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Abstract 

Looking at the state of knowledge on the biological etiology of disorders of thought and mood as 

neuropathologist, I have encountered a broad range of associations between genetic and epigenetic findings, 

various relations to the contemporary knowledge on the importance of connectivity, neurotransmission, and 

modulation by neuropeptides, but nothing appeared sufficiently specific, so far. Taking disorders such as 

schizophrenia, anxiety, or autisms as examples I have critically reviewed and commented seven main hypotheses 

on the etiology of mental disorders. The often mutually exclusive or contradictory hypotheses are each fascinating 

in their highly sophisticated approaches, but remain altogether confusing; is there anything not responsible for 

disorders of thought and mood? If illnesses are poorly understood, they are poorly treated. 
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Introduction 

My theory is that the human species was crazy from the very first and that civilization 

and culture are only enhancing man’s insanity. 

Isaac Bashevis Singer, Nobel Laureate for Literature. A Tale of Two Sisters (short story), 

1968. In: The Collected Stories, 1982 [1]. 

The roots of German neuropathology consolidated not in neurological 

clinics but in research institutes of neurology, which were not headed by 

pathologists but by neuropsychiatrists, then neurology and psychiatry not 

being separated fields. Alois Alzheimer was neuropsychiatrist and 

neuropathologist at once, only to mention in an exemplary manner a 

researcher who gained prominence even in a broad lay public. The 

primary motive of these searching neuropsychiatrists was to detect the 

morphological cause of psychoses by means of the then modern cellular 

pathology rather than to regard psychoses as pure functional disorders of 

the ‘psyche’. In a brain autopsy of a patient with dementia who had 

reported him ‘to have lost herself’, Alois Alzheimer described in 1906 a 

typical cellular morphology, ‘a peculiar disease of the cortex’ [2], which 

led eventually to the assignment of Alzheimer disease to the field of 

neurology. 

This appeared more difficult for mental diseases sensu stricto. In 1896, 

Emil Kraepelin formulated the concept of dementia praecox [3], which 

was further developed by Eugen Bleuler to the concept of schizophrenia 

[4], a hallmark disease still today assigned to the field of psychiatry, thus, 

in literal meaning illnesses of a non-substantial soul. 

Being neuropathologist myself and therefore an outsider of psychiatry 

sensu stricto, I was searching for contemporary substantial biological 

knowledge on the etiology of disorders of thought and mood. If I put 

forward connectivity, transmission and modulation as trinity of biological 

psychiatry, then I am well aware that we all know in principle how 

neurons talk to each other, being intertwined by connecting extensions 

such as neurites and dendrites, transmitting electrical information induced 

by polarization and depolarization of the neuron invoking an electrical 

impulse in form of a saltatory induction that skips from node to node 

down the full length of an axon, synaptic biochemical transmission 

involving the release of neurotransmitters – biogenic amines – from the 

pre-synaptic neuron binding to specific post-synaptic receptors, and 

eventually a modulation of the information by neuropeptides – 

oligopeptides – functioning as neuromodulators. All these physiological 

effects are genetically determined and epigenetically adapted, but we still 

do not fully understand how they influence disorders of thought and 

mood. 

Methods 

For the present review, I have selected some ‘model’ illnesses such as 

schizophrenia or autism, first, to analyze current methodical approaches 

and, second, to comment seven contemporary hypotheses on the available 

biological evidence on connectivity, transmission and/or modulation. 
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Connectivity 

The human brain is a complex network of anatomically segregated 

regions interconnected by white matter pathways, known as the human 

connectome. Network studies of large-scale brain connectivity have 

begun to reveal attributes that promote the segregation and integration of 

neural information: communities and hubs. Network communities are sets 

of regions that are strongly interconnected among each other, while 

connections between members of different communities are less dense. 

The clustered connectivity of network communities supports functional 

segregation and specialization. Network hubs link communities to one 

another and ensure efficient communication and information integration 

[5]. 

Connectomics has created a deeper understanding of the overall 

organization of brain wiring, its relation to healthy brain function and 

human cognition, and conversely, how brain disorders may arise from 

abnormal brain network wiring. This abnormal wiring may result in hard 

wiring during neurodevelopment, e.g., migration disorders, and changing 

wiring due to neural plasticity or disruption. To give a rough and 

admittedly simplified idea, super- and subconnectivity possibly being a 

consequence of inborn hard wiring variations, mal- and disconnectivity 

possibly due to acquired wiring disorders: superconnectivity (savants), 

subconnectivity (autism), malconnectivity (schizophrenia), 

disconnectivity (neurodegeneration). 

