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Abstract—Based on the analysis of extensive clinical, psychophysiological and experimental data,
the author comes to the conclusion that the widespread idea of the cerebral information processing
during sleep related to previous wakefulness and necessary for the formation of long-term memory
and other cognitive resources of the brain is inapplicable. This hypothesis is poorly consistent with a
range of data regarding both slow wave (non-REM) and paradoxical (REM) sleep. The state of the
cerebral cortex in non-REM sleep is more adequately described by the classical term “diffuse
cortical inhibition.” As for REM sleep, here, too, the very intensive work of the brain does not play
any adaptive role (at least for an adult organism)—information is processed, figuratively speaking,
“idle.” All the vast experimental and clinical material accumulated in recent decades speaks in
favor of the “ecological” hypothesis, which considers sleep as periods of “adaptive inactivity” of the
body, increasing its survival in a hostile environment. The function of sleep consists in a radical

restructuring of all waking reflexes for the normal course of such periods.
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At present, it is generally accepted to compare
the brain with an information machine—analog
or analog—digital [1]. It is clear what kind of
information the central nervous tissue processes
in a wakeful state; these are afferent signals com-
ing from the sense organs in real time (on-line),
called sensory inflow. These signals are studied by
the physiology of sensory systems, and much is
known about their processing. The formation of
the so-called “acquired” behavior is also well
studied: new skills are formed during training due
to associative links and other characteristics of
sensory systems. The analysis of sensory input
occurs in close interaction with “endogenous”
signals associated with innate behavioral pro-
grams. However, how this hereditary encoding of

behavior occurs and how it is transferred to neural
memory is still unknown. Anyway, it is clear that
all this information is processed by the brain of
humans and other mammals in wakefulness both
on-line and off-line.

However, a natural question arises: how does
the brain process information during sleep, which
occupies a significant part of the time of the day
(in humans—33%, in most mammals and birds—
50% or more), and what is the meaning of this
processing for the body and behavior? Three
options are logically possible: information in sleep
is processed either off-line, or on-line, or not pro-
cessed at all. It is known that the sleep of mam-
mals and birds consists of two different states,
non-REM and REM sleep, which are as different
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from each other as they are from wakefulness [2].
Therefore, we will consider all possible answers to
the question posed, separately for non-REM and
REM sleep.

CEREBRAL INFORMATION PROCESSING
DURING NON-REM SLEEP OFF LINE

In the course of sleep there is some kind of pro-
cessing of the information acquired in the previ-
ous wakefulness; this idea arose with the advent of
the first computing devices. Until now, this idea is
universally accepted; it is expressed in all books
and textbooks on neuro- and psychophysiology,
without exception, and in most review articles on
the problem of sleep It is believed that the brain is
also capable of processing incoming sensory sig-
nals during sleep, since “complete isolation from
the external environment would represent a huge
evolutionary risk.” A number of studies, espe-
cially those that have appeared in the last decade,
specify the limited possibility of some forms of
learning, in particular, the development of classi-
cal conditioning in sleep in certain cases [3]. It is
assumed that this is the main (or one of the main),
vital function of sleep, responsible for its restor-
ative properties in relation to the body as a whole.

However, already in the first studies of the neu-
ronal activity of experimental animals in the natu-
ral sleep—wake cycle, this hypothesis was called
into question. As is well known, during the transi-
tion from wakeful state to non-REM sleep, the
“individual” character of neocortical pyramidal
neuron discharges is replaced by a “choral” burst—
pause pattern [4, 5]. In this case, there is a sharp
change in lengthy extreme hyperpolarization/ deep
inhibition (down state) of cells (up to —75 mV, in
some cases —90 mV) and extreme depolarization
(upstate, —61 mV); the latter accompanied by
exaltation, powerful bursts of action potentials.
Such pattern of neuronal activity generating
rhythms of sleep spindles and delta waves in the
total EEG is unfavorable for the reception, pro-
cessing and transmission of information by neu-
rons. Based on his work with Giacomo Rizzolatti
at the University of Parma and other studies by
Italian authors carried out in the late 1960s and
early 1970s by extracellular recording of the activ-
ity of single neurons in non-anesthetized cats, Lev
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Mukhametov! wrote in 1977: “...against the back-
ground of the ‘burst—pause’ pattern, a barrier
appears at the thalamic level for the normal flow
of information into the thalamus-cortex system.
For the same reasons, the dissemination of infor-
mation through the thalamus between its various
nuclei and through various fields of the cerebral
cortex should be difficult. Consequently, during
non-REM sleep at the cortico-thalamic level,
information processing is significantly hampered.
On this basis, it can be assumed that during non-
REM sleep (unlike REM sleep), the coordinated
implementation of complex mental functions is
impossible” [7].

