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A Probable Cell Model in the Creation of
Dream Scenarios: Review

Riiya Senaryolarinin Olusmasinda
Olas: Bir Hiicresel Model

ABSTRACT Dreams are the scenarios that develop as a result of the random relationships establis-
hed between the neuron groups constituting the memory of various events, peoples and objects. In
rapid eye movement (REM) period of sleep, the stimulations (bursting activity) sent by the ponti-
ne reticular formation, also stimulate the neuron’s pools of the memories in the neocortex and ot-
her memory storage areas of the brain constitute the dream scenarios. The bursting activity
(discharges) from those pontine geniculo-occipital (PGO) generating cells reach to the occipital
cortex, entorhinal cortex, piriform cortex, amygdale, hippocampus, and many other thalamic, hy-
pothalamic, and brainstem nuclei. The functional relationship between amygdala, hippocampus,
thalamus, hypothalamus, orbito-frontal cortex and anterior cingulate make up the limbic system
which provides the emotional aspects of dreams. The axon of each neuron in the central nervous
system is divided into thousands of axon branches, on average. These axon terminals establish tho-
usands of synaptic relationships within the related neuronal pool. If the neuronal connections of re-
cently-stimulated memories establish random synaptic relationships with each other it can be
concluded that activated neurons can randomly stimulate the neurons of other memories conver-
ging on them or at least facilitate the stimulation of these neurons. Thus the memory neurons re-
lated to the people, events or subjects that have occupied the mind in recent waking activities (for
example, grandmother neurons) may stimulate other memory neurons (for example, an armed con-
flict) randomly and independently. So without subject integrity, these components of memories
constitute a dream scenario (a grandmother with weapon).
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OZET Riiyalar cesitli olaylar, insanlar ve objelere ait bellegi olusturan néron guruplar arasinda ku-
rulan rastlantisal iligkilerin sonucu gelisen senaryolardir. Uyku siirecinin hizh géz hareketleri (ra-
pid eye movement, REM) fazinda pontin retikiiler formasyondan baglayan uyarilar (bursting
activity), ayn1 zamanda neokorteks ve diger bellek depo alanlarinda bulunan néron havuzlarini da
uyararak riiya senaryolarini olusturur. Bu pontin genikulo-oksipital (PGO) kaynakl hiicre desarj-
larinin ulastig1 en 6nemli yapilar, oksipital korteks, entorhinal korteks, piriform korteks, amigda-
la, hipokampus ve diger pek ¢ok talamik, hipotalamik ve beyinsap1 ¢ekirdekleridir. Amigdala,
hipokampus, talamus, hipotalamus, orbito-frontal korteks ve anteri6r singulat korteks arasindaki
iligkiler, rityalarin duygusal yoniinii olusturan limbik sistemi yapar. Santral sinir sisteminde her bir
néronun aksonu ortalama binlerce akson dalina ayrilir. Bu akson terminalleri, ilgili néronal havuz-
lar iginde binlerce sinaptik iliski kurar. Boylece, eger son zamanlarda uyarilmis bir bellegin néro-
nal baglantilar1 diger baz1 bellek néronlan ile rastgele sinaptik baglantilar kurmus ise, aktive
noronlarin rastlantisal olarak konverjens yaptiklar: bu bellek néronlarini da uyarabildigi yada en
azindan uyarilmalarimi kolaylastirabildigi ileri siiriilebilir. Boylece, son zamanlarda, uyanik iken
zihni meggul etmis ve uyarmus bir kisi olay veya cisme ait bellek néronlar (6rnegin anneanne né-
ronlari), rastlantisal ve bagimsiz olarak bagka bellek néronlarini (6rnegin bir silahli ¢atigma) uyari-
labilir ve bir konu biitiinliigi olmaksizin bu bellek pargalar riiya senaryosunu (silahl1 anneanne)
olugturabilir.

Anahtar Kelimeler: Riiyalar; uyku, REM; beyin sap; sinir ag1
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he brainstem not only generates the rapid

eye movement (REM) period of sleep, but

also enables dreaming. In the REM phase,
sensory inputs and motor stimulus in the brain ce-
ase and the prefrontal cortex is stimulated only by
the brain stem. So perception turns to the internal
domain or endogenous cerebral activity while sle-
eping.! Pontine reticular formation is involved in
the cholinergic initiation and/or maintenance de-
synchronized sleep and that the mid-brain reticu-
lar formation mediates arousal.>® The mechanisms
responsible for the generation of the dream scena-
rios still remained largely unknown.

