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FOI’CWOI’d

This monograph was stimulated by the extraordinary growth now ap-
parent in an area generally identified as sleep and dream research, for this
recent concentration of scientific effort offers a singular 2xample of the power
that basic research c¢an exert in penetrating the problems of menta) health and
illpess.

In the past year alone, the National Iustitute of Mental Health supported
over 60 projects related in whole or in part to studies of sleep and dreams, with
awards totaling over $2 million. The work of many of thess NIMH investi-
gators is included in this summary, which extends beyond the Institute’s pro-
gram insofar us necessary to indicate the mnajor trends of work in the area.
Tho report cannot, of course, encomupass the classical studies already sum-
marized in published literatare, nor even provide a comprehensive survey of
present-day sleep research, for althcugh much of the scieriific data on sleep
have been generated during the last dozen years, significant referen-es in this
field now number n the many thousands.

The rucsaic of disciplines contributing to the study of sleep contains such
diverse fields as psychiatry, and matheniatics, psychology, and biochamnistry,
physiology, and anthropology. Nevertheless, ferment about the subject matter
and a spirit of cooperation across traditional disciplinary lines have made it
possible {o knit together data that might otherwise have lain unrelateq in a
variety of laboraturies.

During the past year, individual summaries of many of the projects cited
here werce distributed to scientists working in the field of sleep and dreams.
Many of the ~ecipients felt, that up-to-date reports, especially in a field of such
dynamic activity, represented a unique solution to the problem of scientific
information exchange. Such communieation, it was felt, provided a quick look
at work in rogress that might prevent cduplication of effort and stimulste
pertinent contacts among scientists, thus aiding them in their work. It is
hoped that this monogiaph will be u further part of that process.

Putrie Sanir,
Chlief, Iescarch Grants Branch,
National Institute of Mental Health.
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Come, Sleepe! O sleepe, the certaine knot of peace,
The Baiting-place of wit, the balin of wee,
The pore man’s wealth, the prisoner's release . . .

Sir Philip Sidney

Introduction

During the last decade, the study of sleep has
provided an aperture for the astronomers of the
mind. Scientists of many disciplines, using difTer-
ent instruments rnd inspired by different interests,
have converged onto that nighttime universe only
to discover that they were exploring related events,
fundamental processes involved in mood, behav-
ior, memory, and development, sanity and psy-
chosis, health and illness.

The study of sleep has become something of a
scientific vogne, but unlike social fads, it is based
upon sonid scientific strategy. Sleep is a funda-
mental biological process whose mechanisms are
providirg unforeseen insights into inan’s behavior.
"The convergence of efforts by many researchers in
a variety of seientific enterprises has resulted in
the rapid development of new techniques and prac-
tical krnowledge—especially with regard to the
brain's activity, for the study of sleep is perhaps
the most active single approach to the exploration
of the brain itself; the alternation of sleeping and
waking form the physiological background activ-
ity of the brain.

Sleep is au interruption of waking consc.ousness
and the exercise of intelligence. It imay be one
of the most essential needs of higher mammals.
'The mecl.anisms that control sleep and waking are
intimately related to those of emotion and atten-
tion. Without understanding this cssential phase
of nervons activity, wo are not likely to fathom
the organization of memory or learning. One
phase of sleep appears in the Lirain activity of the
unborn haby, and it persists throughoeut life, pos:
sibly holding a key to the development of the hu-
man brain and personality. The sleeping state
isa convenient one for many kinds of brain studies,
because the sleeping creatnre normally lies still and
reac’s very little to external stimuli.
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The exploration of sleep is very new in its cur-
rent dimensions, yet it has alveady contributed
toward the clinical diagnosis and treatment of
narcolepsy, toward behavieral predictions in sev-
eral mental disorders, toward on understanding
of the effects of drugs and more sensitive drug
therapy, and toward an understandir.g of infant
developinent. Sleep disorders are characteristic
of many mental illnesses, and there are also many
iMnesses tliat manifest symptoms frequently dur-
ing sleep—epilepsy, enuresis, asthma. The impli-
cations of slcep research for general medicine can
be illustrated in a single example: coronary at-
tacks, often fatal, tend to occur during the early
morning hours when people are most likely to be
in a particular phase of sleep, attended by certain
distinet physiological changes.

The contro} of sleep behavior could become an
enormous asset in the modern world. In the next
deecdes people may learn how to induse and ter-
minate sleep at will, and establish more effective
schediles of work and rest, perhaps even reduc-
ing the normal sleeping time. In our exploration
of the mechanisms governing sleep and the capac-
ities of the sleeping person, the door is opening
upon the amplitude, the unexploited richness, of
man’s consciousness.

All men sleep. Between the darkness out of
which we are born and the darkness in which ve
end, there is a tide of darkness that ebbs and flows
cach day of our lives to which we irresistibly
submit. A third of life is spent in sleep, that
most. usnal yet profoundly mysterious realin of
conscionsness where the person seems to live apart
from the waking world, often immobile, some
times appearing to bo departed. Why all of this
sleep?  Why does the animal world phinge into
these periods of stillness?



E

We have not yet answered that question, but we
are beginning to track some of the unseen forces
that govern the rhythms of our lives, clocks with-
n our own substance that strike the tempo ac-
cording to which we wake or dream, chemicals
that cause an ebb and flow of consciousness. For
the first time science is gaining a glimmer of the
miraculous machinery of the mind at times when
it is speaking only toitself.

Although we have always conceived of sleep
and waking as the light and dark of liuman con-
sctousness, we have discovered that there ave, in-
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stead, many shades—that sleep itself 13 not un-
conscious, ard that the forgotten darkness of each
night contains periods of intense inward con-
seiousness and many varieties of thought. It is
noi oblivion that is studied in the exploration of
sleep, but the entire reahn of man's mental being.
What now emerges from the laboratory may bring
to all mankind the possibility of learning the ex-
traordinary feais of mental and Lodily control
shown by singular individuals. Slowly, these are
becoming an open secret. Thus sleep, the private
world of darkness and rest, may open to man his
full abilities.



Whatcver may be the multiplicity or contraviely of opinicas upon this sub-
jeety nature has taken sufficient care that theory shall have liti'e influence upon

practice.

The most diligent inquirer is not able long to keap his eyes open:

the most cager disputant will begin about midnight to desei? his argument;
and, once in ecery fovr-and-twenty hours, the gay and the gioomy, the witly
and the dull, the clamorous and the silent, the busy and the i {le, are «ll over-
powerc: by the gentle tyrant, and all lic down in the equality of sleep . . .

Chapior

Before electricity, light was prectous, difficult
to producs and expensive to buy, and most of the
human world retired when darkness fell. The
custom of sleeping through the night probably
stems from the lorg history of necessity. Perhaps
nightly sleep, or at least the general habit of man-
kind of sleeping 1aany hours at one stretch, is the
stamp of this history upon the organization of our
bodies.

Insofar as we know, people theworld over
gleep between 5 and 8 honurs at a stretch, usually
at night, If this were sheer custom one might ex-
pect to hear about cultures with other habits, per-
haps places where naps constituted the entire sleep
of penple, places where sleep was equally appor-
tioned as sre our three meals a day. Such cnt-
{ures may somewhere exist, but they hae not heen
reported.

In Spain and many Latin countries, of conrse,
there is the custom of the afternoon siesta, s long
nap. Nevertheless, people in these countries slee]
some 5-7 hours again at night. A visitor to Bali
has claimed that the 13alinese do not sleep all night,
for they sing when they are awake and there is
10 time of day or night when singing eannot be
lieard in the villages. Unfortunately, such an-
ecdotal reporting inspives faulty conclusions.
("asual reports from tourists once suggested that
the northern Norwegians slept remarkably little
during the summer. Travelers had made this in-
ference after cruises along the coast, for in this
season of the midnight sun there were always
townspeople alang the docks, whatever the time
of day or night, Ifowever, the conclusion -vas
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Sannel Johnson

. Clocks Within the Hody

negated by Dr. Natl:miel Kleitman, a plhysiole-
gist whose systematis studies of sleep have pro-
vided inspirvation for much of the current work.
Kleitman and his davishter interviewed the towns-
people of Tromso, in ~hat northern coastul region,
and found that they:slept about 7 hours a day in
the summer and only an hour longer in the winter.
Other Aretic studlos,oﬂ'er about the same figures,
emphasizing that m/n’s sleep is not sclely deter-
mined by light andjdark  (Kleitman and Kleit-

man, 1953; q(‘m'}gu’ 1961).

Social (us(nms and the argarization of work
and rest are oriejted avound light and dwk
thronghout. the wirld, and nightly sleep is the
predomiinant. pattejn.  This appears to be chang-
ing somewhat in 1rban societies, where some in-
dustries and profe:sions demand night work, por-
tending a 28-hoe aperation. The dJata proc-
essing center in Nockefeller Plaza, for instance,
ix in eonstant opeiation as are newspapers, ridio,
TV, ereating professions to which many night
peopiey so ealled, e attracted.  Many peaple in
urban centers appear to prefer night activity and
day-long cleep. Ferene Molnar, the playwright,
was o extreme i this vespect he is said to have
seen daylight only on a rare occasion. There is
a story that hie had to appear invconrt as a withess
one morning, and ¢s friends taxied hintanto town
about an hour afterr his normal retiring time, Mo}-
nar hlearily Jooked out at tlhie springtime streets
of Budapest and conld not believe that so many
people would be np and abont.  “Ave they all wit.
nessest” lie wanted to know.

(J 3



Althcugh not every one does his sleeping at
night, everyone, it appears, sleeps for a long in-
terval once in every 24 hours. We do not know
whether there is any intrinsic need to sleep many
hours at a stretch, or whether we require some
absolute amount of sleep that might be differently
apportionad. Untl other practices are found
among humsn cultures or demonstrated in the lab-
oratory, we have reason to assume that our sleep
schedule is interknit with a system of physiological
periods that resvolve, like the earth, around an
axis of 24 hours, The survival of a species is
served by rhythms, biclogical clecks that are
adapted to nature’s periodicities. Such rhythms
are found in all forms of life and scem to bs among
their mos’ hasic characteristics (Kleitman, 1963;
Murray 1 press; Richter, 1965). Although they
are usually related to cycles in the environment,
such as Jight and dark, they will persist for long
pericds even in the absence of such environmental
change. The morning-glory is known to every
child for blooming by day and closing at night.
Similarly, algae, insects, and vertebrate creatures
have inbuilt cycles. The owl and the bat are
nocturaal, but most higher mammals are diurnal,
sleeping in darkness and waking in light (Ber-
lucchi and Strata, 1962). Man is no exception to
thhs internal patterning.

There may be a relatively simple explanation for
the nocturnal activily of sorae animal species. The
cat is such an animal, and something is known
about the mechanism in the cat. Iiis nesvous
system agpears to bo direetly responsive to dark-
A sensory appara’*us within the eys dis-
patches neural impulses when fight stimulation
stops (Arduini and Pinneo, 1962, 1063). This ‘s
known as the davk discharga of the retina, Dr. A.
Arduini and his coworl.crs ot the Uriversity of
Pisa have shown that this dark discharge has an
arousing effect upon the eat. If other conditions
remain constant the cat. is more likely to be nwake
and alert during larkness, and thiz phcnomenon
has been shewn to be due to dark discharge from
the retina. By eliminating the dark discharge
from the vetina in laboratory studiaz the experi-
mental cats were prevented fron. showing their
natural tendeney to come alert during darkness.

This comection, which has heen ostablished ex-
perimentally between the dak-sensitive retina of
the cat's eye and the creature’s arousal system in
the base of its brain, helps to explain a cat’s pref-
et -nce for night prowling. Thero is now a grow-

N5,

ing literature on such cyclical mechanisms as oxy-
zen metabo’ism in simple organisms, and bio'og-
ical clocks within many forms of life, but in the
higher organisms there are many internal rhythms.
Within the human body it is safe to assume that
thers is a constant interplay of different cycles,
whose time periods and effects upon our lives fall
beyond the scope of present knowledge.

Cycles and liiness

Man’s days, his nights, his diseases, his times of
trouble, periods of confusion, moments of JJarty,
may well be determined and balaneced by a delicate
and vastly complex intermeshing of biological tizne
cycles. We are accustoned to recognizing the
nmost obvious and predictable periods—infancy,
childhood, maturation, and old age--althongh we
know little about. the mechanisins 1nat make this
schedule of life so predictable. Some internal
cycles, like the 28-day menstrual cycle are well
known; however, the individual pays iittle aiten-
tion to nost of his physiological cycles, indeed
remeins v*: vware that his fluctuations ae periodic.
Dr. Curt Richter of Johrs Hopkins ouserved that
many nncoramon physical disorders follow odd
periodicities ranging from 48 hours to 17 months.
Theve are other illnesses whose symptoms rise and
fall in cycles of T days or 52 days. Such ailments
ag swelling of the knee, certain lymph disorders
and psychoses appear to grow acute in a periodic
fashion (Richter,1965), Richter hasspeculated—
an hypotlesis we are not new capable of confirm-
ing—-that the body’s many metabolizms have pasr-
ticular excles of activity, and that these are gener-
ally out of pliase so that the sysiem as a whole is
rather constant.  But shock, emotionnl trauma, or
allergic shock might co jar the system that some of
these componcents hecomesynchronized, eausing tha
whole system {0 wax and wane in phase with
them-—with unplified effects known asillness. Al-
tliough this is a very empyrean speculation at the
moment, it riay prove | ertinent when wo are able
to ‘amper seriously with man’s sleep cycles, and it
may suggest some long-term links in the etiology of
sleepy diserder and mental disease, for the two are
commonly associated.

Tha Circadion Rhythm

Although biological p:riodicities may play a
very large role in our lives, we aro influenced by
them unaware, and have done little to utilize any
but the most gross periods for nur benefit. Most
people do not realize that their body temperature

Q 0
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tes rhythmieally about a degree cr two every
This circadian temperature rhythm (from
Latin “circa dies,” meaning about a day) exists
' about the third month of life, perhaps in-
ited from the mother’s cycle. With almost
klike reqularity the bedy temperaturo rises and
s each 24 hours. The highest temperatura is
Iy to coincide with a person’s “best hours” of
tefulness, his favorite time of day, the time
n he feels most, alive and alert. The nadir gen-
ly occurs in tho late hours of sleep. If a person
pens ta be awrke during this low-temperature
od he may sense a slump in his vitality and
» feel ehilled. The high temperature period is
reiated with {lis museular tension we exhibit
n awake and the low temperature is associated
1 the relaxation of our museles during sleep,
the cause of tha temperature cyele is unknov.n.
may result from an interneshing of many
abolic periodicities. Whatever its origins, the
adian temperature cycle appears to be quite
1toalter in the normal adult.
'ne of the mos!. famous atteinpts to shift from
I-hour cyele tc another sechedule took plaee in
nmoth Cave, Ky., in June 1938. Nathaniel
itman and a student deseended into a chamber
ool and unchanging temperature, where silenco
unbroken, darkness absolute but for electric
t. There, in a cave usually traversed by tour-
Aley set up liviug quarters and tried to shuek
24 -hour day. They were not shooting for ex-
10 ehanges—just a 21-hour day and a 28-hour
It seemed e:sier to compress the cyele than
treteh it. ICleitman, then in his early forties,
1d that lie adapted less easily than the younger
t. When he tried to follow the sleep sehedule
1 6-day wee™ (a 28-hour day) his body stub-
ily showad the temperature cycle of a T-day
k. Although 1 group of explorers reporied
owing a 21- and 27-hour day in the arctic sum-
, nobody has cver managed o 30- or 48-hour
The 24-hour temperature cyele tends to
st radieal mocifieation insofar as we know
eitinan, 1963).
e know very Jiltle about the fluctuations in
y eheriistry that aeeompany this regular riso
fall of temperature. The adrenal glands
luce hormones whose eoneentration in the urine
ows the samne rise and fall as body temperature.
ilarly, the concentralion of cosinophils in the
»d mirror the 24-liour cycle: these are a special
2 of white blood cell produeed in bone marrow.
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Presumably an ‘nterlocking of many metabolic ele-
ments is involved. New information on the cir-
cadian temperature rhythm, diurnal sleep cycle,
and body chemistry may come from attempts to
develop a drug t1at lowers man’s body temperature
and oxygen consumgtion, putting him into a state
comparable to s’eep. A drug induced hibernation,
so to speak, mig 1t entail a drastic alteration in the
circadian rhythm and has many possible applica-
tions if the trick can be performed without injury.

At present, however, we have liad notably little
success in eaparding or contracting the cycle in
adult animals. Using environmental change it has
been possible to modify cyeles in termites, erus-
taceans, and invariebrates, hardly tan*amount to
altering the eircs dian chythm in higler mammals,
but we are meanwhile learning a good deal about
rhythms by shif(ing the phase of the daily cyele—
so that the peak and nadir temperatures, while in
the same relatior to each other, oceur at a diffcrent
time than nornia ly.