Variations of connectivity involving distributed brain regions have gained 

interest. In malconnectivity, postmortem and neuroimaging studies 

delineated changes in brain structure and volume due to reduction of 

neuritic processes such as dendrites and synapses rather than loss of 

neuronal or glial cell bodies. Schizophrenia, for instance, was attributed 

to impaired connectivity [6, 7]. 

Autism is a neurodevelopmental disorder that is characterized by 

impaired social interactions and aberrant basic information processing. 

Aberrant brain connectivity patterns already present at the early stages of 

brain development have indeed been hypothesized to be a key 

underpinning of autism. Widespread cortical subconnectivity, local 

superconnectivity, and mixed results suggest disrupted brain connectivity 

as a potential neural signature of autism. Autism is associated with the 

autism susceptibility candidate 2 gene [8, 9]. A highlighted group are 

autistic people with savant-syndrome who show heightened sensory 

sensitivity, obsessional behaviors, technical/spatial abilities, systemizing, 

and a different approach to task learning, all key aspects in defining the 

savant profile with superconnected cortical areas distinct from autism 

alone [10, 11]. Famous persons with savant-syndrome are Stephen 

Wiltshire and Laurence Kim Peek. Stephen Wiltshire is autistic and is 

known for his ability to draw a landscape from memory after seeing it just 

once (figure 1) 

Figure 1: In July 2014, Wiltshire drew an aerial panorama of the Singapore skyline from memory after a brief helicopter ride, taking five days to complete 

the 1 x 4m artwork. 

Laurence Kim Peek who was considered a ‘mega-savant’ because he was 

a genius on at least 15 different subjects, from history to sport. Peek had 

an extraordinary memory. According to his own statement, he knew the 

content of 12,000 books almost memorable. It was enough if he had read 

the book just once. Each side of a book, he needed to see only about seven 

seconds to remember the full content. Peek had neurodevelopmental brain 

damage but was not autistic. MRI examinations of Peek’s brain showed 

an enlargement of the two hemispheres and an agenesis of the corpus 

callosum. In addition, an unusually shaped and reduced cerebellum was 

detected [12]. Synesthesia can also be seen as connectivity variation; 

obviously, synesthesia in autism is linked to those with savant abilities 

rather than autism per se [13]. 

Hypothesis 1: The ‘revolutionary’ single gene 

It is proposed that the mutation of a single ‘revolutionary’ gene has caused 

the speciation event, the remarkable growth of the human brain in 

comparison to the non-human primate brains, and the enlarged 

connectivity of the brain cortex. If only one mitosis is added to the cell 

generations of cytogenesis, the number of neurons produced doubles. The 

size difference of the brains between Australopithecus and Homo erectus 

https://en.wikipedia.org/wiki/Eidetic_memory
https://simple.wikipedia.org/wiki/Genius
https://simple.wikipedia.org/wiki/History
https://simple.wikipedia.org/wiki/Sport
https://simple.wikipedia.org/wiki/Autistic
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can be explained by only one additional mitosis in some parts of the 

cerebral hemispheres. With one more mitosis in all parts of the 

hemispheres, the size of the modern brain of Homo sapiens would be 

reached [14, 15]. Further, there was a specific proliferation in those 

cortical areas of the dominant hemisphere responsible for language. We 

know since more than 150 years from Paul Broca‘s case on motor aphasia 

and his conclusion on the ‘siège de la faculté du langue’ [16], and since 

Carl Wernicke’s description 13 years later of the sensoric part of the 

language centers in the left hemisphere [17] that these centers are 

lateralized in the cerebral cortex, though there is no doubt that language 

is a bihemispheric phenomenon [18-20]. Lateralization causing cerebral 

dominance, handedness and language has been linked to the same single 

‘revolutionary’ gene responsible also for schizophrenia, the latter 

regarded as the prize that Homo sapiens pays for language [21]. 

