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Abstract. This article was written to commemorate the 100th anniversary of Michel Jouvet (1925–2017), a leading 
French neurophysiologist and somnologist. It briefly examines Jouvet’s biography, the history of the discovery of 
paradoxical sleep, its phylogeny and ontogeny, as well as the study of the neural and neurotransmitter systems of 
the brain involved in regulating the sleep–wake cycle. 
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A SHORT BIOGRAPHY
Professor Michel Valentin Marcel Jouvet (1925–

2017) was a leading neurophysiologist and somnologist 
of the second half of the twentieth century, in fact, 
the “father” of European somnology, to whom it owes 
most of its amazing discoveries. Jouvet was born on 
November 11 (according to other sources – November 
16), 1925 in Jura department, near Lyon. His father 
was a medical doctor. During the occupation, young 
Michel went to the maquis partisans in the mountains 
of the Jurassic Massif. After the liberation of the Jurassic 
region in August 1944, Jouvet volunteered for the Alpine 
riflemen, patrolled the border with Italy on skis during 
the unusually cold winter of 1944–1945. In January 
1945, his brigade was urgently transferred to the Rhine 
to protect Strasbourg from advancing German tanks. 
There he received a shrapnel wound in the back area, 
the suffering from which did not subside over the years, 
but only increased... 

After being demobilized in October 1945, Jouvet 
entered the Medical Institute in Lyon (under pressure 
from his father, since he was not at all interested in 
medicine or biology, but wanted to become a seafarer 
and traveler, or ethnographer), graduated in 1951 and 
enrolled in a residency in neurosurgery. At that time, 
Jouvet writes, “no more was known about the work of the 
brain than if  ’the head was stuffed with cotton wool’.” 
Pavlov’s theory was considered the greatest achievement, 
according to which the cortex was attributed a dominant 

role in everything from learning to sleep, which occurs 
under the influence of ‘internal inhibition’.” However, 
after reading the article by J. Moruzzi and G. Magoun 
[1], Jouvet realized that the reticular formation they 
discovered could control many functions, acting as a 
“competitor” to the cerebral cortex. While continuing his 
residency studies, he became more and more interested 
in neurophysiology and experimented on cats. As a war 
veteran, he managed to get a Fulbright fellowship and a 
grant from the French government to travel to California 
(USA), to the laboratory of Horace Magoun. During 
a year (1954–1955), he completed an fellowship at 
this laboratory and, as Jouvet writes, it was one of the 
happiest and most fruitful years of his life. 

After returning to Lyon, Jouvet completed his 
residency in two specialties  – neurosurgery and 
neurology, and in 1962, having raised some money 
for research, he organized a small neurophysiological 
laboratory. 

THE STORY OF THE DISCOVERY  
OF PARADOXICAL SLEEP

Back in 1959, Jouvet and two of his collaborators 
published a short article in French in which they 
described the muscular atony accompanying periods of 
sleep with flattened EEG and rapid eye movements in 
cats [2]. Thus, the last of the three parameters necessary 
for the separation of wakefulness and various phases, 

mailto:kovalzon@sevin.ru


JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY      Vol. 61       No. 5–6       2025

A LIFE DEVOTED TO SLEEP SCIENCE: ON THE 100TH ANNIVERSARY OF MICHEL JOUVET 289

stages of natural sleep, which are still considered the 
“gold standard” of polysomnography, mandatory for 
recording sleep, was identified: electroencephalogram 
(EEG), electrooculogram (EOG) and electromyogram 
(EMG). Here is what Jouvet’s then collaborator and  
co-author of the pioneering works, François Michel, 
wrote about this period [3]: 

“The first times we observed the paradoxical phase 
in the decorticated cat (by ablation of the cortex) 
and the so-called pontine cat (by transverse section 
between the pons and midbrain)… For the first time, 
we implanted cervical electrodes in a decorticated 
cat, because the electrocorticogram no longer existed, 
and it was necessary to find some other indicators of 
wakefulness.… And we  were very surprised to discover  
phases of pronounced disappearance of muscle tone 
throughout the body, along with flashes of “slow waves” 
or “spindles” in the electrical activity of the brain stem, 
indicating, apparently, to its inhibition. As it turned out 
later, these were not signs of synchronization in the EEG 
at all, the spindles and slow waves that we expected to 
see in the stem  during sleep development, but ponto-
geniculo-occipital  spikes (PGO).” 