Man and his :ousin primates are the only aui-
mals with very pronounced diurnal cyeles; waking
by day, sleeping through the night. Macaque and
rhesus monkeys are typically active for 12-16
hours, and then apse into a long period of inactiv-
ity (Rhodes, 19€4; Weitzman ct al., 1964}, Inone
effort to discov:r the controlling factors in this
¢yele three infa 1t monkeys were raised in a con-
stant environment, always dark exeepting for 1
hour of d.ufuse highiteach day. The monkeys were
put on different feeding and light schedules for
periods .. 3-5 ‘veeks. Changes in feeding time
did not affeet ¢ 10 monkeys, but when the daily
hour of light “ras shifted, the animals would
slowly show ai¢ activity cyele that stabilized
around the timc of the light. Light sccmed to
have a greater inpaet on their daily fluetuations
than did food (I.indsley et al., 1962).

Light evidently affeets the nervous system and
physiologieal funelion in profound ways that we
are just beginnit g to uncover (Lisk et 11, 1965).
In many mammls, for instance, light enhances
pituitary-gonadal funetioning. Direet light to
hypothalamus, sl:one through implanted tubeg, hias
produced in rat: a continuous estrouslike eycle,
with & rise in ova-ian weight and pituitary weight.
In dueks, other studies have shown that «.rect
light to eerfain hrain regions stimulated the go-
nads. Thus, liglt itself affects the central nerv-
ons system so as to influence steroid production,
thereby influeneiag reprodaction.  Not all of the
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physiologically influential light need be coming
through the eyes. Sunlight, it has been shown,
can peuetrate the hypothalamus of sheep, dog, rab-
bit, and rat, perhaps in this way affecting the
periods known asbreeding seasons.

Cycles and Medicine

Despite the existence of night people and the
fact that we liave no clear understanding of the
role of light in our diurnal rhythm, it is possible
that light affects our nervous systems in such a
way as to orient our circadian rhythm-—acting as
an eutrzining agent. Decause it has this effect
upon lower animals, experimentalists have used
illumination schedules to stabilize the circadian
rhiythm in studies that may have vast implications
for human welfare. Qur temperature cycles 2nd
subeycles may exert a powerful influence on onr
behavior, attention 5 s, ability to work, re-
sponse to illness, even our capncity to survive.
Hospital personnel, for instance, make the casual
observation that the predawn hours are often the
fatal ones for critically ill people. They are a
time of many coronaries. Ysthere a correlation be-
tween events in the temperature cycle of patients
and their time of death (Snyder et al,1964)¢ If
the low temperature period coincides with the time
of symptom intensity and crisis, one might expect
the people who work all night to show a crisis tend-
ency that falls at quite different hours than peo-
ple who work by day. Animal experiments sug-
gest that there are regular low activity periods and
these may indeed be intervals of physiological
vulnerability.

Experiments on rats have indicated that the
animals are particularly vulnerable to the botuli-
nus bacillus during their inactive periods, so dif-
ferentially sensitive that the time of injecticn may
determine whether there is acule illness, like that
of food poisening, or death. The daily rhyth-
mieity appears to pervade the metabolic system,
and animal studies have shown up differential re-
sponsivity to temperature, ultraviolet light, and
drugs. Within the laboratory an artificial light-
ing regiinen can help to stabilize tlie phase orienta-
tion of the aninals’ temperature cycles. When
maintained on light for the 12 hour period be-
tween 7 a.m. and 7 p.m., and dark the remaining
hours, two strains of mice showed particular vul-
nerability to X-radiation when the desage was
administered at midnight, 19 hours after the be-
ginning of the light cyele. The survivel of mice
after high-intensity irradiation was, in & series of

ERIC

Aruitoxt provided by Eic:

studies, demonstrably responsive to the different
phase points on the daily temperature cycle. The
effect of X-radiation during the animal’s subjec-
tive night was far worse than during subjective
day. After radiation all the mice became very
sick, but those irradiated at 9 a.m. eventually re-
covered, whereas those irradiated at 9 p.m. did not
recover, Those irradiated between midnight and
4 a.m. were maximally vulnerable. At high, al-
most lethal dosages, the animals had some chance
of surviving X-radiaticn if it occurred during cer-
tain phases cf their circadian cycle, but their
chances diminished at other points on the cycle,
and they were doomed if it occurred at their inter-
val of greatest sensitivity (Pizzarello et al, 1964).

Judging from animal studies, and froin the very
fabric of the language in which man describes sub-
jective waxing and waning of strength, it would
seem that the circadian temperature cycle holds
many implications for understanding behavior
and illness, and for the timing of treatments. If,
indeed, most patients are highly vulnerablc duur-
ing the dawn and early morning hours, some
changes in hospital schedules might be warranted.
During the past year a reported discussion among
medical doctors suggested that surgery should 1ot
bo scheduled too early in the morning if possible
and that the traditional hospital regimen may dis-
turb patients too early. At this poiut there are
no organized data on the relative merits of timing
hospital procedures or clinic treatments differ-
ently, and until recently tliere has been no reason-
able way of obtaining continuous body-teinpera-
ture readings from ocutely ill patients without
disturbing them. Procedures for using very small
thermistors are being developed in several places,
aniong them the Downstate Medical Center in
New York., Statistical information about the in-
fluence of man's temperature cycle may generate
means of gauging an individual's inner timing,
periods of strength and weakness, and may also
Lelp u: to understand the ed¢ct of this daily cyele
upon the performance of people at work, upon
emotional fluctuations, and the ability to with-
stand stress. The temperatare cycle may also
hold nseful clues to the timing of symptoms in
disease and mental disorder.

Cycles and Work Schedules

At present, the working world abides hy a clack
into which individuals must fit as best they can.
Although it may be of considerable practical conse-
quence to us we know very little about the intcr-
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action of the circadian temperature vhythn with
the external cchedule. Researchesinspired by dif-
ferant aiins suggest that temperature cyecles may
offer valuable guidelines by which people could
perform at their best au.d avoid performing at
their worst if they schrduled their most demand-
ing work for periods of higher temperature and
avoiced commitients during the interval of their
nadir (Loveland and Williams; Williams, Lubin,
and Goodnow; Wilkinson, in press; Alluisi, et al.;
Murray, et al., 1958). Inthe course of n somewhat
repetitive daily schedule, people do undoubiedly
orient themselves more-or-less according to their
cycle. Iowever, rapid communications, jet travel,
and requireinents for round-the-clock productivity
are becoming more common, are disr. nting the
regularity of the work schedule, and demanding
greater flexibility of many people. Surely, space
travel will impose ronnd-the-clock demands upon
the first veuturers, und in looking forward to these
a number of studies have been made on men who
serformed varioue kinds of tasks in enclosed cham-
bers. Dr. K. .\, Alluisi and his associates have
shown that a man’s effielency can be diminished
during a decline of temperature if the situation
forces him to handle an appreciable increment in
infor)2ation.

In a series of studies sponsored by the Air
Force, differtent work-rest schediles have been
tried out on selected volunteers for periods of 10
daysto a month (Ray,et al, 1961). Whatare the
merils of working for 4 hours and then resting for
2 liours? What ratio of work and rest permits a
man to be most productive over o period of time?
Such fquestions are diflicult to answer and may
depend in part upon the nature of the job. Inone
study & group of highly motivated cadels was
cooped up inasmalt crew compartment for 15 days,
with taxing jobs to dao, such as picking out radar
“targel” signals from a noisy screen.  ‘The special
attribute of these tasks was that they were entively
dependent upon the individual whereas other simi-
lar confivemeant stndies placed einphasis upon
group cooperation {(Passey, et al, 1064). As ihe
experimenters varied the task requirements and
schedules of work and slenp, they observed that a
highly motivated young cadet conld work a
16-hour day (ci dnty for 4 hours and off duty for
2 hours) more easily than a lighter day (of 4
hours duly and 4 hours rest}, but only under some
coaditions. Surely, for the purposes of a sensitive
and costly mission like a space flight, the best

Q
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schiedule onght to enahle a man to remain very
steady in his performance and not render him
unduly vulnerable to stresses such as sleep loss.
Alluisi and his cowerkers have found that u short
period of sleep loss seems to reveal the practicality
or performance endurance of work-rest schedules.
By using a 48-hour period «f sleep deprivation,
they have found that performance is far more un-
even on a 4-2 scheduls than on a schedule of 4-hour
dnty and 4-hour rest. The stress of sleep loss has
been used as a means of distinguishing between
schedules.

Some scientific questieas raised by the prospect
of space flight should lead to research which, in
turn, should reveal more information about the
nature of our vireadian cycle and its influence in
our lives, information that would be of immense
practical valne. We do not now know what wonld
happen to an individual if he were placed in a
timeless, unehanging environment, a place of no
clocks, no mealtimes, no schedule, and no change
in light. Would hjs diurna) cycle begin to frag-
ment? Would he slec”) in short intervals like a
yvoung baby? How weuld hig health and work
capacity be affected? We do not knew how much
the lLiological clocks inside are meshed with an
external environment. These questions are inti-
mately linked with man's patterns of sleep and
with the possible means and consequences of
changing Jleep patterns (McIKenzie, et al., 1960).

A number of scientists have speculated that
sleep—as we indulge in it—may be a habit and
that the circadian temperaturs rhythm, with the
many metabolic systems implied, could be altered
by training in infancy. A lifelong habit, like
sleeping 8 hours each night, has a profound physi-
cal meaning, for it becor s imbedded in the ocga-
nization of the central nervous system, in the bio-
chemical timing of the body, and the word “habit”
sheculd not imply that this is a pattern that can
be changed easily, if at all. However profound
its efects, there is s*ill eviderce that training plays
a greater role in human behavior than it does in
lower animals. There are now studies underway,
of lnimans and of animals, that may elucidate the
role of habit in our sleep patterns and circadian
rhiythm.

An initial survey of some 600 people was under-
taken by the Gainesville, Fla., laboratory directed
by Dr. Wilse B. Webb,  Intensive questionnaires
were issued to men, women, and children of dif-
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ferent ages in the hope of amassing some gross
statistics about the role of trainirg, such as the
possibility that family sleep patterns are consistent
among family members. Do early-rising pazents
train their children to ba early risers throughout
life? Another approach being considered in sev-
eral laboratories is that of forcing unusual sleep
and waking schedules upon infant animals. If
2arly training were a large factor, it might be pos-
sible to alter the circadian rhythm in animals and,
perhaps, man. This might be convenieut for man
in the coming decades as artificial light, rapid
travel, and unusual tasks alter the routine that
sras once bounded by natural day and night.
Light and darkness, distance and time have con-
verged for modern man, and especially today indi-
viduals could benefit from & greater sensitivity to
their own daily rhythms and an understanding of
their relation to performance. Nobody doubts
that thers is really a difference between the early
r'ser, the so-called lark, and the night owl stereo-
tvpe. Yet, recognizing the great range in sleep-
waking preferences, we still fail to concede that
they are of much importance. The rigidity or
flexibility of a person’s sleep habits may be a re-
s1lt of early training, for instance, and informa-
tion on this point alone could be valuable in rear-
ing future generations. However, unless o person
is stricken with an illness liks encephalitis, his cir-
cadian rhythm remains, and his body temperature
will rise and fall on a 24-hour schedule. It is not
even easy to shift the phase of this cycle very
re.pidly, a iasis for the complaints of some trav-
elers. These days it is not uncommon for a busi-
ness executive to leave his office shortly before
noon, for instance, and fly as far from New York

O
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to Honoluln to direct an after-dinner meeting.
As he speaks at what is 8 p.m. for the Hawaiians,
it is 1 a.m. New York time, and oy the time the
question period is over his weary body decrees that
it is 3 a.m., however early the clocks read in Hono-
lulu. Individuals react very differently to a life
in which such time-shifts are frequent, and there
is no saying what impact such a schedule may
have upon their health and perforinance.

For mnany practical purposes—medicine, indus-
try, and perhaps particularly preventive medi-
cine—a further investigation of the circadian
rhythm and its relationship with the environ-
ment will bo extremely useful. Further explora-
tions should reveal something about the nature
of the subcycles that are reflected in small fluctua-
tions in body temperature, and perhaps determine
the fluctuations that people report in their abilities
to concentrate, the waxing and waning of atten-
tion, fluctnations of about 90-120 minutes that ap-
pear to take place throughout the day and night.

One cannot say that the circadian rhythm is
the rezson that man sleeps for long periods, usually
at night, or that it is totally inelastic, but there
is strong evidence that it is related to our patterns
of sleep and that it is composed of subceycles. The
study of biological rhythms in man promises to
yield information of practical and medical value,
perhaps enabling clinicians to utilize optimum
timing as part of trcatment. If subeycles of the
daily rhythm influence our waxing and waning of
woking attention and mood, we may learn how
they bear on waking activity through the study
of sleep—for a night of sleep itself consists of
recurient cycles of brain activity and physiologieal
change.
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The day gan fallen and the derke night
That reveth bestes from hir besinesse,
Berefte me my book for lakke of light,

And to my bede I gan me for to dresse . . .

Chaucer

Chapter II. A Night of Sleep

Each night at an accustomed time people begin
to set the stage for sleep with small rituals that
lead to bed and darkness. .\ dusk of consciousness
will fall like a curtain on the day and soon, from
outside, the body will seem still but for- a shallow
and even breathing. A twisting, a groan, flutter-
ing of eyelids and perhaps mufiled sonnds may
occasionally break the stillness, but for 7 or 8
hours the person seems to have departed, gone
from the world into a silent internal cominunion
from which he will rise like an amnesic. The
forgetding, the senso of oblivion is so nearly com-
plete that it is surprising how easily people accept
this suspension fron life, relinquishing themselves
each night “with little anxiety. Primitive people,
understandably enough, often looked upon sleep
as a temporary death, and remnants of their un-
certainty and fear can be found in religious litur-
gies; one example is an Orthodox Jewish morning
prayer, thanking the Lord for the return of the
soul and therefore life. Although the sleeper is
clearly animate, his prolonged stillness scarcely
conveys to an observer any sense of the tides
within.

Sleep, as we now know it, is not a state of uncon-
sciousness, an oblivion punctuated by occasional
dreams. Itisnot, indeed, a nnitary state of being,
but a progression of rhythmic cycles representing
different phases of naural function. By watching
a person sleep, tho observer cannot see that the
sleeper is rising and falling on tlie waves of a
recarrent tide. Nor can he observe that the sleeper
regularly enters long intervals so different from
the rest. of sleep that some scientists liave called
it another state—a state of frenzied internal activ-
ity, resembling in wany ways alert walefulness.
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The bedside observer cannot easily detect the signs
of shifts within, for the place to watch a night of
sleep is not in the bedroom—Dbut in the recordings
of laboratory polygraphs, the electroenceph-

alograph, the cardiogram, myograph, and
thermometer.

The Elettroencephalograph

The progression of cycles that make up a night’s
sleep have been pieced together by numerous ob-
servers through nightlong vigils in sleep labora-
tories, There are perhaps 2 dozen sleep Jabora-
tories in the United States, in university buildings
and hospitals. They vary somewhat in size and
newiless, and corplesity of equipment, but labora-
tories designed for the study of human sleep
basically resemble each other. Inthe control room
the visitor will notice the fundsamental polygraph
instruments, consolidated in the big amplificr sys-
tem, the electroencephalograph machine, a device
through which researchers can watch brain activ-
ity. Small conductive electrodes, bits of metal
pasted onto the scalp, or in soine cases, ncedles
implanted in the brain, transmit the natural beat
of a brain region through changes of electric
potential. The electrocncephalograph (EEG)
amplifies these shifts in potential, transmitting
them to magnetic tape, ot driving a row of ink
pens on the desklike panel of the machine. Each
pen, driven by a signal from a part of the brain,
moves np when the electric charge is negative
and down when the charge becomes positive. As
a continuous sheet of graph paper moves forward
on a roller, at a constant speed, under the oscillat-
ing pens, the up-and-down pen movements are
traced out as waves—brain waves. Their ampli-
tude indicates the ever shifting amount of voltage
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generated in a beain region, and their shape can
indieate the speed of the electrical changes within.
'Thus, o glanee at the inked reeord will tell whether
the potentials ini the brain are shifting in a regular,
synchronous fashion, with slow, large voltage
changes, or whether the elianges are fast and irreg-
ular, desynehronized.

Althongh some body funetions can be deteeted
Ly shnply looking at a person, preeise and reliable
measures of blood pressure, pulse, respiration,
mmusele tone, temperature require sensing deviees
that ean produee signals to be amriified and re-
corded in the manner of brain waves, In order to
minimize interference with sleep, researchers now
use some of the minizture instruments developed
for space exploration. For example, a thermistor
no bigger than a pii can be used to detect body
temperature continuously. This kind of equip-
ment enables simultaneous recordings of heart rate
and temperature fluetustions on the same record as
the EEG, showing how changes in brain wave
patterns ave related to changing body funetions.