Comments 

First, a comment on morphological findings: It seems, that a larger brain 

size may once have been vitally important for human survival, and that 

the trend toward increased brain size, which marked the first 2 to 3 million 

years of human evolution, had induced that ‘culture and the benevolence 

of social life have taken place of nimble wits as an insurance policy 

against extinction’ [22, 23]. Does brain size have any influence at all on 

schizophrenia? It was reported that schizophrenic patients with smaller 

brain size and intracranial volumes were more likely to be unaware of 

their symptoms than patients who were aware, the latter group having 

about the same brain size as healthy comparison subjects [24]. A 

reduction of the size of the superior temporal gyrus occurring particularly 

in schizophrenic females was described [25] whereas others report a 

significantly smaller left temporal lobe volume in male patients than in 

male comparison subjects, but no significant difference in female patients 

and female comparison subjects [26]. However, these observations are 

very unspecific regarding the broad range of brain size in healthy people. 

Neuropathological findings remain unspecific, so far [27]. Indeed, in 

schizophrenia, there is a left-sided preference of the pathology: loss of 

structures of the left medial temporal lobe including hippocampus, 

thinning of the left parahippocampal gyrus and superior temporal gyrus, 

reduction of the length of the left Sylvian fissure, and enlargement of the 

left lateral ventricle. If language centers were concentrated in the 

dominant hemisphere by a genetic high-connectivity process of 

hemispheric specialization, bihemispheric language had to evolve under 

constraints on callosal transmission out of necessity for a well-functioning 

connection between both hemispheres. Indeed, looking at 

neuropathology, the callosal size may be markedly reduced in 

schizophrenia [28], and its decrease perhaps may vary directly with the 

length of illness indicating the progression of the process [29]. 

However, I must admit that the difficulty to find a distinct morphological 

pattern exclusive of psychoses led for decennia to a regrettable neglect of 

this field of research among my fellow neuropathologists, even being 

regarded as the ‘graveyard of neuropathologists’ [30]. In short, I would 

doubt a neuropathologist’s diagnosis of schizophrenia or any other 

psychosis alone from the macroscopic findings of a brain autopsy. 

Second, a comment on the monogenic theory: If schizophrenia is 

independent of the environment, it should be a genetic condition that 

preceded the diaspora of modern humankind, since schizophrenia occurs 

in human populations, including people from different cultures and even 

isolated regions such as in Australian aboriginal population, in the African 

Bantu, and in tribes of central Borneo. The initial causative mutation of 

the ‘revolutionary’ gene might indeed have occurred early in evolution. 

But what does it mean? Are we all prone to schizophrenia? 

Not only language but also handedness may be a typical human 

peculiarity. Mixed-handedness may indeed indicate susceptibility for 

schizophrenia [31]. The monogenic hypothesis would mean that cerebral 

dominance, handedness and language are inextricably and causally linked 

to each other and to a single gene, the same gene being responsible for 

schizophrenia. However, there is no conclusive evidence for the genetic 

event – the ‘big bang’ [32] – that defined our species and is responsible 

for language and the origin of psychoses. 

Third, a comment on autism: The autism susceptibility candidate 2 gene 

is another interesting gene in neurodevelopment of Homo sapiens, but it 

is associated to a wide range of neuropsychological disorders such as 

autism spectrum disorders, intellectual disability, epilepsy and 

schizophrenia, thus, not the single all-explaining gene. The AUTS2 gene 

is not specific. It has been shown to be involved in multiple 

neurodevelopmental processes; it acts as a key transcriptional regulator in 

neurodevelopment, it participates in cerebral corticogenesis, including 

neuronal migration and neuritogenesis, through the control of cytoskeletal 

rearrangements [33]. 

Based on the assumption of a universal neurodevelopmental model of 

psychosis, studies of minors indicated that developmental aspects may 

play a crucial role in the prevalence and appraisal of diagnostically 

relevant positive psychotic symptoms in their full-blown and 

subthreshold forms, including neurobiogenetic and other risk factors [34]. 

Hypothesis 2: The polygenic superabundance 

Let us look again at schizophrenia as model: A multicenter linkage study 

of schizophrenia candidate regions on chromosomes 5q, 6q, 10p, and 13q 

collaboratively evaluated respective data from the literature [35]. The data 

most supportive for linkage to schizophrenia were from chromosome 6q. 

