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Abstract

A psychobiological model of the etiopathology of bipolar disorder is pro-
posed. Based on genetic-epigenetic and chronobiological factors a hyperin-
tentional personality structure, if faced with non-feasible intentional programs
in the environment, suffers from inner and outer stress. This stress situation
leads to imbalances in information processing in glial-neuronal synaptic units,
called tripartite synapses. In depression the overexpression of astrocytic recep-
tors and of gap junctions in the astroglial network causes a prolonged informa-
tion processing which affects the behavior generating systems in the brains-
tem reticular formation. Because the activation of the behavior generating sys-
tems is protracted, they are unable to select an appropriate mode of behavior
(e.g. communicating, eating, working, sleeping, etc.) from sensory information
in real time. Inversely, in mania astrocytic receptors and gap junctions are un-
derexpressed causing a shortened synaptic information processing with rapid
changes in behavior. Switching may represent a coping-attempt with depres-
sion by mania and vice versa. Towards a comprehensive model of the patho-
physiology of bipolar disorder the role of microglia and their devastating ef-
fects on glial-neuronal interactions are outlined. Finally, the testing of the
model is discussed.

Keywords
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1. Introduction

Bipolar disorder is a life-long affective disorder affecting approximately 2% - 5%

DOI: 10.4236/0jmp.2018.74008 Sep. 29, 2018 91 Open Journal of Medical Psychology


http://www.scirp.org/journal/ojmp
https://doi.org/10.4236/ojmp.2018.74008
http://www.scirp.org
https://doi.org/10.4236/ojmp.2018.74008
http://creativecommons.org/licenses/by/4.0/

B. J. Mitterauer

of the world’s population [1]. Generally, mood disorders are best characterized
as syndromes rather than disease entities [2]. Bipolar disorder represents a spe-
cial syndrome consisting of states of depression or mania with polar-opposite
syndromes. Periods between these extreme states represent euthymic states. In
addition, mixed manic-depressive states can also occur.

Typical symptoms of mania are elevated mood, grandiosity, risky behaviors,
reduced sleep and racing thoughts. In contrast, typical symptoms of depression
are depressed mood, anhedonia, worthlessness, difficulty in thinking and con-
centration, insomnia or hypersomnia [3]. In states with mixed features the pre-
vailing mood is dysphoria [4]. The etiopathology of bipolar disorder is still un-
known. Explanatory models focus on biological, psychological and sociological
approaches. Current biological hypotheses comprise changes in genetics, sys-
tems of neurotransmitter and neurotrophic factors, neuroinflammation, stress
system activity, chronobiology and mitochondrial dysfunctions [5]. In addition,
psychosocial factors mainly concern trauma, negative life events, social support
deficits and family problems [6]. Basically, bipolar disorder is multifactorially
determined caused by stress-diathesis interactions as described in the final
common pathway model of Akiskal and McKinney [7]. Towards a “unified field
theory” Maletic and Raison [8] elaborated on an etiopathophysiological model of
bipolar disorder. Basically, the etiology described by these researchers comprises
genetic-epigenetic factors and stress causing dysregulations and structural changes
in the neuro-glial networks. In addition, circadian dysregulations and dysregula-
tions of the immune system at the cellular and subcellular level are responsible
for the clinical symptomatology of bipolar disorder.

Although most hypothetical models of depression and bipolar disorder are
neurocentric, experimental findings indicate that the glial system, especially as-
trocytes and microglia, plays a significant role in the pathophysiology of affective
disorders [9] [10] [11]. Basically, the brain consists of the neuronal cell system
and the glial cell system. Ca** imaging and electrophysiological techniques sup-
port the existence of a complete bidirectional communication between astroglia
and neurons, and indicate an important active role [12] exerting a modulatory
function in synaptic information processing [13]. Therefore, the pathophysio-
logical model of bipolar disorder here proposed is based on glial-neuronal inte-
ractions focusing on imbalances in astrocyte-neuronal synaptic units, called tri-
partite synapses [14] [15] [16] [17].

2. Hypothetical Model

Normally, a person is intending to realize his (her) programs (goals, wishes, de-
sires). If intentional programs are not feasible in the environment and the per-
son persists on realizing them, then the psychobiological state is hyperintention-
al striving for the realization of the unfeasible. Here intentionality is defined as
follows: an intentional program generates a specific multirelational structure in

the inner and outer environment based on the principle of that program [18].
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My clinical observation and treatment of patients suffering from bipolar disord-
er over the years led me to the conception of a hyperintentional personality
structure of patients genetically-epigenetically inclined to bipolar disorder.

