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A NEUROPHYSIOLOGIC MODEL OF DREAMS
AND HALLUCINATIONS?

RAUL HERNANDEZ-PEON, M.D2

While dreaming represents a particular
state of conscilousness occurring normally
every night during certain periods of sleep,
hallucinations are considered as a patho-
logic sign of abnormal mental function.
However, a similarity between both types
of subjective phenomena has been recog-
nized since very ancient times, and even
a similar substrate was assumed by Plato
(20). It seems logical that any insight
into one of those processes might help in
clarifying the other. The difficulty in
understanding the origin and meaning of the
often vivid and odd experiences of dreaming
has led all primitive human races to at-
tribute magical properties to the unex-
plained phenomenon. It was not until
Freud (29) achieved a sound and systematic
investigation of dreams by correlating them
with the individual past experiences and
personality, that a comprehensive inter-
pretation became available to psychologists
and psychiatrists. The recent progress of
neurophysiology in attempting to bridge
the realms of brain and mind allows us now
to formulate working hypotheses which may
guide and stimulate future research on this
fascinating subject.

Based on experimental findings, I will
present in this paper some speculative
ideas integrated into a mneurophysiologic
model which can account for the main
features of dreaming and hallucinations.
Without pretending to give the final an-
swer to these important problems, the aim
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of this effort is to build up a theoretical
framework modifiable according to forth-
coming experimental evidence.

Two well substantiated concepts have
provided a basis for a hopeful insight into
the neural mechanisms of dreaming, namely
1) sleep 1s the result of an active inhibitory
process originated from specific hypnogenic
brain structures; 2) two main patterns of
physiologic changes accompanied by low
and high arousal thresholds respectively,
occur during sleep, the latter being more
often associated with dreaming. A brief
introductory account of the experimental
evidence supporting these current views is
germane to the neurophysiologic discus-
sion of dreaming,.

SLEEP INDUCED BY CENTRAL
ELECTRICAL STIMULATION

To Hess (56, 57) we owe the first ex-
perimental demonstration that behavioral
sleep can be elicited by low frequency
electrical stimulation of certain brain re-
gions, and in particular of a midline tha-
lamic area in the vicinity of the massa in-
termedia. In confirming this finding (4, 5,
77, 78, 95) it has been additionally shown
that high-frequency electrical stimulation
of the same midline thalamic area produces
EEG and behavioral arousal. More recently,
differential arousing and hypnogenic effects
have been obtained by high-frequency or
low-frequency electrical stimulation of all
the brain stem reticular formation (25)
and of the medullary region of the solitary
tract (80). It has also been reported that
low-frequency electrical stimulation of the
head of the caudate nucleus produces be-
havioral quieting or sleep and cortical
spindle bursts (14, 15, 33, 89). The fact
that sleep can be induced from widespread
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regions in the brain seemingly suggested a
nonspecific effect of diffuse origin. Of par-
ticular importance in this regard was the
finding independently obtained by Ster-
man and Clemente (102) and by Hernéan-
dez-Pebén (38) that both low- and high-fre-
quency electrical stimulation of the medial
forebrain bundle at the lateral preoptic
region elicited the behavioral and electro-
cortical manifestations of sleep. Therefore,
although there is an extensive overlapping
of arousing and hypnogenic neurons, the
hope of finding localized specific hypno-
genic structures regained experimental sup-
port.

SLEEP INDUCED BY CENTRAL CHEMICAL
STIMULATION

Accepting current views about the chemi-
cal nature of central synaptic transmis-
sion in the mammalian nervous system, we
have experimentally approached the prob-
lem of mapping out specific hypnogenic

regions by loeal application in the brain of .

naturally ocecurring substances normally
synthesized as possible synaptic transmit-
ters as well as of pharmacologic agents
which are known to interfere with the
synthesis, membrane action or enzymatic
destruction of those substances.

In brief, it has been found that the ap-
plication of minute erystals of acetylcho-
line, carbamylcholine or eserine elicited all
the behavioral and electrographic mani-
festations of sleep only when applied along
well defined anatomic central pathways (38,
39, 41, 43-45, 49, 50).

The chemical specificity of the effect is
demonstrated by the fact that no other sub-
stance so far tested (epinephrine, gamma-
aminobutyric acid, nialamide, strychnine
sulfate) ever produced sleep. The highly
discrete anatomic localization of the hyp-
nogenie pathway and the diffusionless abil-
ity of the method were dramatically shown
when application of the same cholinergic
agent in the same animal 1 mm above or
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below the hypnogenic site evoked entirely
different behavioral responses. So far, sleep
has been induced by acetylcholinic stimula-
tion of a number of localized regions ana-
tomically connected and extending from
the spinal cord up to the cortex. This path-
way has been termed Sleep System (44).
As depicted in Figure 1 the Sleep System is
made up of two components: an ascending
spino-bulbo-pontine component which arises
from the gray substance of the spinal cord
at the thoracic level (44, 54), and a de-
scending  cortico-limbic-midbrain-bulbar
component, represented by structures be-
longing to Nauta’s imbic midbrain circuit
(83, 84) and its connections to the bulbar
n. reticularis gigantocellularis (49, 50, 52),
as well as by corticofugal projections to this
circuit arising from the prepyriform, pyri-
form and periamygdaloid cortex of the tem-
poral lobe (52), from the orbital surface of
the frontal lobe, from the perisylvian cor-
tex, and from the anterior cingulate gyrus
(75). In addition, cholinoceptive hypno-
genic areas have been detected in midline
and intralaminary thalamic nucler (n.
rhomboidalis, n. centralis medialis, the
limit of n. centralis medialis, the limit of
n. centralis medialis and n. reuniens, n. cen-
tralis lateralis and n. reticularis) (44, 85,
108) as well as in striate structures (head
and tail of the caudate nucleus, globus palli-
dus, claustrum superior and entopeduncular
nucleus) (52).

The hypothesis postulating that acetyl-
choline may be an excitatory synaptic
transmitter along the multisynaptic Sleep
System is supported by two findings: 1)
local application of an anticholinesteara-
sic substance (eserine) in the hypnogenic
preoptic region elicited sleep; 2) local ap-
plication of a cholinergic blocking agent
(atropine) at caudal segments of the lim-
bic midbrain hypnogenic circult pre-
vented sleep otherwise produced by acetyl-
cholinic stimulation of the hypnogenic
preoptic region (105).
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Fi1¢. 1. Diagrammatic representation of the sleep system traced by acetylcholinic stimula-
tion of the central nervous system. This hypnogenic pathway is made up of 2 components:
1) a spino-bulbo-pontine component starting from the spinal cord and represented by the
ascending arrow impinging upon the vigilance system (hatched); 2) a descending cortico-
limbic-midbrain-bulbar component represented by the arrows originated at the cingulate
gyrus, the orbito-frontal cortex, and the pyriform cortex converging upon the descending

limbic-midbrain circuit.

TONIC ACTIVITY OF CENTRAL
HYPNOGENIC STRUCTURES

Just as the Vigilance System is tonically
active, all the available evidence indicates
that the Sleep System is also endowed with
tonic activity all along the neuroaxis. This
has been shown either by localized lesions,
or by reversible depressions produced by
drugs or cooling.