By another group, the transcription factor activator protein 2 gene (AP-2 

gene) on chromosome 6p was discussed as a candidate for the localization 

of a schizophrenia gene [36]. In the Irish study of high-density 

schizophrenia families, linkage to chromosomes 5q, 6p, 8p, and 10p was 

looked for, localizing a putative susceptibility gene for schizophrenia in 

the 8p22-8p21 region. No association was found for the other 

chromosomes, including the possible candidate chromosome 6p [37]. 

Another major susceptibility locus was suspected on chromosome 1q 

[38]. To date, using the polygenic risk score, in the genome-wide 

association study (GWAS) of schizophrenia, the impressive number of 

108 schizophrenia-associated loci were identified. [39]. 

Comment 

Tim Crow, the most expressive representative of the monogenic theory, 

describes the situation as ‘polygenes of vanishingly small effect or 

multiple false positives’ or ‘the emperors of the schizophrenia polygene 

have no clothes’ [40, 41]. In the search for the causative schizophrenia 

gene, almost no chromosome was and is left out, indeed. But what does it 

mean? Too many loci to give an indisputable explanation. Do all 

schizophrenics suffer from 108 mutated loci (of course not), or from 

different combinations of these loci and of how many different 

combinations? It might be a valuable approach to investigate all 

schizophrenics for all 108 loci and to exclude – for a starting point – all 

associated loci which do not appear in all patients. Then, several candidate 

regions, some loci might remain, which can be identified in a replicable 

manner in all patients. 

Hypothesis 3: The epigenetic influence 

Are psychoses acquired disorders? It is hypothesized that psychoses have 

to be regarded as multifactorial and reflect an interaction between 

(epi)genetic vulnerability and environmental contributors. Epigenetic 

misregulation of the genome, manifesting as molecular ‘scars’ [42], 

caused by prenatal or postnatal environmental effects may affect 

vulnerable CNS pathways. Non-genetic environmental risk factors such 

as pregnancy and birth complications, childhood trauma, migration, social 

isolation, urbanicity, viruses, ethanol, nutritional deficiency and 
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substance abuse, alone and in combination, acting at a number of levels 

over time, were thought to influence the individual’s likelihood to develop 

schizophrenia [43-46].  

Comment 

Certain risk loci may influence stochastic variation in gene expression 

through epigenetic marks, including cross-talk between DNA methylation 

and histone modification processes highlighting the intricate interaction 

between genetic and epigenetic control of neurodevelopmental 

trajectories. However, there is quite a considerable amount of most 

heterogenous putative environmental risks; if we have escaped the risk of 

birth complications, then we might undergo the risk of urbanicity, and if 

we fortunately live in a rural area, we might become victims of ethanol 

abuse. In summary, almost every environmental condition might be made 

responsible to develop psychosis, but no substantive environmental 

precipitant can be pinned. The use of novel hybrid models integrating 

molecular genetic risk markers, as well as the use of twin studies in 

epigenetics might prove to significantly enhance research in a post-

GWAS-era [47]. 

Hypothesis 4: Gender differences in connectivity 

It was suggested that a gene for asymmetry is present in homologous form 

on the X and Y chromosomes explaining the sex difference in age of onset 

of schizophrenia as well as the sex differences in morphological brain 

changes, of particular interest being the regions Xq21.3/Yp11.2 with 

regard to schizophrenia and handedness, further, that an X-Y homologous 

gene would have relevance to the speciation theory, and that a 

translocation from the X to the Y chromosome linked to psychosis may 

provide an advantage to male in the competition for females, thus not 

being rapidly selected out of the population [48].  

By means of neuroimaging, effects of age, sex and psychosis symptoms 

on thalamocortical functional connectivity in youth were characterized. 

Females showed greater connectivity between multiple thalamic nuclear 

groups and the visual cortex compared to males, while males showed 

greater connectivity with the inferior frontal and orbitofrontal cortices. 

Youth with psychosis spectrum symptoms showed a subtle decrease in 

thalamic connectivity with the premotor and prefrontal cortices [49]. 

Comment 

The genetic evidence is heterogenous; neuroimaging provides some 

indication for gender differences. Some studies have focused on the 

characterization of clinical phenomenology regarding gender in 

population at high-risk of psychosis suggesting that differences between 

men and women in the expression of psychosis extend across a 

continuum, from the subclinical forms of illness to the debut of psychosis. 