The model is this: the character feature of hyperintentionality may cause im-
balances of information processing in glia-neuronal synaptic units, called tripar-
tite synapses. A tripartite synapse consists of the presynapse and the postsynapse
as the neuronal component and the astrocyte and its network as the glial com-
ponent [19]. I hypothesize that astrocytic receptors ready for occupancy by acti-
vating substances (neurotransmitters, neuromodulators etc.) cannot exert their
balancing function. Based on a formalism of balancing it can be shown, if a sys-
tem is balanced, underbalanced or overbalanced. If in a depressive state the syn-
aptic information processing is underbalanced, since astrocytic receptors out-
number the amount of activating substances, the system may develop depres-
sion. In a manic state astrocytic receptors are underexpressed so that a surplus of
activating substances arises generating an overbalanced synaptic information
processing [16] [17]. In the case that the receptors in tripartite synapses are both
underexpressed and overexpressed in different brain regions a mixed man-
ic-depressive state becomes generated. The overexpression of astrocytic receptors
leads to a relative lack of neurotransmitter substances that cause a prolonged in-
formation processing in depression. Inversely, if astrocytic receptors are unde-
rexpressed, transmitter substances overactivate astrocytic receptors leading to a
shortened synaptic information processing in mania.

Underbalance and overbalance of synaptic information processing also affect
the generation of the normal modes of behavior such as eating, working, sleep-
ing, communicating etc. dependent on prolonged or shortened information
processing. If information processing is prolonged, the behavior-generating sys-
tems in the brain stem reticular formation or in the brain stem core systems
cannot process environmental information in real time causing the persistence
of one or more modes of behavior observed as retardation in depression. In the
case of shortened information processing environmental information becomes
rapidly processed, responsible for a highly irritable and inconstant behavior in
mania.

Fundamentally, the pathophysiological dysfunctions and structural changes
described may generate a hyperintentional system unfeasible in depression. The
switch to a manic state can be interpreted as a “coping-attempt” with the un-
feasible, since information becomes rapidly processed so that thoughts and ac-
tions make one feel sure that “all is possible” what I called pseudo-omnipotence
[20].

3. Hyperintentional Personality Structure

Long-term therapeutic communication with patients suffering from bipolar dis-
order led to the concept of hyperintentional personality structure as a main

psychological factor of inclination to depression or bipolar disorder [14] [15].
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Generally, an intentional program generates a specific multirelational structure
in the inner and outer environment based on the principle of that program [18].
Hyperintentionality occurs, if an intentional program persists, despite it being
non-feasible in the environment. One can also speak of high aspirations of pa-
tients inclined to affective disorders [21].

Parents of children susceptible to bipolar disorder are convinced of having a
genius daughter or son who will do great things and innovations in the future.
Genius artists and scientists after a high creative period are suddenly incapable
of working without a conceivable reason. We treated a great computer scientist
who invented a novel computer system in a sleepless working rush, but he be-
came more and more unable to communicate his system with engineers for
technical implementation since he doubted the novelty of the invention.

Hyperintentionality of persons susceptible to bipolar disorder may be basical-
ly determined by an epigenetic process and education, in which certain genes are
expressed in parent-origin-specific manner. Basically, epigenetics attempts to
provide a framework for understanding how the expression of genes is influ-
enced by experience and environment [22], personality [23], and mental disord-
ers [24] or affective disorders [25].

Interestingly, Freud [26] described mental disorders as narcissistic neuros-
es. Currently, the concept of narcissism has been introduced in psychology
and psychopathology characterizing absolute egocentric personalities, but the
original meaning of narcissism in the poem of Ovid [27] is not only absolute
self-reference or egocentricity, but represents basically non-feasible intentionali-
ty. Narcissus strives to meet and touch his double, but he fails to grasp his mir-
ror image in a pond and deceases. Significantly, the repeated and rapid grasping
for the mirror image is generating water waves which make the mirror image
“fluid”. Hence, the attempts of Narcissus to “comprehend” himself is an interplay
between grandiosity and self-destruction characteristic of a manic-depressive be-

havior.

