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Consciousness: The Study of Rapid-Eye-Movement
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The recognition of rapid-eye-movement sleep (REM) and its association with dreaming
in 1953 by Aserinsky and Kleitman opened a new world to explore in the brain.
Discussions at two major symposia in the early 1960s reveal that a state with charac-
teristics resembling both wakefulness and sleep was overturning accepted views of the
regulation of the two states. Participants grappled with the idea that cortical activation
could occur during sleep. They struggled with picking a name that would capture the
essence of REM without focusing on just one aspect of the state. Questioning whether
REM in cats could be homologous with that of humans suggested an anthropocen-
tric focus on human dreaming as the essence of the state. The need for biochemical
studies was evident given that deprivation of REM caused a rebound in the amount of
subsequent REM, which indicated that simple synaptic activity could not support this
phenomenon.

Keywords Aserinsky, Bremer, Dement, dreams, Jouvet, Kleitman, Moruzzi, NREM
mentation, paradoxical sleep, rapid-eye-movement sleep

Introduction

Before the definitive recognition of rapid-eye-movement sleep (REM) in 1953 by Eugene
Aserinsky, a graduate student, and his professor, Nathanial Kleitman, at the University
of Chicago (Aserinsky & Kleitman, 1953a, 1953b), many regarded sleep as a passive
phenomenon resulting from the withdrawal of sensory inflow to the brain (Kleitman,
1939). This conception drew heavily on Frederick Bremer’s demonstration in 1935 that
transection at the level of the midbrain, the “cerveau isolė,” resulted in a pattern on the
electroencephalogram (EEG) that resembled that of normal sleep: high-amplitude, low-
frequency waves (Bremer, 1935). A decade later, the discovery of the arousing effects of
stimulating the central brainstem reticular formation at lower stimulating intensities than
those inducing arousal by stimulation of the lateral ascending sensory pathways merely
shifted attention to the former as the organ responsible for maintaining wakefulness, the
ascending reticular activating system (Moruzzi & Magoun, 1949): The view of sleep as a
passive process still held sway (Morrison, 2011). Certainly there were dissidents, such as
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2 Adrian R. Morrison

Walter Hess, who had demonstrated that sleep could be induced by electrical stimulation in
the thalamus, suggesting complexity in the organization of sleep (Hess, 1954).

With the definitive recognition of REM and its relationship to dreaming in humans
(Aserinsky & Kleitman, 1953b), though, neuroscientists had to recognize that active pro-
cesses were involved in the regulation of sleep and wakefulness. This change in thinking
did not occur automatically: Much thought and discussion went into the process as the dis-
cussions held at two major symposia in the early 1960s reveal: the 1960 Ciba symposium
(Wolstenholme & O’Connor, 1960) and the 1963 Lyon symposium (Jouvet, 1965).

From 1960 on, scientists began to address the phenomenon of REM with fervor that
has rarely been matched. As Michel Jouvet of Lyon stated in a review at the end of
the decade, “Very seldom in the history of physiology has so much effort been devoted
to the description, quantification, classification, and delimitation of such a complex phe-
nomenon of almost totally unknown function” ( Jouvet, 1969, p. 32). Nevertheless, during
that decade, essentially all of the basic phenomenology of REM had been described in con-
siderable detail even though arguments would continue regarding this “remarkable” state’s
function(s).

Of course, recognition of REM required the recording of brain waves from humans,
which had been demonstrated two decades earlier by Hans Berger (1930); there were ear-
lier intimations of REM in the 1930s in both animals (Derbyshire et al., 1936; Klaue, 1937)
and humans, including Kleitman’s group (Loomis, Harvey, & Hobart, 1937; Blake, Gerard,
& Kleitman, 1939). But it was the continuous recording of the EEG coupled with elec-
trographic recording of eye movements throughout the night that established REM as a
regularly occurring phenomenon during sleep (Aserinsky, 1996).

This review will summarize the early struggles of neuroscientists to come to grips with
the intriguing state of REM. The focus will be on the ideas expressed at two major symposia
held at the beginning of the attack on REM. Important figures in neurophysiology and
psychiatry were forced to realize that REM had overturned the accepted view that sleep was
a simple state of withdrawal from the outside world, quiescent in nature, and that a portion
of sleep had the “strange” characteristic of an EEG pattern that was essentially like that of
wakefulness (Morrison, 2011). Not only that, but studies on animals had shown that animals
were essentially paralyzed by complete atonia of the skeletal muscles (as are humans), only
interrupted by twitches, including those resulting in rapid conjugate movements of the eyes
(Dement, 1958; Jouvet, Michel, & Courjon, 1959).

The Ciba Symposium

A highly significant symposium introduced the decade in which REM came into its own:
The Ciba Symposium on The Nature of Sleep held in London on June 27–29, 1960
(Wolstenholme & O’Connor, 1960). During those three days several of the “greats” of
neurophysiology reflected on the significance of the two landmark studies of the previ-
ous decade: recognition of the key role of the previously “nebulous” reticular formation in
the control of consciousness (Moruzzi & Magoun, 1949) and the discovery that sounded
the death knell of the passive theory of sleep: REM (Morrison, 2011). Many important
papers were presented and then thoroughly discussed by the other attendees. Consequently,
the mindset of the times emerges very clearly in the discussions following presentations
and the extensive summarizing discussion on the last day: Clearly, the attendees were still
grappling with the meaning of some of the “strange” characteristics of REM.

