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SUMMARY

Treatment for Bipolar Affective Disorder is at present largely empirical, in the lack of a definitive understanding of the
biological basis of the condition. Many theories have been proposed regarding the underlying neurobiology. These have included
aetiologies relating to altered neurotrophic factor expression, mitochondrial endoplasmic reticulum dysfunction with related calcium
changes, and loss of inhibitory interneurons. Here an attempt is made to integrate such current understanding, in part by
considering the changes observed in migraine - a condition which has a number of similarities with bipolar disorder.
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INTRODUCTION

Bipolar affective disorder has a surprisingly high
prevalence, with reported worldwide aggregate lifetime
prevalence of around 0.5% (Merikangas 2001), and is
estimated to be the fourth greatest cause of loss of
disability-adjusted-life-years amongst neuropsychiatric
disorders (WHO 2002). The condition has a wide
phenotype, ranging from the stereotypical state of
'mania’ to much lesser elevation in mood with agitation
(‘hypomania'), intervened by usually more lengthy,
often profound, depressive phases (WHO 2007).

'Migraine' is a term frequently used amongst the
general population to describe long-lasting, disabling
headaches, but is more formally defined in the
International Headache Disorders Classification. It is
considered to be the nineteenth greatest cause of
disease-related disability worldwide (HIS 2005).

It shares a number of features in common with
bipolar affective disorder; in particular it is often treated
with the same agents as bipolar disorder, whilst studies
have identified common genetic linkages between
certain forms of migraine and bipolar disorder (Ortiz
2010). Also of note, chronic migraine has been noted to
evolve into a treatment resistant state of 'transformed’
migraine (Bigal 2006), similar to how some authors
have observed progression of unipolar depression to
bipolar depression (Fiedorowicz 2011).

In this article, by comparing some of these features
of bipolar disorder and migraine, together with
reviewing current theories on the aetiology of bipolar,
we aim to expand the framework for further work in
elucidating the neurobiology of bipolar disorder,
opening routes for future research. Developing a model
of the underlying biological changes will help advance
treatment of this important, frequently underdiagnosed,
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mental health problem, and in turn reduce the associated
mortality.

NEUROTROPHIC GROWTH FACTORS

Anti-epileptic drugs have been used in the control of
both bipolar disorder and migraine. Although these
agents have a wide range of mechanisms of action,
several authors have looked at ways in which specific
drugs could exert their effects in these conditions.

Sodium valproate is commonly associated with rapid
effect to elevate brain GABA levels through inhibition
of succinic semialdehyde dehydrogenase, and possibly
increasing the activity of GABAergic neurons directly
by other routes. Such mechanisms are appealing with
regard to how they might prevent the erratic electrical
activity in an epileptic seizure, but less satisfactory with
regard to explaining the effect seen in other
neuropsychiatric disorders, where the benefit of
treatment can take longer to develop.

An additional mechanism of action may be through
altering the expression of brain neurotrophic factors;
valproate appears to activate the ERK signalling
pathway, with increased expression of Bcl-2 and BDNF,
indicating a neuroprotective/trophic effect (Hao 2004).

This may be significant with regards to bipolar
disorder (and the affective disorders in general) where
brain imaging frequently reveals loss of cortical grey
matter. Serum BDNF levels have been found to be
reduced in both unipolar and bipolar depressive patients,
even when they are euthymic (Monteleone 2008),
hinting towards underlying pathological change in the
brain. Whilst treatment does not reliably appear to
increase levels of neurotrophic factors, conceivably it
may be sufficient to 'hold' them at current levels,
limiting disease progression.
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Regarding migraine, in addition to reduced CSF
levels of BDNF, the closely related GDNF has also been
found to be lower. It has been suggested that this leads
to increased sensitisation of nociceptive pathways in the
CNS, accounting for the chronic headache frequently
associated with migraine (Sarchielli 2006). It is unclear
whether treatment for migraine affects expression of
these factors.

Thus in bipolar disorder, changes in neurotrophic
factors might either lead to direct neuronal loss, or
secondary altered connectivity between neurons,
perhaps producing dysfunctional pathways of communi-
cation - and mood instability.