4. The Tripartite Synapse and the Astroglial Network

The close morphological relations between astrocytes and synapses as well as the
functional expression of receptors in the astrocytes led to the new concept of the
tripartite synapse [19]. Arague and colleagues showed that astrocytes respond to
neuronal activity (neurotransmitters) with an elevation of their internal Ca®*
concentration which triggers the release of chemical transmitters (gliotransmit-
ters) from astrocytes themselves, and, in turn, causes feedback regulation of
neuronal activity and synaptic strength.

Astrocytes are interconnected by gap junctions (GJ) forming an astroglial net-
work. GJs are composed of hemichannels (connexons) that dock to each other via
their extracytoplasmic extremities. Basically, GJs are considered to provide a struc-
tural link by which single cells are coupled to build a functional network with a

communication behavior that cannot be exerted by individual cells. GJs of an
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astroglial network consist of different kind of connexin proteins (Cx) forming
homotypic (same connexins) or heterotypic (different connexins) gap junction
channels. The connexin biosynthesis is dynamically regulated so that GJs can
also be under or overexpressed [28]. My model of affective disorders is based on
the hypothesis that the overexpression and underexpression of connexins does
not only dysregulate the astroglial network, but may also influence the expres-
sion of astrocytic receptors.

Figure 1 shows a model of a glutamatergic tripartite synapse and the astroglial
network. The neurotransmitter glutamate (GLU) is released from the presynapse
activated by a dendrite (D). GLU occupies postsynaptic receptors (por) and re-
ceptors on the astrocyte (acr). Transporters (t) reuptake GLU on the presynapse
again. The activation of acr leads to an increase of Ca** concentration and the
production of gliotransmitters (GT). GTs released from the astrocyte activate
presynaptic receptors (psr), por and extrasynaptic receptors (esr). The occupan-
cy of psr by GT exerts a negative feedback mechanism temporarily turning off
neurotransmission. The astrocyte is interconnected with neighboring astrocytes

via gap junctions (GJ) building an astroglial network.

5. Balance and Imbalances of Synaptic Information Processing

The interaction between neurotransmitters (NT) and the astrocytic receptors

(acr) can be system-theoretically interpreted [29] as balanced, underbalanced,

astrocyte
D
psr astroglial network
feedback
presynapse
Glu
A A
GT t

por [ [][1][] ¢
postsynapse
extrasynaptic
space
axon

Figure 1. Model of a glutamatergic tripartite synapse and the astroglial network. Activated by a dendrite (D) glutamate (GLU) is
released from the presynapse in the synaptic cleft (SC). GLU activates postsynaptic receptors (por) and is reuptaken on the presy-
napse by transporters (t). In parallel, GLU occupies receptors on the astrocyte (acr) activating channels which lead to an increase
in calcium concentration (Ca** 1) and the production of gliotransmitters (GT). The release of GT from the astrocyte activates
presynaptic receptors (psr), por and extrasynaptic receptors (esr) on the postsynapse. The effect of GT corresponds with a nega-
tive feedback mechanism on the presynapse and the depolarization by the occupancy of por and esr. The astrocyte is intercon-
nected with the astroglial network (double headed arrow) that is built by gap junctions (GJ, small squares).

DOI: 10.4236/0jmp.2018.74008 95 Open Journal of Medical Psychology


https://doi.org/10.4236/ojmp.2018.74008

B. J. Mitterauer

overbalanced, or even unbalanced. Formally, neurotransmitters represent values
and astrocytic receptors variables. In a balanced system the number of variables
(acr) and the number of values (NT) is equal. If the variables (acr) dominate the
values (NT) available in the system, the system is underbalanced, responsible for
depression. Inversely, if the values (NT) dominate the variables (acr) the system
is overbalanced, which may occur in manic states [16]. In the case that no ap-
propriate variables (non-functional acr) are available, the system is totally unba-
lanced. This system state may be responsible for the pathophysiology of schi-
zophrenia [30].

In Figure 2 is the formal principle of system-balancing signified by two in-

verse parallel lines. The length of the line above indicates the concentration of

NT (values)
: >
a) balance: normal
acr (variables)
d
< 1
NT
f———>
b) underbalance: depression
acr
< I
NT
| b
I » .
c) overbalance: mania
acr
—]
< I
d) unbalance: schizophrenia
et |

Figure 2. Balance, imbalance, and unbalance between neurotransmitters (NT) and astro-
cytic receptors (acr). The concentration of NT and the amount of acr is signified by two
inversive parallel arrowed lines. If the concentration of NT (values) for the occupancy of
acr (variables) is appropriate, the synaptic system is in balance (a). In the case of an excess
of acr, the amount of NT is too small, leading to an underbalanced synaptic system (b).
This state may cause depression. If the concentration of acr is low in relation to a normal
NT concentration, the synaptic system is overbalanced (c). Overbalanced synaptic states
may cause mania. Supposing that no appropriate acrs are available (dashed line) the sys-
tem is totally unbalanced (d). This synaptic state may be responsible for the pathophysi-
ology of schizophrenia.
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neurotransmitters, the length of the line below stands for the amount of astro-

cytic receptors. Imbalances are signified by shortened or dashed lines.