The Sleep Laberatory

On any evening, when nost people have settled
down te an after-dinner entertainment or are pre-
paring for bed, the sleep scientist has begun to
check out hisequipment. Inkwells are filled, pens
cleaned, wire leads fested for insulation and pos-
sible breaks, and a thousand-foot sheet of folded
EEG paper inserted between the rollers, reels of
magnetie tape set in place. Continual adjustments,
requiring some mannal and electronic dexterity,
are essential to relinble data collection, and before
the arrival of a sleep subject, the control room re-
sembles the enckpit of a plane during the instru-
ment check for takeof.

The aura of the sleep laboratory is similar,
whether it is 10-below-zero on the snowbound
University of Chicago campus where a solitary row
of lights mark the brownstone containing the lab-
oratory, or a balmy California night ontside the
vast and silent new hospital at UCLA. The sleep
researcher collects Nis data largely during thes2
Tonely hours, a strenuous pursuit, sometimes re-
quiring vigils for inany eonsecutive nights, weeks,
oreven months, It is an endeavor requiring phys-
ical and mental endurance, one that places n strain
on all personal or social activity, for it may be nee-
essary to monitor the sleep of others on many
consecntive nights while fulfilling administrative
and ncademic duties and analyzing the data by
day.
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Qur current picture of a night’s sleep is a com-
posite of thousands of nights an¢ thousands of
volunteers, most of them young men in their twen-
ties, generally students or professionals. Very
often they are paid a small sum to sleep in the lab-
oratory and abide by the rules of the study—which
may prohibit napping, drinking eoffee or aleohol,
and taking drugs. Typically,the young volunteer
will arrive before 10 p.m,, change into pajamas,
and seat himself in some corner of the laboratory
to be decorated for the night.

Often, in the strong odor of acetone and eollo-
dion, used to fasten electrodes to the skin, the ex-
perimenter will conduet a quiet and soothing con-
versation as he carefully affixes the electrodes to
the top of the head, at the temples, near the eyes.
Each electrode disc has a brightly colored lead,
following a eolor code, and the many-colored wires
are often drawn through a ring at the top of the
head like a pigtail. When the preparation is se-
curely finished, the volunteer will go to bed in one
of the quiet bedroon:s adjacent to the eontrol roomn.
The room is ordinary enough, exeept for a jack-
board at the head of the bed, and an intercom sys-
tem. The wires from the volunteer's head are
plugged into the jack-board, and he settles down.
The lights go out. The bed is comfortable, and
the volunteer can move freely, although he eannot
get up nnd walk around ordinarily without being
unflugged. If he wants anything, however, he
can tell the experimenter through the intercom
systent.

The room is private, the volunteer is comforta-
ble, the teehnical details of the study well in hand,
and one might expect that data collection would be
quite routine. In all hnman studies, however,
there is an emotional eomponent, and the some-
what pradietable, somewhat elusive interplay of
feelings adds a heavy burden to the sleep stndy.
Even a vell-balanced medical student may have a
hard tine falling asleep in his private hedroom
although accustomed to being in Taboratories; the
gentlenen beyond the door are monitoring his
brain waves, and although he knows that EEG
patterns do not invade mental privaey in the sense
thrt they eannot reveal thought or dream content,
the Iaboratory situation isstrange.

“The Luboratory Effect”

On their first night subjects often do not exhibit
tho sleep patterns that secem characteristic of them
on later nights. A night or two of adjustment
inay be necossary, in full headdress. Sometimes
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as many as five or more consecutive nights will be
necessary to obtain the baseline—the usual pattern
of the individual's sleep—before the experimenter
collects a sole night of data {Dement, Greenberg,
and Klein, 1965). However trivial the bias may
be in o particular study, and no matter what pre-
cautions have been taken, the so-called “laboratory
effect’ resides within all the generalizations being
drawn from human studies—as illustrated by the
fact that among liundreds of young men in the
laboratories, nightmares and wet dreams have
been extremely rare. Thus, in speaking of the
typical night of sleep as we now see it, we must
bear in mind sonte modifications for it is a com-
posite of nights spent in a laboratory.

Drowsiness

Usually, about 11 p.nt., the acclimated volunteer
will be relaxed. His body temperature is declin-
ing. His eyes are closed, and he is no longer mov-
ing. On the graph paper in the control rocn the
jumble of rapid, irregular brain waves is begin.
ning to form a new pattern, & regular rhythm
known as the alpha rhythm. This pattern of
9-12 cycles a second indicates relaxed wakefulness.
Subjectively, it is a serene and pleasant state, de-
void of deliberate thought, into which images may
float. .\ moment of tension or attempt to solve
a mental proble will disropt it (Kamiya, 1962).

With further relaxation the alpha waves grow
smaller, decreasing in amplitude. As alpha
rhythm diminishes, a person’s time perception
seelns to deteriorate, and two rapid flashes of light
may seem to blend into one (Anliker, 1963). As
lLis atpha rhiythm diminishes, the young volunteer
liovers on the borders of drowsiness and sleep, per-
haps seeing images, experiencing drzamlike
thoughts or fragments (Foulkes and Vogel).
Stage 1

Another pattern begins to emerge on the EEG
paper. Thisnew seript is smaller, indicating lo-ver
voltages. It is uneven, desynchronized, and it
changesswiftly. .Atthis pointone may experience
a floating sensation, drifting with idle images os
the alpha rhiythm gives way to the low vollage, fast
irregular rhythm of the first stage of sleep.
(Xamiya. 1961; Foulkes and Vogel). The volun-
teer, in this phase, can be easily awakened by a
noise or spoken word. 1lis body muscles are re-
laxing. Respiration is growing more even and
heart rate is becoming slower (Snyder, 1960). 1f
awakened at this point & person may assert that
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he was not really asleep. This phase of conscious-
ness is like a port of entry, a borderland, and lasts
only a few minutes. Soon the hacl:ground rhythm
of the KEG growsslower.

Stage 2

The script grows larger and the pens trace out
quick bursts known as spindles, rapid crescendos
and decrescendos of waves. The eyes of the young
volunteer may appear to be slowly rolling. Ie is
quite soundly asleep, yet it is not hard to awaken
hini. By now there has been a fundamental change
in liis brain function. One aspect of this change is
suggested by a study i1 which volunteers slept with
their eyes half open ; illuminated objects were sus-
pended before their eyes. Onthe whole they were
no nwakened by the light, nor did they remember
seeing anything, but when awakened by a voice a
few seconds later they often insisted they had been
wide awake and thinking thoughts that, as nar
rated, had a vague and dreamlike quality (Foulkes
and Vogel; Rechtschaffen and Foulkes). If
awakened at this point a parson might feel he had
been thinking or indulging in reverie. Ieft un-
disturbed, however, he will soon descend into
anotherlevel of sleep.

Stage 3

The spindle bursts and somewhat irregular brain
wave ryhthm begins to be interspersed with large
slow waves. These occur at about one a second,
and are high in amplitude. The clectrical input
may run as high as 300 microvolts in stage 3, as
compared with the 60 microvolts of the waking
alpha rhythm. Now it will take a louder noise
to awaken the sleeping peison or animal, perhaps
n sepetition of his name. Iis muscles are very
relaxed. He breathes evenly, and his heart rate
cons.nues to slow down. Tlis blood pressure is
falling, and his teniperature continues to decline,
Innocuous sensory events are making almost no
impression on the awareness of the sleeper, and
were lie nmong thie people who do sleep with their
eves half open, he wonld not be seeing anything
(Fuchs and Wy, 1048).

Stage 4

This stage might be called a most oblivious
sleep. The muscles are very relaxed, and the per-
son rarely moves (Jacobson et al, 1964). It is
hard to awaken him with the low noise or buzzer
that would have aroused him earlier. Iis
leart rate and temperature are still declining, and
his respiration is slaw and even. Waken the vol-
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unteer now with a loud noise or by calling his
name and he may come into focus slowly, and may
feel that hie was not experiencing any mental ac-
tivity (Rechtschaffen et al., 1962, 1963; Kales et
al, 1963). The EEG pens scratch out a contin-
uous train of slow, high amplitude waves. The
slexper is utterly removed from the world, al-
though his brain wave responses would indicate
that every sound and the lihtest touch are re-
ceived in his brain. Indeed, during this synchro-
nous, slow-wave sleep the brain shows a very large
response to outside stimuli such as sounds, but the
brain systems that make this stimulation into con-
scious sensation appear not to be working in their
usual way (Allison, 1965; Hernandez-Peon, 1963;
Rosner et al., 1963; Williams et al, 1962, 1864;
Weitzman and KXremen, 1965). This may account
for the cerie apparition, the somnambulist, who
will rise from bed in this stage of sleep, negotiate
a room full of furniture, look straight at people
with eyes open, yet appear not to perceive them,
and return to bed, usually recalling nothing of the
interlude when awakened (Jacobson et al., 1965).
Stage 4 appears to be one of the times when
children commonly wet their beds, a time when &
person is, by some eriteria, most deeply asleep
(Picrce et al., 1961, 1963; Scott, 1964). Althongh
people can be trained to discriminate betsween
sounds, to hear spoken words, to press a button
during another stage of sleep, their performance
during stage 4 is not nearly so frequent (Granda
«nd Hamurack, 1961; Mandell et al, 1965; Wil-
liams et al,, 1363).

A normal person will spend a considerable por-
tion of the night in this stage, especially if he
has lost sleep (Agnew et al, 1964). If annoyed
fiom ontside, he will tend to drift into & lighter
phase of sleep:. but if annoyances prevent him
from spending a certain portion of his night in
stage 4, on subsequent. nights he will make it up
by spending substantially more time in stage 4.
Although he seems hard to awaken from this
" phiase, paradoxically Lio may be even harder to
awaken from the first stage of sleep~ i{ he happens
to be in the throes of dreaming.

Stage 1 REM

About an hour or so after falling asleep, the
sleeper may begin to drift back nup into the lighter
phases of sleep (Dement and Kleitman, 1957).
Roughly 90 minutes have passed, and the vol-
unteer's sleep has resumed the pattern of stage
2. Now, suddenly, the pens of the EEG begin

to jabber, scratching out wild oscillations. He has
turned over in bed, and moved. As the oscilla-
tions die away the brain wave record shows an
irregular low-voltage, rapidly changing seript like
that of stage 1. Now two pens that are activated
by movements of the eyes make rapid darts, as
if the eyes had turned to look at something. In-
termittently the pens continue. The eyes move as
if following a film (Aserinsky and Kleitman,
1955 ; Dement and Kleitman, 1957 ; Roffwarget al,,
1962). ‘Thesa rapid eye movements, kiuown as
REMs, signal a phase of vivid dreaming, & most
unique state of consciousness {(Dement, 1965). In
this phase, it will take a relatively huge amount of
noise to awaken a person—yet & very slight noise,
with significanee, may quickly alert him (Good-
enough, 1963},

Sound a click in the slecper’s eur, and his brain
wave response will not resemble that of stage 4—
but shows a great resemblance to the response
during waking. Although it may be hard to
awaken a person at this time, in many ways his
brain activity paradoxically resembles waking,
and REM sleep is often called paradoxical sleep.
It is believed by soine investigators to be a unigue
state, totally different from the rest of sleep, and
subserved by different brain mechanisms.

The entire body shows pronounced ehanges now
(Snyder, 1960, 1962, 1964, 1965). Gone is the
even breath and pulse. The organs that show the
most striking changes in sleep are thosas indicat-
ing fright or anger, Kveryone is familiar with
the blanched skin, wide eyes, rapid heart beat
and knotted stomach of fright. These changes
are controlled by the closely related nerves of the
autonomic nervous system, which regulates the
organs of the cliest and viscera, changes in the
skin and eyes, with the help of hormones seereted
by the adrenal glands. 1he autonomic system
modifies its organic domain in unison, and i< tuned
in to the emotional stato of the ~reature. During
s.ow wave sleep the heart rate, respiration, and
blood pressure fall to their lowest levels of the
day, falling at sleep onset and continving to drop
until about an lour before awakening. During
REM sleep, however, the heart rate, bload pres-
sute, and respiration become exceedinly variable,
sometimes fluctnating wildly, Usually there is a
long interval of REM sleep during the latter part
of the night, the time when a person’s temperature
has fallen to its nadir, During the REM period in
the early hours of meming the activity of the au-
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tonomic system often becomes most intense, in-
ducing what have been called “autonomic storms,”
which may account for the statistically frequent
occurrence of heart attacks at this time, and fur-
ther study of this period may make it possible
to anticipate and prevent such coronaries.

Many of the physical changes that attend the
REM state can be ebserved from watching the
sleeper. At the onset the muscles of the head and
chin will relax completely (Berger, 1961; Jouvet,
1963; Jacobson et al, 1964; Dement, 1965).
This is so regular that the loss of tonus in the
muscle under the chin can serve to activate an
alarm, signalling the onset of REM sleep. Most
teeth-grinding occurs at this time (Rediag et al.,
1964). From infancy through adulthood, the
REM period is attended by penile erections in
males (IFisher et al., 1965). Rapid, jerky move-
ments of the eyes ean be seen, even i many blind
people (Berger et al, 1962; Gross et al., 1965).

Most striking of all, however, is the now sub-
stantial evidence that this is a period of vivid
dreaming for all humankind, and the suggestion
that it is a period of consciousness in which mon-
keys and perhaps other animals experience vivid
imagery. Awakened dnring REM sleep, a per-
son will almost inevitably report mentation that
differs from waking thought, dramatie, and often
bizarre—genera’ly recognized as a dream (De-
men’ and many others). Yet, if he is awakened
a few minutes after the rapid eye movements
cease, when he has lapsed into another phase of
sleep, the dream will have evapuiated. The av-
erage individual spends a total of about 5 years
of his life in such vivid dreaming, but for the most
part lie is amnesie, remembering very little.

The discovery of the REM phase of sleep and
subsequent findings abouw! the body and brain dur-
ing this state have raised many fuidamental
questicns about the organization and function of
the ceniral nervous system. and has stimula‘ed a
rapidly growing body of research which will be
explored at greater length in later sections of this
paper.

Tt has baen said that the average adult dreams
abonut every 90 minutes, and that the full cycle of
sleep stages spans an interval of 90-120 minutes,
corresponding to a subeycle within the eircadian
temperature rhythm.

This generalization is somewhat mislcading, al-
though it has been widely prop=gated in the press,
for dreaming, dreamlike experiences, fraginents,
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images, mentation oceur in all phases of sleep,
although recall varies. Sleep is o succession of
repeated cycles. Nevertheless, one's progression
through a night does not resemble the passage of
a train on a circular track, arriving at different
stations at a predictabletime. People of about the
samo age do not follow such a rigic. timetable of
sleep, and all humanity does not rise and fali on
the waves of a single tide.

The Whole Night

A reexamination of the nightly EEG patterns
of sleep has been conducted recently with 16 medi-
cal students, each of whom spent four nights in
the laboratory. Only two uniform patterns
emerged. The entire group showed a greater
incidence of REM periods during the last third
of the night, and the slow-wave sleep of stage 4
predominated during the first third of the night.
Not only was there no consistent time schedule
of sleep stages for the group—but individuals
showed slightly different patterns on different
nights. Excepting for their RIXM periods they
did not spend more than 10 minutes at a time in
any EEG phase, and throughout the night stage
2 with its spindles occurred evenly, like a transi-
tion period, a bridge (Williams, Agnew, and
Webb, 1664). Evi lence from a number of studies
suggests that each o1 us has a characteristic leep
pottern, an EEG seript that is identifiable and
individual, although we vary sowewhat from
night ta night. So far no rules have been found
fo- describing the succession of EXG phases that
al: weople will pass through in a night’s sleep, but
mo.e sophisticated analyses may indeed reveal an
inhierent order in the sequence of cycles (Zung et
al,, 1965; Hammack et sl, 1961).

However ntich people differ iu detail, norinal
peoplo show roughly the same overall pattern,
They sleep for a leng interval once in 24 hours,
at fho time of their lowest body temyerature.
They spend roughly the same proportion of the
night in REM slcrp and stage +, distributing them
over the night in roughly the sama manner.

Marked deviations from this pattern are often
sigms of serions dicorder. Enrcephalitis is an ex-
tremo instance, and its sufferers may suddenly
find their daily temperature cycle inverted; they
will sleep by day and remain awake at night. Or
they may sleep for we-ks after enduring periods
of exhausting insomnia. Among some encephali.
tis vatients, wmusual EEGs have been noticed in
sleep, such as extraordinarily slow spindles.
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Epileptics commonly have seizures during certain
phases of sleep, and Drs. C. Markham ant R.
Walter at UCLA havs observed bizarre EEG sleep
patterns in some patients who alternated between
stages 1 and 2 and never exhibited the patterns
of deaper sleep. A characteristic abnormality of
nmany varcoleptics is that REM activity begins at
the onset of sleep instead <f an hour or so later;
while a tendency of some psychotic patients is to
have delayed and reduced REM sleep. These
deviations all speak of different disorders in the
central nervous system, some of them perhaps of
n metabolic nature. Normative studies, encom-
passing individuals of all ages, may make it pos-
sible to clearly describe the protocols of the night-
time nervous system—yielding a diagnostic by
which disorders can bhe pinpointed. Sleep is a
convenient tinie for tudy, since the body is still
and there are few disiractions. It is not incongru-
ous to uso sleep EEGs in diagnosing many
behavioral symiptoms, for sleep is not separate
from waking but seems to be a part of a neuro-
physiological eontinunm that ranges from coma to
the high arousal of fierce rage.

