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Abstract: Current pharmacological treatments for bipolar disorder (BD) are limited and efficacy has 
historically been discovered through serendipity. There is now scope for new drug development, 
focused on the underlying biology of BD that is not targeted by current therapies. The need for novel 
treatments is urgent when considering treatment resistant BD, where current therapies have failed. While established 
drugs targeting the monoamine systems continue to be worthwhile, new biological targets including inflammatory and 
oxidative an nitrosative pathways, apoptotic and neurotrophic pathways, mitochondrial pathways, the N-methyl-D-
aspartate (NMDA)–receptor complex, the purinergic system, neuropeptide system, cholinergic system and melatonin 
pathways are all being identified as potential anchors for the discovery of new agents. Many agents are experimental and 
efficacy data is limited, however further investigation may provide a new line for drug discovery, previously stalled by 
lack of corporate interest. 
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MAIN TEXT 
 Greater understanding the biological basis of bipolar 
disorder (BD) has uncovered a complex web of perturbed 
systems and genetic risk. Genome-wide association studies 
have identified numerous risk alleles, overlapping with other 
pathologies that may have similar biological alterations [1]. In 
addition, neurobiological differences have been demonstrated 
between bipolar cases and health controls, longitudinally 
between people at the early stages of bipolar illness and 
those with a long history of illness, and between euthymic 
individuals compared to those experiencing an acute episode 
[2]. 
 This complex biological underpinning suggests a 
potential for targeted interventions, however conventional 
pharmacotherapies for BD are limited in their number and 
scope. Other than lithium, most conventional drugs currently 
indicated for the treatment of BD were originally developed 
for the treatment of other disorders; anticonvulsants for 
seizure control and antipsychotics for psychoses. Moreover, 
these agents have limited efficacy, and may work well for 
some individuals but not for others. Many individuals 
experience relapse in spite of conventional maintenance 
treatments [3]. There are also those who do not respond to  
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current therapies, considered treatment resistant. Given this, 
there is an urgent need for new treatments for BD which 
focus on these biological targets. 

 The drugs available to treat BD predominantly come 
from two classes, with overlapping mechanisms of action. 
Most conventional mood stabilisers are anticonvulsant 
agents that block voltage-sensitive sodium and calcium 
channels, and also have downstream effects on monoamine 
regulation. Second generation (a typical) antipsychotics are 
common treatments for an acutemanic episode, with some 
atypical antipsychotics also used in maintenance and 
depressive phase of the illness. These agentsbind to a range 
of receptorsand most of these agents target multiple 
mechanisms and downstream effects. Although the 
pharmacodynamics of these agents have been studied and 
reported, the mechanisms of action that makes them 
effective as mood stabilisers or for manic or depressive 
episodes is, for most cases, not fully known. 
 Novel therapies offer opportunities for improving 
outcomes for people with treatment resistant bipolar 
disorder. In recent years there has been significant progress 
in identifying biological differences associated with bipolar 
disorder, creating the possibility for developing new 
treatments that may directly target the underlying biology of 
the disorder. Studies of peripheral biomarkers have revealed 
the role of inflammatory [4], oxidative and nitrosative [5] 
stressin bipolar disorder. Changes in inflammatory 
cytokines, corticosteroids, neurotrophins, mitochondrial 
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energy generation, oxidative stress and neurogenesis have 
also been documented [6]. Further insights have been 
obtained from genome wide association studies (GWAS) 
implicating several genes in susceptibility to the disorder [1]. 
All of these biological factors are of interest as potential drug 
targets. 
 A fruitful approach has been to repurpose drugs used 
primarily for indications other than psychiatric illness. All 
anticonvulsant drugs commonly used for the treatment of 
epilepsy have been trialled for efficacy in bipolar disorder, 
sometimes successfully (e.g. lamotrigine) and sometimes 
unsuccessfully (e.g. gabapentin, topiramate and phenytoin), 
suggesting that any new anticonvulsants are likely to also be 
trialled for bipolar disorder. Similarly, most atypical 
antipsychotic agents have demonstrating some success for 
the treatment of maniainbipolar disorder. There is some 
efficacy during maintenance treatment with atypical 
antipsychotic and agents including quetiapine and lurisidone 
[7, 8] have been effective in the depressive phases of the 
illness [9]. While there may be a continuation of agents being 
repurposed for use in bipolar disorder, these do not provide 
targeted treatment, specifically designed for bipolar disorder. 
Instead, if repurposing is to be more greatly effective, agent 
selection should be based on known pharmacology and 
married to our understanding of the biology of bipolar disorder. 
In this respect, anti-inflammatory agents, for example, may 
have some potential and, if efficacious, can also provide a 
reverse-engineering loop for further agent development. 
 Limited treatment options and a lack of relevantly 
targeted agents both contribute to the likelihood of treatment 
resistance. In mental illness, the term “resistance” is often 
used synonymously with “non-response”, “treatment failure” 
or “break-through illness”, when describing the outcome of a 
pharmacological intervention. Although these terms are not 
synonymous, all of these terms describe failed or suboptimal 
treatment outcomes for people with bipolar disorder. In this 
paper we will be reviewing treatment targets for emerging or 
novel therapies that may benefit people with BD who do not 
have adequate outcomes with conventional treatments. 
 Conventional pharmacotherapeutic options for treatment 
resistance include dose increases or combination mood 
stabilisers, such as lithium plus valproate [10]. Further, 
clinicians may add other psychotropic agents such as an 
atypical antipsychotic or antidepressants to an individual’s 
treatment regimen in an attempt to improve outcomes. While 
this may be effective for some, many individuals will still 
not achieve symptomatic improvement, or may not tolerate 
drug combinations or dose increases, or may improve and 
then relapse. Even where conventional pharmacotherapy is 
considered adequate for acute symptom improvement, many 
individuals will show impaired functioning and quality of 
life and continue to experience significant mood instability 
over the long term [11]. Consequently, there is an urgent 
need to develop new treatments for bipolar disorder, 
especially treatment with novel mechanisms of action. 