Presiding was Sir John Eccles, awarded the Nobel Prize just three years after the sym-
posium took place. Although known for his work in synaptic physiology, Eccles also had a
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Defining Rapid-Eye-Movement Sleep 3

great interest in problems of consciousness. Beginning early in his career, he was entranced
by the mind-body problem, an interest fostered by his mentor Sir Charles Sherrington —
a confirmed dualist (Wiesendanger, 2006). Eccles actually struggled with this problem
throughout his magnificent career, which first took him from his critical work on synap-
tic mechanisms in the spinal cord to studies on structural and functional properties of the
cerebellum, reported in a classic, The Cerebellum as a Neuronal Machine (Eccles, Ito, &
Szentagothai, 1967). Then, the demonstration that activity in a part of the cerebral cortex,
humbly named the supplementary motor area, preceded that in the primary motor cor-
tex, which drives the spinal motor neurons, furthered his interest in intentionality and the
possible link between mind and brain. He developed an ingenious model of where the inter-
action was likely to be on dendrites and concluded in his book How the Self Controls the
Brain, “This chapter represents the culmination of my life-long quest to find the scientific
explanation for dualism” (Eccles, 1994, p. 147).

On a less lofty but still important matter, Eccles issued this warning in his concluding
remarks at the end of the Ciba symposium, still applicable today:

There are certain words that concern us a lot, and they may be dangerous
words if they are not used with discrimination. I speak of arousal, activation,
desynchronization, and so on. For example, these words are used sometimes
to describe EEG records only; but actually arousal, for example, should be
descriptive of the animal and not of the records. Maybe a little misunderstand-
ing has been introduced.... I sometimes feel that various different neuronal
activities may be subsumed under this [desynchronization] common term.
(Eccles, 1960, p. 399)

Thus, Eccles was an ideal chairman of a symposium in which the participants explored
the essence of self, conscious awareness, in their discussions of the mechanisms of arousal
and the complexities of sleep. A few years later in a mid-decade symposium, James Sprague
of the University of Pennsylvania added to Eccles’ caution on the basis of his vast knowl-
edge of the effects of brain lesions on behavior and accompanying electrographic signs,
“The electroencephalogram cannot be depended upon to show consistent correlation with
stupor, hypokinesia, catatonia, lack of motor initiative, hyperactivity, rage, attentiveness or
learning after lesions of the central nervous system” (Sprague, 1967, p. 149).

Other participants were already, or would become, prominent names in the field of
sleep research: Frederic Bremer, Nathanial Kleitman, and Giuseppe Moruzzi, as well as
Paul Dell, a neurophysiologist from Paris; Henri Gastaut, an epileptologist from Marseilles;
Michel Jouvet, trained as a neurosurgeon but known by most as a neurophysiologist; and
Ian Oswald, a psychiatrist from Edinburgh. In the midst of the basic neurophysiological
discussions was Kleitman, the man who had studied sleep practically alone for so many
years and fostered the emergence of a major field of study, even before his 1953 recognition
of REM (Kleitman, 1939). William Dement, also a student of Kleitman’s in Chicago, was
not present at this symposium, but he was to become a major figure in the field (Figure 1).

Kleitman spoke on the nature of dreaming, recounting the various studies of dreams
since his work with Aserinsky and Dement in the previous decade (Aserinsky & Kleitman,
1953a, 1953b; Dement & Kleitman, 1957a, 1957b). He used the early term “emergent stage
1” for REM (Kleitman, 1960). The focus was on humans of course, but he also asked the
question, “Do animals dream?” and noted Dement’s 1958 study on cats showing that cats
exhibited all the electrographic and behavioral signs of human sleep (Dement, 1958). But
in the next breath he returned to discuss human dreaming, the need for it and manipulations
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4 Adrian R. Morrison

Figure 1. Michel Jouvet, William Dement, Nathaniel Kleitman, and Eugene Aserinsky (left to
right) at the celebration of Kleitman’s 100th birthday during the annual meeting of the Associated
Professional Sleep Societies in June 1995. Used with the permission of the American Academy of
Sleep Medicine, Darien, IL, 2012.

of the sleeper, never musing on these periods (REM in common parlance now) as a basic
physiological phenomenon to be found who knew where else in the animal kingdom. He
referred to a basic rest-activity cycle discerned by Aserinsky and by him in human infants
(Aserinsky & Kleitman, 1955), not mentioning the likelihood that such a basic process was
widespread in mammals at least. Yet, it is hard to imagine that as a physiologist he would
not have recognized that the phenomenon could not be limited to human beings. In those
early days, though, human dreams were a central focus when it came to REM, even though
neurophysiology was ably represented at the symposium by many of the participants.