Later the results of the studies of the Italian
school were fully confirmed and developed by
Igor Timofeev and other researchers of the labo-
ratory of Mircea Steriade (Laval, Quebec, Can-
ada) [4, 5], as well as in laboratories in the USA
and other countries [8]. However, not a single
researcher “dared” to draw such a radical conclu-
sion as the one above. All of them remained
within the framework of the traditional paradigm
regarding “cerebral processing in non-REM sleep
of information received in the previous wakeful-
ness, necessary for the formation of long-term
memory”, etc. This function of deep slow-wave
sleep (stage 3 in humans, or “delta sleep”) has
been considered and is considered to be vitally
important, since this stage is the first to recover
after a more or less long period of sleep depriva-
tion or limitation of the sleep duration, both in
humans and in experimental animals.

Such behavior of the neurons of the thalamo-
cortical complex, the substratum of the higher
mental functions in humans, is, in fact, the very
“diffused cortical inhibition”, predicted by Ivan
P. Pavlov with ingenious intuition a hundred
years ago. It would seem that modern ideas about
the “activity of the sleeping brain” forever “bur-
ied” this Pavlovian hypothesis. However, the
thing is that earlier such a state was misunder-
stood as the “turning off” of neurons from their
active work. This also takes place, but only in
cold-blooded vertebrates at rest, when the ani-
mal’s body cools down [9]. In mammals, these

1 About the life of L.M. Mukhametov and his contribution
to science, see [6].
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neurons never “go silent”, but only restructure
their work, radically changing the pattern of dis-
charges in non-REM sleep. At the same time,
inhibitory processes rapidly spread throughout the
cortex, mediated by the activity of long-axonal
neurons of the “sleep centers” in the ventrolateral
and median preoptic areas, the basal forebrain
and the reticular thalamic nucleus, as well as by
the activity of short-axonal interneurons of the
cortex itself. All these cells secrete GABA, the
main inhibitory mediator of the brain, as well as
inhibitory neuropeptides—galanin, melanin-con-
centrating hormone, etc. In addition, in the areas
where inhibitory neurons accumulate, the con-
centration of adenosine increases, the main mod-
ulator of the transition of the body from wake to a
sleepy state, mediated by receptors A2A [10]. The
state of the neocortex (more precisely, the thal-
amo-cortical complex) arising in non-REM (but,
of course, not REM) sleep is quite adequately
described by the term “diffuse cortical inhibi-
tion.”

In addition to the results of direct neuronal
activity studies, over time, more and more indi-
rect data accumulate—clinical, psychophysiolog-
ical and experimental, which does not fit into the
framework of traditional ideas about “cerebral
information processing” as a vital, indispensable
function of sleep. Yuri Panchin called such
hypothesis the modern somnology based upon, as
“Indispensable Sleep Scenario (ISS)” [11]. Thus,
a unique case of many months of agripnia (com-
plete lack of sleep), reported by Michel Jouvet,
entered the history of medicine. A patient with a
rare disease called Morvan’s chorea was under
round-the-clock continuous polysomnographic
monitoring for four months in 1974, until his
death (which followed, despite the best efforts of
doctors to treat him). This patient retained the
capacity for normal mental activity including
completely intact the short-term and long-term
memories, as well as the ability to learn and con-
centrate. “Our patient’s wakefulness system
showed [...] exceptional lack of mental fatigue for
several months in the absence of an active sleep
system designed to inhibit it [...]. A person deprived
of sleep and dreams for four months (only a few
minutes of nocturnal hallucinations remain), is
able to read newspapers during the day, make
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plans, play cards and win, and at the same time lie
in the dark on the bed all night without sleep!.. It
turns out that slow-wave and paradoxical sleep is
not necessary for life...” [12].

