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Review

Pharmacological agents under research
for the maintenance treatment in bipolar disorder

S. Dimitrakopoulos,' G. Konstantakopoulos'?

'First Department of Psychiatry, Medical School, Athens University, Eginition Hospital, Athens, Greece,
2Section of Cognitive Neuropsychiatry, Department of Psychosis Studies, Institute of Psychiatry,
Psychology and Neuroscience, King’s College London, UK

Psychiatriki 2015, 26:169-180

he treatment of bipolar disorder is a current challenge for clinicians and despite progress in

psychopharmacology, options remain limited and results are often unsatisfactory. Current

research focuses on finding new pharmaceutical agents for all phases of bipolar disorder,

i.e. mania, bipolar depression and maintenance. Particularly, relapse prevention and long-
term stabilization is a major therapeutic target. Combination treatment and polypharmacy are the
most common choices concerning relapse prevention. Furthermore, during maintenance phase pa-
tients often experience residual mood symptoms, cognitive deficits and functional decline, which
altogether illustrate the inadequate effectiveness of existing treatments and the need for new, tar-
geted, effective and safe treatments for bipolar disorder. This review focuses on active agents for
maintenance treatment in bipolar disorder investigated during the last 5 years. The compounds
under investigation have been tried or tested either as monotherapy or as an add-on treatment in
clinical trials that have progressed up to phase 3 or in preclinical models of bipolar disorder. While
awaiting the completion of many ongoing studies, the results so far indicate that paliperidone and
pregabalin may have a position in the maintenance treatment of bipolar disorder. Additionally, dex-
tromethorphan, which acts primarily as a NMDA antagonist, may be an interesting compound for
further study. However, results on memantine, another NMDA antagonist, were not encouraging.
The effects of omega-3 fatty acids and cytidine were not superior to placebo, although they both
have neurotrophic and neuroprotective properties. Eslicarbazepine, which has antiepileptic action,
provided some evidence of efficacy as monotherapy. Regarding preclinical studies in experimental
models, the pharmacological agents under investigation seem to follow the neurobiological path-
ways related to mechanism of action of lithium, which is still the "golden standard" for preventing
recurrence in bipolar disorder. Major therapeutic targets are synthetic glucose kinase 3 (GSK-3) and
the path of phosphoinositol (IMP), both probably involved in the action of lithium. Furthermore, the
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role of circadian rhythms maintenance is being studied in preclinical and clinical trials investigat-
ing the efficacy and safety of compounds CK-01 and ramelteon, respectively. Research also focuses
on pharmacological agents based on epigenetic changes and gene expression modulation, as the
inhibitor of histone deacetylase (HDAC). Of note, the development of valid and reliable experimen-
tal models for bipolar disorder, which currently remains quite controversial, will contribute to the
understanding of the pathogenic mechanisms and the development of new effective treatments.
Improving methodology aspects of clinical trials, such as diagnosis, clinical heterogeneity, moni-
toring time, gender differences and comorbidities, may promote research. Current studies seem
promising for the development of novel pharmacological agents in the near future, although there
are methodological limitations in the search for the maintenance treatment in bipolar disorder.
New therapeutic targets include not only the already known mechanisms of action, but also novel
pathophysiological pathways, probably implicated in bipolar disorder.

Key words: Bipolar disorder, maintenance treatment, novel therapeutic targets, new pharmaceutical

agents.

Introduction

Bipolar disorder (BD) is a chronic disease with po-
tentially serious negative impact on patients’ func-
tioning and characterized by recurrent episodes of
mania or hypomania (BD | and Il type respectively)
and depression. Difficulties and clinical embarrass-
ment regarding its treatment arise from the very
nature of the disease —chronic and recurrent- and
other clinical characteristics, such as heterogeneity
and frequent comorbidity with other mental disor-
ders (personality disorders, substance abuse, anxiety
disorders).!