Jouvet forgot about habituation [which he had 
previously studied – KV] and devoted himself to sleep. 

It was urgently necessary to find this strange phase 
in an intact cat. We built a large wooden cage, lining 
it with cloth from the inside to muffle external sounds. 
For observations, the cage was equipped with a window 
made of thick glass, which also blocked out sounds. 
Unfortunately, we couldn’t see the eye movements of an 
intact cat. But we’ve already seen it all in a decorticated  
cat: muscle twitches, eye and vibrissae movements. What 
was our surprise when we saw our intact cat, stretched out 
on the floor of the cage at full height, clearly in a sleeping 
position, EEG typical of the waking state: fast low-
amplitude waves! We wrote on electroencephalograph 
paper on top of 8-channel recording: “The cat faked  
sleeping”! Subsequently, using cervical EMG electrodes, 
we were able to show a complete loss of muscle tone 
during these periods, which coincided with what we 
observed in a decorticated cat. Thus, we were able to 
confirm the reality of this stage of sleep, as it was also 
observed in a normal animal. We could hardly believe our 
own eyes, because it was believed that the slower EEG 
waves, the deeper sleep. And here we had recordings of 
sleep episodes with opposite signs on the EEG! This led 
us to call the new phase of sleep ‘paradoxical’...”.

Jouvet was the second after William Dement, who 
had published electrophysiological manifestations of 

REM sleep (as the Americans called this phenomenon) 
in the cat a year earlier [4]. However, it was Jouvet who 
discovered and appreciated the disappearance of muscle 
tone during paradoxical sleep (PS), truly understood 
what a discovery had been made, and created a new 
paradigm. This was also acknowledged by Dement in 
his memoirs [5]. According to Jouvet, PS is not a classic 
sleep or wakefulness, but a special, third, state of the 
body, characterized by several paradoxical combinations. 
In PS, a sharp decrease in reactivity to exteroceptors 
stimulation is combined with high brain activity, deep 
inhibition of spinal cord motor neurons, and complete 
relaxation of skeletal muscles (with the exception of 
respiratory and oculomotor muscles). It is like “active, 
inward-looking wakefulness” [6, 7]. 

Dement and Jouvet faced a complete misunderstanding 
and rejection of their results from not only ordinary, but 
also distinguished colleagues in neurophysiology. It was 
well known that fast low–amplitude rhythms in the EEG 
are signs of wakefulness, and large slow waves are signs 
of sleep. If EEG desynchronization occurs during sleep, 
it is a short–term awakening. The discovery of REM 
sleep contradicted the concept of the ascending reticular 
activating system, which had only recently been accepted 
with great difficulty by all neurophysiologists, and meant 
the complete collapse of all old ideas about the passive 
nature of sleep. No one could understand or accept the 
new revolutionary paradigm. So, when Jouvet showed 
his EEG recordings to Frédéric Bremer, the largest 
Belgian neurophysiologist, he ridiculed him, saying that 
Jouvet’s electroencephalograph amplification was just 
“floating”! It was not until the 1963 Lyon Symposium 
that a “consensus” was reached between American and 
European experts on the discovery made several years 
earlier. By that time, the phenomenon discovered in 
cats by Dement in the USA and Jouvet in France had 
received independent confirmations in the laboratories 
of John Evarts and future Nobel laureate David Hubel.

In the following years, Jouvet managed to transform 
his laboratory and the Department of Experimental 
Medicine (which he soon headed) of Lyon-1 Claude 
Bernard University  to the largest in Europe and one 
of the world’s largest centers for experimental and 
clinical sleep research. He and his colleagues studied 
and thoroughly described the entire phenomenology of 
PS, its anatomical basis, neurophysiology, biochemistry 
and other aspects. In this review, we will touch upon 
the phylogeny and ontogenesis of sleep, as well as the 
neural and mediator systems of the brain involved in the 
regulation of the wake–sleep cycle. 
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PHYLOGENY OF SLEEP
Already in the first years after Jouvet’s discovery 