There is evidence that ascending hypno-
genic influences arise at the spinal cord, at
the medulla oblongata and at the posterior
part of the pons. Hodes (58) has demon-
strated that unilateral injections of small
amounts of novocaine in the spinal cord
at C-1 causes bilateral electrocortical de-
synchronization which may last 15 minutes
or less. Similar but shorter effects were ob-

tained by unilateral anesthetization of the
caudal medulla. The view of ascending
spinal hypnogenic influences is supported
by experiments in which sleep elicited by
acctylcholinic stimulation of the spinal
gray substance was prevented by local no-
vocainization of higher spinal segments (44,
54).

Direct evidence of tonic activity in medul-
lary structures antagonistic to the Vigi-
lence System has been provided by the
following experiments. The EEG desyn-
chronization produced by direct electrical
stimulation of the midbrain reticular for-
mation or by arousing sensory stimuli in
cats with spinal transections at C-1 was
considerably prolonged after a prebulbar
transection (11). Since this effect was ob-
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tained when the lesion was made 2 mm
laterally to the midline but not when the
transection was made on the midline (12),
it has been concluded that the main
synchronizing structures are laterally lo-
cated in this part of the medulla. The
presence of prevailing synchronizing struc-
tures in the medulla oblongata has been
shown by localized cooling of the floor of
the fourth ventricle which produces EEG
desynchronization in contrast with the
synchronizing effects elicited by cooling
the pons (10, 81).

The existence of pontine hypnogenic
structures with tonic activity is supported
by two lines of evidence. While hemi-
section of the midbrain and rostral pons
produces a predominance of unilateral
EEG synchronization, hemisection of the
middle part of the pons is followed by a
reduction of EEG synchronization with
inconsistent presence of the desynchronized
pattern of deep sleep. Hemisection of the
caudal pons does not produce EEG asym-
metry (92). These results suggest that the
middle pons contains a high concentration
of hypnogenic neurons. On the other hand,
by placing bilateral localized lesions in
the pontine tegmentum, Jouvet (63) found
that destruction of the n. reticularis pontis
caudalis (NRPC) resulted in a state of
insomnia with constant desynchronized
EEG and waking behavior during the first
two days.

A similar interference of sleep has also
been produced by forebrain lesions. Nauta
(82) observed that bilateral transections of
the preoptic region involving the medial
forebrain bundle resulted in a state of
insomnia terminating in letal exhaustion
after a few days. Manceau and Jorda
(74) reported a state of sleeplessness in the
guinea pig after similar lesions. Modern
electrophysiologic recordings made before
and after localized basal forebrain lesions
(Sterman and Clemente, personal com-
muniecation) have revealed significant re-

RAUL HERNANDEZ-PEON

ductions of the amount of sleep measured
throughout the daily 24 hours.

By the same token, local application
of minute ecrystals of atropine at the pre-
optic region, interpeduncular neucleus, or
Bechterew’s and Gudden’s nuclei resulted
in a transient state of alertness and motor
hyperactivity (105).

In summary, it may be concluded that
reversible or irreversible local inactivation
of any part of the Sleep System, either at
the spinal cord, brain stem or forebrain, is
followed by a state of hypervigilance of
variable duration. The most plausible
interpretation is that tonic activity exists
at each level which may depend from an
intrinsic neuronal automatism. If we ac-
cept the existence of fixed cyreadian
rhythms in the overall activity of the
Sleep and Vigilance Systems as well as
reciprocal inhibitory connections between
them, as postulated by Hernidndez-Pedn
and Chévez-Ibarra (45), the alternation of
wakefulness and sleep through the phylo-
genetic scale becomes more understandable.
Furthermore, the prevailing excitatory in-
fluences impinging upon each system and
arising from sensory receptors and from the
cortical mantle as illustrated in Figure 2
would explain the phylogenetic and onto-
genetic development of the sleep-wakeful-
ness rhythms.

A DUALISTIC THEORY OF SLEEP

It is now well established that sleep is
associated with two main patterns of
physiologic indices. At the onset of sleep the
cortical EEG is characterized by slow
waves and spindle bursts, and there is a
slight diminution of the EMG of the nuccal
muscles. After a variable period usually
lasting more than 30 minutes, the slow cor-
tical activity is replaced by low voltage
fast waves, the EMG of the nuceal mus-
cles becomes practically isoelectric, the
blood pressure drops significantly, the
spinal reflexes are markedly inhibited,
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FUNCTIONAL ORGANIZATION OF THE
SLEEP AND WAKEFULNESS SYSTEMS

% LIMBIC-MIDBRAIN AND SPINO-BULBO-PONTINE HYPNOGENIC NEURONS

m""m"“l PONTO-MESO-DIENCEPHALIC VIGILANCE NEURONS

Fic. 2. This figure illustrates the dynamic equilibrium between the vigilance and the sleep
system maintained by reciprocal inhibitory connections. The intrinsic automatic activity
within each system can be increased by excitatory impulses coming either from sensory

receptors or from the cortical mantle.

high voltage sinusoidal theta waves are
recorded in the entorhinal cortex, and
bursts of rapid eye movements and twitches
of body muscles appear intermittently.
The latter pattern is associated with a
marked elevation of the arousal threshold
in the cat, and very often with dreaming
in the human. The remarkable dissimilarity
between the two patterns of sleep has led
some neurophysiologists to believe that
they represent two separate entities, and
even to search for different mechanisms.

From a series of experiments designed to
explore the neural mechanisms underlying
the two basic patterns of sleep, Jouvet (64)
has reached the conclusion that the light
stage or slow sleep (SS) depends from
descending influences originating in the
neocortex whereas the deep stage or rapid
sleep (RS) results from an independent
neural mechanism located in the pons at
the level of NRPC (Figure 3). In support
of this hypothesis he claims the following
evidence: 1) Total removal of the neo-
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JOUVET’S MODEL

RHOMBOENCEPHALIC INFLUENCE

TELENCEPHALIC INFLUENCE

F1c. 3. Diagrammatic representation of Jouvet’s hypothesis for explaining the two main
patterns of sleep. According to this hypothesis slow sleep is produced by descending in-
hibitory corticofugal influences whereas rapid sleep would result from ascending influences
originated at the nucleus reticularis pontis caudalis and acting upon the cortex.

cortex eliminates slow electrical activity
in the midbrain during sleep leaving intact
all the electrophysiologic signs of RS. 2)
A localized lesion involving the NRPC pre-
vents the desynchronized EEG, the flat
EMG of the neck muscles and the bursts of
REM normally associated with the phase
of RS. An ascending pathway by-passing
the arousing reticular formation and fol-
lowing the limbic midbrain circuit from
Gudden’s and Bechterew’s nuclei to the
medial forebrain bundle has been pointed
out as responsible for electrocortical de-
synchronization during RS. 3) Chronic
pontine preparations with total removal of
the brain in front of the pons present pe-
riods of hypotonia of the neck muscles reg-
ularly alternating with periods in which the
muscle tone recovers (65, 66).

