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Double-blind trials conducted in the early 1980s showed that subcutaneous injections of salmon calcitonin
in patients suffering from mania resulted in significant decreases in irritability, euphoria and hyperactivity.
Although these results were promising, there were no follow-up studies in this area. A MEDLINE search
into the effect of calcitonin on neuronal tissues revealed that calcitonin affects neuronal tissues in a man-
ner similar to thac of the currently accepted mood-stabilizing agents — namely by modulating intracellular
second messenger signalling mechanisms, stabilizing neuronal membranes and inhibiting neuronal calcium
influx. We suggest that these effects of calcitonin on neuronal tissues, combined with earlier clinical re-
search showing its efficacy in treating the acute symptoms of mania, make calcitonin a candidate for fur-
ther research in the treatment of bipolar disorder.

Des études a double insu réalisées au début des années 80 ont montré que des injections sous-cutanées
de calcitonine de saumon chez les patients atteints de manie réduisent considérablement l'irritabilité, I'eu-
phorie et I'hyperactivité. Méme si ces résultats étaient prometteurs, on n’a réalisé aucune étude de suivi
dans ce domaine. Une recherche dans MEDLINE sur I'effet de la calcitonine sur les tissus neuronaux a
révélé qu'elle les affecte un peu comme les thymorégulaturs courants — c’est-a-dire en modulant les mé-
canismes de signalisation du second messager intracellulaire, en stabilisant les membranes neuronales et
en inhibant I'influx de calcium neuronal. Nous sommes d’avis que, compte tenu de ces effets de la calcito-
nine sur les tissus neuronaux, conjugués a la recherche clinique antérieure qui en a démontré I'efficacité
pour traiter les symptdémes aigus de la manie, il est justifié de pousser les recherches sur l'utilisation de la
calcitonine pour le traitement des troubles bipolaires.

The only clinical investigation of the use of calcitonin
in the treatment of mania was conducted by Carman
et al' in 1984. Thirty patients suffering from either
psychosis or mania participated in a double-blind

placebo-controlled crossover trial. There was a sub-
stantial and significant reduction in agitation scores in
more than 85% of the patients with mania, from 2 to
30 hours after injections of active salmon calcitonin.
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The patients with mania who received salmon calci-
tonin had significantly lower scores on the Global Ma-
nia Scale and on the Mania component of the Brief
Psychiatric Rating Scale (BPRS) than when they re-
ceived a placebo. This effect was observed even in pa-
tients taking stable dosages of neuroleptics or lithium
and thought to have reached maximal improvement.
Calcitonin significantly reduced euphoria, irritability
and hyperactivity in 26 of the 30 patients with mania.
On the Depression component of the BPRS there was
a concomitant increase in scores, but no change in
scores on the Psychosis component.

To evaluate the hypothesis that exogenously ad-
ministered calcitonin might correct a deficiency in en-
dogenous calcitonin, cerebrospinal fluid (CSF) sam-
ples were drawn and calcitonin levels measured by
radioimmunoassay. CSF calcitonin levels were signifi-
cantly lower in patients with mania than in the con-
trol group and in people who were depressed or had
recovered from bipolar disorder. Furthermore, the
percentage of patients suffering from mania with de-
tectable CSF calcitonin was 11%, whereas the percent-
age in the control group was 57%. While promising,
this research is limited by a number of methodologi-
cal problems, demonstrates acute effects only, and
does not address the question of long-term efficacy.
Since 1984 no further research has been conducted in
this area.

We are aware of a patient with refractory bipolar
disorder who experienced a marked reduction in the
frequency and severity of her manic and depressive
episodes when she began taking calcitonin to treat os-
teoporosis. A MEDLINE search was conducted for ar-
ticles that examined the relation between calcitonin
and bipolar disorder. The results of this search sug-
gested that calcitonin may play a role in the patho-
genesis and treatment of bipolar disorder. In this arti-
cle we will review the effects of calcitonin on central
neurotransmitters and on the second messenger sys-
tems that are thought to be relevant in the treatment
of bipolar disorder. These effects will be compared
with the hypothesized mechanisms of action of the
known mood stabilizers.

Calcitonin hormones
Calcitonin is a 32-amino-acid polypeptide hormone. It

is secreted primarily by the parafollicular, or C-cells,
of the thyroid gland, which are of neural crest origin.

These cells migrate to other locations during embry-
onal development to become secondary sites of calci-
tonin production; as a result, detectable levels of calci-
tonin are present even after a total thyroidectomy. In
humans these sites include the lungs, adrenal glands,
thymus, gastrointestinal tract and the central nervous
system (CNS).

The calcitonin gene, recently mapped to the 11p15.1-
15.2 region of chromosome 11,’ exists as 2 copies, the
CALCA gene and the CALCB gene. The primary RNA
transcript of the CALCA gene undergoes tissue-
specific splicing, resulting in the production of either
the 32 AA calcitonin or the 37 AA calcitonin-gene-re-
lated-peptide (CGRP-). In the thyroid gland the prin-
cipal product is calcitonin, but in the CNS and periph-
eral nervous system (PNS) the primary product is
CGRP. The CALCB gene encodes CGRP-88 and is pri-
marily expressed in the CNS. Calcitonin is known to
inhibit bone reabsorption by osteoclasts and to in-
crease renal excretion of calcium. CGRP is a potent va-
sodilator and may be one of the principal regulators of
splanchnic and cerebral blood flow.

