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hilosophers recofnn?ed that

Jevels of sleep. An ancient Hindu
described three states of mind in
hl e (1) w akefulness (oaamanar_a),
rson “is conscious only of ex-
wﬂﬂ! objects [a.nd] is the enjoyer of the
e'\surCS of sense”; (2) dremuno' sleep
(lm}“ﬂ in which one “is “conscious only
of his dreams {and] is the enjoycr of the
qibtle impressions in the mmd of the
decds he has done in the' plst " and (3)
dreamless <l(cp (prajna), a “blissful”
gate in which. “the veil of unconscious-
gess envelops his thought and Enowl-
edge, and the subtle xmpxessxons of his
mmd appare ently v anish.”

States 2 and 3 obviously are rather
diffcult to investigate obleclnelv and
mtil- very recently the phases of sleep
remained a subject of vague spec ulation.
Vithin the past few years, however,
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E“tllzleri are two dxstmctly different
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“by Michel Jo{n;et" 75

'Sludxes v;xlh the aid 6f"the electroen- 7

ceph'llogmph have begun t to lift the veil.

By recording brain waves, eye ‘move-

ments and other activities of the ner-
vous system during the different sleep
states neurophysiologists are beginning

- to identify the specific nervous-system

structures involved, and we are now in
a position to analyze some of the mech-
anisms responsible.

Brain Activities in Sleep

Lucretius, that remarkably inquisitive
and shrewd observer of nature, surmised
thit the fidgetings of animals during
sleep were linked to dreaming. Some 30
years ago a German investigator, R.
Klaue, m'\de a significant discovery w ith
the electroencephalom aph. He found
that sleep progressed in a characteristic
sequence a period of light sleep, during
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and deep sleep differ Ph}’smloﬁicaﬂ), decp sleep having much
mmon with being awake Studles with cats now su«gest that the

states of sleep are induced ])y dxﬁ'elent biochemical secretions

.wh:ch the bram cortex produced slow

brain waves, followed by a period of. _
deep sleep, in which the cortical activ- "~
ity speeded up. Klaue’s report was com-"

pletely overlooked at the time. In the
1950s, however Nathaniel Kleitman
‘and his students at the University of
Cblcago took up this line of investiga-
ton. Kleitman and Eugene Aiermsky

" found (in studies of infants) that periods

of “active” sleep; alternating with quies-
cent pcnods were marked by rapid eye
movements under the closed lids. Later
Kleitman and William C. Dement, in
studies of adults, correlated the cve
movements with certuin  brain-wave
patterns and definitely linked these ac-
tivities and patterns to periods of dream-
ing [see “Patterns of Dre: uning,” by
Nathnniel Kleitman; SCIENTIFIC .-\.\u-:}u-
caxn, November, 1960]. In 1958 Dement
showed that cats may have periods of

- sleep similarly marked by rapid eve

movement and fast cortical activity, He
called such periods “activated sleep.”
Meanwhile at the University of Lyons,
Frangois Michel and 1 had.been con-
ducting a series of experiments with cats.
In the cat, which spends about two-
thirds of its time sleeping, the process of
falling asleep - follows a characteristic
course, signaled by easily observable ex-
ternal signs. Typically the animal curls
up in a ball with its neck bent. The flex-
ing of the nape of its neck is a clear sign
that the muscles there retain some tonus,
that is, they are not completely relaxed.
In this position the cat lapses into a light
sleep from which it is easily awakened.
After about 10 to 20 wminutes there
comes a constellation of changes that
mark passage over the brink into deep
sleep. The cat’s neck and back relax their
curvature, showing that the muscles
have completely lost tonus: thev are now
altogether slack. At the same time there
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) movements in each burst)
 Gde-to-side or the up-
o lii;e the movements in visual use
} ,eves. Oceasionally these t'}'(‘b.l"
m-;'\ls behind the closed t-_\'c]ids are
aufcd by u suddén dilation of the
nils, which 'in. the main are tighlly
sricted during sleep. Along with the
¢ movements go events invol\'ing
other parts of the body: small
mors of muscles at the ends of the
remities, causing rapid flexing of the
its and now and then small scratching
fions; very mpid movements of the
the whiskers, the tail and the
sue, and an episode of fast and ir-
rbreathing.