A more critical appraisal of these argu-
ments weakens the convincing strength of
their fallacious logic. Evidently, in the
mutilated decorticate and pontine prepara-
tions the author uses the absence or pres-
ence of different electrophysiologic signs
pertaining to the sleep constellation as a
decisive criterion for identifying each stage
of sleep. Since the EEG slow waves are

cortically generated and the spindle bursts
are triggered by thalamocortical activity
initiated in the thalamic recruiting nuclei,
it is logical to expect a disappearance of
the slow activity propagated to the brain
stem when an important part of the
gencrator is ablated. Undoubtedly, it is dif-
ficult to show by ablation that a certain
phenomenon depends upon a structure
where the cause and effect are supposed
to take place. In order to have a more
reliable criterion it would be more conven-
lent to perform in the same animals, be-
fore and after decortication, quantitative
measurements of other physiologic indices
such as the arousal threshold measured by
direct electrical stimulation of the mesen-
cephalic reticular formation, recordings of
the blood pressure and of spinal reflexes.
On the other hand, it seems unwarranted to
describe sleep in a pontine preparation
which has been deprived of the structures
essential for wakefulness. The concept of
a sleeping brain in front of the rostropon-
tine transection seems more justified than
the idea of a sleeping spinal cord below.
Actually, it ean only be stated that such a
vegetative preparation shows rhythmic ac-
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tivity of inhibitory neurons acting upon
spinal motoneurons. The statement that
RS and its associated oneiric experiences
can only be triggered from a restricted area
in the pontine reticular formation needs
to be re-evaluated in the light of more re-
cent experimental cvidence. It has been
shown that RS can be elicited after a brief
phase of SS by acetylcholinic stimulation
at specific regions located in the forebrain,
midbrain, hindbrain or spinal cord (43, 44).
Likewise, lesions involving the NRPC are
not the only ones which impair RS. Utiliz-
ing multiple electrophysiologic recordings
Sterman and Clemente (personal communi-
cation) have found that basomedial fore-
brain lesions specifically decreased the
occurrence of 4 to 8/second slow waves as-
sociated with drowsiness, whereas baso-
lateral lesions at the same level signifi-
cantly decreased the percentage occurrence
of RS over a 24-hour period. Both groups
of results are incompatible with the hypoth-
esis of a “pontinc RS or dream center.”
Furthermore, the opinion that EEG de-
synchronization during deep sleep episodes
is mediated by ascending limbic midbrain
pathways is not supported by more recent
experiments (16).

A MONISTIC THEORY OI SLEEP

The results obtained by localized chemi-
cal stimulation of the central nervous
system have clearly demonstrated that the
sleep continuum can be induced by acetyl-
cholinic stimulation of a highly eircum-
scribed  anatomic  pathway  cxtending
throughout all the levels of the neuroaxis.
When minute crystals of acetylcholine or
carbamyleholine were applied at any point
of this pathway whether at the spinal cord
or at the forebrain, SS always preceded
RS. Since the same sequence of cvents was
clicited from such remote central regions,
the conclusion seems warranted that the
neural mechanisms responsible for the
physiologic manifestations of the two pat-
terns of sleep must be triggered by a final
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common region of convergence. The most
plausible location of this juncture is the
posterior pontine or rostral bulbar tegmen-
tum from where the final hypnogenic neu-
rons conceivably send ascending inhibitory
connections to the arousing neurons located
in the rostral part of the pons, midbrain
and posterior hypothalamus. Indecd, elec-
trolytic lesions involving the nucleus reticu-
laris gigantocellularis in the medulla ob-
longata prevented sleep otherwise produced
by acetylcholinic stimulation of the pyri-
form cortex (52, 53). The anatomic or-
ganization of a homogenous anatomically
circumseribed Sleep System made up of an
ascending spino-bulbo-pontine component
and a descending cortico-limbic-midbrain-
bulbar component explains why a midpon-
tine transection interrupting the final end
of both limbs results in a persistently awake
brain (8). The progressive recurrence of
longer periods of EEG synchronization in
the chronic midpontine preparation sug-
gests the existence of higher collateral in-
hibitory connections from the descending
hypnogenic pathway at diencephalo-mesen-
cephalic levels which then might act upon
sensitized chronically denervated arousing
neurons.

According to this view, the continuum of
sleep from SS to RS would result from
different degrees of activity within a unique
hypnogenic system independently of the
segment initially more activated. For in-
stance, it is possible that somatic sensory
stimuli activate primarily the ascending
spino-bulbo-pontine hypnogenic pathway,
that post-coital somnolence might arise
from limbic-diencephalic hypnogenic struc-
tures, and that conditioned sleep associated
with habits may be initiated by activity
originated in cortical hypnogenic areas. A
progressively increasing inhibition ascend-
ing from the rostropontine to the thalamic
limits of the Vigilance System would ex-
plain the EEG manifestations of the two
patterns of sleep without having to postu-
late two different and independent anatomic
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FAST OR DEEP SLEEP
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Fic. 4. Diagrammatic representation of the monistic hypothesis for explaining the
cortical electrical activity recorded during the two patterns of sleep. According to this
hypothesis an ascending inhibition starting from the bulbar juncture of the sleep system
invades progressively the midbrain first and later the midline recruiting thalamic nuclei.
Therefore, while the latter are released at the first stage giving rise to spindle bursts, they
are no longer capable of triggering the high voltage slow activity during deep sleep.

neural mechanisms (Figure 4). The spindle
bursts and cortical slow waves of the first
stage of sleep would result from disinhibi-
tion of the cortex and of the recruiting
thalamic nuclei when the ascending tonic
inhibition from the mesencephalic arousing
neurons is released as they are inhibited by
the hypnogenic neurons. When inhibition
invades the midline recruiting thalamic nu-
clei during the desynchronized stage of
sleep, thalamic spindle bursts are no longer
sent to the cortex which then shows a pre-
dominantly low voltage pattern of activity.
At the same time that ascending hypno-
genic inhibition progresses, recruitment of
bulbopontine inhibitory neurons is pro-
duced with a faster rising slope at the end
of S8. This would explain the almost abrupt
decrease of excitability of spinal motor,
cardio-pressor and respiratory neurons ob-
served at the onset of deep sleep episodes.
Short lasting diminutions and enhance-
ments of activity of different groups of
inhibitory neurons would explain the phasic
physiologic changes accompanying the
bursts of REM.

This monistic physiologic model of sleep
has been supplemented by evolutionary
phylogenetic considerations (43, 44). Ac-

cording to this theory, both the Vigilance
and the Sleep Systems were early repre-
sented in the primitive neural tube.
Through encephalization, their main part
remained localized at the brain stem
level which later received limbicofugal and
neocorticofugal projections as the pallium
emerged and developed.