BD treatment is a challenge for modern clinician
and despite progress in psychopharmacology, op-
tions remain limited and results are often unsatis-
factory. Current research focuses on finding new
pharmaceutical agents for all phases of BD, i.e., anti-
manic, antidepressive and maintenance treatment.
Especially, relapse prevention and long-term stabil-
ity is a major therapeutic goal as in many cases the
disorder is resistant to all first line mood-stabilizing
drugs available. Augmentation strategies and poly-
pharmacy are the most common choices for relapse
prevention,? although it is postulated that polyp-
harmacy does not significantly improve prognosis
concerning symptom chronicity and functional im-
pairment.> Moreover, patients under maintenance
therapy that do not exhibit mood episode, often

suffer from residual mood symptoms,* cognitive
decline® and poor psychosocial functioning.® All the
above mentioned problems concerning BD treat-
ment demonstrate the insufficient effectiveness of
existing treatments -at least for a large proportion
of patients— and the need for new, targeted, effec-
tive and safe treatments that will enrich the pharma-
ceutical armamentarium for the complete remission
of symptoms and better stabilization of BD patients.
This review studied all pharmaceutical agents that
have been tested, both in a clinical and a preclinical
level, as potential effective maintenance treatment
options.

Material and method

This review focuses on new pharmacological
agents tested as BD maintenance treatment, from
experimental models until phase 3 clinical trials
during the last 5 years, i.e. from 2010 till April 2015.
The identification of preclinical and clinical studies
was conducted using databases of NIH (National
Institutes of Health; http://www.clinicaltrials.gov/),
EMA (European Medicines Agency; https:/www.
clinicaltrialsregister.eu/ctr-search/search) and WHO
(World Health Organization International Clinical
Registry Platform; http://apps.who.int/trialsearch).
Moreover, articles from PubMed and PLOS ONE were
taken into account in order to identify relevant pre-
clinical studies and open trials. Concerning selection
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criteria, compounds or pharmacological agents test-
ed in children, adolescents or the elderly (>65 years)
with BD were excluded from our study. Likewise,
studies that focused exclusively on the treatment
of bipolar depression, manic episode or cognitive
deficits or comorbidity in BD patients, were not in-
cluded. Active compounds that had progressed to
phase 4 were not included in this review. The clinical
trials included in this review were either completed
or ongoing or were recently (from 2014 onwards)
terminated for financial reasons, though they might
seem promising. Pharmacological agents were fur-
ther determined based on the current study phase,
the type of expected therapeutic approach (mono-
therapy or adjunctive treatment), their mechanism
of action and existing results. Regarding preclinical
trials, given the lack of reliable experimental animal
model for BD, only those who reported efficacy in
both models of mania and depression were included
in this review.

Clinical trials for maintenance
treatment in BD

Our search revealed 9 completed studies (with or
without announced results) and 9 ongoing studies
for a total of 15 pharmacological agents tested from
phase 1 to 3.

Completed studies

Seven out of 9 completed studies had reported re-
sults, 3 with favorable clinical efficacy and one with
positive results for tolerability and safety, one with
some evidence for efficacy, 2 did not show any sig-
nificant effect, while for the remaining 2 results had
not been announced at the time of writing this re-
port (table 1).

Dextromethorphan

Dextromethorphan is widely used as a cough
suppressant, but has been reported to have neu-
roprotective effects on dopaminergic neurons and
anti-inflammation properties associated with neu-
ronal degeneration in both experimental models
and clinical trials.”® In addition, as it shares phar-
macodynamic properties similar to ketamine,’
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mainly as a NMDA-receptor antagonist and o1 and
02 opioid-receptor agonist, its possible use as an-
tidepressant is under investigation.’ In a recent
phase 3 trial, dextromethorphan was studied for 12
weeks as an adjunctive treatment (30 mg and 60
mg) to 309 BD patients who had been receiving
valproate, while 123 healthy subjects were used as
controls (receiving valproate and placebo).!”” The
study showed good efficacy for those taking dex-
tromethorphan as an add-on treatment in terms of
measuring YMRS (Young Mania Rating Scale) and
HDRS (Hamilton Depression Rating Scale).'® This
finding encourages further research into the po-
tential therapeutic role of dextromethorphan in
maintenance treatment of BD.