and-down di-
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lion, in el eh'l“ right, a wakeful cat 111 s
eetric potential in hoth cortical a

n front-to-back section, has a number of <eg-
ntified in the illustration

at the top of the op

Tt is somewhat startling to realize that
all this activity goes on during a period
in which the animal’s muscular system is
totally atonic (lacking in tension). The
activitics are also the accompaniment of
deep sleep. as is indicated by the fact
that it takes an unustally high level of
sonnd or electrical stimulation to arouse
the cat during this phase The state of
deepsleep Jasts about six or seven min-
utes and alternates with periods of light-
er sleep that Tast for an average of about
25 minntes.

To obtain more objective and speciﬁc
information about eveuts in the brain
during sleep we implarted electrodes
in the muscles of the neck and in the
midbrain of cats. We used animals that
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cuch as the cerebellum (top right),
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s brain,
play in sleep.

posite page. Many segments of the cat’

have no role to

were deprived'of .the brain cortex, since
we wished to study the subcortical ac-
tivities. In the course of extended record-
ings of the clectrical events we were sur-
prised to find that the electrical activity
of the neck.muscles disuppcnred com-
" pletely for regular periods (six minutes
long), and the condition pcrsistcd when
sharp spikes of high voltage showed up
now and then in the pontine reticular
formation, situated just behind  the
“srousal center” of the midbrain. These
electrical signs were corrclated with eye
movements of the sleeping animal. Fur-
ther, we noted that in cats with intact
brains both the abolition of muscle tonus
and the sharp high-voltage spikes were
sl.ril\ingly correlated with the rapid eye
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t neck-muscle tension continues. The phasic, or
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]\'QEG-“E’\.TS associated with sleep include the reticular for-
; ohich controls wakelulness. This region is under the con-

ent and fast cortical activity De-
Jad d(‘\'(‘:‘il)kjd. These findings pre-
a paradlox. It was surely strange
fast cortical activity (geperally 'a

o wakefulness) coupled awith com- .

. ., -
puscular atony (invuriably a sign
sleep! '

The Two Sleep Stateg

enamed this stingc state “P;I_;‘;l-

sleep.” Tt is also called deep
 fast-wave sleep, rapid-eve-move-
[RE; sleep and dveaniing sleep.
% the lighter sleep-that precedes
’Gftm called slow-wave sleep. We
; paradoxical sleepru qualitative-
fict state, not simnply & deepened

RETICULAR F0Rus

version of the fist stage of sleep. Very
schematically {for the cat? we can lo:
seribe the  three  states—waketulness,
light stecp and paadonical sleep—iu the
following physiolozical terms. Wikeful-
ness is accompanied by last, low-voltage
clectrical activity in the cortex and the
subcortical strunctures of the braiv and by
a significant amount of tonas in the mus-
cular system. The first stage of sleep, or
light skeep, is characte ized by a slacken-
ing of electricai activity in the cortex and
subcorzicul structures, by the occurrence
of "s‘p&adl(-.\." or groups of sharp jumps,
in the brain waves and by retention of
the muscular tension. Paradoxical sleep
presents a maoie comples picture that we

must eonsider in some detail.
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trol of an area in the lower Hirain. When the control is blocked by

making a ent through the pons, a normal cat becomes insomniac.

We can classily the phenomena in
paradosical sleep under two heads: tonic
(those having to do with continuous phe-
nomena® and phasic (those of a periodic
character), The principal tonic phenom-
enacobserved in the cat are Tast electrical
waves (almost like those of wakefulness)
in thie cortex and subcortical structures,
veryrcegular “theta” waves at the level of
the hippocampus (a structure running
from the front to the rear of the brain)
and total disappearance of electrical ac-
tivity in the muscles of the neck. The
principal phasic phenomena are high-
voltage spikes. isolated o grouped in
vollevs Hiat appear at the level of the
pons and the rear part of the cortex
(which is wsociated with the visual sys-
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electrical activity (notably the slow b

waves) that have been (')bser;'(-(] to ‘1"‘
company Jight sk-c_n. This slow :\cti\'li:»-'
secnu: to dopm.d prim:n-i]y, however, on
the higher brain structures, panicu];)xrly
the .cm'tcx and the thalamus; in a de-
f‘orhc:xlod animal the pattern character-
istic of light sleep does not rake jts ap-
pearance. We must therefore

conclude
that the se >

t of mechunisms brought into

yng the brainstem. A cat
h the pons () will live
made lower 1) along
oxival sleep. becanse the cut
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Paradoxical Sleep

