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Abstract

A pathophysiological model of the loss of reality comprehension in schi-
zophrenia is proposed. Based on a formalism it is hypothesized that astroglial
domains exert an information-categorizing function which becomes progres-
sively lost in the schizophrenic process, caused by functional and structural
disintegration of astroglial domains. Unconstrained synaptic neurotransmis-
sion functionally disintegrates the astroglial domains. Microdomains located
between perisynaptic astroglial processes and the synaptic membrane are in-
terpreted as elementary functional units categorizing synaptic information
processing. Unconstrained diffusion of neurotransmitters into the extrasy-
naptic space leads to the dysfunction of microdomain formation. In parallel,
atrophic processes of astroglia progressively break up the connectivity be-
tween synaptic and extrasynaptic compartments disrupting astroglial do-
mains. Basically, the organization of astroglia into definite functional and
structural units (modules) of astroglial-synaptic information processing may
enable the brain to comprehend ontological realms such as subjects and ob-
jects in the environment and their distinct qualities. This fundamental capa-
bility of cognition is lost in schizophrenia. It is suggested that this ontological
confusion of astroglial domain boundaries progressively disorganizes reality
comprehension and may represent the basic pathology in schizophrenia un-
derlying the main symptoms of the disorder. Finally, the testing of the model
is shortly discussed.
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1. Introduction

Schizophrenia is a chronic mental disorder characterized by disruption in cogni-
tion and emotion affecting language, perception, thought, and the sense of self
[1]. The core symptoms are delusions and hallucinations, thought disorder, ca-
tatonic symptoms, and affective flattening [2] [3]. Psychotic symptoms such as
delusions and hallucinations reflect the confusion about the loss of boundaries
between the patient and the external world, since the patient is incapable of dis-
tinguishing between his/her own thoughts and perceptions of the environment
[4]. Although the pathogenesis of schizophrenia still is unknown, existing mod-
els may partly be explanatory. These models include the neurodevelopmental
hypothesis, genetic inheritance, environmental factors, impairments in cognitive
function, neurodegeneration, and alterations in neurotransmission [1] [5] [6].
The neurodevelopmental hypothesis suggests that structural brain changes in the
prenatal or perinatal period predispose the later development of schizophrenia.
In addition, significant environmental stress affects early brain development.
Severe cognitive impairment is characteristic of schizophrenia. Patients suffering
from schizophrenia have problems thinking clearly and initiating speech due to
memory problems and dysfunctions in information processing. This cognitive
impairment further affects decision making and problem solving. Neurodegene-
ration and degeneration of glia cells identified in schizophrenic brains may be
responsible for cognitive impairment, as suggested by the neurodegenerative
model of schizophrenia [7]. Furthermore, alterations in neurotransmission are
proposed as the main factor in the etiology of schizophrenia, leading to various
neurotransmitter hypotheses. Since all of these components may interact in var-
ious intensities during the course of the illness, schizophrenia may have a multi-
factorial genesis [8].

Most studies have directed their investigations on the mechanism of schi-
zophrenia towards neuronal dysfunctions and impairments and have defined
schizophrenia as a “neuro-centric” disorder [9]. However, along with the devel-
opment of genetics and systematic biology approaches in recent years, the key
role of glial cells in the etiopathophysiology of schizophrenia has been demon-
strated [10] [11] [12]. The present study intends to further elaborate on my pa-
thophysiological model of schizophrenia developed over the past years [13]-[19].
Here, I will focus on astroglia not referring to oligodendroglia and microglia
which also play an important role in the pathophysiology of schizophrenia [10]
[19] [20]. Since astroglial cells represent the “linchpin” [21] comprising all glial
cells (oligodendrocytes, microglia) in the glial networks, it may be of interest to
develop a pathophysiological model of schizophrenia based on astroglia.