Subsequently, several more similar clinical
cases of complete loss of total sleep were
described [13, 14]. In addition, there are poly-
somnographically confirmed data (including
those cited by Jouvet himself in the aforemen-
tioned book) about “short sleep” people who do
not experience either increased daytime sleepi-
ness or any special psychological or physiological
difficulties [15, 16]. It has been shown that some
genome variations (within the framework of pop-
ulation polymorphism) greatly reduce human
sleep without any side effects. Several human
mutations strongly affecting this phenotype have
been recently identified by direct genetic screen-
ing in families with so-called natural short sleep
(FNSS). Members of such families sleep 4—
6 hours per night (ie, 3—4 cycles instead of normal
5-6), feel well rested and do not show obvious
disturbances that usually occur with chronic sleep
deprivation. One of these mutations is associated
with the clock genes [17], another with the B1-
adrenergic receptor [18], and the third with the
type 1 neuropeptide S receptor [19]. All of these
genes code for different families of proteins with
no apparent functional overlap or participation in
common known signaling pathways. The experi-
mental introduction of such mutations into the
genome of mice also led to a reduction in the daily
percentage of non-REM sleep. The “short-sleep-
ing” strains of laboratory mice obtained as a result
of such genetic engineering manipulations also
exist without visible behavioral disorders and a life
span reduction.

Although “sleepless” animals have not been
found in the wild, the enormous variation in the
average daily duration of natural sleep (from two
hours in elephants [20] to 20 hours in some bat
species [21]) is also poorly compatible with the
“cerebral information processing” hypothesis. As
noted in numerous review and theoretical works
on this topic, all mammals with the ecological
advantage of “safe sleep” always use it to the full-
est; they have a high total daily sleep duration
(12 hours and more). And those mammals that,
due to their ecology, are victims of predators, or
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eat low-calorie plant food and are forced to spend
most of the day time searching for it, feeding and
chewing, are content with the minimum duration
of daily sleep (2—4 hours) [22]. Thus, a high cor-
relation of sleep duration with the lifestyle, ecol-
ogy of a given species, and not at all with its
“cognitive level” (which would be expected based
on the “cerebral information processing” hypoth-
esis) is found: humans and some of the most
“intelligent” mammals, for example, elephants
are among the least sleeping species.

Less than 7% (40 minutes) of the duration of
daily sleep that is noted on land (7 hours) was reg-
istered by EEG in a great frigatebird during a
many-day “non-stop” flight. However, upon
coming back to the nest, no pronounced rebound
of sleep was observed [23]. In other words, the
need for sleep practically disappeared during the
flight and returned again upon landing. Some
birds significantly reduce the daily duration of
sleep during the mating season. As a result, males
who sleep less are mating with more females.
Judging by the frequency of occurrence of birds
and their survival, the reduction in sleep duration
during the breeding season does not have negative
consequences for their physiological state [24].
All these facts are also poorly consistent with the
above hypothesis of “cerebral information pro-
cessing” in sleep.

The last years, the idea of the presence of men-
tal activity in non-REM sleep, supposedly “indis-
tinguishable” from REM dreams, has become
more and more widespread [25]. Such views are
associated, in our opinion, with too confiding,
uncritical attitude of researchers and doctors to
the so-called “reports” of subjects and patients,
and in fact to their irresponsible reasoning. Sup-
porters of such idea somehow lose sight of the
simple consideration that, if this were true, it
would mean a complete break between the EEG
and mental processes: not only can various mental
processes occur on the same EEG background
(which is well known), but also the same mental
processes—on a completely different EEG back-
ground! In fact, mental activity in non-REM
sleep, if it does not disappear completely, is of a
different nature, and its main difference from
REM dreams is the absence of pronounced emo-
tionality. The state of consciousness in non-REM
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sleep should be referred to by other terms: hypna-
gogic hallucinations (in stage 1), “thought-like”
activity (in stages 2 and 3). In general, the most
“reliable” psychological studies—interviews of
patients and healthy subjects directly upon awak-
ening from different stages of sleep—undoubtedly
testify in favor of the above assumption by Lev
Mukhametov (half a century ago!), that during
non-REM sleep (in contrast to REM sleep) it is
impossible (or at least significantly difficult) the
coordinated implementation of complex mental
functions.

CEREBRAL INFORMATION PROCESSING
DURING NON-REM SLEEP ON LINE

A few years ago, Ivan Nikolaevich Pigarev2

published an original hypothesis on the function
of non-REM sleep based on his own experiments
using extracellular recording of single neurons in
non-anesthetized cats. In according to his
hypothesis, during non-REM sleep the brain cor-
tex continues to process information in real time,
not extero-, but interoceptive. This “visceral
hypothesis of sleep”, which he called a theory,
suggests that during sleep (obviously, non-REM
sleep), the central nervous system, in particular
the cerebral cortex, switches from the analysis of
exteroceptive information to the analysis of sig-
nals coming from interoreceptors distributed in all
systems of living organism [27]. When cortical
afferentation changes during sleep, the directions
of efferent flows from the cerebral cortex also
change, switching from structures that ensure
behavior in the environment to structures that
ensure the effective operation of all visceral sys-
tems. Ivan Nikolaevich believed that many patho-
logical conditions associated with the sleep—wake
cycle can be explained by violations of the syn-
chronism of switching information flows to and
from the cerebral cortex during the transition
from wakefulness to sleep and vice versa.