This is how Kleitman described the observations that led to his idea of a basic rest-
activity cycle:

The regular succession, at 80–90 minute intervals, of periods of emergent
stage 1 EEG, with REM [rapid eye movements] and dreaming, is perhaps
related to a primitive rest-activity cycle reported in a study of sleep charac-
teristics of infants (E. Aserinsky & Kleitman, 1955). A repetitive alternation
of phases of complete quiescence with well-defined periods of ocular and gen-
eral motility, with a mean cycle duration of a little over an hour, could be seen
even during continuous sleep . . . The mechanism of the cycle is unknown.
It may be a metabolic variation, a pace-maker discharge, or a fatigue-recovery
phenomenon of the meso-diencephalic wakefulness system . . . the primitive
hourly rest-activity cycle tends to lengthen with age to 80–90 minutes, the
duration of the EEG-pattern cycle in sleep.
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Defining Rapid-Eye-Movement Sleep 5

He added:

This cycle is obscured during wakefulness by the great surge of cortical activity,
but suggestions of its presence may be discerned in daytime oscillations in
alertness, the often irresistible drowsiness after a big meal, and the relief that
some persons get from brief cat-naps. (Kleitman, 1960, pp. 360–361)

Interesting points are found among the discussants’ comments after Kleitman’s pre-
sentation. They reveal that REM was clearly still only vaguely understood by many at the
end of the 1950s. For example, chairman Eccles made this “naïve” comment to start the dis-
cussion after Kleitman’s presentation in relation to the news that there are dream recallers
and those who dream but do not recall them at natural awakening, “I am sure this is quite a
surprise to many of us who pride ourselves on our mental stability and think that we do not
dream, to know that we just do not remember that we dreamed” (Kleitman, 1960, p. 364).
And another comment by Betty Schwarz from Paris: “As I said before I am not too sure that
Jouvet’s paradoxical stage [addressed later] and the eye-movement stage that we see in man
are the same thing,” referring to the fact that one cannot say that cats are dreaming and that
the eye movements resemble the jerks seen in infants “rather than to the ‘dream-scanning’
of humans” (Kleitman, 1960, p. 366).

Of course, the participants were there at the beginning of our understanding of the
basic phenomena of REM. In addition, the presentations and discussions in this important
symposium occurred in the presence of minimal knowledge of the variety of neurotransmit-
ters, especially acetylcholine and the monoamines, noradrenalin, and serotonin, that began
to dominate the scene at the end of the decade (Jouvet, 1969). Classical neurophysiology
held sway until “wet neurophysiology” with the newer emphasis on transmitter identi-
ties came on the scene in sleep research, opening a new world of understanding (Jouvet,
1967). Chairman Eccles foresaw the need to study the biochemistry of sleep, saying in his
concluding remarks:

[I]t is quite remarkable how little in fact we do know about the subtle lev-
els of biochemical change that can be occurring. . . . There will certainly be
room for many investigations because the biochemical problems are likely to
be enormously complex, and biochemists now have techniques that can be very
effectively employed in the field. (Eccles, 1960, p. 398)

In introducing the idea of “wet” neurophysiology to sleep research in his 1969 review
in Science, Jouvet had this to say:

When it was realized that sleep is a diffuse system, a dry-neurophysiology
mechanism could no longer explain the circadian variations of the organism.
The time-constant of the electrical potentials is of the order of milliseconds
and can therefore not be that of the circadian or ultradian rhythmicity of the
sleep states. (Jouvet, 1969, p. 34)

The symposium participants were faced with the fascinating enigma of the same
appearance of the EEG in two quite different states (emphasized by Eccles in his concluding
remarks): wakefulness and REM (Morrison, 1979; Figure 2 A, D). They knew that electri-
cal stimulation of the reticular formation induced arousal associated with the low-voltage,
high-frequency waves associated with wakefulness. They also knew that destruction of the
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6 Adrian R. Morrison

Figure 2. Polygraph tracings of the various behavioral states of the cat: (A) quiet wakeful-
ness; (B) non-rapid eye movement sleep (NREM); (C) Transition from NREM to REM; (D)
REM. Abbreviations: electro-oculogram (EOG), demonstrating rapid eye movements during REM;
electroencephalogram (EEG), demonstrating the similarity of quiet wakefulness and REM; record-
ings from the lateral geniculate nucleus (LGN), demonstrating ponto-geniculo-occipital (PGO) waves
during the transition from NREM to REM and during REM; electromyogram (EMG) recorded from
an antigravity dorsal cervical muscle demonstrating atonia beginning during the transition into REM
and continuing throughout REM. This figure was published in Morrison (1979), copyright Elsevier.

mesencephalic reticular formation resulted in the opposite effect: somnolence. Paul Dell
and his associates generated quite a bit of discussion concerning the seeming paradox of
two states with very similar EEG patterns, asking how is the arousing effect of the reticular
formation subdued in the face of an EEG having the characteristics of that of wakefulness
(Dell, Bonvallet, & Hugelin, 1960)?