In scarching for the structures in-
volved in paradoxical, or deep, \l--op we
are in a somewhat better position. When
an animal s in that state, we have as
clues to guide us not only the electrical
activities in the brain but also conclusive
and readily observable signs such as the
disupponrunce of tonus in the inuscles of
the neck. This is the single most reliable
l'mrk of paradoxical sleep. Furthermore,
it enables us to study animals that have
been subjected to drastic operations we
cannot use in the study of light sleep

‘because they obliterate the electric.] ac-

tivities that identify the falling-asleep
stage. .

A cat whose brainstem has been cut
through at the level of the pons, so that
essentially all the upper part of the brain
has been removed, still exhibits the cycle
of tvaking and deep sleep. Such an ani-
mal can be kept alive for several months,
and with the regularity of a biological

_clock it oscillates between wakefulness

and’ the St'gltc of paradoxical slécp. in

"which it spends only about 10 percent

of the time. This state is signaled, as in

* normal ;m‘ima.nllx', by the typical slackness

of the neck muscles, by the electroen-

. cephalographic spikes denoting electri-

cal activity in the pouns structures and
by lateral movements of the eyeballs.
When, however, we sever the brain-

- stem at a lower level, in the lower part

of the pons just ahead of the medulla,

" the animal no longer falls into paradox-

ical sleep. The sign that marks this
cyclicil state—periodic loss of muscle

- tonus—disappears. It scems, therefore,
. that the onset of paradoxical sleep must
- be triggered by the action of structures

somewhere in the middle 'portion of the
pons. Further experiments have'made it
possible for us to locate these structures
rather precisely. We have found that
paradoxical sl‘cep' can be abolished by
destroying certain nerve cells in a dorsal
area of the ‘pons known as the locus
coeruleus. Dahlstrom and Fuxe have
shown that these cells have a green fluo-
rescence under ultraviolet light and that
they -contain uoradrenalin.  Hence it~
seems that noradrenalin may play a role
in producing paradoxical sleep similar to
the one serotonin apparently plays in
bringing about light slecp.

What mechanism is responsible for
the elimination’ of muscular tonus that
accompanies paradoxical sleep? It scems




ast likely that the source of this in-
bt ion lies in the spinal cord. aund
Moru7zzi and his colleague Ottavio Pom-
P ano are making a detailed investiza-
of this hypothesis.

The vbjective information abont para-
oxical sleep developed so tar gives us
me suggestions about the mechanisns
molved in dreaming. The controlling
fructures upp.lr'cn{])' are located in the
al part of the pons. They give rise to
ontaneous excitations that travel main-
o the brain's visual tracts. and it seems

formation of the images that one
" in dreams. Regardless of how
gly the brain is stimulated by these
tanecus impulses (as Edhward
of the National Institute of Men-

il Healtl, and others have shown by
s of microelectrode recordings of
visual system), during slecp the
dy’s motor system remains inactive
ause a potent braking mechanism
bocks clectrical excitation of the motor
‘es. This fx;hibito;j‘ mechanism seems’
be controlled by the. horinone-secret-
nerves of the Jocus coerulens sterics
e If this structure is destroved., the
pnal may periodically (’.\!ll’l»l‘l‘.l Spasin
active behavior, \&"])ic!) looks very
Och as i it iy generated by the hallu-
ations of oy dreany, In such (-pim(hw‘
& ;‘ut, ulthough it evinces the nnuis:
I‘(:llledﬁt;r"n "" ")f dtfep 5]10(-[) :|||ll .dm\ not
g esp(‘xf' f-\tcm.;d stimuli, will some-
orm bodily movements of rage,

T3 BR LINSTEM is lh.c- ~iu‘- ol the two groups of cells that pro-
the substances affecting light and paradoxical <leep. The nu-

pssible that this excitation is related to

V.

fear ov pursuit for a minute or two. The
sleeping animal’s behavior may even be
so fierce as to make the experimenter
1ecoil.