MONOAMINE TARGETS 
 Established drug targets; serotonin, dopamine and 
noradrenaline are still central to the production of new 

therapies for bipolar disorder. There is evidence that 
norepinephrine alpha-1, dopamine D1 and histamine 
antagonism are important targets for bipolar depression, with 
weaker evidence for 5-HT2A, muscarinic and dopamine D2 
and D3 antagonism and less evidence norepinephrine 
reuptake inhibition and 5HT-1A agonism [12]. Conversely, 
antidepressants that augmentserotonin reuptake are 
controversial treatments for BD [13]. 
 Dopamine regulation may be critical to mood stability in 
BD [14]. This is supported by reports that the concomitant 
use of cocaine and amphetamine (that enhance dopamine 
release) is associated with pooreroutcomes for people with 
bipolar disorder. Excessive dopamine is associated with 
mania and dopamine deficiency with depression. 
 Regarding experimental treatments for BD, targeting 
monoaomine pathways, pramipexole (a D2/D3 agonist used 
for the treatment of Parkinson’s disease) is associated with 
reduced metabolic activity in several regions of the frontal 
cortex that are reportedly overactive during depression [15]. 
Cariprazine (a dopamine D2/3 receptor partial agonist) has 
demonstrated efficacy for the treatment of mania [16]. 
Modafinil and its isomer armodafinil, (weak inhibitors of the 
dopamine transporter) andare effective as an adjunctive 
agents for depressive episodes of BD and are better tolerated 
than pramipexole [17-19]. 

N-METHYL-D-ASPARTATE (NMDA) RECEPTOR 
 The N-methyl-D-aspartate (NMDA)–receptor complex is 
an ion channel receptor regulated endogenously by glutamate 
non-specifically and aspartate specifically. Dysfunction of 
the glutamatergic system has been identified in BD [20]. 
Polymorphisms of the GRIN1 gene and the GRIN2B gene, 
which coding for the NR1 and NR2B receptor subunits of 
the NMDA receptor have been associated with BD [21, 22]. 
 Ketamine is an NMDA antagonist that has been shown to 
have rapid antidepressant and anti-suicidal effects when 
administered to individuals experiencing bipolar depression. 
In one study, these effects were reported to last for 3 days 
[23]. Further studies determined that the greatest improvements 
were seen in those with no prior history of suicide attempt 
potentially indicating a link between NMDA and suicidality 
[24]. 

PURINERGIC SYSTEM 
 Purinergic receptors include both ion channels and G 
protein-coupled receptors and bind adenosine (P1 receptors) 
or adenosine triphosphate (P2 receptors). They are further 
divided into numerous subclasses. The P2RX7 gene, which 
codes for the purinergic ion channelP2X purinoceptor7 is 
found in microglia and is associated with the inflammatory 
response [25]. P2X purinoceptor7 has been shown to have a 
single nucleotide polymorphism (SNP) rs2230912 that is 
significantly associated with unipolar depression and BD 
[26] and a further SNP, rs1718119, which is associated with 
symptoms of mania [27]. Allopurinol blocks the conversion 
of the oxypurines hypoxanthine and xanthine to uric acid and 
inhibits purine synthesis. Given this allopurinol may be a 
possible agent for the treatment ofmania [28, 29]. 
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CHOLINERGIC SYSTEM 
Depressive symptoms can be induced in currently manic 
individuals with BD by administering the anticholinesterase 
inhibitor physostigmine [30]. The antimuscarinic scopolamine 
has been associated with a rapid, robust antidepressant in 
patients with recurrent unipolar depression or BD [31]. 
There may be scope to explore cholinergic agents for the 
treatment of BD. 

NEUROPEPTIDE SYSTEMS 
 Neuropeptides are cell signalling molecules secreted by 
neurons and glia that differ from conventional neuro- 
transmitters in structure and function. Neurotransmitters are 
short acting, influencing neuron polarisation and firing. In 
contrast, neuropeptides have longer lasting, diverse effects 
that include influencing gene expression. Neuropeptide-y 
(NPY) operates on a G protein-coupled receptor and has 
been implicated in post-traumatic stress disorder [32], 
alcoholism [33] and depression and anxiety [34]. Further, 
quetiapine is a modulator of NPY and this mechanism may 
contribute to the efficacy seen inBD [34]. 
 Opioid neuropeptide systems dysregulation occurs in 
people with bipolar disorder. Antagonism of the kappa 
opioid receptor has antidepressant effects and partial 
agonism of the kappa opioid receptor was shown to have 
antimanic effects. Delta and mu opioid receptor agonists 
have antidepressant like effects in animal models [35]. 
 In the tachykinin neuropeptide system, substance P, 
which binds to the neurokinin 1 (NK1) receptor, is 
associated with mood dysregulation. There is some evidence 
that NK1 and NK2 receptor antagonism has antidepressant 
effects [35]. 

NOVEL TARGETS FROM GENETIC STUDIES 
 Linkage and GWAS studies have identified genes 
associated with catechol-O-aminotransferase (COMPT), 
brain derived neurotrophic factor (BDNF), cyclic-AMP 
response element binding (CREB)and ankyrin-G to be 
associated withBD [2]. Some of the genes that has been 
associated with bipolar disorder included CACNA1C that 
encodes for the voltage-dependant calcium channel α-1 
subunit and the apoptotic genes FAS, BAK and APAF-1[2]. 
The Val66Met brain-derived neurotrophic factor (BDNF) 
polymorphism has been associated with suicidal behaviorin 
BD [36]. Lithium has been suggested to alter the gene 
expression of CREB genes associated with BD and valproate 
modulates gene expression by inducing DNA demethylation 
[2]. 

APOPTOTIC AND NEUROTROPHIC PATHWAYS 
 Dysregulation of pro- and anti-apoptotic factors is also 
associated with bipolar disorder. The central process 
triggeringapoptosis is caspase activation, which has three 
major pathways; the extrinsic or death receptor pathway, the 
intrinsic or apoptosome pathway, triggered by the release of 
cytochrome c from the mitochondria, and the cytotoxic 
lymphocyte-initiated granzyme B pathway [37]. There are at 
least 12 mammalian caspases, including apoptotic caspases 

(caspase-2, -3) and inflammatory caspases (caspase-1) [38]. 
A complex array of molecular pathways involving upstream 
and downstream processes isinvolved in apoptosis. Caspase-
8 can initiate a mitochondrial pathway to apoptosis. Caspase-
2-initiated apoptosis can be triggered by processes including 
DNA damage [37]. DNA damage can also be caused by 
immuno-inflammatory processes and oxidative or nitrosative 
stress. Caspase inhibitors are potent neuroprotective agents 
in hypoxic brain injury [39], but there is limited evidence 
supporting these agents as treatments for bipolar disorder. 
Minocycline is a caspase-1 inhibitor that has some evidence 
of efficacy in bipolar disorder, however it has multiple 
mechanisms of action and it is not possible to disentangle 
which actions of this drug contribute to its possible efficacy 
[40]. 
 Glutamate excitotoxicity-induced apoptosis is another 
potential mechanism for therapeutic targeting. Glutamate-
induced apoptosis may be caspase-dependent or –independent 
therefore efficacy would potentially not be limited to caspase 
augmentation. Agents that may reduce glutatmate 
excitotoxicity such as oestrogen or N-acetyl cysteine may 
therefore be potentially efficacious for BD [41, 42]. 
 Modulation of B cell lymphoma-2 (bcl-2) protein, a 
regulator of apoptosis, is already achieved by some current 
pharmacotherapies for bipolar disorder. Lithiumand 
lamotrigine both upregulate bcl-2 and protect against 
glutamate excitotoxicity. Atypical antipsychotics increase the 
gene expression of superoxide dismutase andhave demonstrated 
anti-apoptotic properties inPC12 cell cultures [43]. 