Analysis of the EEG

It must be apparent that sleep does not consist of
four distinct EEG stages, but *his has been a con-
venient taxonomy, established in the 1920’ and
1940%s, when electroencephalography was finding
disgmestic use.  As approximate categories, the
EEG stages of sleep have been useful, like national
boundaries, although there appear to be subdi-
visions within, dificult to define in a visual inter-
pretation of the record, and beginning to show up
rore clearly as computer techniques are employed
for aualysis,

There are many problems in visual analysis of
the EEG. The massiveness of the re ord is one.
When a volunteer in a sleep laboratory first begins
to stretch and regain the strength of his relaxed
muscles after the night, he has left behind him a
manuscript that covers almost 2,000 feet of graph
paper. If he wore only 8 paired electrodes thers
will be 16 lines of seript. Execpt for gross body
maovements which visibly slash the serip. with gi-
gantic spikes, most of the changes sre small and
snbtle—taking place cortinuously, sometimes
within seconds. It isrot always easy to determine
frequency at a glance, and counting the number of
waves per second is a laborious procedure. If
many hundreds of rightlong reconls are neaded to
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depict a normal night of sleep, it seems clear that
the paper record is too enormous ‘o analyze
efticiently.

A worse problem arises when the scientist must
¢ke detailed information from the reeord. If he
were comparing the sleep patterns of two individ-
uals, he might reasonably ask several questions.
Is stage 4.in one person identical to stage 4 in the
other? To answer this question he might want to
compare similarly timed segments from each ree-
ord. Are they equivalent in the coherence and
stability of the rhythm? Ave they alike in the
relationship between brain-wave frequency and
voltage? These are fairly rudimentary questions,
but a single example will illustrate how monu-
inentally difficult it has been to answer them by
visual techniques. Following a hunch that the re-
lation between frequency and voltage might be an
important characteristic of certain EEG phases
of sleep (the number of waves per secoud as re-
lated to the amplitude of each wave) one scientist
examined a few minutes of the record visually.
T'o do so, it was necessary tn make photographicen-
largements, so big that a relatively few seconds
of record covered a wall in the laboratory. Only
then could wave amplitude be measured with any
accuracy, by ruler. Such a time-consuming
methad wonld be useless is1 a normative study, in
most researches, and rapid diagnostics. Fortu-
nately, computer techniques have made it possible
to get such information in a reasonable time.

During the last 5 years there have been many
developments in the analysis of the EEG dala,
using computers, and a good nunber of these have
come from the pioncering work of Dr. W. . Adey
and his laboratory, not a few deriving from space
research, and having such nnlikely origins as the
analysis of missile vibration. These, however, are
the methods that are making ths EEG a sensitive
instrument, capable of divulging vastly more in-.
formation about the workings of the mind,
whether waking or asleep. Inthe future one will
hear a great deal about averaging portions of the
ILEG record, of power spectra analysis, cross-spec-
trum analyses, phase-amplifude measures, and eal-
cnlatiors of equivalent noise bandwidths. These
techniques have already had a noticeable impact
on the study of sleep (Adey, 1963),

In an increasing number of Inboratories, EEGs
may bo monitored visually, but they are also re-
corded on multichanneled magmetic tape. By the
proper manipnlations the tape can be given ta the



computer, which does the dog-work of counting
waves per interval, or screening for certain volt-
age. liach wave on the record has a certain fre-
quency, and the EEG spectrum consists of the dis-
tribution of waves among these frequencies. ‘The
computer can be asked to do the counting, aund
spectral analysis will describe this distribution,
showing frequency changes that might be im-
perceptible to the eye. Similarly, by assigning a
number to each point on the wave, voltages can be
handled numerically, and related to frequency by
a digital computer. The emerging figures will de-
pict the distribution of energy in the physical
sense, the power spectra. Power shifts have been
used to map subtle changes in attention and a pro-
gression of changes from alertness to sleep.  Spec-
tral density analyses have shown the changing dis-
tribution of energy as au individual shifts from
alertness to drowsiness and sleep. During wake-
fulness thie energy may be spread among the high
frequencies-—the fast waves—and as drowsiness
begins there is a gradual increase of energy aniong
the low frequency components of the brain waves.
Researchers are using this method to obtain a
detailed picture of energy changes in the human
brain during waking performances and different
phases of sleep. Because it is so sensitive to
changes of nitention, this technique shows great
promise for future use in the diagnosis of the men-
tally ill.

Phase analyses describe the relative timing of
trains of waves, telling which leadsand which lags
behind the otl.er, and by how much. Analysis of
phase shifts has proven useful in exploring the
way the brain changes during learning, and may
enhance our understanding of the memory process
in all states of consciousness, perhaps revealing
why memory of sleep is o notably poer (Adey
and Walter, 1963).

Smell EEG segments that look coherent and
stable to the eye have been shown to contain many
variations, when analyzed by a plotting of fre-
q.oncy bandwidth against duration. Dr. Adey’s
laboratory has used this “stability diagram™ to
discriminate between seemingly colierent inter-
vals, and has shown clear and unambiguous dif-
ferenices between phases of sleep that were once
thought to be almost identical—and between wake-
fulness and REM sleep, who-e configurations were
often confused by early ercephalographers.

A vast proportion of our current work on sleep
depends upon the EEG, but what is an EEG!
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How can what is happening inside the Prain be
known by recording from its surface? The KEG
has been roughly likened to the sound of a run-
ning motor. One can tell a great deal about a
motor by its noise, comparing its sounds with per-
formance. Still withont opening it up, it is not
possible to infer the precise organization or the
exact contribution of any part by simply listening.
Sowiththe EEG. Theinference that a pattern of
brain waves taken from the scalp represents a
rhythm at a site de2p within—is a composite from
many siudies. Sone of these may correlate be-
havior with the EXXG; they may come from ani-
mals in whom dee>ly implanted electrodes show
what happens at a subcortical locus while EEG’s
are obtained from:the scalp. Some come fromn
studies of normal and intact people. Others may
come from patients about to undergo neurosur-
gery, in whom iniplanted electrodes and scalp
electrodes give simultaneous readings during be-
havior and different states of conscionsness (Chap-
man et al.,, 1962).

What is being r:corded from the scalp? This
EEG picture appears to be the waxing and
waning of electrical polentialsin cells of the cortex,
large numbers of cells.  Using microelectrodes that
penetrate a single (ell, it has been shown that indi-
vidual neurous traasmit in a rhythmic manner in
discharges of pulites and pauses, and theyv also
process information by an independent wave proc-
ess. Instead of bxcoming neutral after it fires,
the cell appears to reverss ils polarity, thus oscil-
lating between negative and positive charge. Its
timing may be paced by the electrochemical consti-
tution of its membrane, and there are thought to
bo several ways in which the discharge rhythm is
influenced. Tt may be influenced, for instance, by
its nonuenral envelope, the glial cells. These cells
are thonght to mocaulate the excitability of nerve
cells by enhancing and reducing their electrical
resistance. Thus, tlie EEG does not reveal directly
the action of indiv:dual brain cells, but, indicates
shifts of potential among masses of them.

When the EEG jattern is regnlar and syichro-
nous, masses of cells are shifting polarity together,
like a crew of oarsmen rowing together. This
synchrony is charac teristic of tle alpha state—
abort 8-12 cycles per second (cps), and a munber
of neurophysiologicil studies suggest that the pace-
maker for this rhythin may le in the thalamus
Synchrony is also -haiacteristic of deep, stage 4,
gleep, and indeerl voas once an EEG synenym for
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deep sleep. The neural metronome for this corti-
cal synchrony is not known, although it is thought
to lic deep within the brain. During waking, the
cortical rhythm is generally desynchronized, and
animal experimentation has pointed to the reticu-
lar forration in the brain stem as an important
promulgator for the signals permitting arousal.
Oddly enough, however, the irregular, low voltuge,
rapidly changing brain waves that characterize
waking are seen—in very similar form—during
sleep. 'The pons portion of the reticular activating
system prominent in waking has been shown to be
important during REM sleep—that curious state
of outward oblivion in which a person or animal
is hard to awaken, yet shows cortical rhythms that
resemble those of waking.

The puzzle is just beginning t¢ be unravelled.
What minute changes in the rhythms emanating
from controlling centers, what shifts of command
and organization account for these different states
of consciousness and different EEG patterns?
Many scientists have postulated that our states of
consciousness swing in the balance between that of
the dominant activating system and a hypnogenic
systeny, a neural network that prodiuces sleep when
it is excited. These shifis occur within the core
of the brain, and emanate to the cortex through
an enormous and complex system of nerve fibers
that connect the cortex with the deep subcortical
reaches within.

In our attempts to solve the puzzle of the origins
of EEG patterns, the sources of the 1hiythnms of
consciousness, we have relied heavily on animal
stulies, with a few exzeptions. However, in the
course of evolution, mammalian brains have
changed in structure and distribulion of functions.

tecent studies have nnderscored the ditference be-
tween lower aminals and man.  One exploration
suguests that the distribution of sleep phases in
chimpanzecs and man way be regolated by the
amnygedala, far forward in the temporal Jobes,
rathier than in more basal regions. EXG rhythms,
not seen in lower animals during sleep, have heen
spotted from the amygdala of the chimpanzee and
man (Adey et al, 1963; Rhodeset al,, 1965).

Iuman studies are therefore, important, and
fortnnateiy modern techniynes have made hrain
probes inereasingly safe and productive of rele-
vant information.  Many clues to tha Tocal resi-
dence of certain EEG confimunations: have come
from saidies of pathological symptonis, and from
autopsy. Beeause of its variety of strange effects
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upon sleeping and waking patterns, encephalitis
has stimulated considerable research, most notably
perhaps, after the epidemic that raged through
Europe afte: World War 1. Today, however,
clinical studies of patients are likely to be coordi-
nated with liboratory experiments upon animals,
and a variety of techniques are focused upon the
sane phenonienon.  In this fashion, the behaviar,
the brain waves, and the possible brain centers for
activity are slowly matched with surface re-
cordings.

The process of inference and cross-correlating
of many kinds of data is rnethodical and slow, but
the results have an almost magical quality, for like
reading the Bible from the head of a pin, a re-
searchier can look at a few squiggles, lasting no
mmore than 5 thousandths of a second, and see how a
signal travels through different brain areas and
something abiout how the brain is processing it.
Whenever a sensory signal oceurs, a light, sound,
tonch, ete., the brain react:, and its response ap-
pears in a transient, visua'ly indistinet pattern on
the KEG. However, if the signal is repeated and
the I2IXG vesponse patterns ave superimposed upon
one ancther and averaged, random variationsin the
LEG pattern knowin as“ncize” will fall away, leav-
ng a clear picture. This averaging technique has
permitted us to penetrate the sleeping brain
through surface electrodes, because the latency,
duration, amyplitude, and divection of the EEG re-
sponse can be measnred and will yield information
about the state of the brain they were taken from.

This techinique has been used by Dr. Button S.
Rosner and his colleagues on normal volunteers
(Rosner et al., 19635 Coff et al,, 1062). A signal
was repeated in waking, and throughout the stages
of sleep, add ng to data from other laboratories,
and further elucidating the functional dillerences
that scem to ypify our many states of conscious-
nesg. Many people have shown that the brain
emits a sma’ler response 1o incomine sensory
stimuli during waking and dreaming t! i during
deep sleep. et the deeply sleeping person does
not seem to be disturbed by his breath on the pil-
low, sounds, or touches, despite the fact that his
brain shows a large response.  Perhaps his oblivi-
onzness can bi exvlained, for sensory stimul mnst
be integrated and processed within the brain be-
fore they become felt.  They may be received but
not felt, unless they are integrated. 1f a brain
wave response is divided for the analysis of its
parts it scems that the sensory reception oecirs
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first, but there is an ensuing pattern that is thought
to represent activity at a higher station in the
brain, This comes very late in deep &'eep, and
with high amplitude. Hence sensory i.flow may
show 2. greater response from the specific sensoiy
fibers in slvep than in waking, yet there is almost
no perception, for something has changed i» the
integrating process. Some people believe that
this shift in the mode of action occurs in the
diffuse projection system and its thalamic con-
nectioris between the corlex and the core, and
furthier experiments are being designed to test
this hy»othesis.

Summary

While the examples cited here will be pursued
more fally in other sections, they may illustrate
hcw muny levels of sleep research ave converging
to produce insight into the function of the brain,
creatin;z tools of great diagnostic value. The study
of a night's sleep may entail, at the gross level,
methodical observation. By watching a sleeping
person throughout ther ;ght, forinstance, there are
evident physiological changes. There are clusters
of muscle twitches, rupid eye movements, inter-
vals of etillness, periods of body movement, periods
of even breathing, and times of uneven breathing.

O
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Thesn have been correlated with the scalp EEG
portrait, showing that there are cyclical changes
in nervous activity sweeping through the cortex.
Thes: reprisent changes in mentation, conscious-
ness. Data from many sources, from deep brain
studizs, anatoniical studies, and preoperative
probus in human patients—have begun to show us
how ‘o interpret the snrface EEGs to understand
the crganizational changes within the brain, the
shift; of function and aclivity that appear as the
strik ng patierns of nightly sleep. At the same
time, computer techniques of EEG analysts are ef-
fectiely making the EEG a far more seusitive and
infor mative indicator of brain activity., A great
numt er of sleep sturties are clarifying the normal
pictuze of nightly sleep. It now seems likely that
the EEG of sleep may become a usefu! diagnostic,
an in trumneut that can point to specific loci of dis-
order, suggesting something of the mechanism of
an al normality rather than simply indicating a
devia ion from the normal pattern. New methods
of anulyzing EEG data, supported by a variety of
data, may therefore be able to take us deep within
the b-ain so that we can see, with surface elec-
trode:y activity in regions that in past years re-
quirec: neurosurgery for exploration.

3
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And touching this point, Phisitians may consider; whether sleep be so
necessarie that our life must needs depend of ity for we finde that Perseus King
of Macedon, prisoner at Rome, being kept from sleep was made to die; but Pliny
aleageth that some have lived along time without sleep at ull.

Montaigne

One sort of treatment used for those accused of witcheraft was the “tortwra
insomnige.” Of all things in brain disease, calm and regular sleep is most
beneficial; yet, under this practise, these half-crazed creatures wers prevented
night after night and day after day, from sleeping or even resting. In this
way temporary delusion became chronie insanity, mild rases became violent,

torture and death ensued . . .