of the PS phase, it became clear that this state   is 
archaic, since it  triggered by the most ancient, caudally 
located structures  – the rhombencephalon  and 
medulla oblongata. Jouvet’s experiments with cerebral 
transections  have shown that the periodic occurrence of 
the main signs of PS does not require the preservation of 
higher-lying brain regions. There was a need to find out 
how sleep is organized in the evolutionary predecessors 
of mammals  – reptiles. Jouvet and his collaborators 
managed to record the EEG of a free-moving snake 
and lizard. Imagine their surprise when they discovered 
that the rest of cold-blooded vertebrates is absolutely 
monotonous! It is not interrupted by any activation 
periods (except behavioral awakenings), which could 
at least to some extent play the role of precursors of 
mammalian PS. The mysterious evolutionary origin 
of PS has put Jouvet in a dead end, a way out of which 
has not been found to this day. It would seem that PS 
should be the main or even the only type of sleep in 
cold-blooded vertebrates  – reptiles, amphibians and 
fish. However, despite two recent reports (soon to be 
refuted) of the discovery of supposed  episodes of PS in 
two species of large reptiles, no convincing evidence of 
this has yet been obtained. 

To resolve this contradiction, I proposed a hypothesis 
according to which the evolutionary precursor of PS 
is not rest, but “archaic  wakefulness” of cold-blooded 
vertebrates. In other words,  PS of mammals (and birds) 
is the result of evolutionary transformation of primitive 
wakefulness (rather than sleep)  of cold-blooded animals 
[6, 7]. The proposed hypothesis allows, at least logically, 
to  solving this “paradox of paradoxical sleep”: why 
this evolutionarily ancient state  cannot be detected in 
evolutionarily ancient poikilothermic species. 

SLEEP ONTOGENESIS
In the 1960s, the pioneers of a new field, the 

ontogenesis of the wakefulness-sleep cycle, were the 
remarkable experimental neuroscientists: Michel 
Jouvet, his first wife Danièlle Jouvet-Mounier and their 
disciple Jean-Louis Valatx. They first described “sleep 
with twitches” (“seismic sleep”, as Danielle called it; 
the term “activated sleep” is also used) in kittens and 
newborn  rats, which they believed to be a precursor, 
or the “immature” form of adult PS. Its symptoms are 
postural atony and numerous muscle twitches. There are 
no characteristics of this state in the EEG, they have not 

yet been formed. In newborn kittens and baby rats, this 
state takes up most of the time of the day (along with 
behavioral wakefulness and quite   sleep), and as the 
nervous system matures, its daily proportion decreases 
rapidly. The less mature the tissue of the central nervous 
system of the model object (kitten, baby rat), the more 
pronounced the phasic muscle twitches. 

Kittens and baby rats are representatives of 
immature (altricial) animals that are born blind, with an 
undeveloped central nervous system that matures in the 
early stages of ontogenesis. But what happens to sleep 
patterns in precocial species? Jouvet-Mounier and her 
collaborators studied sleep in guinea pig pups, in which 
the formation of the central nervous system occurs 
mainly prenatally, in the late stages of embryogenesis, 
and showed that in these animals the percentage of 
PS at birth is low and close to that of adults. Thus, the 
connection of PS with the formation of nervous tissue 
was clearly established. 

Subsequently, various researchers have confirmed 
that this sleep pattern – a high percentage of activated 
sleep in newborns and a significant decrease in the 
proportion of PS in adults  – is typical for all studied 
species of mammals and birds, including humans. This 
is one of the reliably proven laws of somnology [6, 7]. 

BRAIN NEURONS IN THE WAKE-SLEEP 
CYCLE

In the 60s, Jouvet and his collaborators worked 
on cats with brain transections  at various levels in 
the style of Bremer’s encéphale isolé and cerveau isolé. 
They showed that when the forebrain is separated from 
the rhombencephalon, such a chronic  preparation 
demonstrates (in terms of EEG, EOG, and EMG) an 
alternation of “wakefulness” and  orthodoxical sleep – 
above the transaction, and “wakefulness” and PS  – 
below the transaction. This gave Jouvet the reason to call 
PS “rhombencephalic sleep,” and orthodoxical  sleep 
“telencephalic.” 