All in all the experimental evidence

from mianminsals oblices ns to conclude

that sleep”has a fundamental duality;
deep sleep is distinctly ditferent from
light slecp, and the duality is founded
on Iﬂ‘n)\i()]t)gic'.ll mechanisis and prob-
ably on biocheniical ones as well. Can we
shed further Iight.(m the subject by ex-

amining animal evolution?
The Evolution of Sleep

Looking into this question systemati-
cally in our laboratory, we failed to find
any evidence of pdr;;duxicul sleep in the
tmjtoisc and “concluded that probul)ly
s in general were capable only of
Among birds, however, we
start to see a beginning of paradoxical
albeit very brief. In onr subjects—
“d other lowl-this state
wger than 15 seconds
s up only 5 percent
lime, contrasted
20 to 30 per-

reptile
light sleep.

sleep,
pigeons, chicks and
of sleep lasts no lor
At a time and mahe
of the total sleeping

with the higher wamimals
[ the prunmalian order all the

ot have been studied, from the
he chimpanzee, spcn(l a su].)-
f their sleeping time in
find a fairly strong
i the hunting species (man,
jor more deep sleep
bLbits, riuminants). In

cent.
animials th
mouse tot
Jtantial portion o
pnr.u](r\iv;ll sleep. We
indication the
the cat. the dog) en
than the hunted (ra

clei of raphe (color) secrete serotonin: nerve cells
pons, known as the locus cocruleus (gray),
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& LOCUS COERULEUS

Tower down the
secrete noradrenalin.

our tests the fortiter average 20 percent
of total sleep time in p;uudu.\'ic:ll sleep,
whereas the latteraverage only 5 to 10
percent. Further studies are needed,
however, to detenmine if what we found
in our caged gnimals is also true of their
sleep in their natural environments.

The evolutionary evidence shows,

then, that the carly vertebrates slept only

lightly and deep sleep came as a rather
late development in animal evolution.
Curiously, however, it turns out that
the oppuosite is true in the development
of ayoung individual; in this case ontog-
eny does not follow phylogeny. In the
mammals (cat or man) light sleep does
not occur until the nervous system has
acquired a certain amonnt of maturity.
A newborn kitten in its first days of life
spends half of its time iu the waking state
and half in paradoxical sleep, going di-
rectly from one state into the other,
whereas in the adult cat there is almost
invariably a .transitional period of light
sleep. By the end of the first month the
kitten's time is divided equally among
wakefulness, light sleep and paradoxit al
sleep (that is, a third in each); therealttee
both wakefuloness and light slecp increase
until adulthood \'t.l.l)ilixcs-thc proportions
of the three statés at 35, 50 and 15 per-
cent respectn ely, )

Considering these facts of evolution
and development, we are confronted
with the question. What function does
pnr;ulu\icul sleepserve after all? As
Kleitman repoite d in his article “Patterns
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OXICAL SLEEDP among three vertebrate classes of increasing evolutionary com-
i~ <hown as a percentaze of cach apimal’s time spent in light sleep. None is known

case of dbe reptile, a tortoise; in the ca-e of the hen it is only two-tenths of 1 percent’
ammal species shown, the newhorn spend at

total. In the ca-e of each of the four m
jee'as much time in paradoxical

ming,” Dement found that when
pcatcdly interrupted people’s
ms by waking them, this had the ef-
f making them dream more during
subsequent sleep periods. These re-
.indicated ‘that dreaming fulfilis
genuine need. What that need may
emains a mystery. Dement’s subjects
ved no detectable disturbances of
importance—emotional - or phiysio-
l—as a result of their deprivation of
ming.
Ve have found much the same thing
be true of the deprivation of puara-
ical sleep in caps. For such a test we
e a cat on a small pedestal in pocl
ater with the pedestal barely topping
water surface. Each time the cat
P off into pnrudova.ﬂ sleep the re-
ation of Tts neck muscles cuuses its
dlist"ud‘l'()‘l')p. into the water '.m(]' this
A ‘dc]L' tuum.tl up. Cut..s that I..n"c
i Wl“l“"\‘é‘-(} of paradoxical sleep in
k. 'ji;{t‘l 15.0\'”31 \v?eks show no pro-
e(‘in!; l:”' yances, nslllt‘ fr(l"l «l' ln()({‘.'.\t
'('\'c: hP '(:f the heart ‘."i:.e' Thev do.
- eHQ;[\"I\ ea characteristic lmtt«:n‘\ of
k s with respect to p;.r.ulnxtc.!l
;;_:;0;. several days following their
O the pedestal they spend