But even before this question was the more global question: How is the reticular for-
mation shut down to permit sleep at all? The Dell group working in Paris started with
the assumption that the passive theory of simple deafferentation was dead, necessitating a
search for internal active mechanisms. At the same time, they could not dismiss out of hand
the importance of the removal of facilitating effects of the sensory world and cessation of
movement as an individual assumes a species-specific sleeping posture.

As Dell said, sources for active suppression of reticular activation had been found com-
ing from “below” and “above”: the medulla and the cerebral cortex. In fact, stimulation of
the midbrain reticular formation can excite neurons in the medulla that in turn will dimin-
ish the activating effects of the reticular formation. Transection between the two structures
eliminated this effect. Thus, from this study, he concluded that there is a negative feedback
keeping things in balance.

Transections at the mid-pontine, pre-trigeminal level resulted in cats that were elec-
trographically and behaviorally awake (responding to visual stimuli) much of the time, in
contrast to encéphale isolé cats with their brains separated from the spinal cord at the caudal
medulla that slept much of the time (Batini et al., 1958). Cesira Batini and her colleagues
from Moruzzi’s Institute of Physiology in Pisa concluded that some synchronizing mech-
anism must lie between the brain-spinal cord junction and the pre-trigeminal transection.
Then, stimulation in the medulla in the vicinity of the nucleus of the solitary tract and
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Defining Rapid-Eye-Movement Sleep 7

the ventral reticular nucleus at a frequency not exceeding that of the naturally occurring
spindles in encéphale isolé cats, the Pisa group induced synchronization over the entire
neocortex (Magnes, Moruzzi, & Pompeiano, 1961).

In discussing this work at the symposium, Moruzzi noted that there was some localiza-
tion to this phenomenon because in an adjacent area they obtained desynchronization using
the same stimulus parameters. The conclusion was that the synchronizing region would
act on the reticular-activating system and also farther forward in the medial thalamus. The
reasoning was that under natural conditions there would be a shifting of the balance of
power, so to speak, depending on various external and internal conditions (Think of circa-
dian rhythms here, not a part of the discussion in this era; Magnes, Moruzzi, & Pompeiano,
1960).

“Rhombencephalic sleep,” Jouvet’s first term for what most call REM, was a signifi-
cant insertion into the symposium, and his report set the stage for many investigations in the
1960s (Jouvet, 1960). The name came from his laboratory’s demonstration that the most
obvious peripheral features of REM, atonia and muscle twitches, appeared even after the
hind part of the brain, the pons and medulla oblongata, had been separated from the more
rostral part of the brain. (The term “rhombencephalon” is the embryological term for the
portion of the brain that develops into the pons and medulla oblongata, medulla for short).
That term dropped by the wayside to be replaced by “paradoxical sleep,” which Jouvet
always used, never giving in to the encroachment of the clinic with its usage of “REM.”
In a footnote for a review of sleep in 1967 discussing the various terms in use for REM,
Jouvet had this to say about paradoxical sleep, capturing the mood at the time very well:
“Calling it ‘paradoxical sleep’ implies no mechanism but expresses the astonishment of
the physiologist at the accumulation of EEG and behavioral phenomena diverging from the
‘orthodox’ conception of sleep” (Jouvet, 1967, p. 118), a wonderfully humble confession.

The announcement that the “new” stage of sleep was generated in a region caudal
to the midbrain arose from an interesting beginning. In the late 1950s, Jouvet’s interest
was in studying the habituation of arousal from sleep and placing its source either in the
region rostral to the midbrain, the telencephalon (another nod to embryology), or in the
hindbrain (Jouvet, 2004). Reasoning that measuring startle would be a good indicator and
that a muscle jerk recorded from neck muscles would provide a reliable way of measuring
startle and thus arousal, he was disappointed that the rigidity associated with decerebra-
tion was a big nuisance: It masked the occurrence of brief muscle contractions in response
to a tone. Jouvet, with his young colleague Francois Michel, found, however, that every
30 to 40 minutes the rigidity melted away and twitches appeared. These episodes were also
characterized by spindle-like activity recorded from an electrode implanted in the pontine
tegmentum (Jouvet & Michel, 1959). Thinking the pontine bursts might have been sec-
ondary to the twitching of the vibrissae accompanying the episodes of atonia, they cut off
the vibrissae, but the pontine bursts remained (Jouvet, 2004).

Jouvet and Michel turned quickly to intact cats, knowing of Dement’s 1958 report.
Dement had noted that the artifact in the EEG recording created by muscle contractions in
the jaw muscles disappeared in the EEG record he obtained via needle electrodes inserted
in the scalp but made little of it. But Jouvet and Michel had the advantage of recording
from electrodes implanted in the antigravity muscles of the neck so that they could clearly
see dramatic atonia.