At first, Jouvet was skeptical about the extracellular 
recording of the activity of single neurons. Unlike his 
colleagues, Mirca Steriade and Allen Hobson, Jouvet 
did not believe that this method would provide the 
key to understanding how the brain works. He said, 
“Wherever you insert  a microelectrode, one third of 
the neurons respond to a particular change in the state 
of an experimental animal in the sleep-wake cycle by 
increasing the frequency of discharges, the other third by 
decreasing, and the third does not change its activity.” 
However, the studies  in American laboratories in the 
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1970s and early 1980s forced him to reconsider his point 
of view. With the arrival of two excellent specialists 
in his team, microphysiologists Kazuya Sakai and  
J.-S.Lin, studies in this area have intensified dramatically. 
The combination of sophisticated electrophysiological 
and neuroimmunohistochemical methods has borne 
fruit  – significant results have been achieved in 
studying the activity of neurons in various parts of the 
brainstem, hypothalamus and basal forebrain in non-
anesthetized cats. It turned out that the response of this 
neuron to a change in the animal’s state in the cycle  
“wakefulness → slow wave sleep → PS” is determined 
not only by its localization, but, to an even greater extent, 
by its chemistry [8]. 

BRAIN MEDIATORS IN THE WAKEFULNESS–
SLEEP CYCLE

The search for neuromediators responsible for the 
change of states in the wakefulness–sleep cycle in 
Jouvet’s laboratory was marked by a number of dramatic 
events. In the late 1960s, Jouvet, based on the results 
of his experiments, conducted using the rather crude 
experimental methods of the time (electrolytic lesions 
and pharmacological manipulations), came to the 
formulation of the so-called “aminergic” hypothesis 
of sleep regulation, published in Science and other 
authoritative journals, which gained wide recognition 
and even made it into textbooks. According to this 
concept, the main mediators of wakefulness, slow-
wave sleep, and PS are, respectively, acetylcholine, 
serotonin, and norepinephrine. However, the use of 
more sophisticated methods that emerged in the 1970s 
refuted these conclusions regarding brain amines.

Aminergic neurons in the brain are called “tree-like” 
because the number of neurotransmitter-secreting cells is 
relatively small, but their single axons branch incredibly, 
up to a million endings per process. It has been shown 
that noradrenergic and serotonergic neurons discharge 
intensively during wakefulness, gradually decrease the 
frequency of discharges as slow-wave sleep deepens 
and completely cease their activity during PS, so that 
practically no quantum mediator is released during this 
period. 

Later, the histaminergic system  in the feline brain 
was discovered and described in detail in Jouvet’s 
laboratory, which later became apparent to play a 
special role in cognitive activity. It soon became clear 
that the “silencing” of the monoaminergic mediator 
systems of the brain – noradrenergic, serotonergic, and 
histaminergic (with the exception of dopaminergic, 

which is apparently responsible for states of altered 
consciousness in PS, called dreams) is a prerequisite 
for the transition to PS and its normal course. As it 
turned out, the mediators of PS are the same as those of 
wakefulness – acetylcholine and glutamate, but they are 
secreted by different, albeit closely intertwined, neural 
systems [7]. 

The serotonergic system was particularly “insidious” 
in the experiments of Jouvet and his team, demonstrating 
itself as a regulator of slow-wave sleep, then as a 
regulator of wakefulness. It has now been shown that the 
regulation of slow-wave sleep is carried out by GABA 
and adenosine (although the latter is not a mediator in 
the strict sense of the word). And brain serotonin, which 
plays an important role, in particular, in the regulation 
of the emotional sphere, seems to be only indirectly 
related to sleep regulation [7]. 

The apparent “confusion” mentioned above, which 
Jouvet mentioned, when neurons in any area of the 
brain respond in all possible ways, is associated, as it 
turned out, with numerous scattered throughout the 
brain (although also combined into several clusters) and 
limited branching neurons that secrete the so-called 
“fast” mediators  – glutamate and GABA. These cells 
are effector cells in the regulation of wakefulness and 
sleep and are involved in all related processes. Thus, 
inhibitory GABA-ergic neurons are also involved in the 
widespread “double inhibition” in the brain, that is, the 
inhibition of certain inhibitory systems, resulting in the 
activation of their targets. And activating glutamatergic 
neurons are also actively involved in the processes of 
inhibition by depolarization of certain GABA-ergic 
efferents [8]. And, of course, a variety of receptors play a 
role, especially serotonin receptors, among which there 
are more than a dozen different types and subtypes (some 
authors even number more than two dozen): ionotropic, 
metabotropic, depolarizing, and hyperpolarizing. 