Pregabalin

The use of pregabalin as an antiepileptic drug and
in the treatment of generalized anxiety disorder and
neuropathic pain is known. Pregabalin’s chemical
structure is considered to be analogous to GABA and
binds with the a-26 subunit of the voltage-depend-
ent calcium channel. The possible use of pregabalin
as an add-on treatment was addressed in an open
label study'' in 58 refractory BD patients. In 41% of
patients (acute responders) that were administered
an average dose of 72+69 mg/d, significant im-
provement was noticed in CGl scale (Clinical Global
Impression) after two months. In these patients pre-
gabalin demonstrated either antidepressant (29%),
or antimanic (21%) or stabilizing properties (50%),
while 42% continued to receive it after 3 years."
These results indicate that pregabalin might have a
role in maintenance therapy.

Paliperidone

Paliperidone belongs to the class of atypical an-
tipsychotics, acting primarily as a dopamine and
serotonin receptor antagonist, indicated for the
treatment of schizophrenia and schizoaffective
disorder. In one study,'? bipolar patients (n=152),
who had recently achieved remission taking pali-
peridone ER (extended release), were compared to
patients treated with placebo after the recession
(n=148) in the maintenance phase. The results of
this study at 41 months follow-up assessment con-
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Table 1. Completed studies of pharmacological agents under research for maintenance treatment in bipolar disorder.

Pharmacological Study Phase Treatment Main mechanism Results
agent/Compound identifier as of action
Dextromethorphan  NCT01188265 Phase 3 Add-on Antagonism of Significant improve-
NMDA receptors, ment compared
agonism of o1 and  to placebo in YMRS
02 opioid receptors and HDRS
Pregabalin Open Label Phase 2 Add-on Binds to the Improvement
a-2-delta subunit in CGI-BP scale
of voltage-dependent
calcium channel
Paliperidone NCT00490971 Phase 3 Monotherapy  Antagonism Significant improve-
of dopamine ment compared
and serotonin to placebo for
receptors prevention of manic
but not depressive
episodes
Eslicarbazepine NCT01825837  Phase 2 Monotherapy Blockade of voltage- No significant differ-
gated sodium ences in CGI-BP or
channels relapse prevention.
Evidence of efficacy
in stabilizing after
manic episode
Memantine NCT01188148 Phase 2-3  Add-on Antagonism No significant
of NMDA receptors  differences com-
pared to placebo
in YMRS and HDRS
Cytidine and omega NCT00854737  Phase 2 Add-on Neurotrophic/ Not superior
3 fatty acids neuroprotective to placebo
action
Cariprazine NCT01059539 Phase 3 Monotherapy Partial agonism Efficacy in safety
of D2, D3 receptors and tolerability
Taurine NCT00217165 Phase 2 Add-on Antioxidant activity, = No results available
cell membrane
stabilization,
calcium signalling
modulation
Antibodies NCT00550576 Phase 2 Add-on Action against No results available
to digoxin endogenous digitalis-

like compounds

CGI-BP: Clinical Global Impression — Bipolar Version; YMRS: Young Mania Rating Scale; HDRS: Hamilton Depression

Rating Scale

cerning relapse for any major mood episode (de-
pressive or manic) showed that the average time to
relapse in subjects who received paliperidone was
558 days compared to 283 days for those receiving
placebo. However, this finding was statistically sig-
nificant regarding the prevention of manic but not
depressive episodes."?

Eslicarbazepine

Eslicarbazepine, chemically similar to oxcarbaz-
epine, is used in the treatment of partial seizures by
blocking voltage-gated sodium channels. Its pos-
sible role as a mood stabilizer was recently exam-
ined in a phase 2 study in 85 BD patients who had
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recently achieved remission after manic episode.
Patients were randomized into three groups receiv-
ing eslicarbazepine as monotherapy at doses of 300
mg, 900 mg and 1800 mg respectively, and were as-
sessed for six months. The results of this study did
not show statistically significant efficacy for any of
the three groups in terms of clinical improvement
(as measured by the Clinical Global impression scale)
or relapse prevention (as measured by the number
of subjects who developed manic or depressive epi-
sode). However, secondary efficacy measurements
showed that eslicarbazepine in a dosage of 300 mg
to 900 mg was significantly more effective than pla-
cebo in achieving normothymia after manic episode.
Eslicarbazepine was also found generally safe and
well tolerated.”