As an interesting footnote to the uncertainties surrounding the “new” stage of sleep,
Dement’s report did not enter easily into the literature. In his personal history of sleep
disorders medicine, he recounts his difficulty in convincing journal reviewers:
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8 Adrian R. Morrison

It is very difficult today (circa 1990) to understand and appreciate the exceed-
ingly controversial nature of these findings. I wrote them up, but the paper
was nearly impossible to publish because it was completely contradictory to
the totally dominant neurophysiological theory of the time. The assertion by
me that an activated EEG could be associated with unambiguous sleep was
considered to be absurd. As it turned out, previous investigators had observed
an activated EEG during sleep in cats but simply could not believe it, and
ascribed it to arousing influences during sleep (Derbyshire et al., 1936; Hess,
Koella, & Akert, 1953). [A colleague] was sufficiently skeptical that he pre-
ferred I publish the paper as sole author. After four or five rejections, to
my everlasting gratitude, Editor-in-Chief Herbert Jasper finally accepted the
paper without revision for publication in Electroencephalography and Clinical
Neurophysiology (Dement, 1958). . . . The first people to confirm the existence
of REM sleep in animals were Michel Jouvet (M. Jouvet, Michel & Courjon,
1959) and Nobel Laureate-to-be David Hubel (Hubel, 1960). (Dement, 1990,
p. 23)

Based on their continuing interests, we can credit Dement and Jouvet for leading other
scientists, particularly neurophysiologists, to see REM as a state that offers much more than
dreams to recommend it as an important topic for serious, general research.

Others also reported the REM phenomenon after Aserinsky and Kleitman, but, to
keep the main thread of the story, their contributions are not discussed in the interests of
brevity—with profound apologies to many colleagues around the world. Gottesmann’s
(2001, 2005) exhaustive reviews provide the definitive back-up to this brief review. Keep
in mind that from 1953 through 1964, 181 articles appeared in the human and animal
sleep literature. During the following two years, the subject of an entire book, The Golden
Age of Rapid Eye Movement Sleep Discoveries: 1965–1966, at least 325 were published
(Gottesmann, 2005).

Jouvet’s report was disconcerting to at least one other of the participants at the Ciba
symposium. Bremer asked, “Are we compelled to admit that this flat desynchronized trac-
ing necessarily means a great activation of the cortex?” He then noted that he saw a
difference in Dement’s tracings between “the awakening tracing and the ‘activated sleep’
one.” Bremer, wistfully one might suspect, then said that “it would be a relief if we could
decide that the so-called paradoxical or activated sleep is not activation of the cortex, which
would be a really paradoxical affair” (Jouvet, 1960, pp. 207–208). Jouvet offered no relief,
however, saying that to distinguish the two states, “You are obliged to look at the EMG
activity” (Jouvet, 1960, p. 208). A much later statement would have disconcerted Professor
Bremer even further. In a short history titled “How sleep was dissociated into two states:
telencephalic and rhombencephalic sleep” Jouvet said, “To our surprise, we had to con-
clude that ‘dreaming’ had to be triggered by a structure located in the lower brainstem”
(Jouvet, 2004, p. 324). As a physiologist, Bremer may have been even more disturbed had
he foreseen what was soon to be found: a profound suppression of homeostatic regulation
of the body during REM—the tight control of various key functions, such as thermoregu-
lation, respiration, and cardiovascular activity (Parmeggiani & Rabini, 1967; Parmeggiani,
1980, 2011). During REM, the hypothalamus loses control of basic bodily functions, such
as thermoregulation. Nothing would seem to indicate more that REM serves some vital
function than the entrance of a mammal into a poikilostatic state during REM. In spite of
this, REM has survived for presumably millions of years in mammals and birds. It is the
lack of homeostatic control that truly justifies regarding REM as a distinctly different state.
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Defining Rapid-Eye-Movement Sleep 9

The results of decerebration led to years of focus—productive focus of course—on
the pons as the seat of REM and relative neglect of more rostral structures that might be
influencing the occurrence of REM in the process. However, structures rostral to the pons
in the normal generation of REM and their involvement in the generation of rapid eye
movements were ultimately recognized as important partners in the elaboration of episodes
of REM (Morrison & Reiner, 1985).

The Lyon Symposium

A second important symposium held in Lyon in 1963, Aspects Anatomo-fonctionels de
la Physiologie du Sommeil [Anatomical-functional Aspects of the Physiology of Sleep],
organized by Jouvet and moderated with Paul Dell, brought forth additional insights on
the cusp of the great surge in the understanding of REM mechanisms (Jouvet, 1965). The
symposium was unusual in that the sessions and the subsequent long series of discussions
involved the majority, who were native French speakers and who spoke in French of course,
while all the others presented their arguments in English—with the exception of Moruzzi.
A question posed to an English speaker in French would be answered in English and vice
versa, somewhat annoying to the reader. One wonders how much grumbling among the
participants this occasioned.

Jouvet divided the symposium into four parts. The first part of the first day cov-
ered neurochemical, humoral, and pharmacological aspects. Then the second part included
presentations on the mechanisms regulating sleep onset and non-rapid eye movement
(NREM). Discussion of various aspects of REM occupied all of the second day and
formed more than 40% of the published book: This emphasis, of course, is not surpris-
ing. Considerations of the responsivity of the brain to various stimuli and aspects of sleep
and dreams in humans took up the first part of the last day. An extensive discussion rounded
out the symposium.