The paper is organized as follows: starting out with the hypothesis that the
disintegration of the astroglial domain organization may underlie the loss of re-
ality comprehension in schizophrenia, following with the description of the struc-
tural and functional organization of astroglial domains and microdomains. Next, a

combinatorial formalism of the qualitative categorization of information processing
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corresponding to the operations of astroglial domains is proposed, and the func-
tional disintegration of astroglial domains and microdomains is described based
on experimental findings. I suggest that the organization of astroglial domains
into definite functional and structural units (modules) may enable the brain to
comprehend ontological realities in their distinct qualities in the environment.
Exactly this elementary capability of cognition is lost in schizophrenia and may
be responsible for the loss of reality comprehension underlying the core symp-
toms of the disorder. In conclusion, testing the significance of the model is

shortly discussed.

2. Hypothetical Model

The pathophysiology of schizophrenia underlying the loss of reality comprehen-
sion may be caused by the disintegration of the astroglial domain organization.
Basically, the domain of a single astrocyte embodies a non-overlapping territory
[22] [23] [24] operating as a functional island [25]. Astrocytic peripheral processes
(APP) and neurons together build tripartite synapses [26]. Microdomains are
mainly located on APP [27] and represent elementary functional units that may
not only integrate information [28], but also categorize synaptic information
processing determined by the modulatory function of astroglia. Generally, cate-
gorization is defined as a process in which ideas and objects are differentiated
[29].

Dependent on neuronal activation a hierarchy of astroglial domains from na-
nodomains, microdomains, cellular domains to superdomains can be generated
[30]. This hierarchic organization of astroglial domains may enable the brain to
categorize synaptic information in levels of increasing complexity and to distin-
guish qualitative differences between subjects and objects in the environment, as
well as between itself and the environment on the behavioral level. As shown
below, the generation of astroglial domains is based on a formalism for catego-
rizing domain qualities in a hierarchical order. I hypothesize that the functional
and structural disintegration of astroglial domains leads to the inability to cate-
gorize information from the inner and outer environment. Therefore, schizoph-
renic patients cannot grasp the significance or meaning of information, thus

losing the comprehension of reality.

3. Astroglial Domain Organization

Cortical and hippocampal astrocytes are organized in non-overlapping spatial
domains [22] [23] [24] [25]. It is estimated that a single human astrocyte can
cover from about 270,000 to 2 million synapses within its domain [22] [23] [31].
Stem processes emanating from the soma of the astrocyte ramify progressively to
finally generate a dense matrix of APP [27] which enwrap neuronal synaptic
structures, termed tripartite synapses [26]. Importantly, the synaptic ensheath-
ment by APP increases with neuronal activity and is highly dynamic, since APPs

can extend and retract from dendritic spines in a time scale of minutes, leading
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to changes of the degree of synaptic coverage [27] [32] [33] [34].

Significantly, Halassa and colleagues [25] characterized the territory or do-
main of a single astrocyte as functional islands of synapses in which the signals
of neighboring synapses can be coordinated by an individual astrocyte. Rodent
and human astrocytes respond to neurotransmitters through rises of intracellu-
lar calcium, which is compartmentalized and restricted to individual astrocytes
[35] [36] [37] [38]. Dendrites cross the domain of up to hundred different as-
trocytes integrating various synaptic inputs modulated by independent astroglial
cells [39]. Basically, astrocytes act as a complementary neuromodulatory system
[40] [41] [42]. The domain organization may enable astrocytes to integrate and
filter separate volumes of synaptic activity, providing an analysis and output that
reflects the unique complexity of the glial-neuronal network [38] [40].

Astroglial domains function basically autonomously and can be described in a
hierarchical order [30]. Whereas nanodomains represent only very small astro-
cyte-neuron contacts, microdomains enwrap an individual synapse or a group of
synapses. A single astrocyte consists of hundreds of independent microdomains,
as identified in the Bergmann glial cells in the cerebellum [28]. Microdomains
and even nanodomains embody dynamic and plastic structures [43] that may
operate as elementary functional units for categorizing synaptic information
processing. Cellular domains embody a higher level of the astroglial domain or-
ganization by enwrapping larger synaptic aggregates such as glomeruli in the ol-
factory cortex, ocular dominance columns of the visual cortex or “barrels” in the
somatosensory cortex. The functional organization of these astroglial domains is
dependent on neuronal activation. Since astrocytes are interconnected via gap
junctions, astroglial networks of higher complexity can be formed, termed ma-
crodomains and superdomains. The latter may comprise cortical areas or gyri
[30].