MITOCHONDRIAL ENDOPLASMIC
RETICULUM AND CALCIUM

A range of metabolic abnormalities have been
detected in the nervous system of patients with migraine
or bipolar disease. For example, early studies found
decreased glucose utilization in the brains of patients
with either depression or bipolar disorder. Related to
this, altered phosphocreatine metabolism was observed
in both migraine and bipolar (Kato 1994).

Following this, authors have suggested that the
underlying pathology in bipolar disorder involves
altered mitochondrial endoplasmic reticulum function, a
further manifestation of this being changes to
intracellular calcium concentrations (Kato 2000).
Specific mitochondrial DNA mutations have also been
associated with some forms of migraine (Wang 2004).

Calcium is involved in a vast array of intracellular
processes, including gene expression, filtering of
electrical signals in neurons and in signalling cascades
(Berridge 2000). Bcl-2 is believed to block calcium-
induced apoptosis of cells and enable them to tolerate
higher levels of intracellular calcium (Zhu 1999) - thus
suggesting a means by which pharmacological therapies
may have neuroprotective effects.

Altered calcium physiology could lead to bipolar
and migraine disorders through multiple mechanisms,
such as neuronal death leading or impaired signalling
leading to ineffective neural circuits, and conversely
increased neuronal excitability or altered plasticity
leading to aberrant synapse formation.

GENETICS

A number of migraine types show a familial pattern
of inheritance and thus research has addressed whether
specific mutations underlie these. There is inconclusive
evidence regarding genes involved in the common
forms of migraine, but specific mutations have
consistently been demonstrated in 'familial hemiplegic
migraine' (Oedegaard 2010). Significantly, these include
cell membrane calcium channels (Ophoff 1996),
suggesting that calcium abnormalities outside of the
mitochondria are also important.

The situation with bipolar disorder is similar, there
being a multitude of genes and chromosomes sometimes
seen with the condition, with relatively few definitive
genetic changes identified. An exception are the various
mitochondrial DNA mutations associated with affective
disorders introduced above (Kato 2000, Wang 2004).

More recently, given the high co-morbidity of
migraine with bipolar disorder, a search for mutations
common to both disorders has ensued. Using appro-
aches such as genome-linkage studies (Oedegaard 2010)
as well as looking for more specific changes, such as the
serotonin transporter promoter region (Marino 2010),
given the frequent involvement of this neurotransmitter
in affective and migraine disorders.

The mutations do not all affect the same pathways,
but more generally involve cellular channels
(Oedegaard 2010, Ophoff 1996), components of cell
metabolism (Wang 2004), or neurotransmitter
regulation (Marino 2010). Energy deficiency or impro-
per signalling may thus be key mechanisms contributing
towards development of migraine and bipolar disorder.

Possession of a few genetic changes likely increases
the risk of disturbing the finely-tuned neuronal circuitry.
This could account for the high degree of heritability
observed in both - around 60% in bipolar and between
40-65% for migraine (Oedegaard 2010).

NEURONAL LOSS

Being relatively vulnerable cells, a feasible
consequence of insufficient neurotrophic factor support,
calcium or metabolic dysregulation is neuronal death.
Structural changes in the brains of patients (particularly
affecting the pre-frontal cortex) with unipolar
depression have been well-described and are suggested
to represent cell loss, and similar findings have been
identified in bipolar patients (Drevets 1997).

It is unclear whether there are changes in grey-
matter volume with chronic migraine (due to frequent
co-morbidity with migraine, isolating it as a sole cause
has been difficult) but changes in the functionality of
neurons, particularly in the peri-aqueductal grey matter
have been suggested (Welch 2001).

There may be additional processes contributing
towards neuronal loss. In migraine, MRI techniques
have demonstrated increased iron deposition in the peri-
aqueductal grey matter, suggested to be a consequence
of neuronal injury (Welch 2001). This could in turn
accelerate further free radical mediated neuronal
damage.