Dell opened the final discussion period by stating that he saw five major questions
that should be discussed: (a) the mechanisms releasing NREM (really the onset of normal
sleep); (b) the appropriate name to apply to REM, which was not included in his list of six
proposed names used in one or more of the symposium presentations: active, paradoxical,
rhombencephalic, deep, rapid, and para-sleep; (c) the relationship of the newly described
phase of sleep in the cat with the “dreaming sleep” of humans; (d) the question of whether
REM is a unitary phenomenon depending on one mechanism or are its tonic and phasic
aspects dependent upon different structures; and (e) a more basic physiological question
regarding the excitability of the cerebral cortex during REM as revealed by its response to
stimuli.

Discussion of Question 1 indicated that by 1963 researchers had moved beyond the
idea that sleep was a passive phenomenon, requiring only the removal of waking influences
to allow sleep to occur. Moruzzi presented a very long discussion, which argued for both
ascending and descending systems influencing the onset of sleep (NREM). Jouvet, how-
ever, contended that descending influences from the cerebral cortex initiated the onset of
NREM, a conclusion based on the absence of the usual spindles seen in NREM in the mes-
encephalic reticular formation following decortication (Jouvet & Michel, 1958). The idea
that the cerebral cortex dominated in the onset of NREM met with considerable opposition.

Consideration of what to call the “new” state of being as requested by Dell in his sec-
ond question was not a trivial exercise. Discussion of the issue of nomenclature addressed
the concern that various terms picked focused on only one characteristic of a state of the
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10 Adrian R. Morrison

brain that various participants (and others in the field) were trying to define. Unlike Juliet
in Shakespeare’s Romeo and Juliet, who uttered the famous words, “What’s in a name?
That which we call a rose by any other word would smell as sweet,” believing that because
of her love for Romeo it did not matter whether she changed her name from Capulet to
Montague or he, to Capulet (Macrone, 1998), the symposium participants had a different
problem. They had to relate the name they were charged to choose to the essential being of
REM. Underlying the quest for an appropriate name was the struggle to place it within the
framework of the brain’s workings as they were known then.

Dell offered the gathering six choices for naming the new stage of sleep that had come
out of the symposium. But the richness of names employed by publications in the mid-
sixties alone extended far beyond the six chosen by Dell to at least 17. For the record,
according to Gottesmann (2005) these were rapid sleep, Stage 1, Phase 1REM, rapid-
eye-movement sleep, activated sleep, active sleep, sleep low-voltage fast, dreaming sleep,
emergent Stage 1, PRS (rhombencephalic phase of sleep), PS (paradoxical sleep), fast wave
sleep, desynchronized sleep, deep sleep, light sleep, and para sleep. Dement (1960) referred
to “dream sleep” in his 1960 paper in Science. Emergent Stage 1 was the term introduced
earlier by Dement and Kleitman (1957a). Desynchronized sleep was favored by the Italians
and paradoxical sleep by the French in those days, and this preference exists today. In his
excellent, remarkably thorough summary of sleep and its disorders as seen at the begin-
ning of the 1960s, Sleeping and Waking: Physiology and Psychology, Oswald (1962), a
participant at the Ciba symposium, repeatedly referred to the “paradoxical phase” of sleep.

Of much concern was the contention of Raul Hernandez-Peón (1965) from Mexico
City in his presentation that there was but one sleep system; while many in the audience
had been struck by the finding that there were two types of sleep quite different in their
properties, one being “rhombencephalic sleep” initiated in decerebrate cats: thus, in their
minds, there had to be two sleep systems. This was an argument that had to be settled; for in
a sense, if there were not a qualitative difference between “classical sleep,” that is, NREM,
and REM, then what was the problem?

In discussion, Dement stated his position quite forcefully, noting that discussions had
focused on speculation instead of

the descriptive facts, namely the known [Dement’s emphasis] physiological and
behavioral attributes of slow wave and paradoxical sleep. When we consider the
attributes of each state as a constellation, it is immediately apparent that they
are as far apart as night and day. It is difficult to point to a single attribute that
is commonly shared.

He finished with this startling statement:

I would even go so far as to say as to suggest that there may be some validity
in questioning whether they should be subsumed under the general heading of
sleep. (Jouvet, 1965, pp. 628–629)

Edward Evarts from the National Institute of Mental Health of the United States offered
a strikingly sensible suggestion during the discussion:

The two types of sleep are poorly understood, but at least there is no difficulty
at all in deciding a subject is in one state or another. When the two states can
always be distinguished, they should have different names. I see no need to
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Defining Rapid-Eye-Movement Sleep 11

pursue this matter beyond this, but merely to use the terms: “fast” and “slow”,
terms which imply nothing as to mechanisms or other properties. (Jouvet, 1965,
p. 631)

Today, the terms, REM and NREM, hold sway in much of the literature, in part because
a great body of work is now contributed by clinicians. The major text book, Principles and
Practice of Sleep Medicine (Kryger, Roth, & Dement, 2005), employs almost exclusively
REM and NREM, although paradoxical sleep creeps into a few chapters only to be subdued
quickly by REM.