6. Underbalanced Tripartite Synapses May Cause Depression

Figure 3 outlines an underbalanced tripartite synapse, since gap junctions in the
astroglial network and astrocytic receptors are overexpressed. The upregulation
of connexins may cause an overexpression of astrocytic receptors which cannot
be occupied by neurotransmitters (NT) in real time. This causes an underpro-
duction of gliotransmitters (GT) because Ca** concentration is diminished so
that GTs negatively feedback to the cognate presynaptic receptors and synaptic
information processing is protracted. In addition, the reuptake of NT decreases
the amount of NT in the synaptic cleft. Such delay of information processing
could explain the main symptoms of depression such as feelings of insufficiency,
disturbances of circadian rhythms and hyperintentionality [31].

Importantly, Quesseveur and colleagues [32] investigated the role of hippo-
campal astroglial connexin 43 in emotionality and the effects of selective seroto-
nin reuptake inhibitors. Given that phosphorylation is a prerequisite for acute
function of connexins [33], the therapeutic effects of antidepressant drugs might
implicate the functional inactivation of connexin 43. This effect may support my
model of the pathophysiology of depression, since it allows the interpretation that

overexpressed connexins become reduced by antidepressant drugs balancing

activation . GJ
astroglial network

NT|

presynapse

"feedback

®
pus

protracted negative

r

por

postsynapse

_______________________________ upregulation of connexins (red)

astrocyte [1] ... upregulation

protracted neurotransmission

Figure 3. Upregulation of connexins and astrocytic receptors responsible for depression. Neurotransmitters (NT) released from

the presynapse activate postsynaptic receptors (por) and astrocytic receptors (acr). The upregulation of glial connexins forming

gap junctions (GJs, red) upregulates the expression of acr. Overexpressed acr cannot completely be occupied by NT causing a di-
minished concentration of Ca* and a prolonged production of gliotransmitters (GT) (dashed lines). This leads to a protracted
activation of psr, por and extrasynaptic receptors (esr) so that neurotransmission is delayed [17] [31] (SC: synaptic cleft).
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synaptic transmission. Moreover, functional imaging studies of patients with
depression indicate that the clinical response to antidepressants is different in
the hippocampal and prefrontal region. Although antidepressant substances re-
duce functional activity in the hippocampus and the limbic regions, they in-
crease functional activity in the prefrontal cortex [34]. I suggest that in depres-
sion the overexpression of gap junctions and astrocytic receptors operate hyper-
intentionally in emotion processing regions such as in hippocampus. Since in
cognition processing areas as the prefrontal cortex, gap junctions and astrocytic
receptors are underexpressed, environmental information cannot be processed
in time “flooding” synaptic information processing in the sense of cognitive irri-
tability.

Most of the typical receptors for neurotransmission have been identified on
the astrocytic membrane [35]. Although dysregulations of the expression of as-
trocytic receptors are as yet not elucidated in depression, upregulations of astro-
cytic receptors are already found in Alzheimer’s disease [36] and in Parkinson’s
disease [37]. Importantly, the Fuxe Group investigates receptor-receptor coupl-
ing in tripartite synapses and showed that abnormal receptor-receptor coupling
in inflammation, possibly responsible for depression, dysregulates neurotrans-
mission [38]. Basically, our understanding of the functions and dysfunctions of
receptors in synapse-astrocyte interactions could elucidate the role of astrocytic
receptors in depression and mania.

One may argue that the decrease and hypofunction of astrocytes seems to
speak against the model proposed here. However, there is some evidence that
receptors on astrocytes are upregulated. Animal models of chronic stress show
that adenosine A,, receptors are upregulated and polymorphisms of A,, recep-
tors are associated with emotional disturbances and their over-expression trig-
gers emotional dysfunction [11]. This mechanism could also operate in depres-

sion and should be elucidated in brains with depression.