However, a comprehensive critical review concluded that the small 

number of studies and their significant methodological and clinical 

limitations do not allow for firm conclusions [50]. 

Transmission 

As examples, I will confine myself to the catecholamine-

neurotransmitters dopamine and norepinephrine/epinephrine, and to the 

indolamine-neurotransmitter serotonin. 

The capacity to generate heritable phenotypic variation, the ‘evolvability’ 

[51], of dopamine systems has been instrumental to adapt vertebrates to 

nearly all the possible environments [52]. Dopamine is associated with 

memory and, as part of the brain’s reward system, with pleasurable 

sensations. Subcortical dopaminergic dysfunction is involved in 

psychotic symptoms. Patients with schizophrenia showed increased 

presynaptic dopamine function in the associative striatum, rather than the 

limbic striatum as previously presumed [53]. Hallucinations, a central 

symptom of psychotic disorders, are attributed to excessive dopamine in 

the brain. A causal role for dopamine-dependent striatal circuits in 

hallucination-like perception is discussed [54]. So, dopamine is not only 

a ‘feel-good’ neurotransmitter. Psychosis is now widely hypothesized to 

involve neural networks beyond the classical dopaminergic mesolimbic 

pathway, including serotonin and glutamate systems as well [55]. 

What is the role of epinephrine and norepinephrine? Confronted with 

frequently occurring post-traumatic stress disorder in soldiers during the 

First World War, in 1915, Walter B. Cannon described the ‘fight-or-

flight’ response as immediate physical and mental adaptation in 

hazardous situations. The brain reacts to threats by sending impulses via 

the sympathetic nervous system to the adrenal medulla which – enhanced 

by a positive feed-back between adrenal medulla and the sympathetic 

nervous system –  secretes catecholamines, especially norepinephrine and 

epinephrine. The cardiac output and the respiratory rate are enhanced, 

which enables the threated person for confrontation or escape [56]. This 

sequence was expanded to ‘freeze-flight-fight-or-fright’, freeze 

characterized by increased attention (hypervigilance) and motionlessness 

in the hope to be overlooked, and fear characterized by anxiety and the 

intention to play dead [57]. This latter behavior was further expanded into 

‘freeze-flight-fight-fright-or-faint’ with fainting as ultimate response 

[58]. There might be a gender difference in responses to stress, 

symbolized by the term ‘tend-and-befriend’ as a potential response of 

women on stress: protect the offspring (tend) and offer friendship 

(befriend) [59]. Does anxiety induce psychosis? 

Since the earliest reports of mankind, anxiety is closely related to the idea 

of more or less unpredictable outside forces, ‘gods’, influencing life, 

culminating in an almighty and revengeful god who has been insulted by 

the people disregarding his strict commandments. In my view, this idea 

has much to do with the person of the almost almighty father in the 

extended ancient family, the chief of the clan, very similar to the role of 

the alpha-individual in the animal kingdom. Traditionally, the father is 

not perceived as mild and forgiving, but as someone who creates a sense 

of guilt and anxiety. There is a continuity to the mighty ‘redoubtable king’ 

as ‘father of the nation’, and to the almighty ‘god-father’ in heaven 

expecting god-fearing believers. But is this mighty force indeed outside? 

Is it not imaginary and inside, very much like Sigmund Freud’s ‘über-

ich’? 

Beyond all doubt anxiety is not an exclusive human attribute and it is not 

only related to stress-induced secretion of the catecholamines epinephrin 

and norepinephrine, but also serotonin may play a crucial role. Serotonin 

is influencing mood, cognition, reward and memory. A polymorphism of 

the serotonin transporter gene (SERT gene) was tentatively associated 

with schizophrenia and unipolar depression but not with bipolar disorder 

[60]. In animal experiments, it has been shown that serotonin (5- 

hydroxytryptamine, 5-HT) influences emotional processes, e.g., anxiety 

in 5-HT1A receptor mutant mice [61], and anxiety and increased 5-HT1A 

receptor response in neural cell adhesion molecule (NCAM) null mutant 

mice [62]. An increased cortical 5-HT1A receptor is discussed regarding 

the malconnectivity hypothesis of schizophrenia, also since in 

schizophrenia brains the expression of the embryonic form of NCAM is 

decreased [63].  

Hypothesis 5: Traits or symptoms 

In mental disorders, the border between health and disease is blurred. 