Andrew Dickson White

Chapter lll. Sleep Deprivation

Man, often in laudable arrogance accompanied
by blinding ignorance, hasalways attempted to ex-
ceed the limits of his own physical nature. The
obvious needs—-hunger, thirst, respiretion—lhave
been accorded respect as essentials to survival,
The very word “starvation” has its roots in {le
Old English word “sterve” (to tie} ; and the con-
nection between laci of food and death has teen
plain throughoui the world’s history. Sleep has
een o different issue without the status of a drivn,
althougl sleep deprivation has long been used as
torture. Before we can answer why we sleep, or
low ranch sleep we need, modern civilization ap-
pears to be racing to eliminate sleep. This ‘s a
lieady prosfect, for, if suecessful, it would add
about 20 productive years to the lifetime of the
average man. Nevertlieless tie question remains:
must we sleep? Is sleep an integral part of our
organic thythms, our metabolism? Qua useful
Procedure for e sploring body needs is to deprive-—
take away sleep and sce what happens, In ihe
1950°, following World War 11, a large unmber
of volunteers underwent periods of sleep staria-
tion in laboratories where they were measured for
physiological and chemical changes, their ability
to perform tasks, and where their psychological
changes were ur.der confinuons scrutiny.  Anyane
who seriously thinks of eliminating or drastiexnlly
reducing his sleep should examine this iterature.
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We have all been exposed to anecdotal “proofs”
that certain people can manage well without
sleep—long vigils of sleepless performarce by
medical interns, the so-called charreite or 3-day
drafting binge of tlie architect, a spate of remark-
able incidents retold aftec World War II, famous
“wakathons” endured by disc jockeys, and last
year an 11-day stint of slecplessness by a 17-year-
old high school student in San Dicgo.  Despite the
lack of sleep the architects drafted winning plans,
the inferns treated the sick, the dise jockeys gave
their nusual performances, soldiers won battles—
and after a night’s sleep, we are told, they were
fresh as ever. Studies perforraed at the Walter
Reed Army Institute of Researel, largely by Dr.,
Harold I.. Williams and lis associates, have told a
discouraging story about a person's performance
during prolonged wakefuluess. Severul of the
fanens wakathons were, at least in part, studied by
scientist= and these too offer some disheartening
information about the psychologieat effects of go-
ing without gleep for long periods, as well as rais-
ing questions about afterefTects.  One dise jockey,
with a record of some mental instability, went 7
days without sleep, endured persistent symptoms
even affer rest, and ended in a mental hospital,
although a stable youni high school student ap-
parently recovered from s much Tonger stint with
no noticeable aftereffects,
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The mental symptoms of prelonged sleeplessness
seem to occur slowly, in a somewhat predictable
fashion, mounting, as the time goes on, sometir:.es
into very dramatic pronoriions. At Walter Reed
and elsewhere one of the most consistent observa-
tions was the pr. vressive unevenness of mental
functioning, lapses in attention, growing fatigue,
weariness, and a tendency to withdraw from the
outside world. I’zople began t5 niake fewer and
fower unnecessary movements, snd showed some
confusion between their own thoughts and external
events, Certain bodily sensations began to de-
velop. A tightness around the head gave the im-
pression that & hat was being wern. Many com-
plained that their eyes burned or itched and their
vision was blurred, after 3060 hours of sleepiass-
ness people had diffienlty with depth perception.
Small objects seemed to dart out of place, and
chairs changed apparent size. Commonly, lights
scemed to wear o halo of fog. Even the floor
scemed to undulate. By 90 hours, soime people
developed vivid hallucinations. One volunteer,
for instance, called for help in washing the cob-
webs from his face and hands. Brief dreams
would int;ude and becomo confused with reality,
anl peopie found their time sense distorted.
These symptonis, along with changes nf mood and
deierioration n perfortnance, were disturbing
enough, and were recorded in detail in the defini-
tive Walter Reed studies that did not extend the
sleep starvation Leyond 98 hours (Williams, Lu-
bin, and Goodnow). If the sleep-loss is pro-
tracted beyond 100 or 200 hours, however, it ap-
pears that the symptoms intensify and begin to
resemble psychosis. The fifth day has seemed to
be a turning point in & number of cases observed
(West et al., 1962).

Temporary Psychosis

In January, 1959, the largely unaware public
saw Defore its very cyes the kind of temporary
psychosis that can be indused with sleep starva-
tien. Under the supervision of doctors and
scientists, Peter ‘Iripp, a 32-year-old disc jockey,
undertook to stay awake for 200 liours in a 'Fimes
Square booth for the henefit of the March of
Dimes.  Throughout this marathon of over 8 days,
Tripp was given medical and neurological ex-
aminations, tests of perforinance, psyvchological
tests, and was closely attended by Drs. Harold L.
Williams, Ardie Tabin, Touis Jolyon West,
Harold Wolfl, William C. Dement, and others.
Although his experience was undoubtedly wors:
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ened by the tension of publicity and public con-
ditions, some of ile ordeals of Pet:r Tripp may
indicate the kind of mental symptoms that can be-
leaguer the severely sleep starved.

Almost from the first, the desire to sleep was
so strong that Tripp was fighting to keep him-
self awake. After little more than 2 days and 2
pights he began to have visual illusions; for ex-
ample, he reported finding cobwebs in his shoes.
By about 100 hours the simple daily tests that re-
quired only minimal mental agilitv and attention
were a torture for him. He was having trouble
remembering things, and his visual il'usions were
perturbing: he saw the tweed suit of one of the
scientists as a suit of furry worms. After 120
hours he went across the street to a room in the
Hotel Astor, where he periodically washed and
changed clothes. Ie opened a bureau drawer and
daslied ont into the hall for help. The drawer, as
he had seen it, wasablaze. Perhaps in an effort to
explain this and other visions to himself he decided
that the doctors had set the illusory fire, delib-
erately, to test him and frighten him. About this
time he developed a habit of staring at the wall
clock in the Times Square booth. As he later ex-
plained, t] 3 face of the clock bore the fr:e of an
actor friend, and he had begun to wonder whether
he were Peter Tripp, or th:e friend whose face he
saw in the clock. The daily tests were almost un-
endurable for Tripp and those who were studying
him. “He looked liked a blind animal trying to
feel his way through amaze” A simple algebraic
formula that he had earlier solved with ease now
required such superhnman effort that Tripp broke
down, frightened at his inability to solve the prob-
lem, fighting to perform. Scientists saw the
spectacle of a suave New York radio entertainer
trying vainly to find his way through the
alphabet.

By 170 l:onts the agony had become almost vn-
bearable to wateh. At times Tripp was no longer
sure he was himiself, and frequently tried to gain
proof of his identity. Althonugh lie behaved as if
he were awake, his brain wave patlerns resembled
those of sleep. In his psychotic delusions he was
convinced that the doctors were in & conspiracy
against him tosend him to jail.  On the last morn-
ing of his wakathon, Tripp was examined by Dr.
Harold Wolff of Cornell. The late Dr. Wolff had
a somewhat archaic manner of dress, and to Tripp
he must have appeared funebrial. Tripp un-
dressed, as requested, and lay down on the {able
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for medical examination, but as he gazed up at the
doctor he came to the gruesome decision that the
man was actually an undeciaker, about to bury
him alive. With this grim insight, Tripp leapt
for the door, and tore into the Astor hall with
several doctors in pursuit. At the end of the 200
sleepless hours, nightmare hallucination and
reality hiad merged, and he felt he was the victim
of a sadistic conspiracy among the doctors.

Witi some persuasion, Tripp managed to make
a final appearance in the glass-windowed booth
in Tinwes Square, and after his broadeast he went
to sleep for 13 honrs. Although the record of his
ordeal covers lnindreds of pages, the few instances
cited l'ere may give some indication of the ex-
‘rene distortions, mental agonies, and delusions
he suffered, especially during his last 100 hours
of sleeplessness. When he vwakened after his first
long sloep the tervors, halhieinati s, and mental
deterioration had vanished. 1le no longer in-
habitec. an nnstable visual -vorld wlers objects ap-
peared to change size, where a doctor’s tie wonld
jump out of place, and where it was a superhuman
effort to solve a simple problem or remember an
anecdote. Tn 13 honrs of sleep the nightmare ex-
istence had been left behind, although for 3 months
afterward Tripp sufferco a mild depression,
Quite aside fron: the quick spparent recovery from
extremo symptoms, there had been two extremely
striking patterns throughont the ordeal, periodiei-
ties that suggested that Tr pp's times of strength
and manents of worst sytaptoms followed some
inner cyeles. Throughout the ordeal Tripp had
Dbeen ablo to organize and perform his d: ily broad-
cast. Temperature readings showed that he was
at his reak at the broadeast time, the point of his
highest daily temperature. His busts of hallu-
cination and strange behaviors, on the other hand,
seemed ro oceur in 90-120 minnte intervals, at times
whien ho might normally have been dreaming. At
the timo this periodicity sugges'ed a possible
physiological link between the mechanisms of
dreaming, psychotic symptcms, and hallueination,
In retrazpect some of the cbservers feel that the
st impressive changes were thoso that followed
the diunrr al cycle,

The Role of Age
Six years ago, when Deter Tripp began his
marathoa of wakefulness, e was 32 years old.
Last year,a 17-year-old hig schoo! student set out
to break the record, and ir. the quict atinosphere
of his home, without the help of coffce or other
2,9
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stimulants, he stayed awake for 264 hours. Drs.
L. C. Johnson, W. C. Dement, and J. J. 1'0ss were
on hand for observation and medical examination.
Here there was quite a contrast to Tripp’s waka-
thon.

Randy Gardner did, indeed, show progressive
changes with sleep loss. By the fourth day he be-
came irritable, suffered lapses of memory and difi-
culty in concentrating. He saw fog around street
lights, felt the band of pressure of an illusory
hat, and imagined a street sign to be a person. By
the ninth day he seemed to think in a fragmented
manner and often did not finish sentences, some-
times experiencing transient reveries. His eyes
bothered lim, and he bec.me unsmiling and ex-
pressionlesz. At one point, about the fourth day,
he had imugined himself a great Negro football
player. He did not, however, show extreme symp-
toms, and at the end of 11 days, he slept for over 14
hours, and rebounded into a healthy and cheerful
mood. During the last few days of his vigil, how-
ever, he had shown definite neurological vhanges.
I1is vision was blurred, and his right eye was mak-
ing involuntary sidewise movements. Whether his
eyes were open or closed, his alpha rhythm was
markedly raduccd, and he showed waves charac-
teristic of sleep. The usual alpha wave enhance-
went to excernal stimuli was no longer present.
Physiological measures indicated that during de-
privation tl:e basal autonomic pattern was one of
activation, hut also that thera was less responsive-
ness to outs'de stimuli. For example, during dep-
rivation tliere was marked vasoconstrietion.
Randy’s heirt rate rose above normal. Ilis skin
temperature and eleetrical skin resistanve were
very low. As time went on these indices. which
usually show changes in response to external
events, becumo less and less responsive. When
Randy finally went to s'cep, however, all of these
measures <howed responses to external stinwli,
save only the galvanic skin response. On the first
night of sle.p after his vigil, his EEG showed a
different pattern thar. on suceessive nights. Tt
contained a concentration of slow wave (stage {)
and stage 1 REM. Tendaysafter the vigil, Randy
was clear of all symptoms except for slight difi-
culty with memory and involun{ary eye movements
(nyvstagmus) (Johnson, et al, 1965; Ross 1961},

These twa very different individual reactions
illustrate several important aspects of sleep loss
that have been corroboraled in other studics.
Randy Gairdner, by psyehiatric measnres, with-



stood his leng vigil with greater ease and less effect
than any of the people who had so far been
recorded beyond 120 hours of sleep loss. His own
home and the atteadance of his own family physi-
cian provided surroundings that were less exac-
erbating than those of Peter Tripp or others, even
on shorter vigils in the laboratory. e took no
stimulants. But perhaps equally if not more im-
portant, were his youth and his general stability.
A person’s reaction to prolonged wakefulness
would appear to be congruent with his personality
patterns and what might loosely be called stability.
From interviews nnd psychiatric tests of 74 army
volunteers in Walter Reed studies, researchers
found they could predict reasonably well which
individual would find the experience most diffi-
cult and would report hallucinatory events (Morris
and Singer, 1961). Some years ago, at McGill
University, six chronic schizophrenic patients were
kept awake for 100 hours. As sleep loss continued
these patients begun to show acute symptoms that
had not been seen for several years among them,
auditory hallucinations (Korany: and Ichman,
1960). The exstent of a person’s suffering under
protracted sleep lcss would seem to depend upon
what we {erm mental health, and the six publicly
recorded wakathors that have been undergone in
recent years seem Lo highlight the point that symp-
toms cocur sooner, and with greater intensity, in
unstable incividus's. There is also some evidence,
however, that age may be an important factor.
Randy Gardner, who set the record for a sleep-
less vigil, was the oungest person to attempt this
stint. Further evidence that young creatures may
withstand sleep loss for longer periods than older
ones has come from the laboratory of Wilse B.
Webb at the University of Florida. 'The finding
was serendipitous liecause it arose from a rat study
that was not designed to explore this point. Orig-
inally, tihe experimenters had designed a contin-
uously rotating mesh wheel, two-thirds submerged
in water, in order to keep rats alert without cans-
ing muzenlar exhaustion so that they would fall
asleep instantly wlen placed in a recording cage.
Rats avoid cold watcer, and the wheel moved slowly
enough so that they woun'ld not fall in if they kept
awake and moved very slightly. Because tha orig-
inal wheel was small, it could not carry a fully
grown anima), and so the first experimental
animals were very young, about 63 days cld.
The experimenters expected the ereatures to last
atop the wheel for weveral days, but were s prised
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to see them maintain position dey after day. Some
lasted 27 days before they fell. ‘Chis feat of
wakefulness raised some interesting questions.
How had the young rats managed to stay awake,
continuously moving for 27 days? The experi-
menters speculated from other data that these
flexible young animals had not yet formed rigid
sleep patterns and were able to sneak short naps of
a few seconds. The only way to corroborate this
hunch was to obtain continuous EEG readings
while they were astride the water wheel, and see
if characteristic brain waves of sleep appeared in
the record. It was technically impossible to ob-
tain EEGs from rats 63 days old, for there was
then no way of implanting electrodes into the
small and delicate brain. The repeated experi-
ment had to be conducted with older rats, whose
brains eould be implanted with tiny electrodes.
The older rats were about 200 days old.

When these adults were placed upon the water
wheel, however, they had no staying power. They
fell off in 3to 4 days. Theexperimentersimmedi-
ately began tesiing rats of intermediate ages on the
wheel. The animal's age was directly correlated
with the number of days he would last upon the
wheel (Webb, 1962). In order to gain some in-
sight into this differential staying power, the ex-
perimenters developed techniques for implanting
young animals. They have recently found that
the young animals manage to spend a surprising
amount of their time asleep. By running to one
edge of the turning wheel they can then ride with
it, catching a nap of 10-15 seconds before they
must quickly move to avoid falling. By this
manecuver, the experimenters have estimated the
animals may spend a third of their time on the
wheel asleep. Tley are evidently very tired by
the time they leave the wheel; nevertheless, the
young rats manage to spend long periods atop the
wheel in this fashion, whereas the older rats can-
not. It does seem, at present, that age bears some
relation to the ability to withstand sleep loss, and
this capacity may be associated with the ability to
snatch brief naps, although the reasons may be
multiple and related to metabolism, especially in
rodents, and muscular vitality as well as “habits™
of the nervons system,

Physiological Chonges

Although nexi to nothing iz known about the
pavcholngical changes that may be occurring in
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animals as they are deprived of sleep some changes
have been observed (Webb, 1962; Kleitman, 1963).
It is largely from animals that we have learned
about the damages that sleep loss may induce in
brain tissue. From histologieal studies of animals
experimenters infer that there may be certain
changes in humsan brain tissue during sleep loss.
How these may vary with age is not known. The
published case histories suggest that many of them
must be reversible, and the recent study of Randy
Gardner suggests that youth may be an advantage
in recovering from sleep loss. It should be
repeated, however, that subtle aftereffects, per-
heps not noticeable to Randy or to a casual on-
looker, persisted for 10 days, and perhaps months
after the vigil. Aftereffects have been difficult
to measure and evaluate in humaa beings, and the
question of tissue damage is unanswered at present.
Studies of sleep loss have been relatively few and
recent, and the question of prolonged, perhaps
even indefinite, aftereffecte remains an unsettled
one. There is no way of telling whether the
severity of aftereffects may be in propottion to the
pathological symptoms experienced during sleep
st. vation.

Perhaps it is worth citing a few of the animal
experiments that have shed a little light on this
question. .\s early as 1804 M. de Jlanaceine
demonstrated that cerebral hemorrhages took
place in puppies when they were kept awake to
the point of death. Tissue damage in the cortex
and frontal lobes was reported by Daddi in adult
dogs kept awake, fatally, from 9-17 days.
Nathaniel Kleitman kept puppies awake for 4-6
days, and many died. They, too, had suffered
cereliral hemorrhages, and the number of red blood
cells hat dropped to about half of the normal
comnt.  Otler ehanges in neural tissue were ob-
served in sleep-deprived dogs by Legendre and
Pieron, and these weve shown to he reversible if
the animals were allowed tosleep.  Sleep-deprived
rabbits showed cell ehanges in the spinal cord and
brain stem, and so, depending upon the species,
it might scem that some of the elinical signs oh-
served during sleep deprivation come from cell
changes in the cerebral cortex and hrain stem. In
some of the many animal experiments a siogle
period of sleep restored the animal to normal after
a moderate deprivation (Kleitman, 1903), How-
ever, nobody can be sure that a long period of
sleeplessness or the habit of skimping on sleep for

months or years will Teave no permanent ill traces..

At present we have no way of determining what
changes may leave a subtle, Jifelong :fect, perhaps
even & chain reaction, enhancing disease, perhaps
shortening the life span. Animal and Luman
studies have indicated some of the physiological
changes that occur when sleep is prevented for
long intervals.

Abnormal amounts of nitrogen and potassinm
have been found in the blood and urine of sleep-
deprived animals, Glandular and hormonal
changes have been obser -ed as well, and it is inter-
esting that experimenters report irritability and
belligerence in sleep-starved animals, likz that of
sleep-starved people.