 Neurotrophins are cell signalling proteins that induce the 
survival, development, and function of neurons. A cascade 
that modifies gene expression and protein synthesis is 
triggered by the binding of neurotrophin to the Trk receptor 
[44]. Brain-derived neurotrophic factor (BDNF) and the 
tropomyosin related kinase B (TrkB) receptor, are critical for 
neuronal growth and survival and promote dendritic 
connectivity [45]. Neurotrophinsupregulation is achieved by 
agents including lithium and some atypical antipsychotics. 
BDNF is upregulated by some atypical antipsychotics,  
but not the conventional antipsychotic haloperidol. 
Neurotrophinschange other apoptotic and neurotrophic 
factors such as bcl-2, glycogen synthase kinase 3β (GSK-3β) 
and β-catenin. Lithium inhibits GSK-3β and induces BDNF. 

IMMUNO-INFLAMMATORY PATHWAYS 
 Psychiatric research has expanded its understanding of 
psychiatric disorders as ‘whole-body’ disorders, not specific 
to the brain. BD is a systemic illness associated with 
increased levels of pro-inflammatory cytokines, suggesting a 
chronic, low grade activation of the immune system [46]. 
Activation of the immune system is not specific to BD but 
appears to be a common factor also documented in depression, 
schizophrenia, and autism. Increased inflammation, 
measured by increases in pro-inflammatory peripheral 
biomarkers such as interleukin-6 and tumor necrosis factor 
(TNF), as well as the acute-phase biomarker c-reactive 
protein (CRP), have been observed to be higher in treatment-
resistant depression (unresponsive to antidepressant therapy) 
compared to treatment-responsive depression [47]. Although 
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results are limited, inhibitors of inflammatory cytokines have 
been trialled in treatment-resistant depression. The TNF 
antagonist infliximab was compared to placebo in a small 
study ofindividuals with treatment-resistant depression 
(N=60). Although there was no overall change inHAM-D 
scores between treatment groups across time, infliximab was 
superior to placebo for participants with high baseline 
inflammatory biomarkers [48]. 

 Activation of the immune system in BD may be 
associated with stress and allostatic load [49]. There is an 
association between stress and the immune system which has 
evolved as an adaptive advantage. Acute stress primes the 
immune response to injury and infection. However, stress 
has a bidirectional impact on the immune system. 
Susceptibility to infections and cancer is increased by stress 
which also increases the likelihood of allergic, autoimmune 
and inflammatory diseases. Chronic stress causes a 
dysregulation of the immune system. An upregulation of 
pro-inflammatory cytokines including interleukin-1 (IL-1), 
IL-6, IL-2, tumour necrosis factor (TNF)-α, and interferon 
(INF)-γis characterised by chronic stress [50]. This may 
result in an imbalance between pro and anti-inflammatory 
cytokine as well as changes in immune cell counts, 
trafficking and function [51]. Immune activation may be 
depressogenic, for example, interferon treatments may cause 
depression [52]. Stress is a ubiquitous part of the life of 
every individual, however different individuals may have 
differences in resilience and sensitisation to stressors. 
Greater stress is associated with a more adverse course of 
illness [53]. Medical comorbidity, including obesity and 
metabolic and endocrine disorders, is common in BD and is 
further associated with immune system activation [54], 
suggesting that treatments targeting weight control and 
comorbidities may be useful treatment targets for some 
people with treatment resistant bipolar disorder. 
 Adjunctive therapy using established anti-inflammatory 
agents or agents that downregulate or inhibit pro-inflammatory 
cytokines have been considered as novel therapies. Immuno-
inflammatory signalling is downregulated by lithium and 
valproate, and some atypical antipsychotics [55]. The net 
benefit of these agents on inflammatory mechanisms is not 
known as weight gain and metabolic syndrome associated 
with these conventional agents can produce inflammatory 
stress. There have been promising results from trials of anti-
inflammatory agents as adjunctive treatments. Some 
preliminary data suggests that cyclooxygenase-2 (COX-2) 
inhibitors, celecoxib, rofecoxib and cimicoxib, may reduce 
depressive symptoms [56]. COX-2 initiates prostaglandin E2 
(PGE2) synthesis, regulating cytokine production. Aspirin 
inhibits both COX-1 and COX-2 and may be beneficial  
for people with BD [56]. Statins inhibit guanosine 
triphosphatase and nuclear factor-κB mediated activation of 
inflammatory pathways [57] and in a study of patients with 
cardiovascular disease were associated with reduced risk of 
depression [58]. 

 Despite a strong theoretical and evidence base 
associating inflammation with mental health, no anti-
inflammatory agents are currently indicated for the treatment 
of BD and their use remains experimental. This may be due 
to mechanistic limitations of current anti-inflammatory 

pharmaceuticals that modulate acute inflammatory pathways. 
BD is associated with chronic, low grade immune activation 
and there are no known treatments that target this form of 
immune dysregulation. Rather than suppressing the immune 
response, treatment are required that balance the numerous 
biological pathways and factors involved. Some health foods 
and supplements claim to ‘restore immune system naturally’ 
but are supported by limited or no evidence. Some evidence 
exists to suggest that changes in gut microbiota may impact 
the host immune system, however research into gut 
microbiota as a treatment target in mental health is in its 
infancy [59]. Despite limited evidence, immunomodulation 
remains an important therapeutic target and requires further 
investigation. 