It should be said that Pigarev’s hypothesis has
become widely known, subjected to serious criti-
cism more than once (it was pointed out, in par-
ticular, that a response to a stimulus does not

2 About the life of I.N. Pigarev and his contribution to sci-
ence, see [26].
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necessarily mean that the cell analyzes “informa-
tion”), but over the past years has not received
either independent confirmation or refutation. It
fundamentally contradicts the “encephalocen-
tric” idea of the famous Harvard somnologist
Allen Hobson, who once proclaimed: “Sleep is of
the brain, by the brain and for the brain” [28], but
also poorly consistent with the idea of Lev
Mukhametov, and with all the other counterargu-
ments above regarding the hypothesis of “cerebral
information processing” during sleep (it does not
matter which one: extero- or interoceptive). It has
been suggested that low-threshold calcium chan-
nels localized on the neuronal soma could be
regarded as the cellular basis of Pigarev’s hypoth-
esis. Indeed, the hyperpolarization changes in the
membrane potential which predominate in non-
REM sleep are the optimal conditions for their
opening [5]. However, such processes should be
equally suitable for processing exteroceptive sig-
nals. However, no experimental confirmations,
either for the former or the latter ones, have yet
been received.

Let us summarize all these disparate arguments
for information processing by the brain in non-
REM sleep, namely:

A. Neurophysiological Argument

(1) the transition of the pyramidal neurons of
the thalamo-cortical complex during non-REM
sleep into the pattern of “choral” burst—pause
activity hardly using for cerebral information pro-
cessing;

B. Clinical Argument

(2) case report—a description of a Morvan’s
disease patient, who did not sleep a minute for
4 months (under continuous EEG control) with-
out any need for sleep and any cognitive impair-
ment;

B. Genetic arguments

(3) discovery of gene population polymor-
phisms leading to a significant shortening of
human nighttime sleep without any signs of day-
time sleepiness or any cognitive impairment;

(4) creation of genetically modified mouse
strains with significantly shortened 24-hour sleep,
showing neither behavioral disturbances nor
reduced lifespan;

B. Ecological arguments

(5) discovery of a daily sleep duration connec-
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tion with the ecology of a given species, and not
with its “intelligence”;

(6) temporary disappearance of the need for
sleep due to ecology in some bird species.

Basing upon these arguments, one can draw a
preliminary conclusion that no cerebral informa-
tion processing occurs in non-REM sleep.
Rather, the thalamo-cortical system is in a mode
of functional isolation, a kind of “idling” activity
in this state. This conclusion can be regarded in
favor of the classical hypothesis of “diffuse corti-
cal inhibition” that occurs during non-REM
sleep.

CEREBRAL INFORMATION PROCESSING
IN REM SLEEP OFF LINE

REM sleep is a special state of the body of
warm-blooded animals, characterized by
extremely high activation of the brain against the
background of “turning off” sensory systems and
deep inhibition of the spinal cord [2]. There is no
doubt that the brain processes information very
intensively during REM sleep; numerous evi-
dences have been obtained both at the neuronal
and metabolic levels [29]. Subjects’ reports of
emotionally rich, vivid dreams also support cere-
bral information processing at the psychological
level. Radical differences between the two sleep
states are well known. Nevertheless, there is
important characteristic common to both of
them: the functional isolation of the forebrain
from both afferent and efferent streams. The latter
is studied quite well in REM sleep; that is associ-
ated with such pathologies as narcolepsy with cat-
aplexy [30], REM sleep behavior disorders (RBD)
[31] and restless legs syndrome (RLS) [32]. At the
same time the blockade of sensory inputs in REM
sleep remains almost unexplored. However, it is
not a big mistake to assume that information in
REM sleep is processed primarily (if not exclu-
sively) off-line. This information, images
retrieved from memory by a sleeping, but highly
active brain, are bizarrely deformed and com-
bined, being realized at the mental level in the
form of a special kind of altered consciousness,
brightly emotionally colored dreams, which,
apparently, are poorly remembered. The neuros-
canning show a significant decrease in blood flow
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and metabolism in the dorsolateral prefrontal cor-
tex, which in neuropsychology is considered to be
an area involved in the process of working mem-
ory formation [33].