7. Overbalanced Tripartite Synapses May Cause Mania

Whereas synaptic information processing in depression is protracted, a manic
state may be generated by inverse mechanisms which shorten information
processing. Basically, the reduced number of gap junctions in the astroglial net-
work (syncytium) and the underexpression of astrocytic receptors cannot exert a
balancing function in tripartite synapses. Under these conditions there will be a
surplus of neurotransmitters relative to the underexpressed astrocytic receptors.
In parallel, astrocytic receptors are flooded with transmitters. This flooding also
influences the negative feedback mechanism on the presynapse with the effect of
shortened cycles of information processing (Figure 4).

Because the glial intentional programs embodied in the astrocytic receptors
are immediately realizable and “all seems to be appropriate”, a manic patient
feels grandiosity which I call pseudo-omnipotence [20]. Dependent on the

transmitter systems or brain areas affected, the synaptic overbalance may be
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Figure 4. Overbalanced tripartite synapse responsible for mania. Neurotransmitters (NT) released from presynapse activate post-
synaptic receptors (por) and astrocytic receptors (acr). The downregulation of glial connexins forming gap junctions (GJ) down-
regulates the expression of acr. Underexpressed acr are flooded by NT causing an increased Ca’ 1 concentration and an increas-
ing production of gliotransmitters (GT t ) in the astrocyte leading to a shortened feedback on presynaptic receptors (psr) (bold
line). The reuptake of NT on the presynapse by transporters (t) does not significantly decrease the amount of NT in the synaptic
cleft (SC). The activation of extrasynaptic receptors (esr) is also intensified causing a rapid neurotransmission.

responsible for the pathophysiology of manic symptoms such as euphoria and
feelings of grandiosity. In addition, the rapid synaptic cycles could be explana-
tory of manic distractibility, flight of ideas, overactivity and circadian and bior-
hythmic disturbances, especially insomnia.

8. Overbalanced and Underbalanced Tripartite Synapses
May Cause Mixed Manic-Depressive Episodes

Momentary tearfulness, depressed mood, suicidal ideation are commonly ob-
served at the height of mania or during the transition from mania to depression.
Another common feature is racing thoughts in the context of retarded depres-
sion. Those transient labile periods must be contrasted with mixed episodes in
the long-term course of bipolar disorder. Mixed episodes are characterized by
dysphorically excited moods, anger, panic attacks, persevered speech, agitation,
suicide ideation, severe insomnia, grandiosity, hypersexuality, persecutory delu-
sions and confusion [2]. Importantly, diagnostics of mixed states is broadened in
the Diagnostic Statistical Manual (DSM-5) [4].

If a patient shows depressive and manic symptoms at the same time, it seems
likely that synaptic information processing is in some brain areas overbalanced
while underbalanced in other areas as outlined in the Figure 3 and Figure 4.

Approximately 40% of bipolar patients suffer from mixed states. Current hypo-
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theses or models refer mainly to circadian genes, neurotransmitters and fluctua-
tions in affective states. In the perspective of imbalances of astrocyte-synapse in-
teractions underbalanced and overbalanced synaptic systems may operate in
mixed episodes. Although this pathophysiological model is as yet not experi-
mentally tested, relevant studies indicate that mixed states result from genetic
susceptibility in the circadian and dopamine neurotransmission and dysregula-
tions in the catecholamine-acetylcholine neurotransmission balance which leads
to mood fluctuations [8] [39].

9. Switching from Depression to Mania May Represent a
Coping-Attempt with Depression

Although the switching mechanism is still not fully explored, consistent experi-
mental findings provide evidence that dysregulations of glial-neuronal interac-
tions with abnormalities in glial elements are more apparent than in neurons
[11]. This means that not only astrocytes and their networks are affected, but al-
so microglia and oligodendroglia with myelin. In the model here proposed per-
manent stress is generating dysfunctions and structural impairments, especially
in the glial system. In addition to environmental stress in a broad sense, inner
stress is caused by imbalances of information processing activating microglia
with structural changes in the whole glial system [40].

Importantly, the hypothesis of dopaminergic dysfunction in bipolar disorder
may support the pathophysiological model outlined. Accordingly, switching oc-
curs, if excessive dopaminergic activity in the course of mania down-regulates
dopamine receptors which trigger a transition into a depressive state [41]. In an
overbalanced tripartite synapse astrocytic receptors are underexpressed leading
to shortened information processing and flooding of receptors with neuro-
transmitters. Although various receptor and transmitter systems may be af-
fected, excessive dopaminengic activity represents a typical experimental find-
ing. However, the excess of dopaminengic transmission may be basically caused
by the underexpression of astrocytic receptors as depicted in Figure 4.