OXIDATIVE AND NITROSATIVE STRESS 
 Oxidative and nitrosativehomeostasis is achieved through 
the balance of pro-oxidative and nitrosative factors, such as 
free radical, with anti-oxidative and nitrosative factors, such 
as anti-oxidants and free radical scavenger. Oxidative and 
nitrosative stress are documented in BD may be important 
therapeutic targets. Oxidative and nitrosative stress cause 
damage to lipids, proteins and DNA and are often associated 
with inflammatory stress [50]. Antioxidative and anti-
nitrosative pathways maintain homeostasis by eliminating 
oxidant and nitrosative compounds. Oxidative and 
nitrosative stress has been observed from biomarker studies 
of people with BD, suggesting that these systems. People 
with BD may benefit from agents that supplement the 
production antioxidant and anti-nitrosative factors. 
Treatments that target oxidative and nitrosative pathways 
have been investigated for bipolar disorder, including N-
acetylcysteine (NAC) which was shown to be superior to 
placebo for BD in a randomised, placebo controlled trial 
[60]. Ginkgo biloba, selenium, zinc, ascorbic acid, coenzyme 
Q10, beta-carotene, tocopherol and methionineincrease 
antioxidant capacity and have also been suggested as 
possible treatment for BD. 

MITOCHONDRIAL DYSFUNCTION 
 There is evidence of impairment in complex I of the 
mitochondrial electron transport chain in BD that may result 
in increased protein oxidation and nitration in the prefrontal 
cortex [61]. Further evidence has come from studies that 
have demonstrated that BD can be a common comorbidity 
with mitochondrial cytopathies [62]. Mitochondria are 
energy generating organelles whereoxidative and nitro- 
sativeproducts are formed in as a consequence of normal 
function. Endogenous free radical scavengers and antioxidants 
maintain homeostasis. Mitochondria are susceptible to 
oxidative stress and in turn, people with BD may have an 
impaired capacity to manage oxidative and nitrosative stress 
in the mitochondria. Current pharmacotherapies can affect 
mitochondrial function. Haloperidol and fluphenazine inhibit 
mitochondrial complex I activity [63], whereas lithium and 
paroxetine increase mitochondrial energy generation [64]. 
 Conventional therapies for mitochondrial cytopathies are 
largely supportive and include supplements such as co-
enzyme Q10, carnitine, creatine, cysteine, dichloroacetate, 
dimethylglycine, supplement combinationsand physical 
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activity interventions [65]. Notably, many of these supplements 
have antioxidative properties. There is no evidence that 
targeting of mitochondrial pathways may be an effective 
treatment for bipolar disorder, however at least only clinical 
trial of a supplement combination designed to enhance 
mitochondrial function in depression is underway (Australian 
clinical trial registry number ACTRN12612000830897). 

MELATONIN 
 Melatonin has a core role in maintaining circadian 
rhythm and is decreased in BD [66]. Melatonergic pathway 
activity in CNS may be another new and significant 
treatment target. BD has been associated with altered 
rhythmicity in body temperature and melatonin rhythms, 
greater day-to-day variability in activity and sleep timing, 
and disturbances of sleep or wake cycles and sleep 
continuity [67]. Melatonin increases the activity of the 
mitochondrial oxidative phosphorylation, increases the 
activity of the complexes I and IV dose-dependently, and 
increases the production of ATP [68]. Moreover, melatonin 
has antioxidant and anti-inflammatory properties [66]. 

 In a study 8-week trial, participants treated with second 
generation antipsychotics (N=44), including participants 
with BD (n=20), were administered melatonin (5mg/day) or 
placebo. Melatonin treatment associated with less weight 
gain and lower diastolic blood pressure, especially for the 
participants with BD [69]. The melatoninprecursor N-
acetylserotonin activates TrkB receptors and shows 
antidepressant like properties in the forced swim test [70]. 

OTHER TARGETS 
 New drug targets may be discovered from emerging data 
from laboratory techniques that analyse data across whole 
populations (genomics, proteomics, metabolomics). So far 
they have mainly reconfirmed previously known targets, 
however as more data is acquired and powerful statistical 
techniques are applied to the datasets generated by these 
studies some novel targets may arise. New data is confirming 
the association between mental health and gut microbiota 
[71] and modulation of gut microbiota by supplementation or 
by faecal transplant is a possible future treatment [72]. 
Intestinal permeability is associated with gut microbiota and 
inflammation and may also be a potential treatment target 
[73]. 
 The field of biological psychiatry has exploded and novel 
targets have resulted. The interactions between a multitude 
of factors including inflammation, oxidative stress, impaired 
energy production and decreased neurogenesis are all now 
implicated in bipolar disorder, in addition to monoamine 
dysregulation. This biological understanding allows the 
exploration of new treatments for bipolar disorder. Moreover, 
the complexity of these factors and their interactions 
suggests that multi-targeted treatments, covering all of these 
aspects, may provide the complete relief from symptoms 
those with BD are desperately seeking. 

CONCLUSION 
 There are many interesting drug targets for BD with even 
more new targets likely to emerge in the near future. These 

targets are currently of considerable interest to research. 
With time some of this research may yield important new 
treatments and some drug targets that are now considered to 
be of research interest only will become important targets for 
drugs used in routine clinical practice. Other drug targets of 
current interest may ultimately not provide useful new 
treatments and will cease being of interest. Current research 
into the biological basis of BD may uncover new drug 
targets that will be of interest in the future. 

CONFLICT OF INTEREST 

 The authors confirm that this article content has no 
conflict of interest. 

ACKNOWLEDGEMENTS 

 Declared none. 

REFERENCES 
[1] The Wellcome Trust Case Control Consortium, Genome-wide 

association study of 14,000 cases of seven common diseases and 
3,000 shared controls. Nature, 2007, 447(7145), 661-678. http://dx. 
doi.org/10.1038/nature05911 

[2] Andreazza, A.C.; Young, L.T. The neurobiology of bipolar 
disorder: identifying targets for specific agents and synergies for 
combination treatment. Int. J. Neuropsychopharmacol., 2014, 
17(7), 1039-1052. http://dx.doi.org/10.1017/S1461145713000096 

[3] Bowden, C.L.; Calabrese, J.R.; McElroy, S.L.; Gyulai, L.; Wassef, 
A.; Petty, F.; Pope, H.G., Jr.; Chou, J.C.; Keck, P.E., Jr.; Rhodes, 
L.J.; Swann, A.C.; Hirschfeld, R.M.; Wozniak, P.J. A randomized, 
placebo-controlled 12-month trial of divalproex and lithium in 
treatment of outpatients with bipolar I disorder. Divalproex 
Maintenance Study Group. Arch. Gen. Psychiatry, 2000, 57(5), 
481-489. http://dx.doi.org/10.1001/archpsyc.57.5.481 

[4] Wadee, A.A.; Kuschke, R.H.; Wood, L.A.; Berk, M.; Ichim, L.; 
Maes, M. Serological observations in patients suffering from acute 
manic episodes. Hum. Psychopharmacol., 2002, 17(4), 175-179. 
http://dx.doi.org/10.1002/hup.390 