Considering the affective disorders, recent research
suggests that successful responses to antidepressant
therapy correlate with neural function (Lisiecka 2011);
from this we might infer that untreated depression leads
to progressive brain changes that may be prevented by
treatment. This is likely to reflect increased ongoing
neurotrophic factor support, but could in a similar way
to the above indicate accumulation of cellular insults.
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A further theory suggested to account of bipolar
disorder, relating to neuronal loss, is death or loss of
action of inhibitory interneurons (so-called "mood-
stabilising" neurons) (Kato 2008). As decreased
response to antidepressant treatment has been reported
to correlate with increased frontal-cerebellar connec-
tivity, perhaps a further set of neurons with roles for
mood stabilisation exist in the cerebellum. In support of
this, affective and other neuropsychiatric disorders often
develop with cerebellar lesions and of note include
mood instability, depression and obsessive-compulsive
traits (Schmahmann 2007); the latter have been
observed to be more common in patients with bipolar
illness than the general population (Kriiger 1995).

In migraine, much of the phenomenology such as
aura has been attributed to a temporary loss of neuron
and synaptic function (Hadjikhani 2001); in addition to
this, structural changes, including somatosensory cortex
thickening, have been observed (DaSilva 2007). Perhaps
those patients with 'transformed' chronic migraine have
developed more permanent loss of neuronal function
through injury. In support of this idea, cortical spreading
depression is believed to cause hypoxia and potential
neuronal death, associated with altered dendrite
morphology (Takano 2007).

Potentially, a similar loss of dendritic function in
circuits controlling affective pathways could also
contribute to bipolar disorder - an explanation for loss
of function of mood-stabilising neurons. The hypoxia of
cortical spreading depression was observed to occur in
the absence of reduced blood flow and through
increased metabolic demand (Takano 2007); it was
previously mentioned that cortical glucose uptake in
patients with affective disorders was decreased (Kato
1994), but possibly the other metabolic defects could
lead to increased susceptibility to injury in a similar way
- progressive changes with recurrent episodes of
depression or mania.

In migraine, the functional loss of dendrites does not
appear to necessary correlate with brain matter loss (for
example the thickening of somatosensory cortex), thus
offering an explanation for why although there is clearly
altered function in affective disorders such as bipolar,
findings regarding structural losses are often inconsistent.

SENSITISATION

Sensitisation, whereby individual episodes of
migraine or affective disorders lead to changes
increasing susceptibility to future events, has been
proposed as another mechanism.

The end-effects of cellular stress in bipolar disorder
may lead to altered neurotrophic factor expression, and
impaired protective adaptation by neurons to such
events. In turn this may lead to increased susceptibility
to future episodes as well as resistance to treatments
(whose effects may be mediated through these neuro-
trophic factors) (Post 2001) - hence the importance of
early intervention.
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In migraine, the idea of sensitization has moved
beyond speculation, with evidence suggesting increased
responses centrally in the brainstem trigeminal nucleus
caudis, occurring following peripheral sensitization
associated with inflammation resulting from the release
of vasoactive peptides in migraine. Sensitization can
have long-lasting effects and thus arresting such
processes when migraine develops may help guide
development of future therapy (Dodick 2006).

Although evidence at a molecular level for
sensitisation in bipolar disorder is lacking, perhaps the
observed progression to bipolar in some unipolar
depressives (Fiedorowicz 2011) is a manifestation of
this process, which could involve changes to the 'mood-
stabilising neurons'.

CONCLUSIONS

With many different theories suggested as
mechanism for bipolar disorder and migraine, there is a
danger of not appreciating the 'bigger picture' of how
multiple processes may contribute. It is likely that
collectively they act to produce observed neuro-
pathology.

Changes in neurotrophic factors, interacting with
cellular metabolic defects, sometimes involving
abnormalities of ion transport, could lead to progressive
neuronal changes, in particular involving neuronal
connectivity. These may be accelerated by processes of
sensitisation - possibly as a result of the impaired neural
networks altering downstream neurotrophic factor
expression. A large element of the defects would seem
to be attributable to genetic aspects. The end-result is
abnormal function of affective circuits, which may
sometimes be evidenced by gross structural changes, but
perhaps more frequently by less evident synaptic
changes.

Although we currently perceive migraine and
bipolar disorder as two separate entities, there is clearly
much overlap in the neuropathological mechanisms that
may underlie the disorders. Here, current understanding
of migraine has been used to help postulate pathways by
which bipolar disorder may occur and so using our
understanding of other aspects of migraine may help us
further elucidate the basis of bipolar disorder.
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