Several studies suggest that the body metabolism
suffers difficulty during prolonged wakefulness,
and these suggest one of the waysin which normal
sleep nuy be regulated. The body appears to be
governad by internal clocks, intermeshed systems
of biochemical change that we call metabolism.
One of the cycles we have come to recognize is n
diurnal rhythm of rising and falling temperature
in man. Inthe Walter Reed studies oral temper-
atures were taken during a 98-hour period of sleep
deprivation, and it was clear that the diurnal
rhythm remained. Indeed, people felt most sleepy
and tived at-the time when their temperatures were
lowest. During the progressive sleep loss, in addi-
tion, the overall body temperature declined snme-
what. Perhaps this was an indieation of a declin-
ing metabolism, a progressive inability to produce
energy { Williams, Lnbin and Goodnow).

Energy Metabolism

The awake person, however quiet, iz placing
demands upon his nervous system and his muscu-
lature far in excess of the activities of sleep, thos
draining the energy reserves of his body. .\ bio-
chemicad study of two sleep-starved volunteers--
one wakeful for 5 days, the other for 10 davs—
suggests that biochemical mobilization of ewergy
changes considerably after 4 or 5 days without
sleep.  This may account for the pathologieal
symptons and delirium that have been observed
after 5 days of sleep loss (Luby et al,, 1960, 1961).
The body’s transformation of food energy into a
form nseful to muscles, nerves, and all cell activi-
ties depends npon a single cheinieal. Tt is adeno-
sine triphosphate, known as ATP, which scems
to be the eatalyst for energy release in all living
matter. Every cell, at any given time, has a cer-
{ain proportion of this nucleotide with its three
phosphoric acids.  As food substances are frans-
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formed into cellular energy, AT breaks down
from a triphosphate into ADP—adenosine di-
phosphate. By a process known as phosphoryla-
tion ADP and adenylic acid combine to make
more ATP, which is stored with creatine as re-
serve energy. Ifowever, during prolonged activ-
ity the stored supply is used up, and new ATP
must be created. At about 4 days of sleep depriva-
tion, the production of the three critical energy
substances of the body appears to run down. This
seems to be the evidence fren studies of six indi-
viduals at the Lafayette Olinic (Luby et al.).
At first, energy production scemed to increase by
an emergency process of synthesizing chemicals
not usually utilized. But after the fourth day,
the emergency metabolism seemed exhausted.
This was the time when the subjects showed most
striking changes in personality and performance,
experiencing the weird phenomena associated
with delirium. The fact that sleep returned tle
energy systems to normal and restored the individ-
uals to normal behavior suggests that sleep may
be essential to the body's system of energy produc-
tion, that it is integral to metabolic functioning.

These biocheniieal studies instigated new inter-
est in the relation between sleep loss and mecha-
nisms of mental illness. Clinicians have long ob-
served that sleep disorders, particularly insomnia,
often precede a first attack of mental illness or an
acute episode in the mentally ili. During sleep
starvation, even tha functioning adnlt can be
swept into the unreal world of a transitory mental
illness. Although we do not know what specific
biochemical changes activate particular neural
nmechanisins to cause visions, distortions, anud hal-
lucinations, we have now scen that thie severe
symptoms appear at a time when the body's energy
metabolisin has utilized emergency means to pro-
duce energy and may not be producing a normal
ratio of transinitter chemicals. The approxi-
mately 5-day turning point is a point of extremely
low ebb and fatigne. Studies report many
changes long before that, inattention, changes in
mood, visual and tactile illusions.  Even after
3648 hours’ sleep loss has procuced noticeable
effects,

Another possible link in the ehain of metabolic
events has only recently been discovered by scien-
tists who have been exploring 1he body’s reaction
tu stress.  During sleep loss, as the Lafayette
group has indicated, the energy metabolism first
acts on an emergency basis as if sleep loss were
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o stressor like insulin. After stresses such as
fright or frustration, changes in hormonal output
and noradrenalin can be detected in the blood:
corticosteroids that are secreted in extra quanti-
ties by the pituitary adrenal glands. There has
been considerable speculation about what part »f
1he brain tells the pituitary to shift into emergency
production. The suggestion of another biocheni-
cal link in the metabolic and mental changes of
sleep loss had its roots in a discovery of a brain
region in humans that may take part in issuing
the command for the extra production of stress
hormones. Dnring the early 1960's, Dr. Arnold
Mandell and a team at UCLA found an eleva-
tion of corticosteroids in epileptic patients who
had undergone presurgical exploration and had
received gentle electrical stimulation in the amyg-
dala, a portion of the brain that is frequently in-
volved in temporal lobe disease. The amygdala,
far forward in the brain, seerried to play some part
in tlie neural command system by which the adve-
nal-pitvitary glands are induced to pour hormones
and stimulants into the blood during crisis, ‘This
finding led to a further exploration of the chemis-
tey of stress. Using normal volunteers, nnder
mild stross, they injected ACTH, which acts as a
hormonal stress and is indeed one of the pituitary
hormones. ACTII stimulated adrenal production.
Moreover, wlien the blood and wrine were put to
cheinical analysis, & new and previously unknown
substance had appeared. This chemical was re-
peatedly produced by artificiaistress. It belonged
to a family, the indoles, related in structure to
serotonin and I.8D-25.  Subizequent studies were
to demonstrate that this indole—signal of stress—
might appear in the blood even before there was
any elevation of stress hormones, possibly preced-
iz the emergency action of the pituitary-adrenal
glands in some instances, and poszibly signifving
a separate biochiemical systern operating in stress
(Mandell et al., 10463).

Studies of normal people under food or sleep
deprivation followed. When  volunteers went
without food for 2 days there wasalmaost nosignif-
icant. rise in stress hormones, hut the indole ap-
peared.  After only 48 hours of sleep deprivation
the indole was detectable, slthongh stress hor-
mones increased after 24 homs. Shonld this
stress-responsive indole have psyciotomimetic ef-
fects like LSD, and increase during progressive
sleep loss, one might expect that it plays a role in
the heliavorial changes observed (Mandel, et al,,
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in press). This new evidence of biochemical
change, during early sleep loss, again suggests a
link between sleep, metabolic procesces, and symp-
toms of mental illness. Becanse it is so vague, the
word stress is usually avoided in describing sleep
loss and other events. Looked at as & chemical
signal of stress, in some colloquial sense, however,
the appearance of this indols snggests that sleep
loss, like other stressing events, causes biochemical
reactions that may be clues to the etivlogy of men-
tal illness.

The biochemical traces of prolonged sleepless-
ness have been explored only recently in human
beings. The weakening impact of sieep loss—the
fact that it produces confusion, disorientation, and
even delusion—must have been known throughout
history. The standard trick of the villainons has
heen to deny captives sleep (West, 1957). This is
still a tool of the police in extorting confessions,
and an inherent part of some nilitary interroga-
tions. DBeecause protracted sleep loss can produce
psychotic sympforrs that are erased by a period
of sleep, it has heen said to break the will without
leaving scars, providing one of the cheapest, most
traceless and humiliating forms of torture. Ap-
parently, it has been one of the more successful
techniques of Communist interrogators, and the
subjective agonies of the transition to exhausted
unreality are well known as deseribed by Arthur
Koestler in “Darkness at Noon.” DIresumably
sleep-loss psychosis ocenrred among some of the
U.S. fliers in the Korean conilict: people who
signed confessions of germ warfare and eould not,
later, account for their onn behavior. The leeched
and hollow-eyed suspicious stare that has char-
acterized the faces of many sleep-deprived volun-
teers has been seen by everybody in the trial photo-
graphs of the tragic Cardinal Mindszenty, who
presumably sufTered continued sleep loss and inter-
rogation hefore he pnblicly confessed to being a
spy. The faet that protracted sleep loss can induce
effeets like those of a temporary psychosis—dis-
orientation of time. place, person, and identity:
confusion. inaftention, visual illusions, hallucina-
tinn, and delusional thinking--has provided a tool
for exploring mental illness experimentally from
many sides.  During the last 10 years many new
tools have been added to the scientist’s armamen-
tarium, so that behavior, KEG events, physio-
logical changes, and metabolic changes can be
correlated.
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Psychological Changes

The psychological changes observed i5 sleep-
starved people surely prompt questions about the
relation between fatigue and moral behavior. No
studies have been designed specifically to probe
this point, although, indeed, sleep starvation ap-
pears to produce some behaviors that might be
considered a weakening of moral character. Long
before the appearance of gross psychotic symp-
toms, for instance, an individual experiences sheer
fatigue and will start to economize on museular
and intellectual effort to shift from one activity
to another whew left to his own devices and in-
dulge in listless and transitory social interactions.
(Murray ct al., 1958, 1959). As one laboratory
study suggested, & person may begin to take the
easy way out, choosing the strategy that demands
the least of him. Although this indication of lazi-
ness says nothing ibout moral decisions under
fatigue, it suggests that the study of sleep loss
may have many social implications. The world
might, indeed, be different if everyone got 9 hours
sleep, and if key decisionmakers were not among
the least rested members of society. Such specula-
tions nmst go unexplored for the moment, but
there is a large body of information of great social
relevance, in the thorough behavioral studies con-
ducted in the laboratory of Harold L. Williams
at Walter Reed.

Sleep Loss and Performance

These studies begin to answer some very prac-
tical questions about man’s ability to perform
whila deprived of sleep, at the same time exploring
somo of our most basic questions—why we sleep,
and what happens when we don't. Under the re-
current exigencies of combat or work deadlines
people are not ordinarily deprived of sleep for
10 days at a stretch, But 3, even 4 day vigils have
occurred in battle, among seamen, and profes-
sionals. At Walter Reed, during 1956 and 1057,
a first group of volunteers was kept awake for 3
days (72 hours) while a second group attempted
4 days of unremitling wakefulness, The point of
the studies was not to push the men to the limit
and examine psychological abnormalities, but to
examine thoroughly their abiltiy to perform cer-
tain tasks. The volnnteers, all of them young
atmy men, lived out their experimental period in
a well-equipped hospital ward, attended by nurses
and cot psmen, and were subjected to the same bat-
teey of tests at the same hour eachi day. The staff



maintained a 24-hour watch, keeping drowsy vol-
unteers awake; food, coffee, and recrestional facil-
ities wers amnply provided at all times. This was
an unharrassing setting und permitted companion-
ship and some esprit. As the sleep loss progressed
the nen reported increasing irritation with their
eyes and vision, a few suffering illusions such as
the apparent vision of steam rising from the floor,
colbwebs, or hair in milk. Intrusive thoughis, or
fantasies, the hatband illusion, and time distortion
occurred. From outside one might have said that
their mental processes were slowing down. They
would Jose their train of thought, make mistakes
in speech, soinetimes meandering off into a fantasy.
As they filled the long hours between tests, the
young men quickly shifted frotn reading and play-
ing complicated games to desultory conversation,
avoiding intellectual effort (Williams, Lubin and
Goodnow).

Most people realize that it is advisable t{o avoid
driving a car, flying a plane, or performing cther
manipulations that require split-second reactions
if they have been deprived of sleep. Safety man-
uals sometimes say that reaction time slows down
with fatigue. After about 30 hours, as the Walter
Reed subjects showed, reaction time hecame very
uneven, A man might take three times longer than
nornal, on the average, to respond to a signal, but
at times he would react quite as rapidly as he had
before sleep loss. Sometimes, however, he would
take a very long tine tc react. Ile was not sirply
and steadily slowing down like an unwound clock
as sleep loss went on, but he seemed to be missing
signals altogether, growing progressively more un-
even cn veaction time tasks. The net offect 1right
havelooked like a radieal slowing of response time.
In fact, the volunteers were progressively experi-
encing nore and more lapses of aliention in which
they utterly faiied te get the signal.

Tteaction time tests generally veqnirve a subject
to press a button or perforin a maniputation when-
over a certain sitmal oceurs, but the subject Las no
control over the pacing of the signals.  As the
Walter Reed team began to distingmish letween
tho tasks that cuflered most during sleep loss and
those that scemed rezistant, it became clear that
sleep-starved people did far better when they were
allowed to zet the pace themselves. They could,
for in<tance, maintain aceuracy in solving prob-
lems. Nlowed to take as much time s they
wanted, the volunteers conld add pairs of numbers
acenrately (Loveland and Willinms), If pressed
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to add rapidly, yet accurately, the subjects man-
aged to do arithmetic correctly by finishir g fewer
problems. They could not sustain accuracy and
speed. A person who could set his own pace per-
forined far better than he did when paced by
somebody else.

When playing a communications game in which
one volunteer issued orders and another executed
them, the person issuing the orders made fewer
errors than the subject following them. As sleep
loss progressed, however, both mnade more errors,
and by 70 hours into their vigil they doubled the
number ef errors they had made in a rested state
(Schein, 1957).

A wealth of eminently practical information
emerged from the Walter Reed studies, and al-
thongh this wes not their most important contri-
bution, it is worth reciting some of the results. In
the initial studies, monotony seemed to worsen the
performance of the sleep-starved volunteers, yet
upon further testing it appeared that monotonous
jobs such astracking an uncertain signal generated
mere errors than highly redundant yet tedioss
tasks. Accuracy of scanning could be maintained
Ly sacrificing speed. Performance could be im-
proved if the person received feedback, telling him
tho resnlts of his moves, Ineentive also iinproved
performmance. So did a challenging and competi-
tive task. R. T. Wilkinson, of Cambridge, Eng-
land, tested a gamec that simulates a naval battle,
and found that sleep-starved subjects performed
well despi*e fatigue. On 1he other hand, progres-
stve sleep J-ss took its toll when a person had to
cope rapidly with added increments of informa-
tion; for instance, a voluntcer could rapidly sort
cards into 4 categories under progressive sleep loss,
but conld not speedily sort them into 10 categories
(Wilkinzon, 19Gt). With progressive sleep loss
the volunteers became ‘ess efficient at optional
tasks. When playing aga'nst the standard slot ma-
¢t ine, for instance, the narmally rested volunteer
tried to vary his moves so asto “heat™ the machine.
However, early in his vigil the same man would
adopt a rigid and predictable strategy, no longer
(ry 2 to keep inmind past plays that might reveal
tho machine’s program. Tt was as if he no longer
cared and were alternating his choices in the man-
ner that cost the teast niental effort,

Porformance was not the same at all times of
day and night, tut tended to show the most de-
terioration in the early morning hours during the
1nw point of the daily temperature cycle, improv-
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ing during the next day, afternoon and evening.
This daily temperature eycle became slightly ex-
aggerated during sleep loss, and the volunteers
felt most fatigued during their periods of lowest
temperatuio. Symptcms, lapses of attention, in-
trusive thoughts, illusions, skin sensations, and
dreanlike experiences also clustered roughly be-
tween 5 and 7 a.m., when the person would ordi-
narily have been sleeping. The volunteers also
showed a different rcaction to background noise
when they were sleep-starved (WVilkinson, 1963).
Normally, a rested person will fare worse at a vigi-
lance task when there is & hissing nuse in the
baeckground, but this hissing seemed to improve
the performance of the sleep-starved.

At first glance, there is something very strange
and inconsistent about the behavior of sleep-
starved people as it has been described in the liter-
ature. They can read vet find it difficult to follow
simple orders. Peter Tripp managed to organize
and conduct his daily broadeast, yet found it hard
to perform simple tests. Volunteers might react
swiftly to a signal in one instance, yet utterly miss
8 signa! the next time. A crucial test of sustained
attention was used at Walter Reed and high-
lighted the nature of this seemingly strange com-
bination of incapacity and ecapacity among the
sleep-starved. This was the Continuous Per-
formance Test designed by Rosvold ard Mirsky of
NIH (Mircky and Kornetsky, 1964). The sub-
joct merely had to press a lever whenever a par-
ticular sequence of letters appeared amongst a con-
tinuous parade of letters across a screen, or when
a sequence of sounds was heard among a continu-
ous train of sound; or when a particular vibration
occurred among others. As sleep loss progressed
the subjects made more and more errors of omis-
sion, whether the signal was visual, auditory, or
tactile. Theso lapses were a key to his progres-
sively uneven performance on other tests—for ho
was wissing things.

These lapses in attention had been observed be-
fore, and <tudied by Bjerner and Liberson. The
brain wave recordings of Walter Reed volunteers
soon indicated what had been happening. A sub-
ject, weuring electrodes, could perform a tactile or
auditory’ vigilance task while reclining with his
eyesclosed. The EEG record taken at the titne of
his lapses showed (hat the characteristic alpha
rbythm of wakefulness had slowed down. For
biief mcments, perhaps 2-3 seconds, bursts of slow
waves appeared, resembling those cf sleep. The
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person seemed to have experienced a brief seizura
of sleep, which has long been referred to as a
microsleep (Liberson, 1945). Thus a pevson, set-
ting his own pace, might slowly but accurately
solve & problem or read a paragraph—but if the
text were read io him, a microsleep might cause
lhim to miss & word or phrase and thereby to mis-
understand. He might miss a number and com-
pute incorrectly. On a scanning task, he might
miss & signal on the radar screen—and from an
error of omission, be led into an error of judg-
ment and action. Microsleeps beeome more fre-
quent as sleep lose continues, interfering with o
person’s reception of outside information.