Conceptually, schizotypy is characterized by the presence of 

schizophrenic-like thought patterns and/or belief systems in the absence 

of psychosis, including traits such as magical thinking, unusual perceptual 

experiences, and paranormal beliefs [64]. If there is an inborn disposition 

to believe in unpredictable outside forces, then atypical connection of 

brain centers might relativize these sensations to cope situations of daily 

life. 
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Atypical brain lateralization may play a certain role, being evident in 

people who are highly creative and in people who have high levels of 

schizotypal traits [65, 66]. Anxiety and affective symptoms are prominent 

features of schizophrenia which are often present in the prodromal phase 

of the illness [67]. Is schizophrenia an anxiety disorder? Genius and 

madness have long been thought to be intimately entwined. When looking 

at paintings by schizophrenic artists, the proximity of genius and madness 

seems quite believable (figure 2). 

 
 

Figure 2: Edvard Munch ‘The Scream’ (1893), National Gallery Oslo (left). Vincent van Gogh ‘The Starry Night’ (1889), Museum of Modern Art New 

York (right). 

The Norwegian painter Edvard Munch wrote in his notes: ‘Illness, 

madness and death were the black angels that watched over my cradle and 

have since followed me through life’. His childhood was overshadowed 

by illness, bereavement, and the dread of inheriting a mental condition 

that ran in the family [68, 69]. Illness-related motifs form a significant 

part of his pictorial world such as in the transformation of a hallucination 

into his famous artwork “The Scream” from 1893, widely identified with 

“Angst”. 

The Dutch painter Vincent van Gogh is said to have found rest in the 

Saint-Paul-de-Mausole psychiatric hospital in Saint-Rémy from his 

anxiety attacks when, in the autumn of 1889, he painted “The Starry 

Night”. Many different diagnoses have been made over the past 130 years. 

From absinthe-induced temporal lobe epilepsy, schizophrenia, interictal 

personality disorder via bipolar disorder, and cycloid psychosis [70, 71]. 

Comment 

The idea to be somehow born to genius, madness, and simultaneously 

crime, in persons being in a permanent psychological state of emergency, 

was brought forward in 1872 by Cesare Lombroso in his book ‘Genio e 

follia’, to which he gave a citation from Hamlet as dedication: ‘Alla 

pazzia dei grandi presta grande attenzione – Madness in great ones must 

not unwatch'd go’ [72]. Cesare Lombroso was Professor of Legal 

Medicine and of Psychiatry; he is considered to be the founder of the so-

called Positive School of Criminology, which is oriented towards criminal 

anthropology and ensured that in the 19th century more and more 

scientifically trained specialists, above all physicians, but also biologists 

and anthropologists, dealt with the topic of crime and its relation to human 

biology, especially to disorders of thought and mood. 

In psychoses, heritability and familial transmission have been known for 

several decades; however, despite the clear evidence for a genetic 

component, it has been very difficult to pinpoint specific causative genes. 

There is only restricted genetic evidence for interdependencies between 

neurotransmitters and the above-mentioned neural cell adhesion molecule 

(NCAM) which is important for neurodevelopment. NCAM is involved 

not only in the adhesion between neural cells, but also in neuronal 

migration, neuritic outgrowth and fasciculation, and in synaptic plasticity. 

In an experimental model, NCAM null mutant knockout mice developed 

an intermale aggressive and at the same time anxious behavior combined 

with an increased 5-HT1A receptor response, suggesting a functional 

change in the serotonergic system [73]. Interestingly, the transgenic 

expression of NCAM reconstitutes normal behavior in these knockout 

mice [74]. Is this a biological model exemplifying an inescapable genetic 

program, in fact genetic prison, where like in this experimental setting 

emotions can arbitrarily be switched on and switched off? 

Furthermore, NCAM knockout mice have documented deficits in neural 

migration and display increased lateral ventricle size [75]. There is a 

decreased expression of the embryonic form of NCAM in patients with 

schizophrenia [76], and elevated concentration of NCAM variable 

alternative spliced exon isoforms are found in schizophrenia, but not in 

bipolar disorder, nor in depression or in normal control subjects [77]. 

Modulation 

Modulation by neuropeptides is the third component to be put forward 

next to connectivity and neurotransmission. 