Memantine

Memantine is indicated for the treatment of
moderate to severe Alzheimer's disease, by acting
as an NMDA-receptor antagonist. Although there
is some data indicating a possible synergic role of
memantine as mood stabilizer, possibly in the con-
text of neuroprotection/neurogenesis,'* as both
antidepressant'> and antimanic'® agent, there has
been no strong evidence in favor of these hypo-
thetically therapeutic actions. In a 12 week, phase
2-3, double-blind study, memantine was compared
to placebo as an add-on treatment in patients tak-
ing valproate without any significant difference in
terms of efficacy.'” However, studies of memantine
continue to be conducted with the expectation of
more favorable results.'®

Cytidine and omega 3 fatty acids

Cytidine and omega 3 fatty acids as natural dietary
supplements have neurotrophic and neuroprotec-
tive action. Their role in BD is not clear, with am-
biguous evidence concerning efficacy.”®' In a four
month, double-blind study, groups of BD patients
receiving as an add-on treatment: (a) omega 3 fatty
acids and (b) omega 3 fatty acids and cytidine were
compared with a group receiving placebo in terms
of relapse prevention. Among the compared groups
no difference was noticed either in preventing re-
lapse or improving symptoms as measured by scales
of mania and depression.?
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Cariprazine

Cariprazine is a new atypical antipsychotic with
a novel pharmacological profile, acting as a D2, D3
receptor partial agonist. Studies have shown good
tolerability and safety but also effectiveness in the
treatment of manic, mixed episode,?*?* while there
are positive indications for bipolar depression.” A
two week, phase 3 study in 402 BD patients was con-
ducted in terms of examining safety and tolerance.
This study showed promising results for its adminis-
tration in longer term, as main side effect was aka-
thisia (32.6%), but this resulted in discontinuation in
only 4.7% of people who presented it.?®

Taurine

Taurine is an amino-acid found in the human
brain, showing antioxidant activity with a possible
role in cell membrane stabilization and calcium
signaling modulation. It potentially presents anti-
depressant activity, as shown by testing in experi-
mental models,?” and antiepileptic properties.? Its
possible place in BD maintenance treatment is in-
vestigated in a phase 2 trial, but no results have yet
been reported.

Specific digoxin antibodies (FAB)

As endogenous digitalis-like central nervous sys-
tem compounds are involved in the pathogenesis of
mood disorders,?® a phase 2 trial has examined the
safety and efficacy profile of specific digoxin anti-
bodies (FAB) in BD patients, without any announced
outcome measures as yet.

Ongoing clinical trials
for maintenance treatment in BD

Our search revealed 9 clinical ongoing trials, re-
cruiting or active (not recruiting - analysis phase) in-
vestigating 6 pharmacological agents (table 2) that
had not announced results at the time of writing this
report.

Inositol Hexaphosphate (IP6)

IP6 is involved in the intracellular system of second
messenger phosphatidylinositol, with potential anti-
depressant role in bipolar depression, as small stud-
ies indicate.*® In an ongoing phase 1 trial, IP6 will be
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Pharmacological Study Phase Treatment Main mechanism Results
agent/Compound identifier as of action (to be announced)
Inositol NCT02081287 Phase 1 Add-on Neuroprotective November 2015
Hexaphosphate action
(IP6)
ELNDO005 NCT01674010 Phase 2 Add-on Blockade Recently terminated
(Scyllo-Inositol) of Amyloid-beta
(AB) development
Ramelteon NCT01467713 Phase 3 Add-on Agonist of MT1 Recently terminated
and MT2 receptors
Lurasidone NCT01358357 Phase 3 Add-on Antagonism April 2015
NCT01575561 Monotherapy  of dopamine, July 2015
NCT01986114 serotonin September 2017
and noradrenalin
receptors
Asenapine NCT01396291 Phase 3 Monotherapy = Antagonism of D2,  June 2015
5-HT,A receptors
Aripiprazole NCT01567527 Phase 3 Monotherapy  Partial agonist April 2017
NCT01710709 of D2, 5-HT,A February 2016
receptors
studied for safety and effectiveness as an adjunctive Lurasidone

treatment to lithium and will be compared with lam-
otrigine regarding their antidepressant and stabiliz-
ing properties.