Importantly, neurotransmitter flooding generates an increasing inner stress
which forces the synaptic system to switch to inverse pathophysiological me-
chanisms slowing down synaptic information processing responsible for depres-
sion. On the contrary the switch from depression to mania could represent a
coping-attempt with depression. The rapid information processing in a manic
state makes the patient convinced of being highly potent in cognition and action,
but unable to reflect his (her) mostly destructive behavior regarding to him (her)

self and to the society.

10. Displacement of Action Pattern Generation in the Brain
Stem Reticular Formation

On the behavioral level animals or humans must not only select action programs

adapting to the environment situation, but they are also able to intend an action
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1

(2]

in the environment. Basically, one of the most fundamental principles in system
dynamics is the premise that the structure of the system will generate its beha-
vior, commonly interpreted as modes of behavior [42]. The reticular formation
in the brain stem is a candidate system for generating the modes of behavior
such as eating, working, sleeping, communicating etc, since the reticular forma-
tion is interconnected with all regions of the brain [43] [44] including life sus-
taining nuclei that command and control e.g. heart beat and inspiration [45]
[46].

Figure 5 shows a model of the generation of six modes of behavior in time
periods t,--t;. The time periods t,---t; correspond to the action programs a,--a,
and represents the period in which one of the six modes of behavior is activated.
Environmental information activating the perception systems is processed in
synapses of special cortical and subcortical systems [47]. This figure refers to the

cognitive, emotional, psychomotor and autonomic-circadian systems. Dependent

[ environmental information ]

[ perception systems ]

A 4
synaptic information processing

/

cognitive ] [ emotional ] [ psychomotor ] [ autonomic - circadian
a, a2 a, a, ag ag totg
v v
mental activity anxious  euphoric work eat sleep

[1] ... Cortical and subcortical information processing

[2] ... Brainstem reticular formation

Figure 5. Model of the generation of modes of behavior in the period t,---t;, Environmental information activates the perception
systems (one headed arrow). This information is processed in synapses of special cortical and subcortical areas. Cognitive, emo-
tional, psychomotor and autonomic-circadian systems activate pertinent action programs (a,--a¢) in the brainstem reticular for-
mation. At the moments t,--t; the reticular formation selects most appropriate information to an action program a,--as such as
mental activity, anxious, euphoric, work, eat, sleep (double headed arrows signify bidirectional interactions).
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on the action program activated by synapses, the integrative function of the re-
ticular formation is capable of commanding and controlling the generation of a
pertinent mode of behavior such as mental activity, feeling of anxiety, euphoria,
working, eating, and sleeping [48].

In a depressive state the protracted information processing in tripartite syn-
apses may cause a displacement of the generation of the modes of behavior
which we could demonstrate in a computer simulation of hypersomnia [15]. In
the case of a manic state information processing is shortened leading to rapid
changes of action patterns which we observe as an irritable behavior of these pa-
tients.

Principally, the life-long affection with depressive and manic episodes in var-
ious courses may be caused by the persistence of the hyperintentional personali-
ty structure. Whereas in euthymic states stress situations may not activate genes
responsible for the pathophysiology of depressive or manic episodes, the persis-
tence of intentional programs striving for their feasibility can further elicit im-
balances and structural changes of information processing as outlined in the

present model of bipolar disorder.

11. Towards a Comprehensive Model of the Etiopathology of
Bipolar Disorder

Although the present study focuses on the central role of astrocytes and their
networks in synaptic imbalances, a comprehensive model of pathophysiology of
bipolar disorder must also refer to microglia and oligodendroglia. Basically, all
glial cells are interconnected via gap junctions building an active system in its
interactions with the neuronal system [49]. Any pathological event in the brain
leads to the activation of microglia, the immunocompetent cells of the central
nervous system [50]. Experimental findings suggest that active microglia and in-
creased proinflammatory cytokines play an important role in the pathophysiol-
ogy of bipolar disorder with a possible link between neuroinflammation and pe-
ripheral toxicity [51] [52].

