect on patients with osteoarthritis (OA) in the
clinical trail [42] and improves cartilage erosion in the
experimental studies [43,44]. Elderly people have possibility of developing both osteoporosis and OA. Furthermore, calcitonin provides benefits of improving
osteoporosis itself, bone pain, hyperalgesia induced by
postmenopausal condition and OA. Calcitonin may provide the benefit of improving symptoms various ways. In
addition, clinical trials for calcitonin treatment on the different conditions of each disease are needed.
It has been reported that the decrease in number of serotonin receptors in OVX rats recovered after repeated injection of calcitonin, and it was concluded that the reversal
of the changes in serotonin receptors is one of the mechanisms of the analgesic actions of calcitonin [27]. Together
with the results showing that calcitonin inhibits formalininduced hypalgesia in a rat behavioral study [45], our
results indicate that calcitonin has an antinociceptive
effect in sham-operated rats. This result suggests that the
antinociceptive mechanism of calcitonin is activation as
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well as restoration of the descending inhibitory serotonergic system.
The suppressive effect of calcitonin that caused the smaller
number of c-Fos-producting neurons in the dorsal horn in
our study was abolished by PCPA. The behavioral studies
also demonstrated that the calcitonin-induced antinocciception was completely inhibited by intraperitoneal injection of PCPA [21,40]. Because PCPA is an inhibitor of
serotonin biosynthesis, the amount of serotonin was
decreased and the activity of the descending inhibitory
serotonergic system was degraded after PCPA injection.
Our results indicate that the involvement of central serotonergic system in the antinococeptive mechanism of calcitonin by immunohistochemical method, and is
congruent with the report of antinociceptive mechanism
through restoration of serotonin receptors [27].
The results in laminae III–IV and laminae V–VI were similar to the results in laminae I–II, however, the only statistically significant difference was observed between the
sham-calcitonin group and the sham-vehicle group.
Because the appearance of c-Fos in deep laminae (laminae
V–VI) represents transmission of secondary tissue inflammation, our results suggest that repeated injection of calcitonin also has an antinociceptive effect on nociceptive
stimulation by tissue inflammation. The fact that a significant difference observed only between the sham-calcitonin group and sham-vehicle groups may be result of the
difference in antinociceptive effect of calcitonin between
OVX rats and sham-operated rats and between restoration
and activation of descending inhibitory serotonergic system. Further studies are necessary to clarify the antinococeptive effect of calcitonin.

Conclusion
This is the first immunohistochemical study to investigate
hyperalgesia in OVX rats and the antinociceptive effect of
calcitonin. We concluded that the hyperalgesia in OVX rat
is attributable to changes in the descending inhibitory serotonergic system, that repeated systemic administration
of calcitonin has an antinociceptive effect, and that the
descending serotonergic inhibitory system is involved in
the mechanism of its antinociceptive action.

Competing interests
The atuhors declare that they have no competing interests.

Authors' contributions
All authors participated in the design of the study. BTK
and MSE performed the studies and drafted the manuscript. MSE and SKO performed statistical analysis. SKO
and SKI participated in coordination and helped to draft
the manuscript. All authors have read and approved the
final version of the manuscript.

Page 7 of 9
(page number not for citation purposes)

BMC Musculoskeletal Disorders 2008, 9:164

http://www.biomedcentral.com/1471-2474/9/164

Acknowledgements

22.

The authors would like to thank Mr. Akitoshi Ito PhD (Laboratory for Pharmacology Research Center in Asahi KASEI Pharma Corporation) for his
support of the surgical technical assistance, in addition to Mr. Akira Sato
and Mr. Kazuo Sasaki for expert technical assistance and histological analysis.

23.
24.

References
1.

2.

3.
4.
5.
6.
7.
8.
9.
10.
11.

12.
13.
14.
15.

16.

17.
18.
19.
20.
21.