[5] Moylan, S.; Berk, M.; Dean, O.M.; Samuni, Y.; Williams, L.J.; 
O'Neil, A.; Hayley, A.C.; Pasco, J.A.; Anderson, G.; Jacka, F.N.; 
Maes, M. Oxidative & nitrosative stress in depression: Why so 
much stress? Neurosci. Biobehav. Rev., 2014, 45C, 46-62. http://dx. 
doi.org/10.1016/j.neubiorev.2014.05.007 

[6] Schmaal, L.; Berk, L.; Hulstijn, K.P.; Cousijn, J.; Wiers, R.W.; van 
den Brink, W. Efficacy of N-acetylcysteine in the treatment of 
nicotine dependence: a double-blind placebo-controlled pilot study. 
Eur. Addict. Res., 2011, 17(4), 211-216. http://dx.doi.org/10.1159/ 
000327682 

[7] Loebel, A.; Cucchiaro, J.; Silva, R.; Kroger, H.; Hsu, J.; Sarma, K.; 
Sachs, G. Lurasidone monotherapy in the treatment of bipolar I 
depression: a randomized, double-blind, placebo-controlled study. 
Am. J. Psychiatry, 2014, 171(2), 160-168. http://dx.doi.org/10. 
1176/appi.ajp.2013.13070984 

[8] Loebel, A.; Cucchiaro, J.; Silva, R.; Kroger, H.; Sarma, K.; Xu, J.; 
Calabrese, J.R. Lurasidone as adjunctive therapy with lithium or 
valproate for the treatment of bipolar I depression: a randomized, 
double-blind, placebo-controlled study. Am. J. Psychiatry, 2014, 
171(2), 169-177. http://dx.doi.org/10.1176/appi.ajp.2013.13070985 

[9] Berk, M.; Dodd, S. Efficacy of atypical antipsychotics in bipolar 
disorder. Drugs, 2005, 65(2), 257-269. http://dx.doi.org/10.2165/ 
00003495-200565020-00006 

[10] Mallinger, A.G.; Thase, M.E.; Haskett, R.; Buttenfield, J.; 
Luckenbaugh, D.A.; Frank, E.; Kupfer, D.J.; Manji, H.K. 
Verapamil augmentation of lithium treatment improves outcome in 
mania unresponsive to lithium alone: preliminary findings and a 
discussion of therapeutic mechanisms. Bipolar Disord., 2008, 
10(8), 856-866. http://dx.doi.org/10.1111/j.1399-5618.2008.00636.x 

[11] Kulkarni, J.; Filia, S.; Berk, L.; Filia, K.; Dodd, S.; de Castella, A.; 
Brnabic, A.J.; Lowry, A.J.; Kelin, K.; Montgomery, W.; Fitzgerald, 
P.B.; Berk, M. Treatment and outcomes of an Australian cohort of 



Future Directions for Pharmacotherapies for Treatment-resistant Bipolar Disorder Current Neuropharmacology, 2015, Vol. 13, No. 5    661 

outpatients with bipolar I or schizoaffective disorder over twenty-
four months: implications for clinical practice. BMC Psychiatry, 
2012, 12, 228. http://dx.doi.org/10.1186/1471-244X-12-228 

[12] Fountoulakis, K.N.; Kelsoe, J.R.; Akiskal, H. Receptor targets for 
antidepressant therapy in bipolar disorder: an overview. J. Affect. 
Disord., 2012, 138(3), 222-238. http://dx.doi.org/10.1016/j.jad. 
2011.04.043 

[13] Malhi, G.S.; Adams, D.; Cahill, C.M.; Dodd, S.; Berk, M. The 
management of individuals with bipolar disorder: a review of the 
evidence and its integration into clinical practice. Drugs, 2009, 
69(15), 2063-2101. 

[14] Berk, M.; Dodd, S.; Kauer-Sant'anna, M.; Malhi, G.S.; Bourin, M.; 
Kapczinski, F.; Norman, T. Dopamine dysregulation syndrome: 
implications for a dopamine hypothesis of bipolar disorder. Acta 
Psychiatr. Scand. Suppl., 2007, (434), 41-49. http://dx.doi.org/ 
10.1111/j.1600-0447.2007.01058.x 

[15] Mah, L.; Zarate, C.A., Jr.; Nugent, A.C.; Singh, J.B.; Manji, H.K.; 
Drevets, W.C., Neural mechanisms of antidepressant efficacy of 
the dopamine receptor agonist pramipexole in treatment of bipolar 
depression. Int. J. Neuropsychopharmacol., 2011, 14(4), 545-551. 
http://dx.doi.org/10.1017/S1461145710001203 

[16] Veselinovic, T.; Paulzen, M.; Grunder, G. Cariprazine, a new, 
orally active dopamine D2/3 receptor partial agonist for the 
treatment of schizophrenia, bipolar mania and depression. Expert 
Rev. Neurother., 2013, 13(11), 1141-1159. http://dx.doi.org/10. 
1586/14737175.2013.853448 

[17] Calabrese, J.R.; Frye, M.A.; Yang, R.; Ketter, T.A.  Efficacy  
and safety of adjunctive armodafinil in adults with major 
depressive episodes associated with bipolar I disorder: a 
randomized, double-blind, placebo-controlled, multicenter trial. J. 
Clin. Psychiatry, 2014. http://dx.doi.org/10.4088/JCP.13m08951 

[18] Calabrese, J.R.; Ketter, T.A.; Youakim, J.M.; Tiller, J.M.; Yang, 
R.; Frye, M.A. Adjunctive armodafinil for major depressive 
episodes associated with bipolar I disorder: a randomized, 
multicenter, double-blind, placebo-controlled, proof-of-concept 
study. J. Clin. Psychiatry, 2010, 71(10), 1363-1370. http://dx.doi. 
org/10.4088/JCP.09m05900gry 

[19] Frye, M.A.; Grunze, H.; Suppes, T.; McElroy, S.L.; Keck, P.E., Jr.; 
Walden, J.; Leverich, G.S.; Altshuler, L.L.; Nakelsky, S.; Hwang, 
S.; Mintz, J.; Post, R.M. A placebo-controlled evaluation of 
adjunctive modafinil in the treatment of bipolar depression. Am. J. 
Psychiatry, 2007, 164(8), 1242-1249. http://dx.doi.org/10.1176/ 
appi.ajp.2007.06060981 