A NEURONAL DREAM SYSTEM

With these available data, it is possible
now to discuss a possible neurophysiologic
explanation of dreaming. The correlation
found between RS and dreaming in the
human has led some neurophysiologists to
assume that certain changes of brain elec-
trical activity detected during REM sleep
episodes might be identified with the neu-
ral process underlying dreaming. Because
this pattern of sleep is seemingly elimi-
nated by a lesion or NRPC, Jouvet (64)
has suggested that dreams are triggered
by activity in this region. Criticisms to
this view have already been mentioned.
Based on the appearance of monophasic
waves at the lateral geniculate body and
visual cortex simultaneously with bursts
of REM during sleep, Moruzzi (80) has
advanced the hypothesis that postsynaptic
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discharges of geniculocortical neurons might
be held responsible for the triggering of the
neural process underlying the visual im-
agery of dreams. Admitting that the genic-
ulocortical discharges may have a pontine
origin, it is doubtful that this random
activity may give rise to organized visual
imagery since it is known that electrical
stimulation of the human visual cortex
has never produced this type of experiences.
On the other hand, complex organized
dream-like experiences or vivid memories
have been elicited by electrical stimulation
of the temporal cortex (90) and hippocam-
pus (88). It seems more reasonable to con-
ceive that dream experiences result from
activation of mnemic neurons with stored
memory tracings according to the following
neurophysiologic model.

One of the basic premises requires the
existence of a specific neuronal system es-
sential for dreaming, which henceforth
will be termed “Dream System.” The
Dream System is probably represented by
the same anatomic structures involved in
recent memory, since it is known that the
main part of the manifest content of
dreams is elaborated with stored material
from recent experiences, and particularly
the so-called day’s residues (29). It is
now known that some limbie structures,
and in particular the hippocampal forma-
tion made up of the hippocampus and the
hippocampal gyrus with their subcortical
connections represent an important part of
the brain for recording recent experiences.
Indeed, it has been shown in humans that
bilateral lesions of the hippocampal for-
mation impair recent memory (30, 76, 97).
Therefore, this part of the limbic system
with other related structures may well
represent the anatomic substrate of the
Dream System.

How can this hypothesis be experi-
mentally tested? If the Dream System is
at least partially located in the hippo-
campal formation, the activity within it
should be increased during the periods of
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RS associated with dreaming in the hu-
man (21). Some initial recordings with
bipolar electrodes made in our labora-
tory suggest that the activity in the hippo-
campal formation is increased during RS.
Figure 5 illustrates simultaneous record-
ings of the eye movements, the electrical
activity of the neocortex, that of the ento-
rhinal cortex (which would correspond to
the hippocampal gyrus in the primate’s
brain) and the EMG of the neck muscles.
During SS when spindle bursts and slow
waves are recorded in the neocortex, there
is an activity in the entorhinal cortex which
is similar to that recorded during the wak-
ing states, although there are some waves
of higher voltage at this moment. But what
is particularly remarkable is that, during
RS, the electrical activity in the entorhinal
cortex is represented by a sinusoidal theta
rhythm which increases both in frequency
and amplitude during the bursts of REM.
This has been described also for the hippo-
campus. However, when simultaneous re-
cordings are made from the hippocampus
and from the entorhinal cortex, the phe-
nomenon is more outstanding in the latter
region. Although this finding alone does
now warrant a definite conclusion, since
the waves are increased both in frequency
and amplitude, it is possible that an in-
crease of activity occurs precisely during
the periods of RS. Certainly, microelectrode
studies will be necessary to show whether
this pattern of electrical activity recorded
with macroelectrodes corresponds to an in-
creasc of unitary neuronal discharges.

WAKING INHIBITION OF THE NEURONAL
SYSTEMS UNDERLYING MEMORY,
EMOTIONS AND MOTIVATIONS

In this model the Dream System is toni-
cally inhibited by the Vigilance System,
which in turn is tonically inhibited by
the Sleep System. These three systems
would have a similar organization: the
activity in each of them can be increased
by impulses coming either from sensory
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Frc. 5. Simultaneous recordings of eye movements (EM) clectrical activity from the
supra-Sylvian cortex (SSC) from the entorbinal cortex (EC) and from the neck muscles
(EMG) in a cat during wakefulness and during the phases of SS and RS. Notice the
appearance of high voltage theta rhythmic waves in the entorhinal cortex during the bursts

of rapid eye movements in RS.

receptors, or from the neocortex (Figure
6). Whereas “wakefulness of necessity,”
“sleep of necessity” and “dreaming of
necessity”’ are produced by sensory stimu-
lation, corticofugal impulses would be
responsible for ‘“wakefulness of choice,”
“sleep of choice” and “dreaming of choice.”
Just as it is possible to awaken or fall
asleep voluntarily, common experiences
have taught us that it is possible, al-

though not easy, to continue at will an
interrupted dream. Simultaneously with the
tonic inhibition arising from the Vigilance
System during wakefulness and acting upon
the Recent Memory System, this model also
includes inhibitory influences acting upon
the Remote Memory System as well as
upon the Emotional and Motivational Sys-
tems. While the anatomic substrate of the
Remote Memory System certainly involves
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PERIPHERAL AND CORTICAL ACTIVATION OF THE
VIGILANCE, SLEEP AND DREAM SYSTEMS
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TF16. 6. Functional organization of the neural systems responsible for sleep, vigilance
and dreaming with their corresponding inhibitory influences and their excitatory influences
coming from sensory receptors and from the cerebral cortex.

the neocortex, the Emotional and Motiva-
tional Systems have been located in the
limbiec system by many neurophysiologic
studies.

The important participation of the lim-
bic system in the basic motivations of hun-
ger, thirst and sexual appetite has been
experimentally demonstrated in the last
few years. For example, it has been estab-
lished that electrical or chemical (nor-
adrenalinic) stimulation of the lateral
hypothalamus elicits food intake in an
animal previously satiated, and that the
destruction of this hypothalamic region
produces aphagia. Contrarywise, a lesion
in the ventromedial hypothalamus elicits
hyperphagia which may lead to obesity,
and electrical stimulation of this area pre-
vents food intake (13). The lateral region

of the hypothalamus mentioned above has
been designated “hunger center” while the
ventromedial region has been termed
“satiety center.” It would be better to call
them “phagogenic area” and “anti-phago-
genic arca,” respectively. In turn, these two
arcas are influenced by higher amygdaloid
structures which may also modify food in-
take (79). Thirst may be elicited by elec-
trical, acetyleholinic or osmotic stimulation
of a region medially located in the hypo-
thalamus. Correspondingly, a lesion in this
hypothalamic “dipsogenic area” produces
adipsia (13). As far as sexual appetite is
concerned, the recent experiments of Mac
Lean (70-72) in the squirrel monkey have
demonstrated that stimulation of a dien-
cephalic region medially located and ex-
tending between the septum and the mid-
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brain produces penile erection. On the other
hand, Harris et al. (32) have found in the
female cat that implantation of small
amounts of diethylstilbestrol in a localized
area of the hypothalamus produces estrous
behavior. Some other experimental data in-
dicate that there are in the brain inhibitory
neural pathways tonically inhibiting those
structures underlying sexual behavior. In-
deed, bilateral ablation of the pyriform cor-
tex located in the base of the temporal lobe
produces hypersexuality in the male cat
which leads it to copulate not only with
other animals of the same species and op-
posite sex, but also with other male cats
and with animals of different species such
as dogs, monkeys, chickens, ete. (96, 100).
In agreement with the above-mentioned
experimental data, states of hypersexuality
have been observed in humans after bi-
lateral ablation of the tip of the tem-
poral lobe. As reported originally by Kliiver
and Bucy (67) similar disturbances of
sexual behavior were observed in the
macaque after bilateral ablation of the
tip of the temporal lobe. The correspond-
ing excitatory and inhibitory neural sys-
tems participating in sexual behavior may
be termed ‘“erogenic” and “anti-erogenic”
systems respectively. The erogenic system
can be activated not only by sensory im-
pulses of various modalities, but also by
the corresponding gonadal hormones.