It has been hypothesized that in phylogenetic evo-
lution calcitonin was a neurotransmitter that assumed
the additional function of a classic endocrine hor-
mone in more complex organisms, as has been
demonstrated for thyrotropin-releasing hormone
(TRH). Given the neuroectodermal origin of calci-
tonin-producing cells and the broad distribution of
calcitonin-binding sites in the CNS, it is reasonable to
assume that calcitonin directly affects neuronal tis-
sues, either as a regulator of neuronal calcium distrib-
ution, a modulator of neuronal response or a neuro-
transmitter.

CNS distribution of calcitonin/CGRP

While calcitonin is the primary gene product pro-
duced in the thyroid, and CGRP in the CNS/PNS,
both calcitonin and CGRP receptors are widespread
in the CNS. There appear to be receptor subsets spe-
cific to calcitonin, others that are specific to CGRP,
and still others that can bind either calcitonin or
CGRP.* Calcitonin-binding sites are most highly con-
centrated in the hypothalamus, circumventricular or-
gans, preoptic nucleus, nucleus accumbens, amyg-
daloid nucleus, dorsal raphe nucleus, zona incerta
and anterior pituitary. CGRP-binding sites are more
widespread; they are found in high densities in re-
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gions of the brain related to the olfactory, visual and
auditory systems, in the thalamus and cerebellum, in
the nucleus accumbens, in the amygdaloid nucleus
(with highest concentrations in the central amyg-
daloid nucleus), in the striatum and in the pituitary
gland.**

Sites with receptors showing a high affinity for both
calcitonin and CGRP include the area postrema, the
organosum vasculosum of the lamina terminalis, the
stria terminalis, the ventral striatum, the nucleus ac-
cumbens, the central nucleus of the amygdaloid, and
the wings of the dorsal raphe nucleus.* The ability of
CGRP to mimic the effects of centrally administered
calcitonin**"? supports the hypothesis that there is a
high degree of cross-reactivity between calcitonin and
CGRP in the CNS.

The calcitonin and CGRP receptors belong to the G-
protein-coupled family of receptors. Specifically, they
are members of the receptor subfamily, which in-
cludes parathyroid hormone, corticotropin-releasing
hormone, growth hormone releasing hormone (GH-
RH), vasoactive intestinal polypeptide, glucagon and
secretin. The calcitonin receptor is coupled to the
phospholipase C and adenylate cyclase second mes-
senger systems."" It is capable of modulating phos-
phatidylinositol (PI) hydrolysis and can bind to both
Gi and Gs proteins, thereby decreasing or increasing
the activity of adenylate cyclase and the intracellular
levels of cyclic adenosine monophosphate (cAMP).*

Neuronal effects of calcitonin and its
relevance to the treatment of mania

The pathogenesis of bipolar disorder is unknown. The
causes of the disease are probably highly heteroge-
neous. What is known has largely been deduced by
studying the biological markers in patients with bipo-
lar disorder, and by extrapolating from the presumed
mechanisms of actions of the currently accepted
mood-stabilizing drugs. With respect to biological
markers, it has been noted that the platelets and lym-
phocytes of patients with bipolar disorder have
higher levels of intracellular calcium than those of
healthy people, and that these levels normalize after
treatment.” Both lithium and carbamazepine have
been noted to reduce [Ca2]i in patients with bipolar
affective disorder, but not in healthy people.” In re-
sponse to 5-hydroxytryptamine (5-HT, serotonin)
stimulation, patients with bipolar disorder were

noted to have higher intracellular calcium levels than
people in a control group.* These observations have
led to speculation that the pathogenesis of bipolar dis-
order may lie in a disturbance of intracellular calcium
dynamics. Interest has thus focused on the function-
ing of cellular systems that regulate intracellular cal-
cium levels, in particular the functioning of the G-
protein-coupled PI and calcium-ion second messenger
systems. It has been hypothesized that, in patients
with bipolar disorder, G-proteins or the PI systems
are hyperactive or hyper-responsive, resulting in ele-
vated levels of intracellular calcium.” Effective mood
stabilizers appear to dampen excessive intracellular
signalling by inhibiting calcium mobilization, dimin-
ishing generation of PI second messengers, inhibiting
protein kinases, directly inhibiting G-protein/recep-
tor coupling, or dampening neuronal excitability."**

It has not been proven whether an abnormality of
intracellular calcium homeostasis is pathogenically rel-
evant to bipolar disorder. Modulation of neuronal cal-
cium levels and influx has, however, been hypothe-
sized to be a clinically useful marker of therapeutic
efficacy. Lithium, as previously noted, reduces [Ca2+]i
in the cells of patients with bipolar affective disorder.
This is presumed to be a result of the ability of lithium
to either suppress the activity of the inositol 1,4,5-
triphosphate (IP,;) second messenger system or to de-
couple calcium flux regulating G-proteins from their
receptors.” Similarly, the antiepileptics have been
noted to modulate glutamate-induced Ca2+ influx or
inhibit glutamate release. Perhaps the most direct evi-
dence has been the efficacy of the calcium-channel
blockers in the treatment of bipolar disorder.