Kozachkov and Michmizos [44] proposed an architecture of the astroglial
domain organization shown in Figure 1. Astroglial domains are described as
circles arranged in a hierarchical order (a). The domain organization of five as-
trocytes is displayed. The APP of each astrocyte contact neuronal synapses (tri-
partite synapses, TPS) forming the structure of a domain. Astrocytes are inter-

connected via gap junctions (GJ) building an astroglial network.

4. Microdomains

Grosche and coworkers [26] identified in Bergmann glial cells of the cerebellum
close contact sites with the neurons, called “glial microdomains”. These subcel-
lular compartments have a complex surface of thin membrane sheets enwrap-
ping only few synapses. Each microdomain is electrotonically independent of the
stem process from which it emanates and also from neighboring domains. The
authors conclude that the glial microdomain compartmentalizes ensembles of
synapses representing a morphological unit that may synchronize local synaptic
activity [45].
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Figure 1. Architecture of the astroglial domain organization.

Basically, APPs contain elements fundamental for astrocyte signaling such as
receptors, transmitters, and transporters. In addition, APPs are equipped with
mitochondria and glycogen (energy production), actin filaments (motility), and
gap junctions (intracellular communication). Microdomains are located along
APPs. Panatier and colleagues [46] showed that rapid kinetics of Ca** transients
in “astrocyte functional compartments” (microdomains) along APPs result from
the stimulation of a single synapse. Astrocytes detect small levels of locally re-
leased neurotransmitters simultaneously with the postsynaptic neuron. There-
fore, like neurons astrocytes process synaptic information at the level of indi-
vidual synapses. Importantly, perisynaptic microdomains occur particularly ex-
tensive at the margin of each astrocyte domain where processes of adjacent do-
mains interdigitate [21].

Figure 2 outlines the formation of two glutamate microdomains [47]. A single
synapse is ensheathed by a single astrocyte. Glutamate (GLU) is released from
the presynapse activating postsynaptic glutamatergic receptors such as N-me-
thyl-D-asparate receptors (NMDAR). Glutamatergic receptors (NMDAR,
mGLUR 2/5) are extrasynaptically activated by GLU released from the pre- and
postsynapse, generating glutamate microdomains (MD). Plasma membrane glu-
tamate transporters (EAAT1/2) on the astroglial process bind and transport
GLU, inhibiting the spillover of GLU from the synaptic cleft to the extracellular
space. In parallel, K" and Na* channels in the astroglial process control molecu-
lar homeostasis, forming potassium (K*) and sodium (Na*) microdomains. Im-
portantly, a computational model elucidates the mechanisms of cation-domain
formation fundamental for homeostatic astroglial-synapse interactions [48].

I propose that the generation of perisynaptic astroglial compartments or mi-
crodomains may not only represent “contextual guidance” [49], but may basi-

cally categorize synaptic properties as demonstrated in the visual cortex [50]. If
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Figure 2. Formation of glutamate microdomains.

the formation of glial microdomains of various transmitter-modulator systems is
disturbed, the boundaries between domains become loosen up leading to the

disintegration of astroglial domains.

5. Neuromodulator Microdomains

Although neuromodulator microdomains are as yet not experimentally identi-
fied, I suggest that these domains may exert elementary operations of qualitative
information processing. Since all types of receptors for neurotransmitters are
localized in the membrane of perisynaptic astroglial processes [51], microdo-
mains for neuromodulators such as serotonin, dopamine, norepinephrine, and
acetylcholine may also be formed. In spite of the fact that it is difficult to define a
specific function of each neuromodulator [52], qualitative information processing
may represent a common function [21]. For example, the serotonergic system is
associated with qualitatively different emotional states experienced as love and
hate, or joy and sadness [53]. The key function of dopamine is conferring moti-
vational salience [54]. This means that dopamine “qualifies” the perceived mo-
tivational prominence according to its desirability or aversiveness of an outcome
and drives the behavior of the organism toward or away from achieving this
outcome [55]. In other words, dopamine encodes the precision of alternative ac-
tion programs and respond to novel environmental events finding out new ac-