As is known, REM sleep predominates in early
ontogeny; thus, in a newborn, half of the total
sleep time (8 hours out of 16) is occupied by the
so-called activated sleep, which is considered the
precursor of adult REM sleep. As the brain tissue
matures, the daily duration of REM sleep
decreases and, upon the cessation of neurogene-
sis, at the age of 5—9 years, reaches adult values
(1.5—2 h per night) [34]. As Francis Crick and
Graeme Mitchison [35] wrote, if one tries to
explain the function of REM sleep from the
developmental biology point of view (as a neces-
sary element of cell proliferation, the process of
maturation and formation of the nervous system),
it remains unclear why this sleep state is preserved
in adult humans and animals (in some species,
rather significant percentage), when the mitoses
of nerve cells have long been completed? If one
explains the function of REM sleep from a psy-
chological point of view (for the realization of
dreams, search activity, emotional balance, the
formation of long-term memory, the translation
of genetic information into neurological memory,
etc), then it is not clear why this state dominates
precisely in early ontogeny (when there is no
explicit consciousness, behavior, or memory yet)
and sharply decreases with the maturation of
“higher mental functions”?

Unexpected for the authors of all these hypoth-
eses were reports that among us, it turns out, there
are people with a complete (or almost complete)
lack of REM sleep, living perfectly and success-
fully working for many years. And they don’t have
any memory impairment or cognitive deficits.
First of all, we are talking about a well-known
patient of the Israeli somnologist Peretz Lavie
[36]. This man, aged 20, received severe shrapnel
wound to the head, metal fragments were lodged
in his brainstem, thalamus and cerebellum. After
the injury, he was in coma for 10 days, remained
in critical condition for another two weeks, but
then gradually recovered, completed his educa-
tion, became a professional lawyer, an amateur
artist, and even earned money by compiling cross-
word puzzles in the city newspaper. When he was
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33, his relatives took him to the sleep laboratory at
the Technion University in Haifa. The reason was
his nightly cries in sleep, similar to those some-
times made by children (pavor nocturnus). Poly-
somnographic recordings in this patient were
performed in the laboratory for 8 nights. He slept
little, an average of 4.5 hours (i.e. 3 normal
cycles), but the cyclicity itself was broken and, to
the surprise of the doctors, he did not have REM
episodes at all in the first 3 nights. Then such epi-
sodes began to appear at the end of the entire sleep
period, in the morning, but they were very short:
on average, one episode per night lasting 6 min-
utes (instead of the usual 4—6 episodes with a total
duration of 1.5—2 hours). This patient did not
show any deterioration in intelligence and mem-
ory. Despite his disability, he worked and led a
normal life.

After 35 years, this man was found and again
subjected to a thorough polysomnographic exam-
ination in combination with psychological testing
[37]. Now he was 68 years old. In the lab, he aver-
aged 6 hours of sleep per night (i.e. 4 cycles), and
REM sleep averaged 16 minutes (0 to 3 short epi-
sodes at the end of sleep). Testing revealed com-
pletely normal scores on all scales (from
intermediate to higher level), including memory,
intelligence and cognitive abilities. Thus, a person
who lived his entire adult life (almost) without
REM sleep showed no impairment that could be
attributed to its absence. Peretz Lavie stated that
“he is probably the most normal person I know
and one of the most successful” [38].

Of course, such cases are extremely rare—usu-
ally destructions in the rostral part of the brain
stem are incompatible with life. However, a cou-
ple of other case reports have been published that
occasionally, people with limited lesions in this
area and complete (or almost complete) loss of
REM sleep can gradually recover and lead a nor-
mal life, and in no case was there any cognitive
impairment [39]. Another piece of evidence for
the possibility of “living without REM sleep”
comes from psychopharmacology. It is well
known that most antidepressant drugs (tricyclic
drugs and selective serotonin reuptake inhibi-
tors—SSRIs) profoundly suppress REM sleep.
MAO inhibitors are especially effective in this
regard, which can almost completely suppress
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REM sleep for months and years. And SSRIs have
the ability to suppress REM sleep without subse-
quent impact, that is, to eliminate the very need
for REM sleep. Millions of patients around the
world have taken and are taking these drugs. No
cases of cognitive impairment have been reported;
instead, there is some evidence that MAO inhibi-
tors and SSRIs even improve memory! In con-
trast, the latest generation of benzodiazepines,
which are used as hypnotics and do not signifi-
cantly affect the duration and distribution of
REM sleep, have a pronounced detrimental effect
on memory due to the effect of these drugs on the
GABA signaling system [40].