Calcitonin, lithium
and second messenger systems

Despite recent advances in the treatment of patients
with bipolar disorder, lithium probably remains the
most widely used mood-stabilizing agent. However,
the precise mechanism of action of lithium remains un-
clear. Attention has focused on the ability of lithium to
inhibit myo-inositol monophosphatase activity and
thereby modulate receptor activated, phosphoinositide
or protein kinase C mediated signal transduction.?#

The inositol phosphate / IP; system

Inositol phosphates play a major role in receptor-
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mediated signal transduction. Membrane PI hydroly-
sis is stimulated by the activation of muscarinic (M1,
M3, M5), a-adrenergic and serotonergic (5-HT,) recep-
tor subtypes, as well as by histamine, TRH and gluta-
mate receptor activation. Phosphotidylinositol 4,5-
biphosphate (PIP,) hydrolysis by phospholipase C in
turn generates the intracellular second messengers
IP3 and diacylglycerol (DAG). DAG activates protein
kinase C (PKC), which phosphorylates intracellular
enzymes and proteins, altering their activity. IP, facili-
tates the release of calcium from intracellular stores.
This increase in intracellular calcium results in a posi-
tive feedback-induced release of additional calcium,
further activation of PKC, and activation of cellular
processes.

Calcitonin has been observed to inhibit hydrolysis of
inositol phosphate in neuronal, pituitary and osteo-
blastic tissues.”* This in turn inhibits the release of
calcium from intracellular stores and inhibits the in-
flux of extracellular calcium.” The ability of calcitonin
to inhibit TRH-stimulated inositol phosphate produc-
tion in anterior pituitary cells is well established.”?* Of
particular interest with respect to a possible role in the
treatment of bipolar disorder is the apparent ability of
peripherally administered eel calcitonin to inhibit nor-
epinephrine- and serotonin-stimulated inositol phos-
pholipid hydrolysis in diffuse regions of the hip-
pocampus and cerebral cortex.* The effect is specific to
the adrenergic and serotonergic systems, as carbamyl-
choline-induced and basal IP, levels were unchanged.
This suggests that, unlike lithium, calcitonin does not
exert its effect by generally inhibiting phosphoinositi-
dase. The administration of calcitonin did not affect
prazosin binding, suggesting that calcitonin exerts its
effect by decreasing coupling between a-adrenergic
receptor sites and phosphoinositidase, rather than by
decreasing the number or affinity of adrenergic recep-
tors. Calcitonin also appeared to enhance signal trans-
duction at B8-adrenergic receptors, as reflected in the
potentiation of B-adrenergic stimulated cAMP accu-
mulation. Both calcitonin and ketanserin, a specific 5-
HT, receptor antagonist, reduced serotonin-induced
IP, hydrolysis in the hippocampus and cerebral cortex.
Calcitonin does not have any specific antagonistic
properties at 5-HT, receptors, suggesting that it may
act by inducing a down-regulation of 5-HT, recep-
tors.” This may be the result of a long-term increase in
serotonin levels.”*

The inhibition of inositol phospholipid hydrolysis

by calcitonin is of interest in the treatment of bipolar
disorder, since this is also the hypothesized mecha-
nism of action of lithium. Lithium, at therapeutic con-
centrations, is an inhibitor of the enzyme inositol
monophosphatase, which plays a role in the recycling
of inositol phosphates. Studies have shown that
lithium inhibits norepinephrine-stimulated inositol
phospholipid hydrolysis,” an effect also exhibited by
peripheral calcitonin administration.

The cyclic AMP system

It is generally accepted that calcitonin increases levels
of cAMP by interacting with Gs-coupled receptors,
which activate adenylate cyclase. Studies have shown
that peripheral calcitonin administration increases
serum levels of cAMP and also potentiates the in-
crease in cAMP observed after 8-adrenergic receptor
activation. In contrast, a study has shown that calci-
tonin administration reduces levels of cCAMP in se-
lected areas of the brain in rats, although these results
have not been replicated.”

With respect to the treatment of patients with bipo-
lar disorder, the effect of currently available mood-
stabilizers on cAMP is not clear. While some studies
report decreased basal and epinephrine-induced
cAMP levels after lithium administration,* others
have shown tissue- and region-selective increases in
basal cAMP levels with blunted 5-adrenoceptor-
stimulated cAMP responses.” This increase in basal
cAMP levels is thought to result from decreased re-
ceptor coupling to inhibitory G-proteins (Gi), which
removes a tonic inhibition on cAMP levels.* Long-
term lithium treatment has been shown to result in an
increase in both basal and post-receptor-stimulated
adenylate cyclase activity in platelets,* which is
thought to be most compatible with the attenuation of
Gi functioning. Whether calcitonin and lithium affect
cAMP levels in similar and clinically relevant ways in
patients with bipolar disorder is unknown. What is
known is that they both exert an effect on G-protein-
coupled adenylate cyclase activity and alter intracel-
lular levels of cAMP.

Calcitonin, anticonvulsants
and neuronal stabilization

In the past decade there has been an increasing
awareness that anticonvulsants are efficacious in the
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treatment of patients with bipolar disorder. While
lithium appears to inhibit overactivity by suppressing
signal-transduction pathways, it is hypothesized that
anticonvulsants reduce the spread of any abnormal or
excessive neuronal activity that may be present in pa-
tients with mania.” The exact mechanism of action is
unknown, but likely candidates are the ability of anti-
convulsants to inhibit rapid neuronal firing by de-
creasing sodium conductance, to antagonize the neu-
roexcitatory effects of glutamate, and to inhibit
glutamate release. Inhibition of neuronal depolariza-
tion would in turn inhibit calcium influx through
voltage-gated calcium channels. Interestingly, lithium
also appears to inhibit N-methyl-D-aspartate
(NMDA)-receptor-stimulated Ca2+ influx by inhibit-
ing NMDA receptor-coupled PI systems.