As already described hyperintentionality exerts chronic stress that not on-
ly activates microglia, but also triggers microglia dystrophy [40]. Inflamma-
tory substances released by microglia initiate a positive feedback loop in
which astrocytes also begin to release adenosine-tri-phosphate (ATP) and
cytokines, which trigger further inflammatory cytokine release from micro-
glia, thus perpetuating the inflammatory cycle. Activated microglia reduces
the release of neurotropic factors further perpetuating microglia activation
leading to the impairment of oligodendroglia and neuronal apoptosis [53].
Importantly, the convergence of genetic vulnerabilities in bipolar disorder
appears particularly target oligodendrocyte function [54], but imaging stu-
dies of brains with bipolar disorder demonstrate structural impairments of
all glial cell types [55].

Considering the structural impairment of oligodendroglia it is of significance
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that their myelin sheaths are also destructed. Since myelin sheaths enable a sal-
tatory axonic conduction making conduction faster, oligodendrocyte-myelin
impairment slows down axonic conduction. Therefore, prolonged information
transfer from synapses to the behavior-generating systems in the brain stem, re-
sponsible for depression, may be intensified by impairment or loss of oligoden-
droglia and myelin.

Family and twin studies suggested a strong genetic component in the etiology
of mood disorders [56]. Although the inheritance of bipolar disorder seems to be
beyond any doubt, the mode of transmission and the nature of the transmitted
abnormalities are still not fully understood. We investigated a sample of 307 (N =
6704) sibling groups affected with bipolar disorder able to trace the pedigrees in
some cases as far as six generations and found a significant genetic loading [57].

Circadian dysregulation in bipolar disorder is experimentally well established.
Mutations of clock genes may play a significant role [58] [59] [60]. Morningness
and evening preference has been linked with bipolar disorder. The secretion of
several neurotransmitters is regulated by circadian rhythm and is altered in bi-
polar disorder. In the perspective of synaptic imbalances described in the present
model circadian dysregulation of neurotransmitter secretion may influence im-
balances of synaptic information processing. For example, serotonin synthesis is
controlled by significant diurnal and seasonal rhythmic fluctuations. In a prec-
linical model has been shown that serotonin influences the transcription of the
CLOCK genes. However, the relationship between bipolar disease and the role of
monamines in the disturbance of circadian regulation is as yet not fully unders-
tood [60].

In Figure 6 a pathophysiological model of bipolar disorder is outlined. It is
based on glial-neuronal interactions. Genetic-epigenetic factors [61], circadian
dysregulations [62] and stress determine dysregulations of glial-neuronal inte-
ractions. Stress activates microglia, which exerts functional dysregulations and
structural changes of astroglia and oligodendroglia. In depression astrocytic re-
ceptors and glial gap junctions are overexpressed leading to a prolonged infor-
mation processing (Figure 3). In mania astrocytic receptors and glial gap junc-
tions are underexpressed causing a shortened synaptic information processing
(Figure 4). Switching from depression to mania and vice versa represents an in-
verse operation as a coping-attempt with extreme pathophysiological imbalances
and behavioral impairments. In a depressive state prolonged synaptic informa-
tion processing leads to protracted axonic information transfer to the behavior-
al-pattern generation system in the brain stem reticular formation so that the
modes of behavior cannot be selected in time and one or more modes persist in
the sense of behavioral retardation. Inversely, in a manic state the very shortened
synaptic information processing accelerate axonic information transfer causing a
rapid change of the modes of behavior observed as manic irritability. All the
system dysregulations generate chronic system stress that co-determines struc-

tural impairments or loss of cells.
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Figure 6. Outline of a pathophysiological model of bipolar disorder based on imbalanced glial-neuronal interactions. Based on
genetic-epigenetic factors and circadian dysregulations stress activates microglia (M) which causes functional dysregulation and
structural changes of astrocytes and oligodendrocytes (oc) with myelin (My). In depression astrocytic receptors (acr) and glial gap
junctions (GJ) are overexpressed leading to a prolonged synaptic information processing (dashed lines) (see also Figure 3). In
mania acr and GJ are underexpressed causing a shortened synaptic information processing. Depressive states can switch (double
headed arrow) to manic states and vice versa. In depression the prolonged synaptic information processing and the protracted
axonic information transfer causes a persistence of one or more modes of behavior (fat rectangle). Inversely, in mania the short-
ened synaptic information processing leads to a rapid change of the modes of behavior (double headed arrows between squares).
Cell decay is depicted (black circle).