A brilliant series of experimental studies
carried out by Olds (86) utilizing the tech-
nique of self brain stimulation has estab-
lished the localization along the limbic
midbrain circuit of two neural systems
functionally opposed, the stimulation of
which produces a tendency to repetition or
avoidance of the behavior immediately
preceding such stimulation. These systems
have been designated respectively Positive
and Negative Reinforcing Systems. The
antropomorphic interpretation that stimu-
lation of the Positive Reinforcing System
produces plcasure feelings whereas stimu-
lation of the Negative Reinforcing System
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elicits unpleasant sensations has received
support from experimental studies in hu-
mans. Indeed, Heath (34) has demon-
strated that electrical or acetylcholinic
stimulation of the septum in unanesthe-
tized patients yields pleasant sensations.
It is conceivable that human motivations
of higher order reached through complex
learning processes usually involving second
or higher order types of reward (such as
money, prestige, social status, ete.) may
encompass both the primitive limbic struc-
tures plus phylogenetically newer neocor-
tical circuits.

The anatomic substrate of emotional
behavior has also been located in the lim-
bic system. The pioneer studies of Hess (57)
in cats with electrodes permanently im-
planted in their brains have demonstrated
that it is possible to produce all the ob-
jective manifestations of rage or fear by
electrical stimulation of a localized region
in the posterior hypothalamus. These re-
sults have been repeatedly confirmed and
extended by other authors (26, 69).
Behavioral manifestations of rage or fear
have also been elicited in the cat and mon-
key by electrical stimulation of supra-
hypothalamic limbic structures such as
the amygdala and the septum. Recent ex-
periments carried out in our laboratories
with the method of localized chemical stim-
ulation of the brain introducing micro-
crystals of various substances through
cannulae permanently implanted have
demonstrated the existence of a septo-peri-
aqueductal pathway where acetylcholinic
stimulation elicited rage behavior (50).
On the other hand, local application of
noradrenaline in the preoptic region elic-
ited an “escape response” which is known
to be normally associated with fear (Her-
nandez-Peén and Chivez-Ibarra (45)).
Similarly to what has been observed on mo-
tivational behavior, localized lesions in the
brain are capable of diminishing the
threshold of emotional behavior. For in-
stance, a localized lesion in the fornical
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area, might produce an enhancement of
rage behavior. Likewise, a lesion in the
ventromedial area of the hypothalamus
transforms a tame animal into an aggres-
sive one.

Which is the evidence for waking inhibi-
tion of neocortical and limbic neurons?
In his original description of the human
EEG during relaxation and alertness,
Berger (9) interpreted the now classical
“EEG arousal reaction” as the result of
cortical inhibition. Although in their ear-
lier work Adrian and Matthews (3) pro-
posed that the EEG patterns characterized
by high voltage slow waves and by low
voltage fast activity translated synchro-
nized and desynchronized neuronal dis-
charges respectively, on the basis of
later studies on the olfactory bulb Adrian
(2) stated “the break up of the rhythm
seems to involve a decrease in the activity
of the cells, and it is not merely that their
activity is no longer synchronized.” Recent
microelectrode studies on the cerebral cor-
tex of the cat have supported Berger’s early
insight. In acute preparations, Whitlock et
al. (106) observed that the EEG arousal
reaction is associated with an arrest of unit
activity in the motor cortex. Later, when
microelectrode recordings were made in
chronic intact animals, it was confirmed
that the discharge of many cortical neurons
diminished during alertness (91) and in-
creased during physiologic sleep (59). Simi-
lar findings have been reported by Evarts
(22-24) who has additionally observed that
the activity of some cortical units becomes
maximally enhanced with a different pat-
tern of discharge during RS. The results of
experiments utilizing the technique of
evoked potentials also substantiate the view
of greater cortical exeitability during sleep
than during wakefulness. Fleming et al.
(28) showed that the cortical visual
evoked potentials and their recovery rate
increase during sleep. In a study of
thalamocortical sensory transmission in
the somatic pathway of unrestrained cats,
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Allison (6) found that the excitability of
the cortical receiving area is higher dur-
ing RS than during SS, and lowest during
alert wakefulness. These findings have
been confirmed by other investigators par-
ticularly by the group of Rossi in Genoa
(93, 94), and by Cordeau et al. in Canada
(18,19).

All the cited experimental evidence is
incompatible with the Pavlovian hypoth-
esis which considers sleep as resulting from
cortical inhibition, and warrants a revision
of the classical “activating view” postu-
lating that wakefulness and arousal are
associated with an excitatory cortical proc-
ess (73).

There is also evidence suggesting the
existence of inhibitory influences arising
from the mesodiencephalic Vigilance Sys-
tem and acting upon limbic structures. In
cats with electrodes permanently im-
planted, amygdaloid and hippocampal
after-discharges elicited by localized elee-
trical stimulation were significantly re-
duced when the animal was alerted either
by sensory stimuli, or by direct electrical
stimulation of the mesencephalic reticular
formation. Accordingly, amygdaloid poten-
tials evoked by single shocks applied 2 mm
away from the recording site were also re-
duced during alertness elicited either by en-
vironmental stimuli, or by electrical stimu-
lation of the posterior hypothalamus (40).

All the above mentioned findings have
led me to the following unorthodox view
concerning the general pattern of activity
in the waking brain. As illustrated in Fig-
ure 7, widespread inhibitory and facilita-
tory influences arising from the mesodi-
encephalic  Vigilance System regulate
the excitability of most of the central
nervous system. Although continuously
shifting in space and degree, quantitatively,
reticulofugal inhibition appears to be more
extensive than facilitation (41, 42). The
latter process would be restricted only to
those neurons of the various circuits nec-
essary at any given moment for a particular
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MULTI-INHIBITORY AND OLIGO-FACILITATORY
INFLUENCES DURING WAKEFULNESS

. FACILITATION

2221 INHIBITION

Fr1e. 7. Diagrammatic representation of the ex-
tensive inhibitory influences and the selective
facilitatory influences arising from the rostral part
of the brain stem and acting at all the levels of
the central nervous system during wakefulness.

physiologic situation, while inhibition would
prevent possible chaotic interference by im-
pulses converging on the selected pathways.

NEURAL EVENTS UNDERLYING DREAMING

In addition to the increase of activity
within the Sleep System, dreaming cer-
tainly involves a sequence of events in
many other parts of the brain. The main
neural mechanisms underlying dreaming
may have the following sequence: an in-
creased activity of the Sleep System results
in progressive inhibition of the Vigilance
System. When the level of deep sleep is
attained, the Dream System represented
by the structures involved in recent
memory are released, increasing the dis-
charge of the plastic neurons with memory
tracings. By the same token, the neurons
belonging to the Remote Memory System
and to the Emotional and Motivational
Systems are also disinhibited. The released
memory tracings of the Recent and Remote
Memory Systems would give rise to what
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Freud (29) designated as manifest content
of dreams, whereas the flow of impulses
from the Emotional and Motivational
Systems would provide certain direction to
the apparently disorganized memory trac-
ings, thus underlying the so-called latent
content of dreams (Figure 8). It should
not be surprising that a large proportion
of dreams have a sexual latent content
since it is known that, at least among the
basic motivational systems (for hunger,
thirst and sexual appetite), the Motiva-
tional System most inhibited during or-
dinary wakefulness because of the human
social organization is that concerned with
sexual behavior.