ELNDOO5 (Scyllo - Inositol)

ELNDOO5 is an experimental compound for
Alzheimer's disease treatment as it appears to act
as an amyloid-B aggregation inhibitor. A double-
blind phase 2 clinical trial for ELNDOO5 as an add-on
treatment in BD maintenance therapy was recently
stopped by the sponsoring company for financial
reasons.

Ramelteon

Ramelteon binds to melatonergic receptors MT1
and MT2 and beyond its use as hypnotic, it can play
a role in the regulation of circadian rhythms, whose
maintenance is particularly important for preventing
recurrence of BD episodes. While a phase 4 study an-
nounced efficacy of ramelteon as maintenance ther-
apy,’' a phase 3 trial for its sublingual form, aiming
at alternative ways of administration, was recently
suspended due to financial reasons.

Lurasidone is a new atypical antipsychotic that has
been approved for the treatment of bipolar depres-
sion, either as monotherapy or as an add-on treat-
ment.*? Regarding relapse prevention, lurasidone
is studied in three phase 3 trials (table 2), a double
blind, one open-label as an add-on treatment and
one open-label as monotherapy for 28, 12 and 52
weeks respectively. Results of these studies are ex-
pected.

Asenapine

Asenapine is an atypical antipsychotic for the treat-
ment of schizophrenia and manic/mixed episode.
Besides bipolar depression,** asenapine is studied
as monotherapy in a double-blind trial, compared to
placebo for mood episode prevention.

Aripiprazole

Aripiprazole is used as monotherapy or adjunc-
tive treatment for manic/mixed episode and main-
tenance treatment, while it is controversial whether
it is effective in bipolar depression.>**° For the time
being, two phase 3 trials are investigating the use of
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long acting injectable aripiprazole for 52 weeks for
BD maintenance therapy.

Preclinical studies for maintenance therapy
for bipolar disorder

Our search for the last 5 years found 5 eligible
studies corresponding to equal number of pharma-
cological agents (table 3), that showed efficacy in
experimental models of both mania and depression.
This inclusion criteria was considered more accurate,
since there is no valid and reliable animal model
of BD, due to difficulty to reflect the phenotype of
switching symptoms of mania and depression at the
same model.?’

CKo1

The compound CKO01 inhibits the function of the
casein kinase 1 (CK1) €/6, which is believed to be
involved in the modulation of the molecular clock
and therefore circadian rythm.*® CLOCK mice, car-
ry a mutation in one of the essential proteins as-
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sociated with maintaining circadian rhythm and
present significant disruption of it along with a
behavioral profile resembling a phenotype simi-
lar to human mania. In one study, CKO1 was ad-
ministered to CLOCK mice and then compared to
lithium’s action. Results showed reversal of anxi-
ety-hyperactivity behavior (as lithium) and partial
reversal of the phenotype of depression forced-
swim test model.?® The above results suggest that
pharmaceutical agents that inhibit CK1, may have
therapeutic value for BD.

Ebselen

Ebselen is a compound with significant antioxidant
properties that inhibits monophosphatase inosi-
tol (IMP). It was observed that it mimics the action
of lithium, probably because via the common neu-
robiological pathway of inositol recycling inhibition,
exhibiting similar efficacy in preclinical stage.*’ It has
been found to be effective in both depression*' and

Table 3. Preclinical trials for maintenance treatment in bipolar disorder.

Compound Animal model Mechanism of action Results
Mania/Depression Mania/Depression model
CKO1 CLOCK mice CK1 €/3 inhibition Reversal of stress behavior -
hyperactivity/partial reversal
of depression phenotype
Ebselen Model: amphetamine-induced IMP inhibition Similar to the action of lithium:
hyperactivity/forced swim test Reduction of the observed
and tail suspension test in mice behavior of rearing and hyperac-
tivity/reduction of immobility time
Peptide Model: amphetamine-induced GSK-3 inhibition of Similar to the action of lithium:

TAT — KLCpCDK  hyperactivity/forced swim test

and tail suspension test in mice

Cpd-60 Model: amphetamine-induced
hyperactivity/forced swim test
in mice

Sodium Model: AMPH-induced hyper-

butyrate (SB) activity in Wistar rats/maternal
deprivation and chronic mild

stress

KLC2 phosphorylation
and AMPA glutamate
receptors modulation

HDAC % inhibition

HDAC inhibition

Reduction of the observed
behavior of amphetamine-
induced hyperactivity/reduction
of immobility time

Reduction of the observed
behavior of amphetamine-
induced hyperactivity/reduction
of immobility time

Reversal of mania/depression
phenotype respectively

CK: Casein kinase, IMP: Monophosphatase inositol, GSK-3: glycogen synthase kinase-3, KLC-2: kinase light chain 2,
AMPA: a-amino-3-hydroxy-5-methyl-4-isoxazole propionate, HDAC: Histone Deacetylase
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mania*® models, and therefore a candidate agent for
further study in treating BD.