tion programs [54].
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Furthermore, acetylcholine is associated with memory consolidation, atten-
tion, and uncertainty computation [56]. The latter has been demonstrated in
computer simulations [52]. Acetylcholine enhances sensory information, de-
creases recurrent activity and “qualifies” learning and memory exerting a basic
role in uncertainty-mediated inference computation [57]. Since acetylcholine
coordinates neuronal information processing in various brain areas, it may un-
derlie complex behavior [58]. Importantly, the noradrenergic system mediates
the switch between exploration and exploitation behaviors allowing for beha-
vioral adaptation [59], where astrocytes act as a gate for stimulus-specific plas-
ticity [49] [60]. Norepinephrine also exerts effects on memory consolidation and
streaming the priority of information in a given behavioral state [61]. Most im-
portantly, norepinephrine may in concert with other neuromodulators be re-
sponsible for our awareness of being a distinct person [53].

Fundamentally, since neuromodulators cooperate in generating distinct pro-
grams for selecting a specific behavior, their functional integration requires a
theoretical basis for our understanding of these systems [62]. Whereas in tripar-
tite synapses neuromodulators such as norepinephrine and acetylcholine mod-
ulate synaptic properties and activity, extrasynaptic microdomains may addi-
tionally compartmentalize and integrate ensembles of synapses, as demonstrated
in Bergmann glial cells in the cerebellum by the Grosche group [27]. Therefore,
it is obvious that glial microdomains may be formed for neurotransmitters and

neuromodulators in various areas of the brain.

6. Formal Structure of the Astroglial Domain Organization

I propose a combinatorial formalism, called morphogrammatics [63]. It catego-
rizes the astroglial domain organization as a tree corresponding to the hierar-
chical arrangement of co-existing astroglial domains [64] (Figure 3). Starting
out with the domain quality a (first level), at the second level two domains with
the same (a a) and different (a b) qualities are generated. At the third level do-
mains with three different (a b ¢) qualities are combined. The tree represents the
combinatorics of all domains with five qualities generating five levels of com-
plexity (Note, the qualities a ... e define the value ranges 1-2 (a); 3-4 (b); 5-6 (¢);
7-8 (d); 9-10 (e)).

The generation rule of domains is as follows: a domain x with n+1 qualities
(a ... e) may be generated from domain y on the first n qualities. For example,
the domain a b a ¢ (third level of the tree) can be generated from a b a, but not
from a a b. In Figure 3 the generation rule is drawn in lines between the col-
umns. Importantly, the position of each quality in each column is decisive. Giv-
en the astroglial domain organization in the visual cortex where astrocytes are
organized into functional units [65], where several astrocytes respond to an in-
dividual orientation stimulus and two astrocytes may respond to completely dif-
ferent visual orientations [50], the formalism proposed describes and interprets

these biological findings. Basically, the modulation and integration of information
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Figure 3. Formal structure of the astroglial domain organization.

processing in astroglial domains may represent a larger layer of complexity of
computation in the brain [39] [40] [66]. However, the significance of the astrog-
lial domain organization may be based on qualitative information processing by
structuring information into categories [67]. This capability of the brain may be

lost in schizophrenia.

7. Disintegration of the Astroglial Domain Organization
in Schizophrenia

There is convincing evidence for the crucial role of glial cells in the etiopatho-
physiology of schizophrenia [9] [11] [68] [69]. Here, I will focus on astroglia, the
key player in glial-neuronal information processing [21]. I hypothesize that in
schizophrenia the astroglial domain organization is disintegrated, caused by dys-
functions and structural impairments of astrocyte-synaptic and -extrasynaptic in-
formation processing, leading to the incapability to qualitatively categorize in-
formation from the inner and outer world. Therefore, patients with schizophre-
nia cannot “grasp” the significance of information so that the comprehension of

reality is lost, as frequently observed in hallucinations and delusions.