In the late 1980s, new methods of strictly local 
neurotoxic  lesion of certain neural bodies appeared, 
without affecting either  processes, glial cells, or blood 
vessels. The pioneering work here, as in many other 
cases, was the work of Jouvet and his staff [9], performed  
in cats. The striking results were obtained by his team 
with extensive but selective  lesion of the neural bodies 
of the reticular formation of the midbrain and posterior 
hypothalamus by local injection of a new neurotoxin, 
ibotenic acid. After the operations, the cats fall  into a 
comatose state and had to be cared for, but a week or two 
after the operation, all the animals fully recovered and no 
significant disturbances were noted either in behavior, in 
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the wake-sleep cycle, or in the EEG of these animals. 
These results made such an impression on Jouvet that he 
began to talk and write about the “death” of the reticular 
theory [10].

For some reason, the  lesion caused by the 
Jouvet group did not affect the small glutamatergic 
precoeruleus/parabrachialis (PC/PB) region in the 
rostral (mesopontine) part of the brainstem, which 
sends powerful monosynaptic projections to the relay 
basal region of the forebrain and from there to the 
cerebral cortex. Twenty years later (!) this zone was 
discovered and described in detail in the work of Boston 
researcher Clifford Saper and his collaborators [7, 11]. 
These authors concluded that there are two ascending 
activating subsystems in the brains of model animals 
(Sprague Dawley rats): 

• precoeruleus → medial septum → hippocampus, 
activation of the archipaleocortex, theta rhythm in the 
EEG; 

• parabrachial nuclei/precoeruleus → basal fore
brain → neocortex, activation of the neocortex, 
desynchronization in the EEG. 

It is precisely lesions in this area, and not below or 
above the brain axis, that leads to the development of 
a comatose state in experimental animals, as well as in 
neurological patients. In humans, the neurons of the  
PC/PB region surrounding superior cerebellum 
pedunculum have functional connections, as shown by 
the results of neural scanning, with clusters of special 
cells in the anterior insula (AI) and the pregenual part 
of the anterior cingulate cortex (pACC). These areas 
are known, in turn, as the locations of “von Economo 
neurons” (VENs), large spindle-shaped cells whose 
dendrites penetrate into all layers of the cortex. When  
PC/PB is affected, the functional relationship between 
VENs in AI and VENs in pACC is destroyed. It is assumed 
that the PC/PB → AI → pACC system represents a kind 
of neuroanatomical “interface” between the mechanisms 
of arousal and awareness, two fundamental components 
of human consciousness [7, 12].  

But all these works were published at the end of 
Jouvet’s life, when he retired from active scientific 
activity. Nevertheless, the basis for all these (and many 
other) works in the field of the study of wakefulness, 
sleep and dreams was laid by the work of the laboratory 
of Jouvet, carried out in the 60s – 90s of the XX century.

CONCLUSION
Jouvet’s scientific legacy includes more than 500 

experimental articles in French and English and several 

books [10, 13–16]. It is characteristic that Jouvet did not 
write a single scientific monograph – apparently, he was 
not interested in it. In the books, he gave free rein to his 
imagination, his creative intellect, which was cramped 
within the framework of a strict scientific description. 
Among them: the popular science publication “Sleep 
and Dreams” [13]; the historical novel “Castle of 
Dreams” [14]; the neurophysiological thriller “Dream 
Thief” [15]; the book of memoirs “On Science and 
Dreams: Memoirs of a Dream Researcher” [16]; 
neurophilosophical essay “Sleep, Consciousness and 
Wakefulness”, translated into Russian under the title 
“The Science of Sleep. Whoever learns the secret of 
sleep learns the secret of the brain!” [10]. 

In general, despite the enormous contribution 
of Jouvet and his collaborators to deciphering the 
mechanisms of wakefulness–sleep in general, as well 
as PS, and, consequently, dreams, in particular, the 
questions “why?” and “for what?” remain unanswered 
to this day. This answer will undoubtedly be given sooner 
or later by neurophysiologists and somnologists of the 
21st century. What underlies Jouvet’s worldview is the 
belief in the boundless power of the knowing mind, 
which is ultimately capable of knowing itself.
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