Peptide TAT - KLCpCDK

This peptide has been found to have lithium-like
properties, inhibiting glycogen synthase-3 kinase
(GSK-3), while additionally shows effectiveness in
both models of depression and mania.*> Although
results of this study were announced in 2010, there
have not been since then, known to us at least, fur-
ther clinical trials for this agent in BD.

Cpd-60

Cpd-60 acts as a selective 1/2 histone deacety-
lase (HDAC 1/2) inhibitor, modulating chromatin
and gene expression in mouse brains. Evidence
of its efficacy has been found in both mania and
depression models.** Inhibition of HDAC may be
a candidate target for the development of epige-
netic acting agents that would have a therapeutic
role in BD.

Sodium Butyrate (SB)

This compound, similarly to Cpd-60, inhibits HDAC
and simultaneously exhibits neurotrophic activity.
SB administration in experimental models of ma-
nia*** and depression**® resulted in amelioration
of behavioral patterns, indicating a possible mood

stabilizing role.

Current limitations and prospects
in maintenance treatment of BD

The need to develop new treatments for BD is be-
yond any doubt. There are therapeutic difficulties
in BD, especially in preventing depressive episodes
or depressive residual symptoms or treating BD Il
in the long-term.*” Lithium may be the golden op-
tion for relapse prevention, but, as noted above, a
proportion of BD patients will not respond (non-
responders)*® or be fully protected, regarding
mixed or rapid-cycling type, and often will present
side effects,* which impede therapeutic process.
Moreover, many patients are treatment resistant,*®
presenting with residual symptoms during main-
tenance phase®' and therefore ongoing treatment
is considered inadequate. The phenomenon of
polypharmacy? is also frequent in order to achieve
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stabilization and treat residual symptoms. Finally,
new pharmaceutical agents which are developed
based on the mechanism of lithium action or other
pathophysiological pathways may contribute to the
understanding of the underlying neurobiological
substrates of BD.*?

From this review it appears that three active
compounds (dextromethorphan, pregabalin, pali-
peridone) and possibly eslicarbazepine have shown
some positive evidence for BD maintenance therapy.
Considering, however, the methodology of these
and other ongoing trials, there are marked differ-
ences in the definition of maintenance therapy, the
required time for long-term prophylaxis and how ef-
ficacy of each intervention is evaluated. Measuring
clinical levels of functioning or residual symptoms
(mania or depression) does not seem to ensure long-
term prevention. Regarding study design, it may
be preferable to use days to relapse (for any major
mood episode) or the number of individuals who
will finally relapse as primary outcome measures
and the longest, possible, follow-up time period for
which a prophylactic treatment will be considered
adequate. Methodological issues, such as diagno-
sis, clinical heterogeneity, gender differences and
comorbidity,> should also be addressed in order to
promote research.* Finally, regarding preclinical tri-
als, there are important limitations in developing a
reliable, valid BD model that will present both the
pole of mania and depression in a single behavioral
phenotype.?’

Based on the above concerning studies design,
paliperidone seems to have favorable profile for
further study as a mood stabilizer, although, for
the moment, it seems to be effective only in the
prevention of manic episodes. Cariprazine is an-
other antipsychotic that presents with a novel
mechanism of action and has shown good tolera-
bility and safety. Results on the efficacy of caripra-
zine in maintenance treatment are expected, as
well as from other atypical antipsychotics, namely
lurasidone, asenapine and long-acting aripipra-
zole. Study results on the efficacy of NMDA recep-
tors inhibitors, dextromethorphan and memantine,
are so far mixed, although there is preliminary pos-
itive evidence for dextromethorphan. Pregabalin
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and eslicarbazepine are anticonvulsants with pros-  results. In preclinical level, neurobiological path-
pects of further study in BD maintenance treat-  ways of GSK-3 and IMP inhibition, both related to
ment. Trials of pharmaceutical agents with neuro-  the therapeutic effects of lithium, are known and
protective and/or neurotrophic properties, such important targets for the development of pharma-
as omega-3 fatty acids and cytidine, did not reveal  ceutical agents for BD.’*** Pharmacological agents
positive results. Studies on the therapeutic benefit based on epigenetic changes and gene expres-
of modulating circadian rhythms in both experi-  sion modulation, such as the inhibitor of HDAC,
mental models and clinical trials, with CKO1 and are earning more ground in modern research for