8. Imbalanced Neurotransmission in Tripartite Synapses

As described above, perisynaptic astroglial processes express receptors, trans-
porters, ion channels, and various other proteins required for synaptic transmis-

sion [31]. The activation of astrocytic receptors elevates Ca* concentration leading
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to the production of gliotransmitters such as GLU, GABA (gamma-amino-butyric
acid), adenosine/adenosine-tri-phosphate, and D-serine [70]. Clinical investiga-
tions found decreased levels of the gliotransmitter D-serine in the plasma of pa-
tients with schizophrenia [71] [72]. The decreased expression of D-serine may be
determined by mutations associated with schizophrenia [73], and also by
changes in the biogenesis and catabolism of D-serine. Basically, proteins funda-
mental for homeostatic functions are down-regulated in brains with schizophre-
nia, causing dysbalanced synaptic transmission [74]. In addition, the increased
synthesis of chondroitin sulfate proteoglycans, a component of the extracellular
matrix identified in the entorhinal cortex and amygdala, may imbalance synaptic
transmission [75]. Kynurenic acid is an NMDAR (N-methyl-D-asparate recep-
tor) antagonist like phencyclidine and ketamine and can provoke psychotic
symptoms. Significantly, the dopaminergic system is regulated by the kynurenic
pathway. The increase in kynurenic acid level potentiates the firing of midbrain
dopaminergic neurons and the release of dopamine shown in rodent models
[76] [77]. Therefore, kynurenic acid may play a role in synaptic imbalance of the
dopaminergic system in schizophrenia.

In transgenic animals a down-regulation of serine racemase, a D-serine syn-
thesizing enzyme, has been found. These animals express the Disrupted-In-
Schizophrenia 1 (DISC1) gene in astrocytes [73], and alternated interplay with
serine racemase caused a depletion of D-serine inciting schizophrenia-like beha-
vior. Importantly, many human mutations possibly responsible for schizophre-
nia lead to a hypofunction of NMDAR co-agonist binding site that either de-
creases its affinity or directly impairs D-serine availability [78] [79]. In parallel,
the cholinergic system is dysregulated affecting NMDAR activity and NMDAR-
dependent functions [49] [80] [81].

My model of synaptic imbalance in the pathophysiology of schizophrenia fo-
cuses on dysfunctional astrocytic transmitter receptors and the disruption of gli-
otransmitter release from astrocytes. Therefore, astroglia lose their modulatory
function in tripartite synapses leading to an unconstrained neurotransmission so
that gaps between the neuronal and glial networks arise. The unconstrained
neurotransmitter flux may impair the oligodendro-axonic interactions because
of toxic effects on axonal hyperactivation by unconstrained neurotransmission
[18]. Given that tripartite synapses are located on APPs in the astroglial domain,
disrupted astrocyte-synapse information processing disintegrates the astroglial
domain organization. In parallel, atrophic processes may structurally disinte-
grate astroglial domains [7] (discussed below).

Significantly, Mahdavi and coworkers [82] developed an extended mathemat-
ical model of an imbalanced tripartite synapse based on my model of the patho-
physiology of schizophrenia. It was shown that the lack of glutamatergic feed-
back from astrocytes caused by non-functional astrocytic receptors and the in-
creased nitric monoxide (NO) from the postsynaptic neuron lead to uncon-

strained release of GLU by the presynaptic terminal. Excess of GLU and lack of
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™ mGLU R5

D-serine lead to the decreased amplitude and fluctuation of NMDAR current
and to lower frequency of excitatory postsynaptic potentials. The authors suggest
that NMDARs are dysregulated because of the impaired neurotransmission and
through excessive NO-dependent phosphorylation of NMDAR.

9. Dysfunction of Glial Microdomain Formation

Figure 4 outlines the loss of glial microdomain formation caused by uncon-
strained diffusion of GLU in the extrasynaptic space. If the expression of astrog-
lial glutamate transporters (EAAT1/2) is decreased [83] [84], the diffusion of
GLU in the extrasynaptic space becomes unconstrained, leading to a dysfunction
of microdomain formation [47]. Abnormal protein expression of EAATs was
found in the hippocampus, the anterior cingulate cortex, and the prefrontal cor-
tex in brains with schizophrenia. Although many studies found a reduction of
EAAT?2 levels in schizophrenia, unchanged or increased levels of EAAT2 have
been observed as well [85] [86]. Changes of EAAT levels differ in astrocytes and
neurons. In astrocytes EAAT1 levels may be decreased, but no so in neurons.
Interestingly, animals lacking EAAT1 displayed a schizophrenia-like behavior

[87]. Basically, dysfunctions of transporters, receptors, and ion channels located

extrasynaptic
space

Presynapse astroglial process

Postsynapse

D mGLU R2 = water channel D NMDAR '\Qz’ K*, Na* channel

Figure 4. Loss of microdomain formation.
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on the perisynaptic astroglial processes may affect the formation of microdomains.