In 1902, the demonstration by William Maddock Bayliss and Ernest 

Starling that acid liberates a chemical messenger from the cells of the 

duodenal and jejunal mucosa and that this, by traveling through the blood, 

excites the pancreas to secrete, revolutionized physiology. They called 

this messenger secretin and coined the term hormone to describe specific 

chemicals that stimulate an organ at a distance from the chemical’s site of 

origin [78]. Secretin was the very first detected neuropeptide. In the 

meantime, we know the terminology ‘gut-brain axis’ which points out a 

bidirectional relationship between the gastrointestinal system and the 

central nervous system. On the one hand, brain regulates movements and 

functions of the gastrointestinal tract (sensory and secretion), for instance, 

through the hypothalamic pituitary adrenal axis by mediating stress 
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responses impact on the gut functions. On the other hand, brain functions 

such as cognition, behavior and even nociception are under the influence 

of the gastrointestinal system. About 40 years ago I was investigating the 

distribution of various neuropeptide-producing cells in the gut by means 

of electron microscopy and immunofluorescence [79], among these also 

secretin (figure 3a and 3b). 

Since then, there is large evidence pointing to critical roles for 

neuropeptides in modulating neurobiological responses to a multitude of 

activities. There are now over 100 known neuropeptides, and probably 

many more yet to be identified from the over 1000 predicted peptides 

encoded in the genome [80]. Examples first identified within the 

gastrointestinal tract are vasoactive intestinal peptide (VIP) and gastrin, 

examples first identified within the nervous system are neurotensin and 

enkephalin. Among the almost countless neuropeptides I would like to 

mention neuropeptide Y (NPY) because it has been identified as the most 

abundant neuropeptide present in the central nervous system (figure 3c). 

 
 

Figure 3: a. Secretin-producing cell (yellow) in the duodenum, immunofluorescence. b. Intracellular secretory granules containing secretin marked by 

small colloidal gold-particles, immunogold-transmission electron microscopy. c. Neuropeptide Y-fibers (red) in hypothalamic tissue, APAAP-

immunohistochemistry. 

The emergence of the microbiota (the trillions of microorganisms within 

and on our bodies) as one of the key regulators of gut-brain function has 

led to the appreciation of the importance of a distinct microbiota-gut-brain 

axis. Stress may significantly impact the microbiota-gut-brain axis at all 

stages of life [81]. The in my view best analysis of the microbiota-gut-

brain axis available was presented by Peter Holzer: Currently, six 

particular modes of a neuropeptide link are emerging. (i) Neuropeptides 

and neurotransmitters contribute to the mutual microbiota-host 

interaction. (ii) The synthesis of neuroactive peptides is influenced by 

microbial control of the availability of amino acids. (iii) The activity of 

neuropeptides is tempered by microbiota-dependent autoantibodies. (iv) 

Peptide signaling between periphery and brain is modified by a regulatory 

action of the gut microbiota on the blood-brain barrier. (v) Within the 

brain, gut hormones released under the influence of the gut microbiota 

turn into neuropeptides that regulate multiple aspects of brain activity. (vi) 

Cerebral neuropeptides participate in the molecular, behavioral, and 

autonomic alterations which the brain undergoes in response to signals 

from the gut microbiota [82]. 

It is increasingly apparent that the gut-brain axis plays a critical role in 

brain and mental health. With focus on autism spectrum disorder, 

psychotic disorders, stress and anxiety disorders, depression, Alzheimer 

disease, and Parkinson disease, the comorbidity between inflammatory 

bowel disorder and mental health disorders was investigated. 

Interrogating the role of sex – modifying the relationship between gut and 

immune system as well as between brain and behavior – may lead to better 

understanding of the etiology of mental disorders [83]. 

Hypothesis 6: Microbiota-gut-brain axis as pathway for 

inflammatory disorders of thought and mood 

Psychoses were suspected to be neuroimmune diseases, possibly triggered 

by infectious agents which act along the gut-brain axis. 

The gut microbiota and the brain interact with each other through multiple 

bidirectional signaling pathways in which neuropeptides play potentially 

important mediator roles. Environmental and infectious agents, intestinal 

neuromodulators, sensory vagal fibers, cytokines, and essential 

metabolites convey information to the central nervous system about the 

intestinal state. Conversely, the hypothalamic-pituitary-adrenal axis, the 

central nervous system regulatory areas of satiety, and neuropeptides 

released from sensory nerve fibers affect the gut microbiota composition 

directly or through nutrient availability. Such interactions might influence 

the pathogenesis of disorders in which inflammation is implicated, such 

as mood disorder, autism-spectrum disorders, attention-deficit 

hypersensitivity disorder, multiple sclerosis, and obesity [84]. 