Recently, a special role of certain muscarinic
receptors in the regulation of REM sleep has been
discovered by Japanese authors. The authors of
the articles [41, 42] found two out of five existing
muscarinic receptors, gene knockout of each of
which significantly disrupts the normal course of
REM sleep in mice: knockout of the Chrm3 gene
causes fragmentation of REM sleep, and of the
Chrml gene, a reduction in its duration. But the
most surprising result awaited the authors when
they produced a double-knockout for both genes.
In these mice, REM sleep disappeared altogether.
Unfortunately, nothing on the phenotyping of
these mice is reported, except for the structure of
the sleep—wake cycle, but noted their “unex-
pected vitality despite almost absent REM sleep”.
Yamada et al. wonder if REM sleep really plays
such an important role in the body, including
learning and memory processes that is attributed
to it?—and refer to the above-mentioned well-
known hypotheses.

The animal world demonstrates great variability
in the daily percentage of REM sleep in adults,
even greater than that of non-REM sleep. As
already mentioned, many representatives of evo-
lutionarily ancient mammalian species exhibit a
high percentage of REM sleep (>20%). In addi-
tion, adult mammals with “safe” sleeping condi-
tions (e.g., deep burrows) show a high percentage
of REM sleep, usually having relatively short ges-
tation periods and giving birth to altricial cubs
with a high percentage of activated sleep (e.g.,
carnivores and many rodents). On the contrary,
mammals that sleep in the wild without much
shelter, directly on the surface of the earth (ungu-
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lates, guinea pigs, etc.), have a long gestation
period and give birth to mature (precocial) cubs
with an initially low percentage of REM sleep,
demonstrate a low percentage of this sleep in
adulthood too (<10% of total sleep) [43].

Similar regularities were noted in birds [24].
Although, in general, their percentage of REM
sleep is much lower than that of mammals, and its
episodes are shorter, nevertheless, evolutionary
older species of birds (Palacognathae), for exam-
ple, ostriches, show a higher percentage of REM
sleep and longer its episodes than more evolution-
arily young species (Neognathae) [44]. There are
species of birds that hatch from eggs immature,
and there are those that are more mature. The for-
mer, like mammals, have a higher initial level of
REM sleep and, accordingly, its higher level in
the adult state than the latter [45].

Finally, researchers have always been struck by
the fact that in many species of birds and small
mammals, episodes of REM sleep are so short (no
more than a few seconds) that no biochemical
reaction can be completed in such a period, and it
is very difficult to imagine “cerebral information
processing” and “memory formation” by the
brain in such short portions.

A strong blow to the supporters of the hypothe-
sis of “cerebral processing of meaningful informa-
tion and memory consolidation in REM sleep”
was caused by the discovery of animals that do not
have this sleep state at all. First, we are talking
about echidna, a special species of monotreme
mammals that separated from the main evolu-
tionary branch at its very inception. Despite a spe-
cial study by three different groups of researchers,
the presence of REM sleep in this animal remains
questionable [45]. Secondly, of course, we are
talking about such a widely known fact as the lack
of REM sleep in dolphins [46, 47]. Under the
leadership of Lev Mukhametov and Oleg Lyamin,
two generations of researchers at the Utrish
marine station of the Severtsov Institute studied
sleep—wakefulness in four different species of
toothed whales, including the Amazonian river
dolphin. Significant efforts have been made to
identify any, even fragmentary, episodes of REM
sleep in these animals. These efforts included
long-term video recordings combined with cable-
free polysomnographic recording using implanted
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intracranial electrodes and miniature autonomic
recorders attached to the body of animals in free-
swimming conditions in the experimental pool.
However, during this entire 40-year period, not a
single such episode could be detected [48, 49].