12. Discussion

Considering dopaminergic dysfunction in bipolar disorder it has been hypothe-
sized that excessive dopaminergic activity in the course of mania precipitates
dopamine receptor down-regulation, which subsequently triggers a transition
into a depressive state [8] [41]. Importantly, this model only refers to the neu-
ronal synapses and not explicitly to the receptors on the astrocyte. Moreover, if
we assume that astrocytic receptors are down-regulated in a manic state leading
to excessive dopaminergic activity in synaptic information processing, which
subsequently triggers the upregulation of astrocytic receptors, then a relative lack
of dopamine in the synaptic cleft causes a prolonged information processing.
This imbalance may represent the basic disorder in depression. Inversely, if ex-
cessive dopaminergic activity caused by the underexpression of astrocytic re-
ceptors floods the synaptic cleft, a manic and not a depressive state becomes

generated.
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Currently, experimental findings indicate that receptor-receptor coupling plays
a significant role in synaptic information processing [38]. These experiments may
contribute to elucidate the role of astrocytic receptors in synaptic imbalances.
Basically, my model of bipolar disorder is testable, but faced with limitations.
Whereas the number of astrocytic receptors can be counted with in vivo imaging
techniques [63], the amount of over- or underexpressed gap junctions in com-
parison to the expression of gap junctions in the balanced network may be diffi-
cult to access because of the high complexity of astroglial networks [64]. In addi-
tion, hyperintentionality and its effects on the pathophysiology of bipolar disorder
must be investigated. Here, animal models are inappropriate, since nobody knows,
if the animal is in a hyperintentional state in the sense of a long-term intentional
program. The capability to strive for the realization of long-term goals may be
exclusively a human feature.

Although a hyperintentional personality structure can be assessed with a
semi-structured interview, my pertinent experience with patients suffering from
bipolar disorder demonstrates that the patients are often not aware of their per-
sistent striving for an unfeasible goal. However, therapeutic communication and
deep interviews over a longer time span mostly reveal the hidden burden of
hyperintentionality.

The basic therapeutic implications from the model here proposed consist of
both a long-term psychopharmacological relapse prevention and adjunctive

psycho-social strategies [65].

13. Conclusions

The significance of the present model lies in presenting a new psychobiological
model of bipolar disorder based on synaptic imbalances of glia-neuronal interac-
tions which are determined by a hyperintentional personality structure. The
model focuses on the expression of astrocytic receptors and their role in balanc-
ing synaptic information processing. Based on a formalism of balance it is hy-
pothesized that, if the number of astrocytic receptors corresponds to the con-
centration of neurotransmitters released from the presynapse, the neurotrans-
mission is balanced. In the case that astrocytic receptors and the gap junctions in
the astroglial network are overexpressed, neurotransmitters cannot activate all
receptors in time. This system state is underbalanced leading to a prolonged
neurotransmission responsible for depression. Inversely, if astrocytic receptors
and glial gap junctions are underexpressed, a surplus of neurotransmitters arises
causing a shortened neurotransmission. This synaptic state is overbalanced and
responsible for mania. In mixed manic-depressive states tripartite synapses in
some brain areas may be overbalanced and in other areas underbalanced.

In addition, my model suggests that the pattern of astrocytic receptors embo-
dies an intentional program which modifies synaptic information processing.
Since in depression overexpressed astrocytic receptors operate hyperintentional,

the switching from depression to mania represents a coping-attempt with de-
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pression. Importantly, the main symptoms of depression and mania can be de-
duced from the synaptic imbalances described. In depression synaptic informa-
tion processing is prolonged so that the behavior generating systems in the brain
stem cannot generate the normal pattern of the modes of behavior (e.g. commu-
nicating, eating, working, sleeping, etc.) in real time. Consequently, one or more
of the modes of behavior persist, typical for retardation or agitation on the beha-
vioral level. Since in mania information processing is shortened, a rapid change
of behavior occurs observed as manic irritability and flight of ideas.

Currently, experimental findings indicate that all main glial cells play a central
role in the pathophysiology of mental or affective disorders [10]. Importantly,
Maletic and Raison [8] elaborated an “integrated neurobiology of bipolar dis-
order” focusing on dysregulations of glial-neuronal interactions. Because of the
heterogeneity of the course of illness and the high pathophysiological dynamics,
these researchers challenge the diagnostics of the bipolar disorder and propose a
new “unified field theory”. Working in this direction my model may represent a
new approach to the research of affective disorders, since the psychological
component of hyperintentionality is integrated in the pathophysiological me-

chanisms.
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