No better demonstration that understanding of the nature of REM in the animal king-
dom beyond humans was still an issue was the third question posed by the new session
chairman, Jouvet: How to relate “the identity of fast sleep in the cat with rapid eye move-
ment sleep (or dreaming) in humans” (Jouvet, 1965, p. 632)? Pierre Passouant, a leading
French clinician and student of sleep, quickly sought to divorce discussion of REM from
one on dreams: “Cette question est mal posée si l’on centre le sommeil rapide sur le rêve”
[This question is poorly put if one focuses rapid sleep on the dream] (Jouvet, 1965, p. 632).
Indeed, the only presentation devoted to dreams was that of Dement. He noted that the
newborn infant a few hours old exhibits sleep episodes with precise eye movements that he
found difficult to pair with dreams, which would depend on cognitive development. He was
clearly ready to accept the identity of REM in a cat with that of humans (Dement, 1965).

Piergiorgio Strata from Pisa noted that movies shown of humans and other primates at
the symposium revealed that

there is clearly a marked difference in both speed and patterns of ocular move-
ments. They are much slower in man, and very similar to the ocular tracking
movements during wakefulness, while in the cat they are particularly rapid.
(Jouvet, 1965, p. 634)

Underlying this observation may have been the interest in visual tracking during
dreams in humans. Like Passouant, Strata referred to the occurrence of rapid eye move-
ments in young kittens, in this case with the eyelids not yet opened, suggesting that the
association of dreams with eye movements did not tell the whole story.

In the discussion Gian Franco Rossi from Genoa mentioned an important difference
between humans and cats he had observed: The blood pressure level strongly decreases in
REM in cats but not in humans (Rossi et al., 1961). The puzzle he presented was ultimately
solved three decades later. The drop in blood pressure had been measured soon after the
operation performed to instrument the cats. If one allows for recovery time, the drop no
longer occurs in REM (Sei et al., 1989, 1994). Rossi also suggested that the threshold for
arousal was higher in REM than NREM in cats, whereas a difference was not present in
humans. But Dement countered with a very long discussion that ended with the conclusion
that the data were too inconclusive to make an accurate distinction.

Dell then requested that Dement and Jouvet devise a chart that would compare the
various features of REM in adult cats with those in humans. That chart demonstrates that the
states are essentially identical in the two species with the exception of the aforementioned
blood pressure change and the final item, “subjective experience,” with “unknown” listed
for cats and “dreaming,” of course, for humans.

The fourth part of the discussion period concerned the division of REM into tonic
and phasic components proposed by Moruzzi. Such phenomena as the generalized atonia
of the skeletal muscles, the depression of spinal reflexes that were described by Ottavio
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12 Adrian R. Morrison

Pompeiano (also from Pisa) in the symposium (Pompeiano, 1965), and the constant state
of the EEG are examples of the tonic phase. The phasic components, such as rapid eye
movements and waves recorded in the pontine tegmentum, and lateral geniculate body, now
known as ponto-geniculo-occipital (PGO) waves (Morrison, 1979), could be considered as
superimposed on the tonic background (Figure 2 C, D). Exploration of the relationship
between the tonic and phasic events was to become a major endeavor in the future.

Beyond his contention that sleep consisted of one system, Hernandez-Peón
(Hernandez-Peón et al., 1963; Hernandez-Peón, 1965) caused much controversy in report-
ing his results with cholinergic stimulation of the brainstem even though his method was
really a variant on the electrical stimulation studies of Hess and Parmeggiani (Hess, 1954;
Parmeggiani, 1962). Hernández-Peón injected tiny crystals of acetylcholine along a circum-
scribed path beginning in the basal forebrain and extending to the medulla. With latencies
between 20 seconds following limbic midbrain injections and four minutes following basal
forebrain injections, NREM appeared after some preparatory behavior. REM followed.
Among appropriate controls were caudally placed lesions and placement of crystals of the
anticholinergic substance atropine caudally that both blocked the effect. Hernández-Peón
argued that his pathway was multisynaptic, which allowed such interventions. But the long-
lasting effect, 30 minutes to four hours, led Dell to remark on this in the discussion after the
presentation, the implication being that what had been produced was not normal sleep. Two
decades later, though, injection of cholinergic agonists induced extremely long episodes of
REM that have been accepted as such (Steriade & McCarley, 2005). It is worth noting also
that Hernandez-Peón, essentially forgotten by modern sleep researchers, had accomplished
much before his tragic car accident in 1969 and would have contributed much more to the
field had he lived (Morgane, 1970).

“Dream” Deprivation in REM and NREM Mentation

What drew so much attention to REM, of course, was the fact that it afforded a marker for
an investigator to question a subject about the content of their dream. The Ciba symposium
had brought up the subject of dreams in the one presentation by Kleitman; at the Lyon sym-
posium another expert, Dement, who had been vigorously pushing the field forward, was
on hand, again the lone representative for dreaming (Dement, 1965). One very important
observation he brought to the meeting was the fact that depriving subjects of REM (and
dream time) by awakening them when REM began led to a great increase in the percent-
age of that phase when the subject was allowed to sleep freely. Thus, the brain and/or the
body demanded REM. Although Dement argued that REM dreaming served an important
purpose in humans, he recognized that there was a basic, common mechanism underlying
REM in animals as well as humans.