Sigmund Freud started the dream interpretati-
on as a scientific research and used it in the psy-
cho-analysis in the end of 19* Century. For Freud,
dreams were disguised wish-fulfillment, an uncon-
scious way for us to express our sexual and aggres-
sive fantasies, which are forbidden while we're
awake. Freud claimed that dream was not coinci-
dental. The symbols manifested in dreams were, in
his opinion, more or less sexual and these symbols
were the subconscious desires and fears of the dre-
amers about sex.* Another very famous dream the-
orist was Carl Gustav Jung, who lived at the same
period with Freud and was impressed from him
firstly. But then Jung disagreed some of the Freud’s
theories, and influencing from metaphysics, tried
to show the close paralelles between ancient myths
and dreams. Jung proposed that the concept of
introversion and extroversion, the concept of com-
plexes, the concept of collective unconscious inf-
luence our contents of dreams.

Recently the most generally accepted dream
theory was offered by Hobson and McCarley
(1977). Due to Hobson and McCarley, dreams are
meaningless and random. When the forebrain is
confronted by the resulting bizarre array of random
visions and thoughts, it attempts to synthesize them
into a coherent or semi-coherent story.® Hobson
and McCarley’s theory named “activation-synthe-
sis hypothesis” offers an explanation of dreaming
based on the physiology of REM sleep. According
to this hypothesis, dreams are the result of the fore-
brain responding to random activity initiated at the
brainstem. This is demonstrated by the ponto-geni-
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culo-occipital (PGO) waves that occur during REM
sleep. According to Hobson and McCarley this ran-
dom activity, emanating from the pons, passes thro-
ugh the lateral geniculate nucleus of the thalamus
which is the area through which sensory informa-
tion passes and occipital areas where visual infor-
mation is processed.” PGO waves are associated
with increased visual system excitability, arise spon-
taneously and not via stimulation of the primary vi-
sual afferents. Both auditory and somatosensory
stimuli influence PGO activity.? PGO system is al-
so modulated by suprachismatic, amygdaloid, vesti-
bular and brainstem auditory cell groups. The
triggering neurons of the pontine PGO wave gene-
rator are located within the caudolateral peribrac-
hial and the locus subceruleus areas. The
transferring neurons of the pontine PGO generator
are located within the cholinergic neurons of the
laterodorsal tegmentum and the pedunculopontine
tegmentum. The triggering and transferring neu-
rons of the pontine PGO wave generator are mod-
ulated by aminergic, cholinergic, nitroxergic,
GABA-ergic, and glycinergic cells of the brainstem.’

The most important output structures of those
PGO-generating cells are the occipital cortex, en-
torhinal cortex, piriform cortex, amygdala hippo-
campus, and many other thalamic, hypothalamic,
and brainstem nuclei that participate in the gene-
ration of REM sleep. Since PGO-generating cells
project to the entorhinal cortex, piriform cortex,
amygdala and hippocampus, these PGO-generating
cells could also be involved in the modulation of
cognitive functions.'” Recent studies showed that
dream also plays a role in the consolidation of me-
mory.'"? According to REM-sleep specific neuro-
nal activation dependent consolidation theory,
during wakefulness external information makes a
temporary impression in the neocortex and the ot-
her storage areas of the brain. At the same time this
information is processed in specific forms in the
amygdala, hippocampus and parahippocampal are-
a. During the REM sleep, with PGO waves the amy-
gdala, hippocampus and parahippocampal area are
also activated to organize and consolidate the ran-
dom information acquired during wakefulness."* A
theta rhythm (frequency range of 5-10 Hertz) can
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be elicited by both natural sensory stimulation and
direct activation of the brainstem reticular formati-
on, can also be elicited from hippocampus throug-
hout REM sleep.!* Theta frequency waves transfer
and bind that consolidated information into the
long-term memory storage in the neocortex and ot-
her storage areas.'®> So REM sleep constitutes a
way for hippocampus-driven cortical activation,
which may play a role in the communication of me-
mory traces from the hippocampus to the cerebral
cortex.'® The processing of dream content which
consists of variations in scenarios encountered dur-
ing daily life in which we interact with the physi-
cal and social world is bound to influence our
cognitive storage and subsequent appraisal real-
world content.” The reciprocal interaction betwe-
en active consciousness and the brain gives
opportunity for an interpretation of dreams."”