Comment 

The neuroimmune hypothesis of schizophrenia was based on studies 

suggesting that neuroinflammatory processes may play a role in 

schizophrenia pathogenesis, at least in a subgroup of patients. Alterations 

in both pro- and anti-inflammatory molecules in the central nervous 

system and in peripheral tissues may occur and might correlate with 

schizophrenia symptoms [85, 86]. To ask it in a provocative manner: Is 

psychosis contagious? Somehow as we thought that peptic ulcers come 

on as result of physiological stress, or as we think now by infection with 

the bacterium Helicobacter pylori. 

Hypothesis 7: The anxiolytic neuropeptide 

There is an interesting research parallelism with Walter B. Cannon’s 

description of the above mentioned ‘fight-or-flight’ response. War 

veterans who have experienced shocking or dangerous events may 
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develop a post-traumatic stress disorder (PTSD). In 2006, it was shown 

that a significant group difference in plasma NPY was observed, 

reflecting higher NPY levels in exposed veterans without PTSD than in 

nonexposed, but comparable levels in veterans with current PTSD [87]. 

Is NPY an insurance against anxiety? 

Comment 

NPY is expressed in particular neurons of the brainstem, hypothalamus 

and limbic system, which explains why NPY has an impact on stress-

related changes in emotional-affective behavior as well as on stress 

coping by reducing anxiety. Thus, NPY indeed is an anxiolytic 

neuropeptide preventing the negative consequences of stress. But 

polymorphisms of the NPY gene are predictive of impaired stress 

processing and increased risk of neuropsychiatric diseases [88, 89]. 

Conclusion 

Since the causes of dementia praecox still are completely obscure, an effective 

combatting of the illness is at this time not possible. Treatment is of necessity limited to 

the lessening of illness symptoms. 

Emil Kraepelin, 1921 [90] 

To date, 100 years after Kraepelin’s remark on dementia praecox one gets 

the impression that we still wander around obscure surroundings. On the 

cellular level our knowledge is still quite limited about what happens 

when cells touch and talk to each other. How exactly functions neural 

recognition in a plastic nervous system under ‘normal’ conditions and 

how when disorders of thought and mood occur? I do not have the 

impression that we already understand the complex interaction of 

connected neurons, the transmission and modulation of information 

between neurons and specialized brain centers, the epigenetic influence 

of most various environmental factors, the blurred border between 

physiological variations of behavior on the one side and psychopathology 

on the other side. If illnesses are poorly understood, they are poorly 

treated. 

What plays the crucial role for the uniqueness of the human brain? Is the 

uniqueness of humankind our inevitable determination within nature, the 

product of genetics, possibly an exclusive ‘true’ human gene? Does man’s 

insanity exist from the very first as Isaac Bashevis Singer ironically 

suspects in the above cited short story? Or is it not inborn nature, but the 

effect of nurture in Sir Francis Galton’s definition, of human cultural 

behavior, of an early in life acquired human ‘Prägung’ such as proposed 

by Nobel laureate Konrad Lorenz, an impregnation impressed in the 

infant brain? Or a combination of both? 

Of all above mentioned hypotheses on the origin of psychoses in general 

and of schizophrenia in particular, Tim Crow’s hypothesis on 

schizophrenia as the prize that homo sapiens pays for language [21] is 

quite seductive and fascinating whereas all other hypotheses are indeed 

fascinating but still confusing. On the grounds of firm data at my 

disposition, I was not able to falsify this hypothesis of the human gene per 

se associated with our faculty of language and the occurrence of disorders 

of thought and mood. Some of these disorders may even not be illnesses 

but variations within our species. However, I prefer Tim Crow’s 

hypothesis for its poetic thought. If we regard languages – all human 

languages in their diversities – as the outrageous works of art that they are 

in their everyday realism, in their scientific abstraction, in their 

metaphoric and poetic imagery, then the prize involved – psychoses being 

‘illnesses’ of often particularly gifted people – would not be too dearly 

paid. 
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