SENSORY FILTERING DURING DREAMING
How does the brain handle the arrival
of sensory signals during sleep, and partic-

ONEIRIC MECHANISMS

EMOTIONAL &
MOTIVATIONAL
SYSTEMS

REMOTE

MEMORY
SYSTEM

_T

MANIFEST +
CONTENT
OF DREAMS
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CONTENT
OF DREAMS

DREAM +
SYSTEM

RECENT
MEMORY SYSTEM

VIGILANCE
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Fic. 8. This diagram summarizes the neurophys-
iologic hypothesis proposed for accounting some
psvchoanalytic observations on dreams. Release
of inhibition acting upon the memory systems ac-
counts for the manifest content of dreams, and
release of inhibition acting upon the emotional
and motivational systems accounts for the latent
content of dreams.
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ularly during the periods of REM which
correspond to dreaming?

In previous papers with several collab-
orators, we have shown that there are
important  reticulofugal influences arising
from the central core of the brain stem,
particularly at the midbrain level, which
regulate by inhibition and facilitation
the entrance of sensory signals to the
central nervous system (35, 36, 37).

The starting point of this investigation
was the finding that clectrical stimulation
of the midbrain reticular formation pro-
duces a synaptic blockade of afferent im-
pulses recorded at the first synapse of the
somatic pathways (31, 48). Figure 9 il-
lustrates an experiment in which single
shocks applied to the dorsal columns of
the spinal cord elicited afferent volleys
recorded at the gracilis nucleus. Electrical
stimulation of the midbrain reticular for-
mation depressed the postsynaptic wave of
the evoked potential without altering the
presynaptic spike (55). In reeent micro-
clectrode studics of the cuneate nucleus, pre-
synaptic inhibition has also been demon-
strated (7).

Other experiments showed that this in-
hibitory descending influence arising from
the midbrain reticular formation is toni-
cally acting during wakefulness because
the potentials recorded at the spinal V
scnsory nucleus (which represents the
first synapse of the trigeminal pathway)
were significantly increased after a lesion
was made in the midbrain tegmentum (35,
98). Moreover, it has been demonstrated
that this descending influence does not
arise in supramesencephalic structures be-
cause in decerebrate preparations with a
transection at the intercollicular level re-
moving all the brain in front of the mesen-
cephalon, the potentials evoked by tactile
stimuli applied to the skin, and recorded
from the spinothalamic tract in the lateral
column of the spinal cord, were remarkably
cnhanced after a high spinal transcetion
(46).
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F1c. 9. Potentials recorded from the gracilis nu-
cleus in the cat and evoked by single shocks ap-
plied to the dorsal columns. The first downward
spike represents presynaptic impulses and the fol-
lowing wave represents postsynaptic impulses aris-
ing the nuclear neurons. Notice that during elec-
trical stimulation of the mesencephalic reticular
formation (three scconds) the postsynaptic wave
was significantly reduced without modification of
the presynaptic spike. Several scconds elapsed
before the nuclcar wave recovered its original
magnitude (from Herndndez-Peén, Scherrer and
Velasco (55)).

There is experimental evidence indicat-
ing the physiologic participation of the
above mentioned sensory inhibition dur-
ing attention. Figure 10 illustrates an ex-
periment in a cat with indwelling elec-
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F1a. 10. Blocking of tactile potentials recorded from the spino-thalamic tract in the
spinal cord of a cat while the animal was eagerly eating sardines (from Hernindez-Peén, R.,

and Brust-Carmona, H. (47)).

trodes implanted in the spinothalamic tract
at the spinal cord for recording tactile
evoked potentials. When the cat was re-
laxed, evoked potentials of a stable mag-
nitude were recorded. However, when the
cat was very attentive eagerly eating
sardines, the tactile spinal potentials were
practically absent. A few seconds later,
during postprandial relaxation, the poten-
tials reappeared again (47).

From all those studies, we have reached

the conclusion that there is a filtering mech-
anism which selects the entrance of sen-
sory signals to the Central Nervous Sys-
tem at least at the level of the first
synapse (37, 39, 42), and possibly also at
the level of some receptors. The essential
part of this filtering mechanism appears
to be located in the mesencephalic teg-
mentum. Since this is a region of con-
vergence not only for plurimodal sensory
impulses but also for impulses arising in
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Fr1c. 11. Tactile evoked potentials recorded in the cat from the spinal trigeminal sensory
nucleus during wakefulness and sleep. Simultaneous recordings were made of the eye
movements, the electrical activity of the ncocortex, of the entorhinal cortex, and the EMG
of the neck muscles. Notice that the trigeminal potentials became significantly reduced
during alertness and during RS, whereas the potentials became enhanced during SS. This
experiment shows a rcbound effect of the trigeminal evoked potentials immediately after
the termination of RS (from Herndndez-Pcén, O’Flaherty and Maszzuchelli-O'Flaherty

(51)).

the ncoecortex and in limbic structures, it
follows that the regulation of sensory in-
flow is importantly linked with the central
mechanisms involved in instinctive and in-
tellectual functions (36).

After these introductory remarks we
can return to the problem about the func-
tional role of the sensory filtering mecha-
nism during sleep. With this aim, we have
studied sensory transmission in cats at the
first trigeminal sensory relay during sleep
(51). Electrodes were implanted in the
spinal Vth sensory nucleus, and potentials
evoked by tactile stimuli applied to the
skin of the face were recorded. After con-
firming the significant reduction of these

potentials during alertness, it was found
that they were enhanced during SS. But
what is particularly interesting is that the
potentials became reduced again during
the stage of desynchronized EEG. Some-
times, at the end of these periods, there
was an increase of the potentials which
reminds a post-inhibitory rebound phenom-
enon (Figure 11). Figure 12 shows the
average variations of the tactile evoked
potentials recorded at the trigeminal sen-
gory nucleus in 67 experiments. A signifi-
cant increase of the potentials during SS
and a significant decrease of the poten-
tials during RS is evident. Presynaptic
inhibition appears to play an important
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TFic. 12. These curves represent the average of the amplitude of the presynaptic and
postsynaptic components of nuclear tactile trigeminal potentials recorded from 67 experi-
ments. The vertical lines represent the ranges of variation. R, relaxed wakefulness; A,
alertness; SS;, first stage of SS; 8S:, sccond stage of S3; IS, fast or rapid sleep.

role in this phenomenon. The above men-
tioned experimental results indicate that
during RS which is commonly associated
with dreaming in the human, the entrance
of sensory signals to the central nervous
system 1s partially blocked to a similar
degree as it occurs during attentive be-
havior.