[20] Woo, T.U.; Walsh, J.P.; Benes, F.M. Density of glutamic acid 
decarboxylase 67 messenger RNA-containing neurons that express 
the N-methyl-D-aspartate receptor subunit NR2A in the anterior 
cingulate cortex in schizophrenia and bipolar disorder. Arch. Gen. 
Psychiatry, 2004, 61(7), 649-657. http://dx.doi.org/10.1001/ 
archpsyc.61.7.649 

[21] Martucci, L.; Wong, A.H.; De Luca, V.; Likhodi, O.; Wong, G.W.; 
King, N.; Kennedy, J.L. N-methyl-D-aspartate receptor NR2B 
subunit gene GRIN2B in schizophrenia and bipolar disorder: 
Polymorphisms and mRNA levels. Schizophr. Res., 2006, 84(2-3), 
214-221. http://dx.doi.org/10.1016/j.schres.2006.02.001 

[22] Mundo, E.; Tharmalingham, S.; Neves-Pereira, M.; Dalton, E.J.; 
Macciardi, F.; Parikh, S.V.; Bolonna, A.; Kerwin, R.W.; Arranz, 
M.J.; Makoff, A.J.; Kennedy, J.L. Evidence that the N-methyl-D-
aspartate subunit 1 receptor gene (GRIN1) confers susceptibility to 
bipolar disorder. Mol. Psychiatry, 2003, 8(2), 241-245. 
http://dx.doi.org/10.1038/sj.mp.4001218 

[23] Zarate, C.A., Jr.; Brutsche, N.E.; Ibrahim, L.; Franco-Chaves, J.; 
Diazgranados, N.; Cravchik, A.; Selter, J.; Marquardt, C.A.; 
Liberty, V.; Luckenbaugh, D.A. Replication of ketamine's 
antidepressant efficacy in bipolar depression: a randomized 
controlled add-on trial. Biol. Psychiatry, 2012, 71(11), 939-946. 
http://dx.doi.org/10.1016/j.biopsych.2011.12.010 

[24] Niciu, M.J.; Luckenbaugh, D.A.; Ionescu, D.F.; Guevara, S.; 
Machado-Vieira, R.; Richards, E.M.; Brutsche, N.E.; Nolan, N.M.; 
Zarate, C.A., Jr., Clinical predictors of ketamine response in 
treatment-resistant major depression. J. Clin. Psychiatry, 2014, 
75(5), e417-423. http://dx.doi.org/10.4088/JCP.13m08698 

[25] Lee, B.H.; Hwang, D.M.; Palaniyar, N.; Grinstein, S.; Philpott, 
D.J.; Hu, J. Activation of P2X(7) receptor by ATP plays an 
important role in regulating inflammatory responses during acute 

viral infection. PLoS One, 2012, 7(4), e35812. http://dx.doi.org/ 
10.1371/journal.pone.0035812 

[26] Lucae, S.; Salyakina, D.; Barden, N.; Harvey, M.; Gagne, B.; 
Labbe, M.; Binder, E.B.; Uhr, M.; Paez-Pereda, M.; Sillaber, I.; 
Ising, M.; Bruckl, T.; Lieb, R.; Holsboer, F.; Muller-Myhsok, B. 
P2RX7, a gene coding for a purinergic ligand-gated ion channel, is 
associated with major depressive disorder. Hum. Mol. Genet., 2006, 
15(16), 2438-2445. http://dx.doi.org/10.1093/hmg/ddl166 

[27] Backlund, L.; Nikamo, P.; Hukic, D.S.; Ek, I.R.; Traskman-Bendz, 
L.; Landen, M.; Edman, G.; Schalling, M.; Frisen, L.; Osby, U. 
Cognitive manic symptoms associated with the P2RX7 gene in 
bipolar disorder. Bipolar Disord., 2011, 13(5-6), 500-508. 
http://dx.doi.org/10.1111/j.1399-5618.2011.00952.x 

[28] Akhondzadeh, S.; Milajerdi, M.R.; Amini, H.; Tehrani-Doost, M. 
Allopurinol as an adjunct to lithium and haloperidol for treatment 
of patients with acute mania: a double-blind, randomized, placebo-
controlled trial. Bipolar Disord., 2006, 8(5 Pt 1), 485-489. 
http://dx.doi.org/10.1111/j.1399-5618.2006.00363.x 

[29] Machado-Vieira, R.; Soares, J.C.; Lara, D.R.; Luckenbaugh, D.A.; 
Busnello, J.V.; Marca, G.; Cunha, A.; Souza, D.O.; Zarate, C.A. 
Jr.; Kapczinski, F., A double-blind, randomized, placebo-controlled 
4-week study on the efficacy and safety of the purinergic agents 
allopurinol and dipyridamole adjunctive to lithium in acute bipolar 
mania. J. Clin. Psychiatry, 2008, 69(8), 1237-1245. http://dx.doi. 
org/10.4088/JCP.v69n0806 

[30] Davis, K.L.; Berger, P.A.; Hollister, L.E.; Defraites, E. 
Physostigmine in mania. Arch. Gen. Psychiatry, 1978, 35(1), 119-
122. http://dx.doi.org/10.1001/archpsyc.1978.01770250121012 

[31] Furey, M.L.; Drevets, W.C. Antidepressant efficacy of the 
antimuscarinic drug scopolamine: a randomized, placebo-
controlled clinical trial. Arch. Gen. Psychiatry, 2006, 63(10), 1121-
1129. http://dx.doi.org/10.1001/archpsyc.63.10.1121 

[32] Yehuda, R.; Brand, S.; Yang, R.K. Plasma neuropeptide Y 
concentrations in combat exposed veterans: relationship to trauma 
exposure, recovery from PTSD, and coping. Biol. Psychiatry, 2006, 
59(7), 660-663. http://dx.doi.org/10.1016/j.biopsych.2005.08.027 

[33] Thiele, T.E.; Koh, M.T.; Pedrazzini, T. Voluntary alcohol 
consumption is controlled via the neuropeptide Y Y1 receptor. J. 
Neurosci., 2002, 22(3), RC208. 