sleep (colory as do their adult counterparts (black):

much more than the usual amount of
time (up to 60 percent) in p;lmdo.\'icnl
sleep, as if to catch up. After this re-
bound they gmdn;x")’ recover the nor-
mal rhythm (15 percent in deep sleep),
and only then does the heart slow to the
normal rate. The recovery period de-
pends on the length of the deprivation
pvrin)d: a cat that has gone without para-
doxical sleep for 20 days tukes about 10
day» to return to normal.

The Chemistry of Sleep

All of this sucgests that some chemical
process takes place during the recovery
period. Let us suppuse that the depriva-
tion of p;mulu.\'icul slecp causes a certain

substance related to the nervous systemn

to accumnlate. The excess of pau'udnxicnl
sleep during the reeovery perin(l will
then be occupied with climination of this
presumably through the

“substance,”
factors that act

agency of “enzymatic
only during p.ur:u!u.\iml sleep.

There is reason to believe that certain
enzvmes  called monoamine  oxidases,
which oxidize substances having @ single
amine group. playa <rucial role in bring-

ing about the transition from light sleep

to P-ll".ltl(),\icnl sleep. We huse toand
that drugs c.lp.t'.JO of inhibiting *hese
enzymes Can suppress p.\r.ulmir..d cep

alfecting either Licht

in cats without
sleep or wakefulness. A single yjection

of the drug nialamide, for example. will
sleep from the

eliminate p.\l’.ld“\ik.l]
lr('xlx of hours.

cycle for a period of hene
We have also found that this
drug can suppress pu.nd wical sleep in
cats that have first been d(-pri\r,\l of
such sleep for a long pu:ir)d in the pool
experiment.

The findings concerning the pm}uhle

monoanine oxidases

p* tent

importance of the
in the sleep mechanism raise the hope

that it may soon be possible to build a
bridge between neumphydnlngy and
biochemistry in the investigation of
sleep. If it is indeed a fact that these
enzymes play an important role in sleep,
this tends to strengthen the hypothesis
that serotonin and noradren
are wonoamines, arc involved in the two
«tates of sleep—scrotonin in light sleep
and noradrenalin in pamdu.\‘icnl sleep.
There are other bits of chemical evidence
that support the same Vview. For ex-
ample,” the ‘drlig reserpine, which is
known to prevent the accumulation of

monoamines at'places where these com-

pounds are usually deposited, has been
found to be capible of producing some
spuciﬁc:elkctri(‘nl signs of pzu'adoxical
sleep in c.\perimentul animals. Further,
the injection of certain precursors in-
volved in the synthesis of serotonin in
the brain can produce a state resembling
light sleep, whereas drugs that selective-

ly depress the serotonin level in the brain

produce a state of permaneut wakeful-
ness.

We can put mgethcr a tentative work-
ing hypothesis about the brain mecha-
nisms that control sleep. It seems that
the raphe system is the seat responsible
for the onset of light sleep, and that it
operates through the secretion of sero-
tonin.  Similarly, the locus coeruleus
harbors the system responsible for pro-
ducing deep sleep, and this uses nor-
adrenalin as its agent. In cvclie fashion
these two systems apply brakes to the
reticular activating system responsible
for wakefulness and also influence all the
other nerve systems it the brain, notably
those inyolved in dreaming.

Dreaming itself, particularly the ques-
tion of its evolutionary origin and what
function it serves, is still one of the great
mysteries of biology. With the discovery
of its objective accompaniments and the
intriguing  phenomenon of paradoxical
sleep, h()\_ve\'t-x'_ it secrus-that we have set
foot on a new continent that holds prom-
ise of exciting »\plorations.
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