These transient lapses have not been blamed for
peculiar psychological eflects, and & humorous bio-
graphical incident in the writings of Mark Tywain
suggests that microsleeps might be blamed for a
host of superstitions and reported apparitions.
In his manuscript “Mental Telegraphy,” Twain
recalls watching a stranger approach his house,
and then vanish. Twain, convinced he had scen 1
bona fide apparition, hurried to the spot, and then
inside. He found the man sitting in the inside
hall, having ri.ng and been ushered in by the serv-
ant. Not having scen this, T'wain coneluded that
he had been asleep or totally unconscious for about
60 seconds, while the man rang and entered the
house, If the man had gone elsewhere in the
house, instead of waiting in the front hall whero
Twain could see him, Twain confessed. *. . .
thirty yoke of vsen could not have pulled the belief
out of me that I was one of the favored ones of
carth, and had scen & vision—-while wids awake.”

Slieeping on one's feet is no myth. Where long
vigils are essential-—as peshaps in an industrial
mission, & space trip, or a military operation—it
scems clear that self-paced tasks, group tasks with
inherent compatition, and higi incentive tasks are
to be preferred over sentry duties, snrveillance, or
monitoring for sleep-starved personnel. Inecreas-
ingly frequent microsleeps, the influence of the
temperature cycle, and evidence for a rhytlimic oc-
currence of dreamlike intrusion in 90-120 minute
intervals provide some new guidelines by whieh we
can now design the tasks and work schedules of
people »n long and potentially sleepless duties.
Wo are only just beginning to realize that sleep re-
quires the same kind of attentinn we normally give
to the logistics of food, sanitation, and other
essentials.
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Summeory

The study of sleep starvation to date has under-
scored a number of factors worth restating. Pro-
gressively, as sleeplessness is prolonged, a person
suffers sensory disorders—illusions of visual and
tactile sensation that may eventually develop into
hallucination. Lapses of attention, microsleep in-
tecvals become frequent, There is a tendency to
withdraw from acti:ity, to become disoriented in
time, and place, and person. 'Tlie extent ~f the ef-
fectz are influenced by many environmental fac-
tors, but psychological symptoms may be related
in their intensity to the mental stability of the in-
dividual. Age seems to be a significant factor,
and there is some evidence that it is casier for the
young to withstand and recover from long vigils.
As reflected in the brain wave patterns, a charac-
teristic effect of sleep loss is the slowing of the
vaking alpha rhytihm. Reduced responsiveness
to sensory stimuli occurs on autonomic measures,
although heart rate, for example, has been found
to bo somewhat accelerated. Stress hormones in
the blood show an elevation very early in slecp
loss, and signs of biochemical changes occur with-
in 48 hours. 'The energy metaboiism of the body
is altered, showing a severe decline at about 120
hours and coinciding with the onset of psychotic
symptoms.

Although a single night of sleep appears to
erase most of the symptoms, there is no saying at
this point what subtle traces mnay persist, nor how
these may be related to the age and usual ; ental
statc of the slcep-starved individual. Tha effects
of chronic sleep loss are almost unknown, and we
do not now know how a habit of reduced sleep
may influence waking performance or lifelong
health. EEQG studies of voluntcers on schedules
of restric.ed sleep have shown that there is one
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immediate viTect, an alteration in the person’s
‘usual EEG pattern of sleep (Sampson. 1965;
Webb and Agnerw, 1963). Eight young m:n in &
University of Florida experiment cut their sleep
to 8 houss a night for 8 days. During these nights
their sleep was not simply a miniature, a com-
pression of their usual nightly pattern, for they
spent sbout as much time as usual in deep stage
4 sleep, at the expense of other sleep stages (Webb
and Agnew, 1963). As this study progresses, it
may reveal whether a habit of reducing sleep pro-
duces behavioral effects, and whether there are
cumulative disadvants ges.

Surely the behavior.l studies of sleep loss per-
formed at Walter Reed suggest that, however
subtle, the effects can De socially and individually
undesirable. Among the least mentioned is the
intense desire to sleep in people who must, for
whatever reason, stay t.wake for long periods.

Must we sleep for long periods, or could we
train ourselves to naf ¥ Do we need a certain
amount of sleep for sanity and health, or could we
reduce sleep radically? Theso questions have not
been answered by experiments in slcep depriva-
tion, although soine >f the studies have been
undertaken in order to detertnine changes in
metabolism or other biochemical events that may
reveal how sleep is ncrmally controlled. For a
stort they hav s shown that sleep loss, and the con-
tiuuing activity of wakefulness, incur biochemical
changes and metabolic alterations, and these may
bo related to the coincident pathology—the tor-
turcd and psychotic bchavior that has character-
ized most of the severcly slesp-starved adults ob-
gerved so far. Sleep loss induces a variety of
abnormal symptoms in otherwise normal people,
and it is interesting to note that sleep disorders,
notably insomnia, are commonly precursors to
acute episodes in the mentally ill.
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Thinore the night-skirts left behind
By doybreak Lours that onward creep,
Anthingalas! the shred of sleep

That wavers vith the spirit’s wind . . .

Dante Gabriel Rossetti

Silent is the house: all are laid aslcep:
One alone looks out o'er the snow-wreaths deep

Emily Bronte

Chapter 1V. Sleep Disorders

The very symbol of peace and well-being is the
silence of a darkened town asleep; it is a lonely
fizure in a lit window who may be in tronble.
The he:lthy, the fortunate, succumb to sleep cas-
uwily, necepting it as naturally as breath, enjoying
a respite from worry, yrief or pain, and awaken
refreshed. Without this nightly suspension, the
wealthy are poor and the poor destitute. The in-
ability to sleep, or stay awake, or a diserder in the
recucrent cycle of sleep can become a torment and
disrupt a life with appalling speed. Sleep dis-
orders can alter a person’s mood and beliavior to
a degree that is often ignored, and mood, activity,
and environment play their patt in altering sleep.
Sleep disorders are a concomitant of many mental
illnesses, and it las been said that anyone who
visited the wards of a mental institution at night
before the wide use of tranquilizers stepped into a
hying hell.

Fl:» most common sleep dizorders are tho-c that
accomuany a physical or mental discase, but
there are others, characterized hy inappropriate
sleep, snell as narcolepsay, encephalitis; and certain
forms of cpilepsy. Studics of these varions sleep
abnormalities have enligh tened some of onr speen-
lations about the normal mechanizms of sleep, and’
have wnderscored the fact that sleep 1s not an izn-
Iated cvent, bat part of a raythim that invelves
the entire persen, his hedy chiemistryg his mental
outlon's, his hebavior, his cwotions ard his
cuvirent ent.

Insomnia

Insomnia, whether real or imaginu y, has be-
come o widespread that it helps keep the drug
companies in business, especially in large cities
where tran uilizers and sedatives are conswuned by
the trainload. Most adults have had diffienlty
falling asleep in times of trouble or worry, and
during the fever or pain of an illncss.  Elderly
people and depre~sed patients often find that they
awaken long before they wish, in the dawn or
predawn hours.  In its muny form, insomnia
probably constit “¢s one of mankind's most subtle
torturcs, but meny peaple apparently think they
are tormented with insomnia at times when they
are actually asleep.

To date few studies of insomnia Ji>ve been con-
durted in the sleep laboratory, One of these, per-
formed in the 1040's by Dr. W. T, Liberson,
sliowed that insnnmiac patients alternated hetween
periods when theiv brainwaves showed the large
waves of sleep, and perviods giving patterns of
alertness.  During the brief episode of sleep the
patiznts would snoreg but Jater deny havingr <lept,
presumably beciws: e of the rapid alternation with
alertuess. Nurses, having heard the snores, would
inxist that the patient had been slerpingr soundly,

Durings the late 1950%, Dr. Arthor Shay.ire, at
New York's Downstate Mcadieal Center, cecorded
the nightlong TIFGs of ceveral professed in.
somnizes.  Neveral volunteers compliined thiat
thev ool ot =lept vory machall nieht, bt thar
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brainwavesfindicated that they mmst have been
asleep, drearning they were awake, Since that tinie
a number of laboratories have seen instances of
“wakefulness” during which people were actually
sleeping.

Perhaps the most startling confusion of sleep
and wakefulness took place in the Univetsity of
Chicago Sleep Laboratory in late 1963 when Dr.
Allan Rechtschaffen and his associates were track-
ing the process of falling asleep. In this pilot
study, subjects went to sleep with their eyelids
taped half-open. When theiv EEXGs indicated
the first stages of sleep, a lighted object was held
before them. A few seconds later they were awak-
ened and asked about their thoughts. In a
sequence of many such awakenings one subject
never saw the illuminated comb or cap before his
eyes, but persistently asserted that he had been
alert and wide awake—thinking. 1Iis thoughts
wers fragmentary images, often revembling brief
dreamns.

An interesting and detailed study of the drowsy
state has been performed by Drs. W. T. and Cath-
ryn W. Liberson of the Stritch School of Medi-
cine, ITines, 111, They, too, have found the distinct
ELG patterns of drowsiness in people who denied
being drowsy and claimed they were just think-
ing. The eyesbegan to roll slowly during the first
onset of drowsiness, increasing for seme seconds,
and then diminishing and disappearing as sleep
spindles appeared on the BEG. As the drowsy
patterns invaded the EEG, even subjectively alert
subjects showed a sudden shift in attention from
present reality to vague thoughts of the kind
everyone experiences in the midst of daily ae-
tivity. The Libersons have suggested that it
might be a binlogical necessity to blur the environ-
ment occasionally, entering an intermcdiate state
between vigilanee and dreaming  (Liberson and
Liberzon, 1963).

Other voluntcers in the laboratory of Dr. Don-
ald Goodenough have asserted they were awake
and thinking when aronzed frem a dream periof]
following a long interval of sleep, They have re-
ported--as thoughts—Jong «nl hizarre dveam nar-
ratives, and their subjective confngion of sleep and
waking may cugrgest that they sleep “lightly,” for
they have explained that they could eontrol thieir
dreamtike thoughts in the mamier of daydreams
and were aware of sonnds in the room, sneh as the
nnize of anair conditinner,

Imaginary in-oinnia is no joke ta the per-on

3

ERIC

Aruitoxt provided by Eic:

wlio exacerbates his problem by growing tense
over lis stpposed inability to sleep; and its pos-
sible causes are of great intercst. A study
performed by Lawrence Monroe, which is swn-
marized ir. a Jater chapter, indicates some of the
striking pliysiolazical and XEG differences ainong
individuals, charecterizing what has loosely been
called goad: and poor sleepr.  These seem to be cor-
related with personality factors and health. Ac-
cording to the data collected so far, it does seem
that peopls vary considerably in the “depth” of
their sleep, and that some people may retain
greater contact with the outside world and sub-
jectively feel awake at times when they think they
ars in control of their dreamlike experiences and
thouglts.

People hospitalized for the treatment of depres-
sive illnesses; have shown generally abnornal
sleep patterns as jundged by IXXG recordings
(Gresham et al., 1063). Indeed, EEG records of
sleep have been seen, so abnormal as to be hard
to iuierpret by the usual KEG guidelines, and
these were thie sleep records of persons with severe
classic depressions (Hawkins et 21, 1965).

An early stndy of depressed patients witl: sub-
jective insomnia indicated that these people took
longer to fall aslecp than their normal counter-
parts, and moreover, speut twice as much time in
a light phase of sleep from which people usually
report dreaming or thinking (Diaz-Guetrero ct
al, 1916). Nurses in hospitals have observed
patients who lay metionless in apparent sleep, yet
climed they were awake, These people seem to
sleep ina higher than normal state of physiclogical
and neural aronsaly and it has been suggested that
the fault may lie within an arousal or vigilance
syatem of the brain, partly located in the brain
stem reticn’.r toymation near the hase of the skull.
Why do thesa people comploin?  Why do many
of them feel unrested? Does light sleep prevent
the body from metabolizing energy in snflicient
quantitios?  The answers to these questions are
unknown at present, but it is rcasonable to assume
that many of these people suffering imaginty
insomnia are not exaggerating when they complain
of insnflicient re=t.

A Nevural Pacemaker

Subjective insomnia may, in some cases, reflcet
a subtle sleep disorder that has nothing to do with
inzomnia. strictly speaking, but may instead reflect
an unstable ehifting of ti.e nightly 'eep pattern
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Instances of instability, a restless shifting of the
EEG phases of sleep, werp ioted in deprassed
patients who thought themselves wakeful (Diaz-
Guerrero et al.). The possible source for this
apparently abs ormal cycle was recently under-
scored by UCLA sleep studies of epileptic patients.
A number of epileptic patients or people with
intolerable motor disorders have undergone pre-
operative examination by means of electrodes
deeply implanted in the brain, Among them, two
patients showed a bizarre KEG during sleep,
They oscillated between the lightest stages of
sleep, at 10-minute intervals, never showing thz
brain wave patterns of deep, stage 4 sleep. Both
of these patients had severe damage in the tem-
poral lobes and showed seizures that were gener-
ated in the hippocampus and amygdala. This
observation is of great interest, for *he amygdala
is known to be associated witli emotion, with inte-
grative brocesses, perhaps with shiort-term memory
and pituitary stress mobilization. Now there is
evidenco that the amygdala may regulate the pro-
portions of sleep that a person spends i~ the sev-
eral EEG phsses.

Adey and his associates at the Space Biology
Laboratory of UCLA have found that a chim-
panzee’s sleep closely reserables man's. In studics
of implanted ehimpanzees, the investigators noted
spindling patterns from the amygdala during
REM sleep, an unusual pattern that has sinee been
scen in implanted patients, but not in other
animals, In recent experiments with monkeys,
moreover, the experimenters disconnected the
amygdala and found that the animals now spent
a different proportion of their sleep in the several
LEG stages.  If tlie amygdala plays come role in
apportioning the EEG states of sleep in men, in-
vestigators may be able to track a number of sleep
disorders to their neural locus.  The new evidence
suggests that while graded sleep stages in lowel
anitnals may be governcd in deep subcortical re-
gions of the brain, man and infrahuman rimales
have evolved a shift of these contiols so that the
site of the mechanisms governing sleep liave moved
into the forward regions of the brain near the
cortex, ‘The amygdala, a small bulge of tissue at
the front end of each temporal Inbe, hus long heen
aconcintell =ith emotion.  If this vegion partic-
ipates in the pacing of the stages of leep, we may
Legin to uncover the neuropaysiclogical linl: he-
tween emotional difficulties and sleep disturbances.

Sleep Oisorder and fAcnial lliness

Because sleap isorders and mental illnesces
almost inevitably occur in concert, sleep disorders
liave become a cua for clinicians in diseriminating
Letween simnilar forins of mental illness.  If typed
by sleep symptums, depressed patients, for in-
stance, appear to fall into thiree distinct categories,
Some people oversleep in what we have often dub-
bed escapism. Others become too anxious and
agitated to fall asleep at night, Still others fall
asleep easily but awaken too early in the morning.

Drugs also discriminate between types of ill-
ness. Intreating depressed patients who, by clini-
cal classification, are anxious ratlier than hostile,
certain drugs are far more cffective. One kind
of drug that has particularly benefitied some soni-
nolent and anxious patients is a chemical that in-
terferes with a complex chemical chain that de-
stroys norepinephrire in the brain—the monoaniine
oxidase inhibitor. Oue such psychis energizer,
iproniazid, has enabled several depiessed patients
to function well for over a year on 3—4 hLours of
sicep, possibly by promoting more efficient brain
metabolisn and reducing the need for sleep
(Bailey, et al,, 1959; Kline, 1961). The differing
sleep patterns and drug responses of depressed
peopie suggest that we have lnmped several dif-
ferent ailments under a single name. Further
study of the normal chemistry and neurophy-
siology of sleep may, indeed, help us to ascertain
the physical components of the moods and be-
havior of these various patients.

Surely sleeplessness, or complaints of restless
sleep, have become warning signals for the physi-
cian. Many mental illnesses and suicide altempts
are herulded by tronlled sleep and a visit to the
doctor for sleeping pills. The connection between
metical illness and disorderd sleep is plain in any
mental institution at night when, despite teanquil-
izers and sedatives, the hours of darkness become
filled with restlessness, noctuinal terror, agony of
mind. Tt is only in recent years, the last three o
four, that sleep studies have Leen lanneched among
the instititionalized in the hope of understanding,
predicting, and controlling symptoms that ave cor-
related with unusual slcep patterns,

A survey of several hundred hospitalized pey-
chiatric patients has indicated that wbout 70 per-
cent of then experienced sleep disturbunees before
they were admitted for treatinent. They either
foll asleep with diftenlty and o .LLened Jduring
tho night, or had a pattern of nwakening very
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early with the feeling that they had nct slept
soundly; two patterns typical of depression.
Many of them resorted to medical help because
of their insomnia, and were administered tran-
quilizers or sedatives. Interestingly enough,there
were nmore suicide attempts among the patients
receiving sedatives or tranquilizers, than smong
those who were given antidepressants. In addi-
tion, patients who said that they had been dream-
ing less, or that they had stopped dreaming, alse
showed a tendency to attempt snicide (Detre, et
al., 1965).