Knopp JA, Diner BM, Blitz M, et al.: Calcitonin for treating acute
pain of osteoporotic vertebral compression fractures: a systematic review of randomized, controlled trials. Osteoporos Int
2005, 16:1281-1290.
Lyritis GP, Ioannidis GV, Karachalios T, et al.: Analgesic effect of
salmon calcitonin suppositories in patients with acute pain
due to recent osteoporotic vertebral crush fractures: a prospective double-blind, randomized, placebo-controlled clinical study. Clin J Pain 1999, 15:284-289.
Gobelet C, Waldburger M, Meier JL: The effect of adding calcitonin to physical treatment on reflex sympathetic dystrophy. Pain 1992, 48:171-175.
Roth A, Kolaric K: Analgetic activity of calcitonin in patients
with painful osteolytic metastases of breast cancer. Results
of a controlled randomized study. Oncology 1986, 43:283-287.
Albright F: Annals of internal medicine, volume 27,1947 Osteoporosis. Nutr Rev 1989, 47(3):85-86.
Beato M: Gene regulation by steroid hormones. Cell 1989,
56:335-344.
Wronski TJ, Lowry PL, Walsh CC, et al.: Skeletal alternations in
ovariectomized rats. Calcif Tissue Int 1985, 37:324-328.
Foreman LJ, Tingle V, Estilow S, et al.: The response to analgesia
testing is affected by gonadal steroids in the rat. Life Sci 1989,
45:447-454.
Franceschini R, Bottaro P, Panopoulos C, et al.: Long-term treatement with salmon calcitonin in postmenopausal osteoporosis. Curr Ther Res 1983, 34:795-800.
Hunt SP, Pini A, Evan G: Induction of c-fos like protein in spinal
cord neurons following sensory stimulation. Nature 1987,
328:632-634.
Menetrey D, Gannon A, Levine JD, et al.: Expression of c-fos protein in interneurons and projection neurons of the spinal
cord in response to noxious somatic, articular, and visceral
stimulation. J Comp Neurol 1989, 285:177-195.
Morgan JI, Curran T: Stimulus transcription coupling in the
nervous system: Involvement of the inducible proto-oncogenes fos and jun. Trends Neurosci 1989, 12:459-462.
Naranjo JR, Mellstörm B, Achaval M, et al.: Molecular pathways of
pain: Fos/Jun- mediated activation of a noncanonical AP-1
site in the predynorphim gene. Neuron 1991, 6:607-617.
Sonnenberg JL, Rauscher FJ, Morgan JI, et al.: Reguration of
proenkephalin by Fos and Jun. Sciensce 1989, 246:1622-1625.
Buritova J, Honore P, Besson JM: Ketoprofen produces profound
inhibition of spinal c-fos protein expression resulting from an
inflammatory stimulus but not from noxious heart. Pain 1996,
67:379-389.
Carrive P, Meyer-Carrive I: Changes in formalin-evoked spinal
Fos expression and nociceptive behavior after oral administration of bufferin A(aspirin) and L-5409709(ibuprofen+caffeine+paracetamol). Pain 1997, 70:253-266.
Lima D, Avelino A, Coimbra A: Differential activation of c-fos in
spinal neurons by distinct classes of noxious stimuli. Neuroreport 1993, 4:747-750.
Presley RW, Menetrey D, Levine JD, et al.: Systemic morphine
suppresses noxious stimulus evoked Fos protein-like immunoreactivity in the rat spinal cord. J Neurosci 1990, 10:323-335.
Hamba M, Muro M, Hiraide T, et al.: Expression of c-fos like protein of in the rat brain after injection of interleukin-1-beta
into the gingiva. Brain Res Bull 1994, 34:61-68.
Shibata K, Takeda M, Ito A, et al.: Ovariectomy-induced hyperalgesia and antinociceptive effect of elcatonin, a synthetic eel
calcitonin. Pharmacol Biochem Behav 1998, 60:371-376.
Molander C, Xu Q, Grant G: The cytoarchitectonic organization of the spinal cord in the rat : the lower thoratic and lumbosacral cord. J Comp Neurol 1984, 230:133-141.

25.
26.
27.

28.

29.
30.
31.
32.
33.

34.
35.
36.

37.

38.

39.

40.
41.

42.

43.