Calcitonin and anticonvulsants share many neu-
ronal actions. Calcitonin inhibits spontaneous neu-
ronal activity in a dose-dependent manner.”** This
appears to be due to the induction of a slow outward
current associated with a decrease in Na+ conduc-
tance causing membrane hyperpolarization. This ef-
fect is mimicked by applying forskolin, a potent
adenylate cyclase activator, and is potentiated by
phosphodiesterase inhibitors, suggesting that the ef-
fect is mediated by an increase in intracellular cAMP.
Sobaniec et al* demonstrated that peripherally ad-
ministered calcitonin exerts an anticonvulsive effect
in rats similar to that exerted by valproic acid.

Calcitonin and glutamate

Glutamate is an excitatory-amino-acid neurotransmit-
ter that stimulates phosphoinositol hydrolysis, IP,
generation and neuronal calcium influx. The NMDA
receptor subtype is primarily involved in the regula-
tion of intracellular free calcium concentrations. In ad-
dition to suppressing spontaneous neuronal activity,
calcitonin also suppresses glutamate-evoked neuronal
activity® and antagonizes glutamate-induced aversive
behaviour.**” Calcitonin potentiates the inhibition of
quinolinic acid by MK-801 and PCP (non-competitive
NMDA antagonists), but not by CPP and 7C1K (com-
petitive NMDA antagonists).* This suggests that the
calcitonin effect is not mediated by interaction at the
NMDA receptor, but might be mediated by the inter-
action at a calcium ion channel. An alternative hy-
pothesis is that calcitonin antagonizes glutamate (an
IP,/DAG stimulator) by inhibiting the IP,/DAG sec-

ond messenger system. CGRP is also a potent neu-
ronal stabilizer and suppresser of excitatory-amino
acid-induced activity, with the ability to completely
abolish the response of Purkinje’s cells in the cerebel-
lum to aspartate.” The success of lamotrigine (a gluta-
mate release inhibitor) in the treatment of patients
with refractory bipolar disorder* suggests that the an-
tagonism of glutamate-induced calcium influx may be
a target for treatment.

Calcitonin, calcium-channel blockers
and neuronal calcium flux

Calcium is a ubiquitous intracellular signaller. It can
be mobilized not only through the PI system, but also
by a variety of stimuli. There are 3 voltage-gated
membrane calcium channels, L, N, and T, that allow
calcium to enter cells in response to neuronal depolar-
ization. Binding of the calcium-channel blockers to re-
ceptors on the calcium channels results in a marked
decrease in transmembrane calcium currents.
Increased intracellular calcium levels and enhanced
serotonin-induced platelet calcium mobilization have
been noted in patients with bipolar disorder.” This has
focused attention on derangements of neuronal calcium
homeostasis as a possible pathogenic mechanism of
bipolar disorder. Trials with calcium-channel blocking
agents, such as nimodipine, have shown encouraging
results; however, their use is restricted because of ad-
verse side effects. Presumably as a result of the modula-
tion of the IP,/DAG system, calcitonin inhibits calcium
flux into neuronal tissue. In this manner, calcitonin
mimics the effect of the calcium-channel blockers. Calci-
tonin has been shown to inhibit the TRH-stimulated in-
crease in intracellular calcium in anterior pituitary
cells”* and in osteoblast-like cells.* It has also been
shown to inhibit calcium uptake by hypothalamic tis-
sues — this is thought to be the mechanism by which
calcitonin activates serotonergic pathways.* Calcitonin
increased the effects of co-administered nimodipine on
brain amines (increased 5-hydroxyindoleacetic acid
[5-HIAA], 5-HIAA/5-HT ratio and 5-HT levels), pre-
sumably by inhibiting neuronal calcium influx. Ni-
modipine and calcitonin had a purely additive effect on
brain amines, suggesting a similar mechanism of action.

Calcitonin and the amine neurotransmitters

Peripherally administered calcitonin has many ob-
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servable effects on CNS levels of brain neurotransmit-
ters. As previously noted, calcitonin increases brain 5-
HT and 5-HIAA levels,** particularly in the hypo-
thalamus and hippocampus. The precise role of the
disturbances in serotonergic tone in the pathogenesis
of bipolar disorder is unknown; however, serotonin is
known to dampen or inhibit a number of functions
subserved by other neurotransmitters. Some studies
have observed lower CSF levels of 5-HIAA in patients
with mania and in patients with bipolar disorder who
are depressed; these levels persist after recovery.” Re-
cent postmortem studies have also indicated reduced
5-HT turnover and reduced 5-HIAA levels in the
brains of patients with bipolar disorder.” The permis-
sive theory of bipolar disorder holds that both the
manic and depressed phases of bipolar disorder are
characterized by low central 5-HT function, and thus
defective serotonergic dampening of other neuro-
transmitter systems (especially norepinephrine and
dopamine). Serotonin is thought to serve as a “neuro-
chemical brake” on certain innate behaviour, and the
loss of serotonergic tone is thought to result in a loss
of control over impulsiveness or aggression or both.”
Calcitonin may have a role in treating bipolar disor-
der by enhancing serotonergic tone and increasing the
serotonergic modulation of other neurotransmitter
systems. Calcitonin is unlikely to affect all serotoner-
gic neurons in a similar way. It appears to antagonize
phosphoinositide hydrolysis at 5-HT, post-synaptic
receptors and facilitate cCAMP increases at 5-HT), re-
ceptors.®

Mania has been thought to be a state of increased
dopaminergic drive. Calcitonin has been hypothe-
sized to decrease dopamine levels in the substantia ni-
gra and striatum, which explains the ability of calci-
tonin to potentiate haloperidol-induced catalepsy and
depress amphetamine-induced locomotor activity.*>
L-dopa and amphetamines are both capable of induc-
ing manic/hypomanic states, especially in susceptible
patients with bipolar disorder. Amphetamine behav-
ioural responses, such as increased locomotion, ag-
gression and enhanced startle response, can be re-
versed with long-term treatment with lithium and
neuroleptics.” The ability of calcitonin to reduce am-
phetamine-induced locomotor activity may provide
an animal model for the effectiveness of calcitonin in
the treatment of mania.