FUNCTIONAL RELATIONSHIPS
BETWEEN THE CORTEX,

LIMBIC SYSTEM AND BRAINSTEM
IN REM PERIOD

There are functional relationships between amgda-
le and the cortex during REM sleep. Indeed signifi-
cantly activated cortical areas (anterior cingulated
cortex, parietal operculum) all receive numbers of
amgdalar connections. So it was speculated that dur-
ing REM sleep the diffuse global activation of the
cortex by mesopontine reticular formation and thal-
amus is modulated by the amygdala.'® Paramedian
thalamus is believed to play an important role in the
regulation of sleep.”” However nonspecific structu-
res of the midbrain and the upper parts of the pons,
constituting the reticular activating system (RAS),
maintain the state of wakefulness. Cells of the locus
coeruleus, which contain norepinephrine, seroto-
nin-containing cells of the raphe nuclei, acetylcho-
line-containing cells of the brain stem and basal
forebrain increase their firing rates in anticipation of
awakening and during various forms of arousal.”’
They manage the modulation of arousal via ascen-
ding cholinergic activation of intralaminar thalamus
and descending activation of the subceruleus to ge-
nerate some of the signs of rapid eye movement sle-
ep.! Lesions affecting thalamus and mesencephalic
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or pontine tegmental reticular formation are causes
of hypersomnia.?! The amygdala, hippocampus, tha-
lamus, hypothalamus, orbito-frontal cortex and an-
terior cingulate make up the limbic system which is
often referred to as the emotional brain. Amygdala
projects directly to cholinergic nuclei in the brains-
tem that initiate REM state and it triggers the eye
movements. Since the amygdaloid complexes are
known to associate an affective content to percepti-
ons,” it can be speculated that the activation of
amygdala and anterior cingulate cortex could acco-
unt for the emotional aspects of dreaming.”!

NEURONAL RELATIONSHIPS
CONSTITUTING THE MEMORY OF
PEOPLE, EVENTS OR OBJECTS

Neuronal activity-constituted persistent information
in the memory-pools, develops an engram between
the related neurons. Engram means activity-depen-
dent strengthening of neuronal connections.” Mem-
ory formation involves different anatomical regions
in the brain sets of neuronal circuits and cellular and
molecular interactions between and within those ne-
urons. So memories come into being with strengthen
synaptic connectivity,* by long term potentiation
(LTP) mechanism.” In other words, a strong relati-
onship is established between the neurons constitu-
ting any information rooted in the mind, sometimes
addicting on the old information and sometimes
newly produced. The more the information is recal-
led or revived, the stronger this relationship (engram)
becomes. Depending on the frequency and/or
strength of stimulus, a strengthening of the relations-
hip between the neurons occurs, as the development
of new collaterals in the axon terminals of the presy-
naptic neurons, and as an increase in the synaptic re-
lationship established with other related neurons. An
increase in the number of presynaptic axons by LTP
related to a postsynaptic neuron, lowers the membra-
ne potential difference -in other words the stimulati-
on threshold- by increasing the excitatory post
synaptic potentials (EPSP) of the neuron.”® Thus,
membrane potential is hypo-polarized; the neuron
becomes hyper-excitable. This mechanism lowers the
stimulation threshold of each neuron coding the same
information. These hypo-polarized neurons (in the
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‘sub-luminal fringe’) may easily create an action po-
tential by a new facilitating stimulus from other rela-
tionships.” In this way, a neural activation belonging
to a different memory, facilitates an action potential
in the neural cycle, where this neural activation es-
tablishes a random axonal relationship. The axon of
each neuron in the central nervous system is divided
into thousands of axon branches, on average. These
axon terminals establish thousands of synaptic relati-
onships within the related neuronal pool.” In our opi-
nion some memory components which are randomly
activated by a part of these synaptic relationships may
be stimulated simultaneously. Thus the memory ne-
urons related to the people or events and subjects that
have dominated recent waking activities are stimula-
ted randomly and independently from the subject in-
tegrity, and become the components of a dream
scenario. For instance, a person who dreams of her/his
grandmother fighting in military uniform with a we-
apon has probably received effective sensory inputs
about some components of this scenario during the
day, and she/he has somehow activated the neuronal
cycle constituting this information. In other words,
she/he has increased the excitability of the neurons
of these memories. For example, that person may ha-
ve been influenced by recently viewing a war scene
on TV; by receiving a call from her/his grandmother
at the same day. If the neuronal relationships of the-
se recently-stimulated memories establish random
synaptic relationships with each other (each neuron
is divided into 1000-2000 axon branches, on average,
and SSS is believed to include 2 X 10™ synaptic rela-
tionships),? it can be concluded that activated neu-
rons can randomly stimulate the neurons of other
memories or at least facilitate the stimulation of the-
se neurons. Thus, with the activation of the engrams
expressing these unrelated components of the scena-
rio, one can dream absurd scenarios which are based
on known objects or sounds.