ramelteon respectively, have yielded encouraging BD.>%34%5

dappaxkofoyikol TApAyovieg umo penétn
ywa 1 Ogpameia cuvinpnong
6t ourofikn dwarapaxn

X. Anpntpakémouvdog,’ I. Kwvotavtakémouvhog'?

"A” Yuxiatpikn Khvikn, latpikri SxoAr Mavemotnuiov ABnvav, Ayiviteio Noookopueio, ABAva,
2Section of Cognitive Neuropsychiatry, Department of Psychosis Studies, Institute of Psychiatry,
Psychology and Neuroscience, King’s College London, UK

Wuxiatpikny 2015, 26:169-180

H Bepameia tng SumohkAg Statapaxng amoteAel mMPAKANGCN yla TOV oUYXPOVO KAVIKO Kal, Tapd
NV Mp6odo NG YUXOPAPUAKOAOYIAC, Ol ETTIAOYEC TTAPAPEVOUV TIEPIOPIOUEVEG KAl TO OTTOTEAE-
opaTa ouxva pn tkavormoInTikd. H ouyxpovn €peuva eMKEVTIPWVETAL OTNV AVEVUPEDON VEWV QapP-
MOKEVUTIKWY TTAPAYOVTWV yla ONEG TIG @ATELG TNG SIMOMKAG SlaTtapaxng, yla TNV AVIIMETWITION
Maviakwy Kal KatabAmtikwy emelcodiwv Kat Tn Bepamneia cuvtpnonc. IStaitepa n mpdANYn Twv
UTTOTPOTIWV Kal N HaKpompoBeoun otabepomoinon ouviotd peilova Bepameutiko otoxo. Ot ouv-
SuaoTikéG Bepareieg Kal n TOAV@APHAKia amOTEAOVUV TNV TTAEOV OUXVH TAKTIKH EMAOYN 0TNn MPO-
AnWn Twv urotponwv. EmmAéoy, 0Tn @don cuvtipnong ot aoOeveic Blwvouv ouxva UTTONEITTOUE-
va cuuntwpata anod tn Siabeon, mapouotdlouvv YVWOTIKA eANEIUUATA KAl AEITOUPYIKN EKTTITWON,
KATL TTOU KOTASEIKVUEL TN PN ETAPKI ATTOTEAECUATIKOTNTA TWV UTTAPXOUCWVY BEpamelwV Kal TNV
avAykn yla VEEC, OTOXEUUEVEG, ATTOTEAECUATIKECG Kal aoPaleic Ogpamneieg yia tn SimoAikn diata-
paxn. H mapoloa avackomnon eotialel oe SpaoTIKEG OUTIEG yia Tn Ogpamneia cuvTpnong mou
Slepeuvwvtal Tnv TeAevTtaia 5etia. Ot und €peuva ovoieg éxouv Sokipaotei p Sokipdalovral ite
w¢ povoBepaneia gite wg Bepameia evioxuong o€ KAIVIKEG SOKIPEG TTOU £XOUV TTIPOXWPNOEL WG TNV
@don 3 i og MPOKAIVIKA povTéla SimoAikng Statapaync. Evw avapévetal n oAokAfpwon MoAAwY
TPEXOUOWV HEAETWY, Ta PEXPL TWpPa amoTeAéopata Seixvouv 6Tl n maAmeptdovn Kal n TPEyKa-
pmaAivn iowg éxouv Béon otn Bepameia ouvtpnong tng SumoAikng dlatapaxng. EmmpooBeta, n
Se€tpopebopdvn, mou Spa kKupiwec wg NMDA avtaywvioTng, mapouaotdaletal we evlagépouvoa
ouoia yla mepaltépw HEAETN. QOTOCO N pepavtivn mou eival emiong NMDA avTtaywvioTig Sev €xel
Swoel evBappuvTIKA amoteAéopata. ATO TNV AAAN TMAgupd, ol péxpl Twpa SoKIPES w-3 Mmapd