Even more surprising results were obtained by
the same group of researchers in a polysomno-
graphic study of the sleep—wake cycle of eared
seals (fur seals and sea lions) [49, 50]. These ani-
mals spend the breeding season on rookeries, and
most of the year, chasing schools of fish, they
spend in the ocean, where they are forced to sleep
in the water. Scientists simulated this situation by
building a platform in the pool, which can be
above or below the water surface, depending on its
level. And it turned out that when a fur seal sleeps
in water, its sleep structure is similar to that of a
dolphin: non-REM sleep is unihemispheric, and
REM sleep disappears almost completely (by
99%). And when a fur seal sleeps on a platform,
the structure of his sleep is the same as that of ter-
restrial mammals: non-REM sleep is of the usual
bihemispheric nature, REM sleep is well
expressed and its percentage is high. When, after a
long period of stay in the water, the fur seal goes to
the platform, REM sleep is restored, but in a nor-
mal proportion, the phenomenon of REM sleep
rebound does not occur. In other words, when a
fur seal sleeps in the water, the very need for REM
sleep disappears, which reappears when he goes to
land. All these facts cannot be reconciled with the
hypothesis of “cerebral processing of vital infor-
mation” in REM sleep, but they are very well
combined with environmental factors and the
animal’s lifestyle.

Let’s summarize all these disparate data on
information processing by the brain in REM sleep
off line:

A. Psychological argument

(1) poor dream memory retention, as evidenced
by a decrease in the BOLD signal in the dorsolat-
eral prefrontal cortex during REM sleep;

B. Clinical argument

(2) case report: a description of a quite profes-
sionally successful person who has lived his entire
adult life (almost) without REM sleep, without
the slightest impairment of cognitive abilities;

B. The genetic argument

(3) the creation of a genetically modified mouse
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strain without REM sleep that do not show any
obvious disturbances in behavior or physiological
processes;

D. The ontogenetic argument

(4) the maximum percentage of activated/
REM sleep in the late prenatal/early postnatal
stages of individual development;

E. Pharmacological Argument

(5) the presence in the world of millions of
patients who are constantly taking antidepressants
that suppress REM sleep to varying degrees, up to
its complete disappearance, and their memory not
only safe, but, in some cases, even improves;

E. Environmental arguments

(6) correlation of the REM sleep percentage
with evolutionary and ecological, rather than
some other (for example, “cognitive”) character-
istics of a given species of mammals and birds;

(7) lack of REM sleep in dolphins and possibly
also in echidnas;

(8) the disappearance of the need for REM
sleep in eared seals when sleeping in the water and
its restoration when returning to land without
demonstrating the rebound phenomenon.

It is possible to come to the “paradoxical” con-
clusion that intensive cerebral processing of infor-
mation in REM sleep does not play any adaptive
role (at least for an adult organism); information
is processed, figuratively speaking, “idle”.

SLEEP GENERATION AND REALIZATION

However, the question arises: how to combine
all of the above data with the well-known facts of
everyday life, confirmed thousands of times by
clinical material, regarding the importance of
sleep, quantitatively sufficient and qualitatively
complete, for maintaining health, cognitive abili-
ties and longevity? And vice versa, with a violation
of health and mental activity with chronic sleep
deficit and/or a decrease in its quality?

Michel Jouvet, speaking about his patient [12],
answers these questions in the following way:
“The agripnia demonstrated by this patient is
interesting to compare with examples of experi-
mental sleep deprivation in humans [here Jouvet
refers to two earlier works; later such experiments
on humans were prohibited]. In both cases,
polygraphic and behavioral controls, as well as
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psychomotor testing, were carried out. Let us
immediately note the difference between our
patient lying in bed all night and sometimes even
taking sleeping pills—and healthy volunteer sub-
jects who are paid to be sleepless, avoid even lying
down, and constantly stimulate themselves to stay
awake. In the first case, the patient would like to
sleep and constantly tried to sleep, but [without
experiencing drowsiness] could not sleep even
after four months of insomnia. In the second case,
on the contrary, the subjects constantly struggled
with sleepiness and after 120, 200 and 264 sleep-
less hours fell from fatigue, demonstrating a long
sleep rebound.” In our patient, Jouvet points out,
“the very sleep generation system was disturbed”
[italics mine, KV]. It is clear that at the end of his
life Jouvet came close to the idea of sleep genera-
tion mechanisms separate from the mechanisms
of its realization. What might these “sleep-gener-
ating” mechanisms be?

Morvan’s chorea has long seemed a mysterious
disease, but now there is irrefutable evidence of its
autoimmune etiology associated with the forma-
tion of autoantibodies to the complex of voltage-
gated potassium channels (VGKC). It is known
that antibodies to VGKC affect the peripheral
nervous system, causing neuromyotonia, and can
cross the blood—brain barrier and act centrally by
binding to hippocampal neurons [51]. It has been
shown that some VGKCs are indeed involved in
the regulation of the rest-activity rhythm in fruit
flies and the sleep—wake cycle in mice [52]. If these
channels are destroyed, K™ ions lose the ability to
leave the cell and accumulate inside it; therefore
the membrane potential jumps up to —55 mV, the
neurons are constantly excited and incapable of
hyperpolarization and transition to the burst-
pause pattern. As for the REM sleep generation
system, it can be mediated by the above-men-
tioned muscarinic receptor types 1 and 3, knock-
out of which causes the disappearance of this
sleep phase in mice without noticeable conse-
quences.