Dickenson AH, Sullivan AF: Subcutaneous formalin-induced
activity of doreal horn neurons in the rat; differential
response to an intrathecal opiate administered pre or post
formalin. Pain 1987, 30:349-60.
Dubuisson D, Dennis SG: The formalin test: a quantitative
study of the analgesic effects of morphine, meperidine, and
brain stimulation in rats and cats. Pain 1977, 4:161-174.
Tokunaga A, Doi M, Senba E: Effects of local anaesthesia on formalin-induced Fos expression in the rat dorsal horn. Neuroreport 1995, 6(17):2301-2304.
Ilaria C, Paolo F, Cosimo M, et al.: Long term ovareiectomy
changes formalin induced licking in female rats: the role of
estrogens. Reproductive Biology and Endocrinology 2003, 1:24.
Sanchez R, Nguyen D, Rocha W, et al.: Diversity in the mechanisms of gene regulation by estrogen receptors. Bioassays
2002, 24:244-254.
Ito A, Kumamoto E, Takeda M, et al.: Mechanisms for Ovariectomy-induced hyperalgesia and its relief by calcitonin: Participation of 5 HT1A-like receptor on C-afferent terminals in
Substantia Geratinoza of the Rat spinal cord. J Neurosci 2000,
20:6302-6308.
Kuraishi Y, Minami M, Satoh M, et al.: Serotonin, but neither
noradrenaline nor GABA, inhibits capsaicin-evoked release
of immunoreactive somatostatin from slices of rat spinal
cord. Neurosci Res 1991, 9:238-245.
Clementi G, Amico-Roxas M, Rapisarda E, et al.: The analgesic
activity of calcitonin and the central sertonergic system. Eur
J Pharmacol 1985, 108:71-75.
Fabbri A, Frarioli F, Pert CB, et al.: Calcitonin receptors in rat
mesencephalon medidate its analgesic actions: Autoradiographic and behavioral analyses. Brain Res 1985, 343:205-215.
Guidobono F, Netti C, Pagani F, et al.: Relationship between analgesia induced by centrally injected calcitonin to the CNS serotonergic system. Neuropeptides 1986, 8:259-271.
Spampinato S, Candeletti S, Cavicchini E, et al.: Antinociceptive
activity of salmon calcitonin injected intrathecally in the rat.
Neurosci Lett 1984, 45:135-139.
Guidobono F, Netti C, Pagani F, et al.: Evidence for different
classes of calcitonin binding sites in rat CNS: An autoradiographic study with carbo-calcitonin. Neurosci Lett 1987,
79:91-96.
Rizzo AJ, Golzman D: Calcitonin receptors in central nervous
system of the rat. Endocrinol Invest 1991, 14:47-51.
Gennari C, Agnusdei D: Calcitonin in bone pain management.
Curr Ther Res 1998, 44:712-722.
Elliott K, Brodsky M, Hynansky AD, et al.: Dextromethorphan suppresses both formalin-induced nociceptive behavior and the
formalin-induced increase in spinal cord c-fos mRNA. Pain
1995, 61:401-409.
Sun WZ, Shyu BC, Shieh JY: Nitrous oxide or halothane, or both,
fail to suppress c-fos expression in rat spinal cord dorsal horn
neurones after subcutaneous formalin. British J Anaesthesia
1996, 76:99-105.
Sekiguchi M, Shirasaka M, Konno S, et al.: Analgesic effect of percutaneously absorbed non-streroidal anti-inflammatory
drugs: an experimental study in a rat acute inflammation
model. BMC Musculoskelet Disord 9:15.
Sun X, Yokoyama M, MIzobuchi S, et al.: The effetcts of pretreatment with lidocaine or bupivacaine on the spatial and temporal expression of c-Fos protein in the spinal cord caused by
plantar incision in the rat. Anesth Analg 2004, 98:1093-1098.
Silverman SL, Azria M: The analgesic role of calcitonin following
osteoporotic fracture. Osteoporos Int 2002, 13:858-67.
Karsdal MA, Henriksen K, Arnold M, et al.: Calcitonin – A drug of
the past or for the future? Physiologic inhibition of bone
resorption while sustaining osteoclast numbers improve
bone quality. BioDrugs 2008, 22(3):137-144.
Tanko LB, Sondergaard BC, Oestergaard S, et al.: An update review
of cellular mechanisms conferring the indirect and direct
effects of estrogen on articular cartilage. Climacteric 2008,
11:4-16.
Oesterggard S, Sondergaard BC, Hoegh-Andersen P, et al.: Effects of
ovariectomy and estrogen therapu on type II collagen degradation and structural integrity of articular cartilage in rats.
Arthritis Rheum 2006, 54:2441-51.

Page 8 of 9
(page number not for citation purposes)

BMC Musculoskeletal Disorders 2008, 9:164

44.

45.

http://www.biomedcentral.com/1471-2474/9/164

Sondergaard BC, Oestergaard S, Christiansen C, et al.: The effects
of oral calcitonin on cartilage turnover and surface erosion
in an ovariectomaized rat model. Arthritis Rheum 2007,
56:2674-8.
Umeno H, Nagasawa T, Yamazaki N, et al.: Antinociceptive effects
of repeated systemic injections of calcitonin in formalin induced hyperalgesic rats. Pharmacol Biochem Behav 1996,
55:151-156.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2474/9/164/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9
(page number not for citation purposes)