As previously noted, calcitonin inhibits a.1-adrener-
gic induced IP, hydrolysis and potentiates f-adrener-

gic cAMP accumulation. Mania is thought to be a con-
dition of a-adrenergic overactivity,” and recent post-
mortem studies have indicated that patients with
bipolar disorder have enhanced levels of norepineph-
rine.” This is consistent with the hypothesized de-
creased calcitonergic tone in patients with mania, as is
the observed decreased binding at 8-adrenergic recep-
tors in the lymphoblastoid cells in some families with
bipolar disorder.”

Interestingly, recent studies have postulated a link
between elevated CSF CGRP levels and depression.™
The behavioural and neuroendocrine effects of calci-
tonin/CGRP mimic those found in the human depres-
sive syndrome (anorexia, locomotor retardation, sleep
disturbance, decreased levels of GH/TSH/PRL, and
increased levels of adrenocorticotropic hormone
[ACTH] and cortisol). The clinical efficacy of tricyclic
antidepressants, which are capable of antagonizing
the behavioural effects of calcitonin,” appears to be
related to their ability to down-regulate postsynaptic
B-adrenergic receptors or decrease the 3-adrenergic
stimulation of cAMP*' while increasing synaptic levels
of norepinephrine and possibly serotonin. Thus, it
could be hypothesized that one of the mechanisms by
which tricyclics may be effective in the treatment of
depression is by modulating calcitonin/CGRP in-
duced $-adrenergic potentiation, and a-adrenergic
and serotonergic inhibition. Calcitonin release in the
thyroid gland is under B-adrenergic control. If CNS
calcitonin is similarly under $-adrenergic control,
then the alleviation of some of the behavioural mani-
festations of depression by tricyclics may be sec-
ondary to decreased CNS calcitonin/CGRP release.

Discussion

Despite very encouraging results from double-blind
placebo-controlled trials,' there have been no further
studies examining the efficacy of calcitonin to treat
mania. In part, this may be due to the continuing and
unresolved debate about whether peripherally admin-
istered calcitonin has access to the CNS. Some authors
have suggested that calcitonin achieves a wide CNS
distribution after peripheral administration,*** but the
evidence is inconclusive and other studies appear to
contradict this result.®** Clinical studies have demon-
strated effects at the level of the CNS and adjacent
structures after the peripheral administration of calci-
tonin. Behavioural effects include anorexia,"*% the in-
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hibition of locomotor activity,"* depressed mood' and
analgesia.®** Neuroendocrine effects include de-
creased levels of growth hormone (GH) and decreased
GH response to GH-RH,** decreased levels of thyroid
stimulating hormone (TSH) and decreased TSH re-
sponse to TRH,"” elevated serum levels of ACTH, 8-
endorphin and cortisol,**#%”" and elevated CNS sero-
tonin levels.?* One cannot, however, rule out the
possibility that the central actions of peripherally ad-
ministered calcitonin listed above represent the effects
of calcitonin binding to accessible CNS sites in the cir-
cumventricular organs™ and the pituitary.

On the other hand, studies have shown that periph-
erally administered calcitonin can have widespread
neuronal effects, such as increased latency of brain
stem auditory evoked potentials” and general anti-
convulsant properites, which would support the use
of calcitonin to treat CNS disorders. Furthermore,
Carman et al' have shown that, in monkeys, salmon
calcitonin enters CSF from 2 to 30 hours after subcuta-
neous administration, with peak levels between 12
and 18 hours. This time course matches closely the
observed behavioural effects of peripherally adminis-
tered salmon calcitonin, suggesting that these behav-
ioural effects represent the direct effects of calcitonin
in the CNS.

Although there has been no further work since the
initial trials by Carman et al' on the efficacy of calci-
tonin in patients with mania, a substantial body of evi-
dence has accumulated over the past few years on the
neuronal effects of calcitonin, which are as follows:
¢ it inhibits inositol phospholipid hydrolysis and IP,

generation;

e it inhibits DAG/PKC mediated protein phosphory-
lation;

e it alters G-protein-coupled cAMP activity;

e it inhibits NMDA-induced calcium influx;

e it stabilizes neuronal activity and may have anti-
seizure activity;

e it antagonizes dopaminergic activity; and

e it facilitates serotonergic activity.

These effects are shared by the currently accepted
mood-stabilizing medications such as lithium, dival-
proex sodium and carbamazepine. The foregoing sug-
gests that calcitonin warrants further study as a po-
tential mood-stabilizing agent.

It is interesting to speculate whether a derangement
of calcitonin regulation may be involved in the patho-
genesis of bipolar disorder. Carman et al' reported

lower CSF levels of calcitonin in patients with mania
than in people in a control group or in patients with
schizophrenia. The calcitonin gene has recently been
mapped to the 11p15.1-15.2 region on the short arm of
chromosome 11, in the region of the HRAS oncogene
and the tryptophan hydroxylase gene. This is also the
putative site of the bipolar gene identified by Egeland
et al” in Amish families. Hence, a primary genetic de-
fect involving the calcitonin gene or its promoter se-
quences may play a role in the pathogenesis of bipo-
lar disorder in some families.