[34] Nikisch, G.; Baumann, P.; Liu, T.; Mathe, A.A. Quetiapine  
affects neuropeptide Y and corticotropin-releasing hormone in 
cerebrospinal fluid from schizophrenia patients: relationship to 
depression and anxiety symptoms and to treatment response. Int. J. 
Neuropsychopharmacol., 2012, 15(8), 1051-1061. http://dx.doi.org/ 
10.1017/S1461145711001556 

[35] Machado-Vieira, R.; Zarate, C.A., Jr. Proof of concept trials in 
bipolar disorder and major depressive disorder: a translational 
perspective in the search for improved treatments. Depress  
Anxiety, 2011, 28(4), 267-281. http://dx.doi.org/10.1002/da.20800 

[36] Gonzalez-Castro, T.B.; Nicolini, H.; Lanzagorta, N.; Lopez-
Narvaez, L.; Genis, A.; Pool, G., S.; Tovilla-Zarate, C.A. The role 
of brain-derived neurotrophic factor (BDNF) Val66Met genetic 
polymorphism in bipolar disorder: a case-control study, 
comorbidities, and meta-analysis of 16,786 subjects. Bipolar 
Disord., 2014, 17, 27-38. http://dx.doi.org/10.1111/bdi.12227 

[37] Cullen, S.P.; Martin, S.J. Caspase activation pathways: some recent 
progress. Cell Death Differ., 2009, 16(7), 935-938. http://dx.doi. 
org/10.1038/cdd.2009.59 

[38] O'Brien, T.; Linton, S.D. Design of Caspase Inhibitors as Potential 
Clinical Agents. CRC Press, Taylor & Francis Group: Boca Raton, 
FL, 2009. 

[39] Han, B.H.; Xu, D.; Choi, J.; Han, Y.; Xanthoudakis, S.; Roy, S.; 
Tam, J.; Vaillancourt, J.; Colucci, J.; Siman, R.; Giroux, A.; 
Robertson, G.S.; Zamboni, R.; Nicholson, D.W.; Holtzman, D.M. 
Selective, reversible caspase-3 inhibitor is neuroprotective and 
reveals distinct pathways of cell death after neonatal hypoxic-
ischemic brain injury. J. Biol. Chem., 2002, 277(33), 30128-30136. 
http://dx.doi.org/10.1074/jbc.M202931200 

[40] Dean, O.M.; Data-Franco, J.; Giorlando, F.; Berk, M., 
Minocycline: therapeutic potential in psychiatry. CNS Drugs, 2012, 
26(5), 391-401. http://dx.doi.org/10.2165/11632000-000000000-
00000 

[41] Dodd, S.; Dean, O.; Copolov, D.L.; Malhi, G.S.; Berk, M. N-
acetylcysteine for antioxidant therapy: pharmacology and clinical 



662    Current Neuropharmacology, 2015, Vol. 13, No. 5 Dodd et al. 

utility. Expert Opin. Biol. Ther., 2008, 8(12), 1955-1962. http://dx. 
doi.org/10.1517/14728220802517901 

[42] Kulkarni, J. Oestrogen--a new treatment approach for schizophrenia? 
Med. J. Aust., 2009, 190(4 Suppl), S37-38. 

[43] He, J.; Kong, J.; Tan, Q.R.; Li, X.M. Neuroprotective effect of 
atypical antipsychotics in cognitive and non-cognitive behavioral 
impairment in animal models. Cell Adh. Migr., 2009, 3(1), 129-
137. http://dx.doi.org/10.4161/cam.3.1.7401 

[44] Poo, M.M. Neurotrophins as synaptic modulators. Nat. Rev. 
Neurosci., 2001, 2(1), 24-32. http://dx.doi.org/10.1038/35049004 

[45] Cohen-Cory, S.; Kidane, A.H.; Shirkey, N.J.; Marshak, S. Brain-
derived neurotrophic factor and the development of structural 
neuronal connectivity. Dev. Neurobiol., 2010, 70(5), 271-288. 
http://dx.doi.org/10.1002/dneu.20774 

[46] Frey, B.N.; Andreazza, A.C.; Houenou, J.; Jamain, S.; Goldstein, 
B.I.; Frye, M.A.; Leboyer, M.; Berk, M.; Malhi, G.S.; Lopez-
Jaramillo, C.; Taylor, V.H.; Dodd, S.; Frangou, S.; Hall, G.B.; 
Fernandes, B.S.; Kauer-Sant'Anna, M.; Yatham, L.N.; Kapczinski, 
F.; Young, L.T. Biomarkers in bipolar disorder: a positional paper 
from the International Society for Bipolar Disorders Biomarkers 
Task Force. Aust. N. Z. J. Psychiatry, 2013, 47(4), 321-332. 
http://dx.doi.org/10.1177/0004867413478217 

[47] Friedrich, M.J. Research on psychiatric disorders targets 
inflammation. JAMA, 2014, 312(5), 474-476. http://dx.doi.org/10. 
1001/jama.2014.8276 

[48] Raison, C.L.; Rutherford, R.E.; Woolwine, B.J.; Shuo, C.; 
Schettler, P.; Drake, D.F.; Haroon, E.; Miller, A.H. A randomized 
controlled trial of the tumor necrosis factor antagonist infliximab 
for treatment-resistant depression: the role of baseline 
inflammatory biomarkers. JAMA Psychiatry, 2013, 70(1), 31-41. 
http://dx.doi.org/10.1001/2013.jamapsychiatry.4 

[49] Kauer-Sant'Anna, M.; Andreazza, A.C.; Valvassori, S.S.; Martins, 
M.R.; Barbosa, L.M.; Schwartsmann, G.; Roesler, R.; Quevedo, J.; 
Kapczinski, F. A gastrin-releasing peptide receptor antagonist 
blocks D-amphetamine-induced hyperlocomotion and increases 
hippocampal NGF and BDNF levels in rats. Peptides, 2007, 28(7), 
1447-1452. http://dx.doi.org/10.1016/j.peptides.2007.06.010 

[50] Leonard, B.; Maes, M. Mechanistic explanations how cell-
mediated immune activation, inflammation and oxidative and 
nitrosative stress pathways and their sequels and concomitants play 
a role in the pathophysiology of unipolar depression. Neurosci. 
Biobehav. Rev., 2012, 36(2), 764-785. http://dx.doi.org/10.1016/j. 
neubiorev.2011.12.005 

[51] Dhabhar, F.S. Enhancing versus Suppressive Effects of Stress on 
Immune Function: Implications for Immunoprotection versus 
Immunopathology. Allergy Asthma Clin. Immunol., 2008, 4(1), 2-
11. http://dx.doi.org/10.1186/1710-1492-4-1-2 

[52] Asnis, G.M.; De La Garza, R. 2nd, Interferon-induced depression: 
strategies in treatment. Prog. Neuropsychopharmacol. Biol. 
Psychiatry, 2005, 29(5), 808-818. http://dx.doi.org/10.1016/j. 
pnpbp.2005.03.006 