It can be assumed that numerous examples of a
significant and prolonged (lifelong) reduction in
the daily duration of sleep (total sleep or only
REM sleep) without consequences in humans and
animals, discussed above, are associated with the
weakening (and cessation) of the activity of
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namely the hypothetical systems for generating
non-REM and REM sleep, respectively. For cer-
tain reasons, which will be discussed below, this
does not entail noticeable disturbances in the
activity of the brain and the body as a whole. At
the same time, long-term suppression of the sys-
tem of realization of both non-REM and REM
sleep, including instrumental, which also leads to
a sharp reduction in the duration and destruction
of the structure of sleep, can lead to very serious
and even catastrophic consequences for patients
and experimental animals. Physicians and
researchers usually deal with the effects of damage
to sleep realization systems, and they are well
studied.

All these facts revealed the unsatisfactoriness of
the traditional hypothesis of “cerebral informa-
tion processing in sleep” (some researchers even
started talking about sleep in general or REM
sleep particularly as a “phenomenon without
function” or “evolutionary error”) and drew the
attention to the development of an alternative
paradigm. Yuri Panchin called it “Adaptive Inac-
tivity Scenario” (AIS) [11]. It is based on the very
simple idea that circadian periods of rest and
sleep, or “adaptive inactivity” [53], in themselves
have an evolutionary advantage, because the extra
wake time makes animals more vulnerable in the
wild surrounding. Assuming that such a strategy of
“life without fuss” is adaptive, sleep-like behavior
could arise independently and repeatedly in the
evolution of different groups of organisms.

But why is it necessary to turn off sensory inflow
and stop the cerebral information processing
during sleep? Why is it necessary to sleep deeply,
why can’t a quite wakefulness replace sleep? The
fact is that behavior in the waking state is con-
trolled by various sensory stimuli and is realized
by the completion of certain motor reactions.
Afferent impulses that enter the brain in a state of
quite wakefulness from extero- and interorecep-
tors (especially from proprioreceptors) will inter-
fere with this process, preventing it from
proceeding. Indeed, every person knows how hard
it is to spend several hours in bed without sleep!
Evolutionarily adaptive periodic inactivity
requires a radical restructuring of existing wake-
fulness reflexes. Sleep is perhaps the simplest evo-
lutionary innovation to achieve this adaptation.

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY Vol. 59 No.2 2023



322

Therefore, periodic inactivity is supported by nat-
ural selection. That is why it depends on behav-
ioral and environmental factors and can vary
widely, from absence to significant level. If sleep
is an adaptive factor, but does not perform some
unknown (“mysterious, secret”) function associ-
ated with the cerebral processing of vital informa-
tion, then, from an evolutionary point of view,
non-sleeping animals will be eliminated by natu-
ral selection, not because they die from lack of
sleep, but because additional waking time makes
them more vulnerable in the wild.

It can be assumed that the biological role of
sleep has evolved due to the synchronization and
connection of some physiological functions (pri-
marily those that are not associated with the man-
datory involvement of the central nervous system:
metabolic, endocrine, immune, etc.) with periods
of sleep and wakefulness. An analogy with the cir-
cadian rhythm is appropriate here: all processes in
the human and animal body are controlled by this
rhythm,; its violation causes desynchronosis with
all its well-studied consequences and sharply
reduces the survival rate of an individual in the
wild. At the same time, under vivarium condi-
tions, for example, hamsters with experimentally
destroyed suprachiasmatic nuclei survive, feed,
and reproduce perfectly. All physiological func-
tions in them proceed normally, but are randomly
distributed in time.

Since the internal life of a warm-blooded
organism continues during periods of rest, certain
functions, for one reason or another (sometimes,
perhaps accidental), began to be “drawn” into
periods of non-REM and REM sleep. That is,
between sleep and the life processes that occur
during it, there is a rigid temporal, but not a causal
relationship.

Perhaps there is really “no mystery to sleep”
[54] and the “trivial function of sleep” [55, 56] is
not “cerebral information processing”, rather a
radical restructuring of all waking reflexes for the
normal course of “adaptive inactivity” periods
[53, 57]?
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