In addition, disturbance of the glutamate-glutamine cycle in astrocytes has
been reported [88]. In a rodent phencyclidine model of schizophrenia the ex-
pression of the cystine-glutamate exchanger (xCT) that controls extrasynaptic
concentration was upregulated [89]. The enhanced release of GLU in the synap-
tic cleft, as proposed in my model of synaptic imbalance in schizophrenia [14]
[15] [16], spills over in the extrasynaptic space because of changes in astroglial
GLU receptors and transporter expression. This mechanism may lead to an un-
constrained diffusion of GLU between synapses and microdomains so that mi-

crodomains disintegrate and lose their information integrating function.

10. Structural Impairments of Astroglia

In parallel to synaptic and extrasynaptic dysregulations outlined above, structur-
al impairments of the astrocyte may progressively disintegrate the domain or-
ganization in schizophrenia. A general decrease in numbers of astrocytes and
glial fibrillary acid protein (GFAP) expression is documented in numerous stu-
dies in human brains with schizophrenia [90]. In various regions of postmortem
brain a decrease in the total number of Nissl-stained astrocytes was found [91].
Reduced size of astroglial mitochondria is associated with the duration of the
disease and astroglial dysfunction [92]. Increased release of S1004 may also in-
dicate astroglial dystrophic changes [7]. Moreover, alterations of astroglial
markers and loss of astroglial cells have been identified in brains with schizoph-
renia causing a decrease of glycogen metabolism, dysregulation of glutamate
homeostasis [93], and decreased expression of astroglial EAAT1/2 glutamate
transporters, as identified in the prefrontal cortex and hippocampus [94].

Furthermore, alterations of the extracellular matrix were found in schizoph-
renic brains. Changes of Reelin expression and a substantial increase in the as-
troglial synthesis of chondroitin sulphate proteoglycans are found in the amyg-
dala, entorhinal cortex and hippocampus, but not in bipolar disorder [95]. These
alterations may disintegrate extracellular homeostasis and impair synaptic con-
nectivity [68]. Excitingly, recent experiments on human glial chimeric mice us-
ing human glial progenitor cells (hGPCs) demonstrated that the differentiation
of astrocytes is delayed and astrocytes show abnormal morphologies [69]. These
experiments suggest that a cell-autonomous gliopathology significantly contri-
butes to the genesis and development of juvenile-onset schizophrenia. Impaired
astrocytic differentiation from schizophrenia hGPCs may further affect hypomye-
lination, because of the metabolic dependence of mature oligodendrocytes on as-
trocytes. Schizophrenia-derived hGPCs suppress glial differentiation-associated
genes which encode for synaptic proteins associated with synaptic neurotrans-
mission [96]. Notably, the assessment of astrocytic differentiation revealed in
contrast to control astrocytic processes that schizophrenia astrocytic processes
left empty spaces. This finding indicates that the astroglial domain structure is
disconnected [69].
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a) astroglial
domains

b) uncategorized
neuronal net

Figure 5 shows a schema of the loss of astroglial domains caused by astroglial
atrophy. Three astrocytes form three astroglial domains interconnected by gap
junctions (GJ). Peripheral astroglial processes contact neurons forming tripartite
synapses (TPS) (a). Astroglial atrophy leads to an unmodulated neuronal net
because of the loss of astroglial cells (b).

11. Loss of Reality Comprehension in the
Schizophrenic Process

As discussed above, astroglial dysfunctions and impairments disrupt the interac-
tion with the neuronal system losing the modulatory and structuring function of
neuronal information processing by astroglia. This leads to an unconstrained
neurotransmission and a generalization of information processing in various
brain areas [14] [17] [18]. In parallel, the structural impairments destruct the as-
troglial domains causing progressive cognitive disabilities.