Further experiments in which lesions
were made in the midbrain tegmentum
have demonstrated that this region is es-
sential for the sensory blockade detected
at the first synapse of the trigeminal path-
way both during alertness and RS (Figure
13). On the other hand, electrical stimu-
lation of the limbic midbrain hypnogenic
pathway did not affect sensory trans-
mission at this level. Since the reticular
neurons belonging to the Vigilance Sys-
tem are seemingly inhibited during RS as
indicated by a marked elevation of the
arousal threshold at this moment (mcas-

ured by direct electrical stimulation of
the mescneephalic reticular formation), it
i1s evident that the inhibitory neurons re-
sponsible for “sensory filtering” are not
directly linked neither with the arousing
nor with the hypnogenic neurons. It seems
more logical to postulate that those in-
hibitory neurons are associated with a
different neural system. Because the ele-
ments of this system appear to be maxi-
mally active during alertness as well as
during “dream sleep,” they would be in-
dependent of the arousing neurons, al-
though anatomically interspersed with them
in the rostral brain stem. The paradoxic
finding that during RS the activity of some
reticular units in the midbrain decreases
while the discharge of some other elements
is enhanced (60), falls in line with this
interpretation. What is the functional role
of this newly postulated brain stem sys-
tem? A common outstanding function oc-
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Tra. 13. This figure shows the absence of the changes of the trigeminal evoked potentials
obtained after a tegmental lesion in the midbrain. Each graph represents the average of five
consecutive experiments in the same cat before and after the lesion. R, rclaxed wakefulness;
A, alertness; SSi, first part of slow sleep; SS:, second part of slow sleep; IS, fast or rapid

sleep with desynchronized BEEG.

curring during attentive wakefulness and
dreaming is that which Fessard (27)
termed ‘“experienced integration.” There-
fore, it 1s not ilogical to assume that the
neural system linked with the sensory
filtering mechanism might be involved in
the formation of conscious experiences.

The operation of “sensory filtering”
associated with the “Conscious Experience
System’” 1s illustrated in Figure 14. The
hatched area represents the “Vigilance sys-
tem” is_the_mesodiencephalic region; the
Dream System is located in the hippocam-
pal formation; the Sleep System is repre-
sented by the ascending and descending
arrows; and finally, the “Conscious Ix-
perience System” corresponds to the stip-
pled area overlapping the Vigilance Sys-
tem. During wakefulness, the described
descending tonic inhibition filters the en-
trance of certain sensory signals at the

first synapse. In addition, there is an as-
cending tonic inhibition acting upon the
neocortex, and wupon the hippocampal
formation. During S8, the first synapse is
disinhibited, permitting the admittance of
more sensory signals into the central ner-
vous system. The excitability of the
ncocortex is also inecreased, facilitating
the activation of cortical neurons by the
arriving afferent impulses. At the same
time, the Recent Memory System is par-
tially released becoming more active. Dur-
ing the periods of RS resulting from a
higher degree of activity within the Sleep
System, the excitability of the neocortex
and of the hippocampal formation is maxi-
mally heightened because of an almost
complete release of the tonic inhibition
acting upon those structures. An inereased
neuronal discharge may then flow from
the specific receiving cortical areas to the
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F1e. 14. This diagram summarizes the proposed sequence of events occurring during the
transition from wakefulness to SS and to RS. The hatched area represents the vigilance
system with different degrees of activity. The sleep system is represented by the arrows ter-
minating upon the vigilance system. Activation of the conscious cxperience system during
wakefulness of REM slecp is represented by the dots overlapping with the vigilance system.
The ascending reticulocortical and the descending inhibitory influences acting at the first
synapsc of the specific afferent pathways arc represented by the arrows with the minus sign.

areas involved in verbal communication,
and also to the hippocampal formation.
From there, an avalanche of apparently
disordered impulses would flow to the
“Conscious Ixperience System” in the
brain stem resulting in the conscious experi-
ences known as dreams. This sequence of
events can account for dreams triggered by
words which activate neurons storing
related past experiences. Oswald (87) re-
ported experiments by Berger in which
single spoken names were repeatedly pre-
sented during each REM period of sleep
without causing awakening. It was found
that the sleeper incorporated the corre-
sponding acoustic stimuli into the dream
life in modified form, usually by assonant
connection, e.g.; a stimulus Jenny provoked
a dream of opening a safe with a jemmy.

Finally, at the onset of the oneiric activity,
sensory inhibition acts again to restrict,
at least partially, sensory inflow to the
brain. In this way, there are less chances
for the neural activity underlying dream-
ing to be interrupted by irrelevant sen-
sory bombardments.

COMMON NEURAL MECHANISMS OF
SENSORY PERCEPTION, DREAMING
AND HALLUCINATIONS

The assumption that sensory percep-
tion, dreaming and hallucinations involve
some common brain mechanisms has been
repeatedly expressed in the past (61, 62,
99). According to the present model, the
signals arising in sensory receptors ascend
to the neocortex, and only after being
amplified and analyzed there, the relayed
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activity descends to the Conscious Experi-
ence System located in the brain stem in
order to give rise to conscious sensory per-
ception. Simultaneously with this process,
the sensory impulses activate the Emo-
tional and Motivational Systems from
where a flow of impulses are projected
down to the Conscious Ixperience System,
thus providing the emotional and moti-
vational tones of our sensory perception
(Figure 15).

Dreaming also involves the flow of coded
information into the Conscious Experience
System from the same storage and driving
neurons participating in waking percep-
tions. The main difference between the
neural processes underlying perception and
dreaming would be a heightened cortical
and limbic excitability in the latter state
which increases the probability of associa-
tion between a great number of memory
tracings.

A Dbasic assumption in this model 1is
that there is a tonic inhibition arising
from the Vigilance System and acting upon
the Memory Systems. This inhibition is
maximal during wakefulness, and appears
necessary for the selection of a limited
amount of information to be integrated
into sensory perceptions. As represented in
Figure 16, failure of the inhibitory influence
during wakefulness may account for the
abnormal conscious experiences known as
hallucinations. This influence might be
eliminated or interrupted:

a) By lesions in the brain stem, as it
happens in cases of peduncular hallucino-
sis described by Lhermitte (68) and in the
Syndrome of basilar insufficiency (107).

b) By lesions in some part of the cir-
cuit connected with the hippocampal for-
mation, as it has been shown to occur
in some cases of Korsakoff’s psychosis.

¢) By certain pharmacologic agents, such
as hallucinogenic drugs (LSD, psylocybin).
Recent experimental results obtained by
Adey and his collaborators (1, 17) support
this hypothesis. Indeed, they have found in
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F16. 15. Diagramatic representation of the main
neural mechanisms involved in sensory perception
and drcaming. The impulses arising in sensory
receptors activate the neocortical, emotional and
motivational systems before reaching the conscious
expericnce system in order to give rise to sensory
perception. The impulses released from the dream
system give rise to the experience of dreams when
they reach the conscious experience system.

cats and humans an increase of hippo-
campal activity after administration of
LSD.

d) By decreased sensory bombardment of
the central nervous system, as it occurs
during prolonged sensory deprivation (101).
It is likely that the cumulative develop-
ment of this and other types of inhibition
formerly discussed is conditioned by con-
stant sensory stimulation of the brain. Ac-
cording to this view, afferent impulses aris-
ing from the sense organs would activate
important inhibitory neurons linked at one
end with the vigilance neurons essential
for wakefulness, and at the other, with a
great functional variety of elements includ-
ing those with stored memory tracings
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NEUROPHYSIOLOGICAL MECHANISMS OF NORMAL
AND ABNORMAL CONSCIOUS EXPERIENCES
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Fic. 16. Oversimplified representation of the degree of activity of the inhibitory neurons
linked at one end with the vigilance system, and at the other end with the dream or recent
memory system. Hallucinations are accounted for by a deficiency of that inhibitory

influence.

e) By fatigue or post-excitatory refrac-
toriness of the inhibitory neurons consecu-
tive to prolonged activation of the vigi-
lance neurons as it occurs during sleep
deprivation.