References

1. Carman J S, Wyatt ES, Smith W, Post RM, Ballenger ES. Cal-
cium and calcitonin in bipolar affective disorder. In: Ballenger
JC, Post RM, editors. Neurobiology of mood disorders. Baltimore:
Williams & Wilkins; 1984.

2. Silva OL, Becker KL. Immunoreactive calcitonin in extra-thy-
roidal tissues. In: Pecile A, editor. Calcitonin 1980: chemistry,
physiology, pharmacology and clinical aspects. Proceedings of an In-
ternational Symposium on Calcitonin; 1980 Oct 15-17; Milan,
Italy. p. 144-53.

3. Hoovers JMN, Redeker E, Speleman F, Hoppener JWM, Bhola
S, Bliek J, et al. High-resolution chromosomal localization of
the human calcitonin/CGRP/IAPP gene family members. Ge-
nomics 1993;15:525-9.

4. Sexton PMJ, McKenzie ]S, Mendelsohn O. Evidence for a new
sub-class of calcitonin/calcitonin gene-related peptide binding
site in the rat brain. Neurochem Int 1988;12:323-35.

5. Skofitsch G, Jacobowitz DM. Calcitonin and calcitonin gene re-
lated peptide binding sites in the rat central nervous system.
Ann N Y Acad Sci 1992;657:420-2.

6. Fischer JA, Sagar SM, Martin B .Characterization and regional
distribution of calcitonin binding sites in the rat brain. Life Sci
1981;29:663-71.

7. Olgiati VR, Guidobono F, Netti C, Pecile A. Localization of cal-
citonin binding sites in rat central nervous system: evidence of
its neuroactivity. Brain Res 1982;265:209-15.

8. Henke H, Tobler PH, Fischer JA. Localization of salmon calci-
tonin binding sites in the rat brain by autoradiography. Brain
Res 1983,272:373-7.

9. Twery MJ, Moss RL. Calcitonin and calcitonin gene-related
peptide alter the excitability on neurons in the rat forebrain.
Peptides 1985;6:373-8.

10. Tannenbaum GS, Goltzman D. Calcitonin gene-related pep-
tide mimics calcitonin actions in brain on growth hormone re-
lease and feeding. Endocrinology 1985;116:2685-7.

11. Goltzman D, Mitchell J. Interaction of calcitonin and calcitonin
gene-related peptide at receptor sites at target tissues. Science
1985;227:1343-5.

12. Krahn DD, Gosnell BA, Levine AS, Morley JE. Effects of calci-
tonin gene-related peptide on food intake. Peptides

Vol. 23, no 2, 1998

Journal of Psychiatry & Neuroscience 115



Vik

and Yatham

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

1984;5:861-4.

Moore EE, Kuestner RE, Stroops D, Grant F], Mathewes SL,
Braday CL, et al. Functionally different isoforms of the human
calcitonin receptor result from alternative splicing of the gene
transcript. Mol Endocrinol 1995;9:959-68.

Nussenzveig DR, Thaw CN, Gershengorn MC. Inhibition of
inositol phosphate second messenger formation by intracellu-
lar loop one of a human calcitonin receptor. | Biol Chem
1994;269:28123-9.

Chakraborty M, Chatterjee D, Kellokumpu S, Rasmussen H,
Baraon R. Cell-cycle dependent coupling of the calcitonin re-
ceptor to different G-proteins. Science 1991;251(4997):1078-81.

Dubovsky SL, Thomas M, Hijazi A, Murphy J. Intracellular
calcium signaling in peripheral cells of patients with bipolar
affective disorder. Eur Arch Psychiatry Clin Neurosci
1994;243:229-34.

Dubovsky SL, Murphy J, Christiano J, Lee C. The calcium sec-
ond messenger system in bipolar disorders: data supporting
new research directions. | Neuropsychiatry Clin Neurosci
1992;4:3-14.

Freidman E, Wang HY. Receptor-mediated activation of G-
proteins is increased in post-mortem brains of bipolar affective
disorder subjects. | Neurochem 1996;67:1145-52.

Lennox RH, Watson DG. Lithium and the brain: a psy-
chopharmacological strategy to a molecular basis for manic
depressive illness. Clin Chent 1994;40:309-14.

Warsh J], Li PP. Second messenger systems and mood disor-
ders. Curr Opin Psychiatry 1996,9:23-9.

Casebolt TM, Jope RS. Chronic lithium treatment reduces nor-
epinephrine-stimulated inositol phospholipid hydrolysis in rat
cortex. Eur | Pharmacol 1987;140:245-6.

Casebolt TL, Jope RS. Effects of chronic lithium treatment on
protein kinase C and cyclic AMP dependent protein phospho-
rylation. Biol Psychiatry 1991;25:329-40.

Judd AM, Kubota T, Kuan SI, Jarvis D, Spangelo BL, Macleod
RM. Calcitonin decreases TRH stimulated prolactin release
through a mechanism that involves inhibition of inositol phos-
phate production. Endocrinology 1990;127:191-9.

Clementi G, Favit A, Curreri R, Nicoletti F, Scapagnini U. Re-
peated calcitonin treatment reduces the stimulation of inositol
phosholipid by norepinephrine and serotonin in rat hip-
pocampus and cerebral cortex. Brain Res 1988;478:138—42.

Sortino MA, Canonico PL, Clementi G. Bimodal action of
[Asu]eel-calcitonin on phoshoinositide hydrolysis in cultured
anterior pituitary cells. Eur | Pharmacol 1991;207:345-50.