Given that the disintegration of the astroglial domain organization runs in a
progressive process in schizophrenia, the symptomatology is determined by the
degree of synaptic dysfunction and the structural impairment of astroglial do-
mains. In the prodrome of the illness the patient is still able to recognize the

realities in the environment, but significant behavioral changes occur [97]. In

®)

astroglial atrophy

® ®)

Figure 5. Loss of astroglial domains caused by astroglial atrophy.
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this stage of the illness synaptic imbalances caused by dysregulations of the as-
troglial modulatory function may be responsible for the onset of the schizoph-
renic symptomatology. However, if synaptic transmission is totally imbalanced,
delusions and hallucinations occur, since synaptic information processing is
unmodulated and the information flux becomes unconstrained [17] [18]. Here,
the structure of tripartite synapses is not significantly impaired, but astro-
cyte-synapse interactions become interrupted. Corresponding to my clinical ex-
perience tests on patients with schizophrenia demonstrate that they are unable
to organize perceptions into categories, e.g. to distinguish facial emotional ex-
pression [98]. Note, the loss of the astroglial domain organization is based on the
disintegration of domains and not by astrocytosis such as found in epilepsy [99].
However, if the astrodegeneration or atrophy progresses, the boundaries be-
tween astroglial domains become loosen up, accompanied by severe cognitive
impairment.

Considering again the formal representation of the astroglial domain organi-
zation in Figure 3, domains of the same and different qualities are generated in a
hierarchical order with increasing complexity. I suggest that the organization of
astroglial domains into definite functional and structural units (modules) may
enable the brain to comprehend ontological realms in the environment in their
distinct quality. This elementary cognitive capability is lost in schizophrenia.
Phenomenologically, the ontological confusion of astroglial domain boundaries
progressively disorganizes thought processes and social behavior [100]. Togeth-

er, Figure 6 outlines the components of the model of schizophrenia proposed

Imbalanced
neurotransmission in
tripartite synapses

Extrasynaptic Structural
dysregulations of impairments of
neurotransmission astroglia

Disintegration of
astroglial domain organization

A
‘ Uncategorized

information processing

A
Loss of reality }

comprehension

Figure 6. Disintegration of the astroglial domain organization, responsible for the loss of reality comprehension in

schizophrenia.
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here. Imbalanced neurotransmission in tripartite synapses, extrasynaptic dysre-
gulation of neurotransmission, and structural impairments of astroglia disinte-
grate the astroglial domain organization. This leads to uncategorized informa-
tion processing, responsible for the loss of reality comprehension in schizophre-

nia.

12. Conclusions

The present study attempts to show that the significance of the astroglial domain
organization may be based on qualitative information processing by structuring
information into categories. This capability of the brain is lost in schizophrenia
so that these patients cannot distinguish between Self and Others.

Indeed, experimental findings in the neuronal system indicate that synaptic
imbalances and disconnections of the neuronal networks in schizophrenic brains
also play a significant role [101] [102]. Importantly, research based on functional
magnetic resonance on the neural basis of self-other recognition impairments in
schizophrenia provides evidence of dysfunctions in processing of contextual in-
formation [103] [104]. Therefore, one might argue that the information catego-
rizing function of astroglia is not necessary, since the neuronal system alone is
able to compartmentalize information from reality. However, the modulation
and integration of information processing in astroglial domains may represent
an extra layer of complexity of computation in the brain [39] [40] [65].

Basically, the “astroglial domain hypothesis of schizophrenia” is testable with
optogenetics combined with imaging techniques and chemogenetics in vivo [105],
but it is faced with limitations. Whereas astroglial cellular domains have been
identified in sections of resected surgical samples of human temporal cortex and
also in rodents in vivo, microdomains and their role in information processing
cannot presently be identified with brain-imaging methods in vivo. A promising
alternative for testing the model proposed here is computer simulation of the as-
troglial domain organization [106] which may enable to deduce the effects of dis-
integration of astroglial domains on the pathophysiology of schizophrenia.

Despite experimental limitations the importance of my model may lie in its
ability to explain schizophrenic behavior. To the best of my knowledge, this is
the first biological model that can elucidate why patients with schizophrenia are
unable to distinguish between themselves and others, and why these patients
cannot really communicate and without treatment progressively fall into social

isolation.
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