The demonstration that there was a build-up in a “need” for REM led to the question of
what was maintaining that need over time. Dement suggested an accumulation of some bio-
chemical substance that needed to be removed from the system, a basic function for REM:

One wonders if the performance of this function might be closely related to
the many peculiar properties of this state, many of which have been outlined in
this symposium. In other words, are the integrated neurological activities seen
during REM, and the apparent intrinsic nature of its anatomical substrate, part
and parcel of a need to remove some hypothetical substance from the system?
It is difficult to imagine that such a complicated and universal state could be
utterly without purpose. (Dement, 1965, p. 602)
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Defining Rapid-Eye-Movement Sleep 13

Whether the proposed build-up of a substance or some other mechanism was respon-
sible for the recovery after REM deprivation awaited future studies for an answer.

Lurking in the background of the discussions of REM and dreams at the symposia,
though, was the disconcerting demonstration by one not at the symposium, David Foulkes
from the University of Chicago, that the mind was not quiescent during NREM. In 1962,
Foulkes published a paper titled “Dream Reports from Different Stages of Sleep.” Foulkes
reported that 0.74 of the awakenings from NREM elicited a report of mental activity com-
pared with 0.87 from REM. The lack of the vivid imagery of REM dreams had led other
workers to discount the presence of mental activity in NREM. The influential reports of
Dement and Kleitman of studies just after the recognition of REM likely guided the think-
ing of other workers, creating a prejudice of sorts against NREM mentation. Granted that
what we sleepers commonly label as dreams are collected from REM, stating that there is an
absence of consciousness or at least low levels of it in NREM (Dement & Kleitman, 1957b)
would not be consistent with what Foulkes demonstrated. Foulkes (1964) also referred to
several studies done in the late 1930s and early 1940s that produced results similar to his.

A supplement to Volume 19 of Experimental Neurology in 1967, which included
12 of the most prominent sleep researchers of that period, was devoted to the subject
of dreaming and titled “Physiological Correlates of Dreaming” (Anonymous, 1967). The
volume resulted from a workshop held at UCLA on October 24 and 25, 1966. Each partici-
pant, including Dement, Foulkes, Hernandez-Peón, Jouvet, Kleitman, and one who became
a major figure in the field, Allan Rechtschaffen from the University of Chicago, submitted
an article based on their presentation at the workshop. Then an edited summary of the dis-
cussions followed. One most pertinent here was titled “Dreams and the Nature of NREM
and REM Mentation” by Foulkes (1967).

Foulkes had critiqued the objections offered by various workers concerning the validity
of NREM mentation. He had previously summed up his thinking in a book, The Psychology
of Sleep, published a year earlier (Foulkes, 1966) and had also suggested the contribution
NREM mentation could play in understanding psychoanalytic dream theory. Foulkes’s sev-
eral sound arguments in his Experimental Neurology paper revealed that some researchers,
at least, had not yet recognized a paradigm shift (Kuhn, 1962) away from the idea that
REM was unique with respect to mental activity during sleep, much as those who earlier
had had difficulty abandoning the idea that onset of sleep was solely a passive process.

The summary of the workshop, though, demonstrated that participants at the workshop
in general had accepted the idea of NREM mentation in one form or another:

The specific dimensions used by different investigators to describe a subject’s
report have varied both quantitatively and qualitatively, and therefore the defi-
nition of a dream as such is an arbitrary matter. . . . The nature of the mental
activity during sleep should be described in the fullest possible terms, and
scaled as objectively as possible, but whether a certain report is classified as
a dream must be left to the judgment of the individual investigator and the
objective criteria of his particular study.

. . . [I]t is generally agreed that dreaming can occur during the NREM
stages. It is no longer acknowledged that REM sleep and dreaming sleep
need necessarily be identical. One cannot specifically and quantitatively study
dreaming by the exclusive examination of REM sleep, since there is overlap.
But “reports of mentation that would be classified by most investigators as
dreams occur more frequently on awakenings from REM periods, and reports
of mentation which would not be classified as dreams occur more frequently on
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14 Adrian R. Morrison

awakening from NREM periods.” (Anonymous, 1967, pp. 127–128, emphasis
in original)

Concluding Remarks

The recognition of REM forced a re-evaluation of the organization of consciousness among
brain scientists at the beginning of the decade of the 1960s, even among some of its leaders.
This new, “paradoxical” state led to a tremendous outpouring of research during the first
years of the decade, perhaps unprecedented in the world of science. The significance of the
1953 paper in Science by Aserinsky and Kleitman was captured no better than in an inter-
view of Thomas Roth, a leading student of human sleep, conducted for The Smithsonian
Magazine’s article celebrating the fiftieth anniversary of the discovery. Commenting on
the incredible conjunction of the discoveries of the structure of DNA by Watson and Crick
(1953) and of REM in the same year, Roth said, “It’s analogous to going to Mars [searching
for the structure of DNA] with a third of the Earth’s surface [sleep] still unexplored”
(Brown, 2003, p. 93).
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