Sortino MA, Aleppo G, Scapagnini U, Canonico PL. Ipri-
flavone inhibits the phosphoinositide hydrolysis and Ca+ up-
take in the osteoblast-like UMR-106 cells. Eur | Pharmacol
1992,226:273-7.

Epand RM, Stafford AR, Orlowski RC. Calcitonin inhibits the
rise of intracellular calcium induced by thyrotropin-releasing
hormone in GH3 cells. Cell Calcium 1989;10:145-9.

Nakhla AM, Latif A. Response of rat brain to calcitonin alter-
ation. Brain Res 1982:238:489-93.

29.

31

32.

33.

35.

36.

38.

40.

41.

42.

43.

44.

45.

Nakhla AM, Majumdar AP. Calcitonin-mediated changes in
plasma tryptophan and brain 5-HT and acetylcholinesterase
activity in rats. Biochemistry | 1978;170(2):445-8.

Gaggi R, De lasio R, Gianni AM. Relationships between the ef-
fects of peripherally administered salmon calcitonin on cal-
cemia and brain biogenic amines. [pn | Pharmacol 1989;51:
309-20.

Gaggi R, Chirivi L, Roncada P, Gianni AM. Calcitonin en-
hances the effects of nimodipine on biogenic amines of rat
brain. Gen Pharmacol 1992;23(3):561-3.

Dupuy B, Peuchant E, Vitello S, Jensen R, Baghdiantz A, Blan-
quet P. Tryptophan and neutral amino acid concentrations in
serum of rats after salmon calcitonin injection. Experientia
1983;39:294-6.

Nicosia S, Guidobono F, Musanti M, Pecile A. Inhibitory ef-
fects of calcitonin on adenylate cyclase activity in different rat
brain areas. Life Sci 1986;39:2253-62.

Mork A, Geisler A. Effects of lithium ex vivo on the GTP-me-
diated inhibition of calcium-stimulated adenylate cyclase ac-
tivity in rat brain. Eur ] Pharmacol 1989;168:347-54.

Masana MI, Bitran JA, Hsiao JK, Mefford IN, Potter WZ.
Lithium effects on noradrenergic-linked adenylate cyclase ac-
tivity in intact rat brain: an in vivo microdialysis study. Brain
Res 1990;538:333-6.

Manji HK, Potter WZ, Lennox RH. Signal transduction path-
ways. Molecular targets for lithium'’s actions. Arch Gen Psychi-
atry 1995;52:531-3.

Post BM, Weiss SRB, Chuang DM. Mechanisms of action of
anticonvulsants in affective disorders: comparisons with
lithium. | Clin Psychopharmacol 1992;12:235-35S.

Shimizu N, Omura Y. Calcitonin-induced anorexia in rats: evi-
dence for its inhibitory action on lateral hypothalamic
chemosensitive neurons. Brain Res 1985;367:128-40.

Prato A, Scapagnini U, Rapisarda E, Giuffrida R, Palmeri A,
Caruso A, et al. Analgesic activity of a synthetic analogue of
eel-calcitonin and its effect on the spontaneous activity of
brainstem neurons in the rat. Newurosci Lett 1987;81:303-8.

Gerber U, Felix D, Felser M, Schaffner W. The effects of calci-
tonin on central neurons in the rat. Neurosci Lett 1985;60:343-8.

Sawada M, Ichinose M, Ishikawa S, Sasayama Y. Calcitonin in-
duces a decreased Na+ conductance in identified neurons of
aplysia. | Neurosci Res 1993;36:200-8.

Bishop GA. Calcitonin gene-related peptide modulates neu-
ronal activity in the mammalian cerebellar cortex. Neuropep-
tides 1995;28:85-97.

Shinnick-Gallagher P, Twery M. Calcitonin and calcitonin-
gene related peptide: credentials as neurotransmitters. In:
Cooper CW, editor. Current research on calcium-regulating hor-
mones. Austin, Tex.: University of Texas Press; 1987. p. 139-46.

Sobaniec W, Kulak W. Anticonvulsive properties of calcitonin
in rats. Eur Neuropsychopharmacol 1992;2:443-6.

Maeda Y, Yamada K, Hasegawa T, Nabeshima T. Neuronal
mechanism of the inhibitory effect of calcitonin on N-methyl-
D-aspartate-induced aversive behavior. Eur | Pharmacol

116

Revue de psychiatrie et de neuroscience

Vol. 23, n° 2, 1998



Calcitonin and bipolar disorder

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

1994;275:163-70.

Maeda Y, Nakamura T, Hasegawa T, Furakawa H, Nabeshima
T. Effect of salmon calcitonin on the lethality of quinolinic
acid, an excitatory amino acid. Res Commun Chem Pathol Phar-
macol 1992;77:191-9.

Okamoto Y, Kagaya A, Shinno H, Motohashi N, Yamawaki S.
Serotonin-induced platelet calcium mobilization is enhanced
in mania. Life Sci 1994;56:327-32.

Kusumakar V, Yatham LN. An open label study of lamotrig-
ine in refractory bipolar depression. Psychiatry Res
1997;72:145-8.

Shah GV, Kennedy D, Dockter ME, Crowley WR. Calcitonin
inhibits thyrotropin-releasing hormone-induced increases in
cytosolic Ca2+ isolated rat anterior pituitary cells. Endocrinol-
ogy 1990;127:613-20.

Levine AS, Morley JE. Reduction of feeding in rats by calci-
tonin. Brain Res 1981;222:187-91.

Goodwin FK, Jamison KR. Manic-depressive illness. New York:
Oxford University Press; 1990.