oéa kat kuTidivn Sev €6€1€av avwTEPN ATTOTEAECUATIKOTNTA OE OXEON HE TO EIKOVIKO PAPHAKO,
TTAPOANO TTIOU €XOUV TOCGO VEUPOTPOPIKEG OO0 KAl VEUPOTIPOOTATEVTIKEG 1810TNTEC. H avTiemAn-
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nTikAG 6pdong ecAikapPadlemivn eixe kamoleg evOei§elq ATOTEAEOUATIKOTNTAG WG povoBeparneia.
‘Ocov a@opd OTIC MEAETEC O€ TTPOKALVIKA, TTEIPAUATIKA HOVTEANQ, Ol LUTIO €pEuva OUGIEC paiveTal
va akoAouBouv to veupofloloytkd povormdtl Tou Abiov, mou e§akolouBei va gival n «xpuon emi-
Aoyr» yla tnv mpoAnyn vnotpomwyv otn StmoAikn Statapayr. Kiplot Bepameutikoi otdxo!l €ival n
oLVOEeTIKNA Kivdon TnG YAUKOING 3 (GSK-3) kal To povomdtl TnG @wo@oivooitdéAng (IMP), mou umo-
otnpiletal ét1 eumAékovTal oTn Spdon Tou AiBiou. EmmAéoy, n Siatrpnon Twv KIpKASiwv pubuwv
e€eTAleTal 0€ MPOKAIVIKEG KAl KAMVIKEG MENETEG ME TN SlEPEVVNON TNE ATTOTEAECUATIKOTNTAG KAl
ao@dAelac Twv ouctwv CK-01 kat papertedvng avtiotolxa. H épeuva eoTidlel emiong o€ @apua-
KEUTIKA popla TTOoU OXeTI(oVTal YE EMIYEVVNTIKEG METABOAEG i TN pUBMION TNG YOVISIOKNG éKQpPa-
ong, 6Tw¢ N 1otévn NG deakeTuldong (HDAC). Oa mpémel emiong va emonuavOei 6t n avantuén
€YKUPWV Kal a§lomoTwy TEIPAUATIKWY HovTEAWY SIMOAIKAG Slatapayng, Tou mpog To mapov ma-
POUEVEL APKETA AUPIAEYOUEVN, Ba CUPPBAANEL OTNV KATAVONON TWV MMABOYEVETIKWY UNXOAVIOUWV
NG aAAd Kal 0TNV aveupeon KAatdAAnAwv Kal anoteAecpatikwy Bepamelwy. Emiong, n BeAtiwon
TWV HeAeTwv og peBodoloyikd {ntrpata omwe n Sildyvwon, n KAVIKN €TEPOYEVELQ, O XPOVOG TTa-
pakoAouBnong, ot SlaPopEC avapeoa ota GUAA KAl  ouvvoonpeOTNTA, UITOPEL va mpoaydyouv
NV épeuva. OL TPEXOVOEG HENETEC APrivOLV TTEPBWPLA yia TNV AVATTTUEN VEWV SPACTIKWY OUCLWV
0TO APECO HENNOV, poAovOTL uTTdpxouv peBodoloyikoi TEplopLlopoi oTNV épeuva yia Tn Bepansia
ouvtpnong otn SimoAikn Sdtatapaxn. Ot véol BepameuTtikoi oTdX0l TEPIANAUPBAVOUV OXI LOVO TOUG
NnoN yvwotolg unxaviopoug dpdong arld kat véa mabo@uaololoyikd povomdTia Tou mOavwe ep-
mAékovtal otn SumoAikn Siatapayn.

Né&eig evpeTnpiov: Atmolikry dtatapayn, Bepaneia cuvtripnong, véol BepameuTikoi oTdXOl, VEOL
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(POPHAKONOYIKOI TTAPAYOVTEC.
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