[53] Post, R.M.; Altshuler, L.; Leverich, G.; Nolen, W.; Kupka, R.; 
Grunze, H.; Frye, M.; Suppes, T.; McElroy, S.; Keck, P.; Rowe, M. 
More stressors prior to and during the course of bipolar illness in 
patients from the United States compared with the Netherlands and 
Germany. Psychiatry Res., 2013, 210,880-6. http://dx.doi.org/ 
10.1016/j.psychres.2013.08.007 

[54] Lumeng, C.N. Innate immune activation in obesity. Mol. Aspects 
Med., 2013, 34(1), 12-29. http://dx.doi.org/10.1016/j.mam.2012. 
10.002 

[55] McNamara, R.K.; Lotrich, F.E. Elevated immune-inflammatory 
signaling in mood disorders: a new therapeutic target? Expert Rev. 
Neurother., 2012, 12(9), 1143-1161. http://dx.doi.org/10.1586/ern. 
12.98 

[56] Torrey, E.F.; Davis, J.M.  Adjunct treatments for schizophrenia and 
bipolar disorder: what to try when you are out of ideas. Clin. 
Schizophr. Relat. Psychoses, 2012, 5(4), 208-216. http://dx.doi.org/ 
10.3371/CSRP.5.4.5 

[57] Schonbeck, U.; Libby, P. Inflammation, immunity, and HMG-CoA 
reductase inhibitors: statins as antiinflammatory agents? Circulation, 
2004, 109(21 Suppl 1), II18-26. 

[58] Stafford, L.; Berk, M.  The use of statins after a cardiac intervention 
is associated with reduced risk of subsequent depression: proof of 
concept for the inflammatory and oxidative hypotheses of 
depression? J. Clin. Psychiatry, 2011, 72(9), 1229-1235. 

[59] Grenham, S.; Clarke, G.; Cryan, J.F.; Dinan, T.G. Brain-gut-
microbe communication in health and disease. Front. Physiol., 
2011, 2, 94. http://dx.doi.org/10.3389/fphys.2011.00094 

[60] Berk, M.; Copolov, D.L.; Dean, O.; Lu, K.; Jeavons, S.; 
Schapkaitz, I.; Anderson-Hunt, M.; Bush, A.I. N-acetyl cysteine for 
depressive symptoms in bipolar disorder--a double-blind 
randomized placebo-controlled trial. Biol. Psychiatry, 2008, 64(6), 
468-475. http://dx.doi.org/10.1016/j.biopsych.2008.04.022 

[61] Andreazza, A.C.; Shao, L.; Wang, J.F.; Young, L.T. Mitochondrial 
complex I activity and oxidative damage to mitochondrial proteins 
in the prefrontal cortex of patients with bipolar disorder. Arch. Gen. 
Psychiatry, 2010, 67(4), 360-368. http://dx.doi.org/10.1001/ 
archgenpsychiatry.2010.22 

[62] Fattal, O.; Link, J.; Quinn, K.; Cohen, B.H.; Franco, K., Psychiatric 
comorbidity in 36 adults with mitochondrial cytopathies. CNS 
Spectr., 2007, 12(6), 429-438. 

[63] Prince, J.A.; Yassin, M.S.; Oreland, L.  Neuroleptic-induced 
mitochondrial enzyme alterations in the rat brain. J. Pharmacol. 
Exp. Ther., 1997, 280(1), 261-267. 

[64] Hroudova, J.; Fisar, Z., Activities of respiratory chain complexes 
and citrate synthase influenced by pharmacologically different 
antidepressants and mood stabilizers. Neuro. Endocrinol., Lett., 
2010, 31(3), 336-342. 

[65] Pfeffer, G.; Chinnery, P.F. Diagnosis and treatment of mitochondrial 
myopathies. Ann. Med., 2013, 45(1), 4-16. http://dx.doi.org/10. 
3109/07853890.2011.605389 

[66] Anderson, G.; Maes, M., Local melatonin regulates inflammation 
resolution: a common factor in neurodegenerative, psychiatric and 
systemic inflammatory disorders. CNS Neurol. Disord. Drug 
Targets, 2014, 13(5), 817-827. http://dx.doi.org/10.2174/ 
1871527313666140711091400 

[67] Soreca, I., Circadian rhythms and sleep in bipolar disorder: 
implications for pathophysiology and treatment. Curr. Opin. 
Psychiatry, 2014, 27(6), 467-471. http://dx.doi.org/10.1097/YCO. 
0000000000000108 

[68] Martin, M.; Macias, M.; Leon, J.; Escames, G.; Khaldy, H.; Acuna-
Castroviejo, D. Melatonin increases the activity of the oxidative 
phosphorylation enzymes and the production of ATP in rat brain 
and liver mitochondria. Int. J. Biochem. Cell Biol., 2002, 34(4), 
348-357. http://dx.doi.org/10.1016/S1357-2725(01)00138-8 

[69] Romo-Nava, F.; Alvarez-Icaza, G., D.; Fresan-Orellana, A.; 
Saracco, A. R.; Becerra-Palars, C.; Moreno, J.; Ontiveros, U., M.P.; 
Berlanga, C.; Heinze, G.; Buijs, R.M. Melatonin attenuates 
antipsychotic metabolic effects: an eight-week randomized, double-
blind, parallel-group, placebo-controlled clinical trial. Bipolar 
Disord., 2014, 16(4), 410-421. http://dx.doi.org/10.1111/bdi.12196 

[70] Tosini, G.; Ye, K.; Iuvone, P.M. N-acetylserotonin: neuroprotection, 
neurogenesis, and the sleepy brain. Neuroscientist, 2012, 18(6), 
645-653. http://dx.doi.org/10.1177/1073858412446634 

[71] Clarke, G.; O'Mahony, S.M.; Dinan, T.G.; Cryan, J.F.  Priming for 
health: gut microbiota acquired in early life regulates physiology, 
brain and behaviour. Acta Paediatr., 2014, 103(8), 812-819. 
http://dx.doi.org/10.1111/apa.12674 

[72] Bested, A.C.; Logan, A.C.; Selhub, E.M. Intestinal microbiota, 
probiotics and mental health: from Metchnikoff to modern 
advances: part III - convergence toward clinical trials. Gut. 
Pathog., 2014, 5(1), 4. http://dx.doi.org/10.1186/1757-4749-5-4 

[73] Bested, A.C.; Logan, A.C.; Selhub, E.M. Intestinal microbiota, 
probiotics and mental health: from Metchnikoff to modern 
advances: Part II - contemporary contextual research. Gut. Pathog., 
2013, 5(1), 3. http://dx.doi.org/10.1186/1757-4749-5-3 

 
 
Received: September 05, 2014 Revised: October 10, 2014 Accepted: October 15, 2014 
 
 