Young LT, Warsh JJ, Kish SJ, Shannak K, Hornykeiwicz O. Re-
duced brain 5-HT and elevated NE turnover and metabolites
in bipolar affective disorder. Biol Psychiatry 1994;35:121-7.

Dubovsky SL, Thomas M. Serotonergic mechanisms and cur-
rent and future psychiatric practice. | Clin Psychiatry
1995;56(suppl 2):38-48.

Twery M], Cooper CW, Mailman RB. Calcitonin depresses am-
phetamine-induced locomotor activity. Pharmacol Biochent Be-
hav 1983;18:857-62.

Clementi G, Drago F, Amico-Roxas M, Prato A, Rapisarda E,
Nicoletti F, et al. Central actions of calcitonin and parathyroid
hormone. In: Pecile A, editor. Calcitonin 1984: chemistry, physi-
ology, pharmacology and clinical aspects. Proceedings of an Interna-
tional Symposium on Calcitonin; 1984 Oct 2—4; Milan, Italy. p.
279-86.

Nicoletti F, Clementi G, Patti F, Canonico PL, Di Giorgio RM,
Maters M, et al. Effects of calcitonin on rat extrapyramidal mo-
tor system: behavioral and biochemical data. Brain Res
1982,250:381-5.

Wright AF, Crichton DN, London JB, Morters JE, Stees CM.
Beta-adrenoceptor binding defects in cell lines from families
with manic-depressive disorder. Ann Hum Genet 1984;48:2104.

Mathe AA, Agren H, Lindstrom L, Theodorsson E. Increased
concentration of calcitonin gene-related peptide in cere-
brospinal fluid of depressed patients. A possible trait marker
of major depressive disorder. Neurosci Lett 1994;182:138—42.

de Beaurepaire R. Antagonism of calcitonin-induced anorexia
by chronic, but not acute, tricyclic antidepressants in the rat.
Brain Res 1992;581:165-7.

Fabbri A, Santoro C, Moretti C, Cappa M, Frajoli F, Di Julio
GP, et al. The analgesic effect of calcitonin in humans: studies

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

74.

on the role of the opioid peptides. Int | Clin Pharmacol Ther
Toxicol 1981;19(11):309.

Tagliaro F, Dorizzi R, Maffezzoli GF, Pacini L, Lo Casscio V,
Ferrari S. Cerebrospinal fluid calcitonin levels after peripheral
injection of human calcitonin. In: Pecile A, editor. Calcitonin
1984: chemistry, physiology, pharmacology and clinical aspects. Pro-
ceedings of an International Symposium on Calcitonin; 1984 Oct
2-4; Milan, Italy. p. 279-86.

Morimoto S, Nishimura J, Miyauchi A, Takai S, Okader Y, On-
ishi T, et al. Calcitonin in plasma and cerebrospinal fluid from
normal subjects and patients with medullary thyroid carci-
noma: possible restriction of calcitonin by the blood-brain bar-
rier. | Clin Endocrinol Metab 1982;55(3):594.

Ustdal M, Dogan P, Soyeur A, Terzi S. Treatment of migraine
in with salmon calcitonin: effects on plasma beta-endorphin,
ACTH, and cortisol levels. Biomed Pharmacother 1989;43:687.

Overgaard K, Agnusdei D, Hansen MA, Maioli E, Chris-
tiansen C, Gennari C. Dose-response bioactivity and bioavail-
ability of salmon calcitonin in premenopausal and post-
menopausal women. | Clin Endocrinol Metab 1991;72:344.

Allan E .Calcitonin in the treatment of intractable pain from
advanced malignancy. Pharmatherapeutica 1983;3:482-6.

Ceda GP, Denti L, Ceresini G, Rastelli G, Dotti C, Cavalieri S,
et al. Calcitonin inhibition of growth hormone-releasing-hor-
mone-induced GH secretion in normal men. Acta Endocrinol
1989;120:416-22.

Looij B] Jr, Roelfsema F, Van der heide D, Frolich M, Souverijn
JH, Nieuwenhuijzar Kruseman AC. The effect of calcitonin on
growth hormone secretion in man. Clin Endocrinol
1988,29:517-27.

Looij BJ Jr, Roelfsema F, Frolich M.The effect of calcitonin on
growth hormone secretion in acromegaly. Clin Endocrinol
1989;31:573-9.

Mitsuma T, Nogimori T, Chaya M. Peripheral administration
of eel calcitonin inhibits thyrotropin secretion in rats. Eur |
Pharmacol 1984;102(1):123-8.

Zofkova I, Bednar ]. Calcitonin inhibits TRH-induced TSH se-
cretion. Exp Clin Endocrinol 1984;83:263-8.

Laurian L, Oberman Z, Graf E, Gilad S, Hoerer E, Simantov R.
Calcitonin induced increase in ACTH, beta-endorphin and
cortisol secretion. Horm Metab Res 1986,18:268-71.

van Houten M, Posner BI. Circumventricular organs: receptors
and mediators of direct hormone action on brain. In: Szabo A,
editor. Advances in metabolic disorders vol. 10. New York: Acad-
emic Press; 1983. p. 269-89.

Pietrowsky R, Dentler M, Fehm HL, Born J. Effects of calci-
tonin on human auditory and visual evoked brain potentials.
Psychopharmacology 1992;107:50—4.

Egeland JA, Gerhard DS, Pauls DC, Sussex JN, Kidd KK, Allen
CR, et al. Bipolar affective disorder linked to DNA markers on
chromosome 11. Nature 1987;325:783-7.

Vol. 23, no 2, 1998

Journal of Psychiatry & Neuroscience 17