BIOLOGICAL SIGNIFICANCE OF DREAMING

Wondering about the biologic signifi-
cance of dreaming inevitably leads to philo-
sophical and teleologic reasonings. It is nat-
ural that different views might be proposed
according to the central interest, back-
ground information and intellectual per-
spectives of the thinkers.

Abundant clinical psychoanalytical ob-
servations indicate that the content of
dreams is constituted by apparently dis-
organized fragments of individual past ex-
periences often associated to disguised moti-

vations. The rcorganization of those mem-
ory tracings occurring during dreaming has
been thought to serve as a protective device
which prevents the access to consciousness
of those motivations submerged into the
unconscious by censorship. According to
Freud (29) dreams “serve the purpose of
prolonging sleep instead of waking up.
Dreams are the guardians of sleep and not
its disturbers.” Although this point of view
is debatable and has not gained general ac-
ceptance (104), the participation of motiva-
tional factors in dreams has a better clinical
foundation. Most psychotherapists would
agree with TUllman’s statement that
dreams have a “remarkable capacity to in-
tegrate past experiential data with current
life situations in a manner that discloses
more significant information pertaining to
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current conflicts than is available to the
individual at any given moment in the wak-
ing state” (103).

Besides the motivational factors involved
in dreams, the release of stored informa-
tion during dreaming might have a cog-
nitive function. Recent data provided by
electrophysiologic recordings during sleep
in humans and animals lend support to the
long held layman’s idea that lower mam-
mals such as dogs and cats may also have
dream-like experiences at certain periods of
sleep. Admitting that dreams are elaborated
with memory tracings of past individual ex-
periences, logically there must be a strict
parallelism between sensory modality dom-
inances and degrees of sensory organization
occurring in the individual worlds of dreams
and reality in different animal species. Vi-
sion has reached greatest development in
the human, and, therefore, it is not surpris-
ing that visual imageries prevail in our
waking and dreaming worlds. In blindborn
persons, in whom telereceptor dominance
has been transferred from the visual to the
auditory system, their dreams and pharma-
cologically induced hallucinations (per-
sonal observations) mainly involve audi-
tory experiences. It is conceivable that
macrosomatic animals might have dom-
inant olfactory experiences in waking and
dreaming states. If dreaming is a privilege
not limited to the highly evolved homo
sapiens, but is a process common to other
species of the animal scale, the difficulty in
establishing its phylogenetic origin is com-
parable to that of defining the phylogenetie
origin of conscious experience.

At any rate, it is obvious that current
psychoanalytical interpretations cannot be
extended to subhuman animal species. Onc
then is confronted with an evolutionary
physiologic model as the most plausible
at the present time. According to the
neurophysiologic mechanisms here pro-
posed, a great deal of memory tracings
normally inhibited during wakefulness be-
come accessible to the Conscious Experi-
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ence System during dreaming. This seems
to be the result of transient inactivity of
the corresponding inhibitory neurons
probably related to their metabolic recov-
ery. Following this view, dreams would be
an effect or epiphenomenon associated with
the recovery process of mnemic inhibi-
tory neurons essential for normal waking
behavior and logical thinking. But does
this mean that the act of dreaming is of
no value for the organism? In this, as in
many other examples, there is no logical
incompatibility between physiologic and
teleologic viewpoints. Part of the material
forming the manifest content of dreams
1s undoubtedly represented by the so-called
day’s residues or recent residues usually
originated from trivial experiences which
the individual is not aware of. It is
tempting to speculate further that during
dreaming the Conscious Experience Sys-
tem processes some of that information
which has been stored without awareness,
so that the most relevant items can be
selected by a variety of types of associa-
tions with memory tracings consciously
available, and thus be utilized for future
adaptive behavior.

If this hypothesis is correct, it may
explain many examples of ideational prob-
lem solving occurring during dreaming.
It 1s not unreasonable to assume that a
great deal of unconscious associations oc-
curring during wakefulness and sleep may
lie at the basis of creative thinking proe-
csses.

SUMMARY

Most of the authors who have dealt
with this subject have accepted the similar-
ity between oneiric and hallucinatory
phenomena. Moreover, similar anatomic
substrates and neural mechanisms have
been assumed. In this paper, a common
neurophysiologic model is proposed which
accounts for all the commonly recognized
features of dreams and hallucinations. This
model assumes the existence of a Dream
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System identifiable with the brain strue-
tures involved in recent memory, and sub-
ject to tonic inhibition by the Vigilance
System during wakefulness. Similar inhib-
itory influences operate upon the neurons
storing remote memories and upon the
limbic structures involved in emotions
and motivations. When the Vigilance
System is inhibited by the Sleep System
responsible for the onset and maintenance
of sleep, the activity of the neurons with
memory tracings and of the Emotional
and Motivational Systems is released.
While the neural discharges carrying stored
information underly the manifest content
of dreams, the activity from the latter
limbie structures underly the latent con-
tent of dreams. Dreaming is initiated when
the flow of all those impulses arrive to a
highly specialized neural system located in
the rostral brain stem which has been
termed “Conscious Experience System.”
This system, where “experienced integra-
tion” takes place, would be independent of
the overlapping Vigilance System. It be-
comes active during wakefulness and dur-
ing “desynchronized sleep” commonly as-
sociated with dreaming, whereas it would be
inactive during “synchronized sleep.” Dur-
ing released activation of the neural circuits
underlying dreaming, the “sensory filtering”
mechanism partially blocking the en-
trance of afferent signals to the CNS be-
comes as active as during attentive wake-
fulness.

Hallucinations are accounted, at least
in part, by a failure of the inhibitory
influences acting upon the Memory
Systems during wakefulness. It is sug-
gested that the cumulative development
of that and other types of central inhibi-
tion is related to continuous sensory bom-
bardment of the brain.

An evolutionary theory of dreams is
proposed in which sensory dominance in
waking and dreaming states runs in parallel
with the development of teleceptive sensory
systems. Dreams are considered as an cpi-
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phenomenon related to metabolic recovery
of mnemic inhibitory neurons, the activity
of which is essential for normal waking
behavior and logical thinking. A cognitive
function of dreams is suggested. According
to this hypothesis, information stored in the
brain without awareness may be processed
during dreaming by the integrating Con-
scious Experience System allowing associa-
tions with memory tracings consciously
available, and thus be utilized in adaptive
waking bchavior.
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