Previous studies show that people who are
born blind do not dream visual images; rather, they
experience dreams based on audio memory.?”’ The
implication is that people can not visually dream of
an object/person/event which they have never se-
en before. People only dream of the information
obtained in daily life and retained in the brain as a
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memory. However, some components of this lear-
ned information can combine with components of
other information. Such combinations may produ-
ce absurd scenarios which are far from the learned
information. For instance, a person exposed to the
previously-mentioned interactions during the day
may potentially dream of a fish holding a weapon
in its hand. In this dream, some components of the
war scene she/he has watched and of the swim-
ming in the sea have stimulated each other.

We have developed our hypotheses related to
the explanation of “probable cell mechanisms of
dream scenarios” based on the relationship mecha-
nisms of the neural networks and the long-term
potentiation (LTP) mechanisms enabling learning
in the hippocampus. The mechanism can be expla-
ined via Ganong’s “hypothetical nerve net” diag-
ram? mentioned random relationships of the
neuronal axons (Figure 1).

In figure 1, each of the neurons belonge "Me-
mory A” uses some of its branches of axon (each
axon has approximately 1000 branches) to form
synapses to neurons C and some other neurons in
the neuronal pool. So as a part of these synapses ha-
ve been developing a functional path (tractus; the
ghost neurons in the figure); some branches belon-
ging to “Memory A” may establish random relati-
onships with neurons, for example with C.

Meanwhile, neuron group B -which belongs to
another memory- may also establish some random
relationships with C. When A and B neuron groups
of memories of 2 different events are stimulated si-
multaneously by the random neuronal activity of

A memory engram of
GRANDMOTHER

Other
traces

A telephone call
A memory engram of

GRANDMOTHER
WITH WEAPON

v

P60 triggérd activation
Atelevision program

A memory engram of

Other
traces

FIGURE 1: A neuronal net in the memory storage area.

Excitability of a neurons incrased due to a telephone call. Excitability of B
neurons incrased by watching television. Components of memories A and B
created the dream scenario.
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PGO spikes, the C neurons may also be activated by
facilitation, because of the convergens of the A and B
neurons on them. Thus, activation initiates a combi-
nation of memory pieces represented by A, B and C
neuronal groups. As a result; random stimulation of
the neurons - constituting components of different
memories - by one another can combine to form an
absurd dream scenario (Figure 1). This hypothesis on
the producing of dream scenarios has been develo-
ped based on observations and analysis of the dreams
and based on Ganong’s “hypothetical nerve net” hy-
pothesis, developed in the scope of summation and
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There are too many studies implying that dream
scenarios appear by the random relationships bet-
ween the neurons of memories; but there is no defi-
nitely described mechanism. Crick and Mitchison
proposed a ‘neural network and REM sleep’ theory
in 1980s.° They asserted that, ‘if the stored memori-
es share common features, random stimulation often
produces mixed outputs’.®! This hypothesis may sup-
port our idea that, the random connections between
the neurons of memories can easily be activated du-
e to daily exitability of the neurons, and may consti-

facilitation in synaptic transmission.”’
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tute the dream scenario of that day.