At St. Elizabeths 1ospital, t1ie Federal hospifal
of about 8,000 paticnts in Washington, D.C, &
teant of NIH doctors has undertaken a long-texm
study of the sleep of psychotics and elderly people
swffering chronic brain syndromes {Feinberg,
Koresko, (ottlieb, Wendar). Here, volvnteer
patients live for several weeks in a special ward
where they adjust tn the iaboratory, get acquainted
with the staff, and are under continuval obscrvation.
A very simple procedure has enabled the doctors to
follow progressive sleep disturbance and predict
behavioral deterioration. A laboratory attendant
makes a half hourly chieck on each patient all night,
noting - wether the person sleeps, is awake, or isin
an indeterminate state. The resulting chart has
produced a striking pattern. The number of awak-
enings during the night, or the asmount of
insornnia, is easy to measure and does predict de-
terioration. Sleep deprivation experiments have
demonstrated that lack of sleep, alone,can produce
deterioration in Dbehavior—even symptoms like
those ¢ | psychosis—and that sleeplessness is ac-
companied by biochemicalehanuesinthebody. Tt
is not surprising that sleep loss, even relatively
*1ild, shiould exacerbate tne symptoms of psychotic
paiients.

In schizophirenic patients, the leep pattern mauy
enable an important diagnostic distinction. Some
patients do rot suffer sleep disorder before a
breakdown but sleep like habies. This group, va-
like the luiger group of schizophrenics, is little
helped by tranquihizers. D’ossibly the symptoms
suffered by these people have roots in different
neural mechanizms. In the great majevity of
sehizaphrenics, for whom tranguilizers offer real
relief from symptoms, acufe episodes are vaualiy
preeeded by inereasing insammia, and it has heen
postulated that these natients sntler from excessive
activity in the arousal system of the bLrain.
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In an EEG study of 22 patients, the St. Eliza-
beths’ team has observed a great 1estlessness in the
sleep of schizophrenics that is characterized by
turnings and twistings of the body. Hallucinating
schizophrenics have also shown unusual amounts
of eye-movement activity during their dream
poriods, and while this may have little to do with
visual imagery, it again suggests a high state of
oxcitation, possibly within retizular activating
mechanisms. The elderly people who show signs
of discrientation and confusion and who cannot
remember recent cvents have also been distin-
gnished by different sleep patterns. Some show
a great deal of REM activity, but others show
abnormally little. Two volunteers, whose sleep
was particularly light, awakened during dreains
in the laboratory, ripped the electrodes from their
heads and wers urgent to leave the hospital for
“an appointment.” These two people showed a
great deal of eye-movement activity during REM
sleep, suggesting hyperarousal. Furiher studies,
correlating sleep patterns, behavioral symptomns,
and responses to drugs may lelp to define what
is now a rather vague designation of arousal
(Feinberg et al,, 1064 ; Koresko ¢t al., 1963).
Common Disorders

Insomnia, restless sleep, or distortions of the
sleep rhythm as depicted by EEG fluctuations are
undoubtadly the most common and often the most
serious complaints that come under the heading of
disordered sleep. Many other sleep behaviors,
lLiowever, come to the atiention of the family phy-
sician. Some of these are miisances, such as snor-
ing and sleeptalking. A well-known annoyance,
bedwetting, is relatively common among preado-
lescent children, oceurring in about 5-15 percent
of them, according to one estimate. Adult enu-
resis is surpri ingly frequent, ocenrring in perheps
2 pereent of the population. The Army, an admit-
tedly selested population, has fcund bedwetting in
alnut one man in a hundred. Until recently it was
generally assumed that wetting occurred during
dreams, perhaps as the result of dreams, hut cur-
rent nightlong EEG studies demonstrate that this
is not =0,

Drs. Chester Pierce and Roy Whitman, work-
ing at the Cincinnati Medical School found that
enuretic boys »f 5H-0 and adults 17-21 generally
skipped the firt REM eycles, possibly hecause
they were naccustomed to sleeping in the labora-
tery. Their wetting oceurred in the deepest siage
of sleep, staze 4. Tira, David R. Hawking, George
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Thrasher, and Jimmy Scott at the University of
North Carolina, have shewn that wetting occurs
in several stages of sleep—-generally just before &
dream episode, and least frequently in REM peri-
ods, a finding confirmed by Broughton and Gas-
taut (Gastaut and Broughton, 1964; Hawkins et
al,, 1955). Children 1n the studies had generally
shown gross body movements prior to wetting, and
when awakened reported no dreaming, althongh
apparently dreaming often followed. If many
sleap disturbances scem to signify arousal, enu-
resis by contrast seems to occur in heavy sleepers,
childrea who are often hard {o awaken. Physio-
logical recntds taken in the Cincinnati studies
show that the enuretic child frequently has other
disorders, some showing EEf abnormalities, some
sleepwalking, many enduring urinary complaints
such us pressure, overly frequent need to urinate,
even pain. These supposedly healthy children
also had an unusually high nitrogen content in
their urine (Pierce et al., 1961, 1963; Saint-Lau-
rent et al,1963). A drug that effe.tively lightens
sleep, imipramine, has looked promising in getting
children to stop their bedwetting, but it also pro-
duces aniiritated moed.

Teeth-grinding (bruxism) and head-banging,
by contrast, appear to happen mostly during
dreaming sleep. Teeth-grinding seems to be a re-
sult of nerral contractions occurring in the mas-
seter muscles during REM sleep but is particu-
larly forceful among tense persons (Ileding et
al., 1061).

Somnambulism

Sleeptalking and snoring are annoying to others
but relatively harmless, while bruxism often causes
dental problems. One of the most ecrie and fas.
cinating of sleep behaviors—sleepwalking—is not
always innocuious to the performer. Sommnambu-
lists have been knossn to perform remarkable
feats—to siride across narrow walls, pick their
way througlt furnitire and negotiate around ob-
stacles withowt Larm. Some, however, have
jumped out of windows, like the youne wamnan,
recently dezeriled in a newspaper report, who was
found in the stieet with broken legs. As she ex-
plait d to the police, she had a vivid dream of
eloping with her fianeé and had merely opened
the window and stepped onto the ladder, which
unfortunately exizted only in her dream. Many
of these weirl occnrrences have heen assaciated
with trammnatic incidents, like the nightly stragela
of ot French marvine who rebattlad a fire and
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mutiny at sea, colliding with chairs and tables so
violently that he wounded himself vistbl 7 in sleep.
And yet, upon awockening he felt he had slept
ealmly. Eecauss of its repeated association with
vivid dreams in the reports following the event,
somnambulism has been thought to be an enact-
ment of dreams. People raasonably expected that
it would occur during the REM phase of sleep
associated with vivid dreaming, a period when the
scalp EEGs bear resemblunce to the waking brain
wave pattern, but until recently the cvidence re-
mained anecdotal, composed mainly of happen-
stance observations or reperts to clinicians (Riser,
1962, and many others).

An EEG study of somnambulizm, performed
last year by a team of researchersat UCLA yielded
the startling and provocative information that
walking did not occur in REM dream stages—but
in the deep, slow-wave sleep of stages 3 and 4, a
period not currently thought to be associuted with
intense dr~ams. This initial study was conducted
with 4 volunteers who had been selected from 25
sleepwalkers, children, and adults A special
eable permitted the subject to leave his Iaboratory
bedroom, while wearing Inis garland of electrodes
connected to the EEG machine, while ELGs
wero continuously recorded. Each slept in the
laboratory for 5 nights, and during this time the
nvestigators studied 41 somnambnlistic incidents.
In each instance of walking or getting out of bed,
the activity began in stage 3 or 4, and usually the
subject did not remember having moved.

As tho subjects moved around, the synchronous,
large waves of stage 4 diminished in amplitude,
progressing toward a lighter stage of sleep, and
another interesting brain wave configuration was
observed. During the actnal sleepwalking, a reg-
ular wave, resembling the alpha rhythm of relaxed
wakefulness, entered the brain wave pattern. Al-
though nornmially the alpha rhythin vanishes when
£ person opens his eves, this thythin did not vanizh
when the sleepwalker opened I's eyes.

The open eves of the subjects lent a strangs
quality to theirappearance, for they walked around
furniture and people as if they eonld sce—-yet
showing little sign of recognition or appearing
indiTerent. Their fures were blank, their feet
shufling, and they did not scem to perceive the
investigators although they Jooked at them. One
O-vear-old boy. whose hrain waves were heing re-
corded by biotelenel ey, apparently oblivions to the
presence of the scientists, wandeed into the nroni-
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toring room and, 30 feet to tha end of the labo-
ratory, entered a kitchen, retreated and entered
another belroom, and finallv returned to bed.
‘Ten wmninutes niter, because one of his ele.trodes
had developed a loose connection, one of the in-
vestigators awakened him in order to repair it.
The child remembered nothing.

Ti's study :nd one I“vench study give a first
glimpse of the somnambulist in aetion. His brain
waves more clsely resemble those of deep sleep
than those of .he waking state. Ifowever, they
are diflerent. This may point to another state
of vigilance apart from waking or sleep, a staie
in which there is usually reduced awareness of the
environment, but in which comp’ex and even vio-
lent acts requiring interaction with the environ-
ment may be performed (Jacobson et al, 1065).

Evoked Potentials

ow could a person see—take in visual and
other sensory information—at a lowered level of
vigilance and without remembering? Why dur-
ing stage 4 sleep? Quite a number of neuro-
physiological studies have oflered data that may
explain this apparent. paradox. One method of
determining how the brain responds to a signal
during each of the stages of sleep ir to sound a
click in the ear of the sleeping animal or person,
flash a light, or deliver a very gentle electric shock
throughout sleep. By performing the stimulation
repeatedly, and by superimposing the subsequent
brain wave records using an averaging technique,
it is possible to gain a clear picture of the charac-
teristic broin wave pattern that follows. This
evoked potential can tell something about what
parts of the brain are responding, how rapidly
they respond, how sizable the rezponse ig, and how
responses to any particular stimilus comnpare in
weking and the stages of sleep. Brain wave ve-
sponses to stimulation, obtained from animals and
from normal peoploe in waking and sleep, have
shown that ths heaviest cencoring of seizory stin-
ulation nmnst ozeur during waking aud K¥ M sleep.
In other words, the signals coming from specific
sensory channels produce less of a response in tho
EEG in waking and during dreaming than in deep
sleen.

There are indeed many differences ton vamified
for senmmary here.  However, it wonll scom that
the waking and REM dreaming Brain maintain
a foeus of attention by pralibitine nost of the
ez of sonsory signals from entering sianifi-
cantly info the  ain. Oy enongh, as iy in-

vestigators have demnonstrated, this censorship
seems to bo least strict during stage 4 sleep, If
the pathways from the sensory nerves accopt stim-
ulation to a greater degree in strga 4, one might
wonder why the sleeping individual is not dis-
turbed by the pressure of bedclothes, or his breath
on the pillow, or the sounds in the room. In ¢ol-
lognial terms, the explanation may be that stimu-
lation does not becoine sensation—it is not ex-
perienced—uatil it has been processed and inte-
grated by the brain.  Studies of evoked potentials
strongly suggest that these integrative functions
are not operating in their usnal way during stage
4 sleep. This evidence has been seen in several
specics of apiinals and in humans in studies con-
ducted by a mimber of scientists (Burton S, Ros-
ner, Jose Segundo, Raul Ifernandez-Peon, and
others).

In attempting to offer an anatomical hypothesis
to explain the EEG responses, two investigators
have phrased it differently. Dr. Hernandez-Peon
of Mexico City postulates the existence of neurons,
within or near the arousal system, that are essential
to conscious experience. If these brain celis are
inactive when the arousal system becomc s inhibited
during sleep, the brain might receive sensory sig-
nals yet never generate awareness, Dr. Burton
S. Rosner, at the University of Pennsylvania, does
not explicitly postuate “conscious experience neu-
rons.” However, o feels that the diminished
amplitude of the later portions of the EXG re-
sponse may mean that there is a functional change
in the brain regions believed critieal for conscions-
ness—the association area and diffusc projection
system of fihers from the core of the brain that
finally transmit sencory information to the cortex.
Thus the sleepwalker may indeed receive a bom-
hardment of sensory information, yet not “experi-
ence” anything.  Although any speculation on the
nenral organization underlying this strange phe-
nomenon is quite tentative, it does seem that stage
4 sleep may permit antomatic yet complex hehav-
jor—involving certain receptor and eflector sys-
tems--withont the nsnal invelvement of that
mysterions component that makes o responsive
brain also conscions.

Modern research toals and a vaviety of re-
coarches should help us to further penetvate the
perplexing phevomena of somnaialian and te
widerstand why it is so aften asociated with
vivid dreaminge  although studies so far linve indi-
cated that intense dieaming dovs ot vaally cecur,
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or is not recalled from stage 4 sleep. The fact
that sleepwalking is frequently observed among
enuretics, in whom urinary problems are comm.sit,
and who show unusual urine nitrogen content, and
sometilmes slight EEG abnormalities, may suggest
& biochemical factor.

We are just on the threshold of understanding
the metabolism and the neurophysiology of sleep.
Indeed, we still know little about. three very con-
spicuous diseases associated with sleep—enceph-
alitis, narcolepsy, and epilepsy.

Encephalitis

In parts of the world where sleening sickness is
common, a resistless drowsiness is a frightening
omen. Attacksof somnolence, lasting daysor even
weeks, may come from many causes, among them
brain tumors, lesions, damages from malaria,
chicken pox, German measies, syphilis, and other
high-fever diseases. The most dreaded sleeping
sickness of them all, howeyer, is encephalitis, which
is crused by a virus.  Although it appears in many
forms, it gencrally begins with fever, delirium,
sometimes to be followed by periods of agitation
and insomnia, then stupor and coma. The virus
raged through Europe during World War I, fre-
gently taking its grip after a weakening siege of
influenza. Tt inspired considerable medical re-
search, and Von Feonomo and cothers sought in
autopsies the site of the damage within the brain.

As the data accumulated from meny analyses of
brain tissue, it became clear that the ravages of tho
virus were not restricted to a particnlar small spot
in ths brain. Lesions, or what might be called
neural scar tissue from the death of brain cells,
were found in the hypothalamus, that portien of
brain just above the palate in man, which goveras
appetite, body temperatnre, heart rate, and emo-
tion. Depending upon the location in the hypo-
thalamus of brain cell damage, there could he
many different effects; and lesions were alzo found
in many « » portions of tha hrain,  Thus, sub-
sequent ¢ e bhegan to explain the array of
prepostenr s effects that encephalitis had wreaked
upon jts vitims. In som» instances the vietims
of the discase were known to sleep as long az 5
years, Thns encephalitiz, espeeially in an epi-
demie, ealled attention to the role of the brain in
causing sleep or wakefulness,

One sympton was particularly revealing, In
the afterm.th of fever, expecinlly amaong ehildren,
there was often a shifting or even a total inversion
of the diurnal sleep cycle, so that the patient snd-
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denly began sleeping by day and remairing awake
throughout the night. This sudden shift of sleep
and wakefulness in the track of a brain-dimaging
fever emplutically suggested that there was more
than converient habit to the sleep eycle of man.
Surely the cycle, however it was developed by
whatever training, had some residence in brain
mechanisms, perhiaps a brain clock that wonld
turn sleep on and off, so to speak. With his ob-
servations of hypothalamic lesions, Von Economao,
during World War I, postulated that the brain
must confain a sleep regulating center, and that
the hypothalamus contained one ares that induced
walkefulness, while another produced sleep. Thus
the epidemic of encephalitis, with all its frightful
abnormalities, inspired theories about the region
of the brain siem or brajn that must participate in
the normal regulation of sleep. [t was a striking
example of the woy in which abnormality of be-
havior may help the scientist to uncover the normal
process of behavior. Although the early theories
were inadequate, they generated what isnow inten-
sive nenrophysiological study of sleep regulaticn
in the brain (Kleitman, 1963).

Narcolepsy

Encephalitis is well krown by name at least
to the public, for it is a fairly common disease
in many parts of Asia, and outbreaks in Kurope
and the United States have generated a sizable
legend and literature. Most people, on the other
hand, have never heard of narcolepsy. Although
this curinous ailment had the status of an extremely
rare illness until recendly, it may not be rare at
all, for many people endure i*s symptoms with-
out having a name to call thein. Narcolepsy is
mainly ¢haracterized by a tendenzy to fall asleep
easily and at inappropriate moments. Before
their problems were dingnosed, a number of nar-
coleptics have fallen asleep at the wheel of a car
and crached into a building or tree. .\ more
frightening symptom of many narcoleptics is an
overwhelming, swoonlike reaction to intense emo-
tion.  Violent anger or laughter literally makes
them weak with emotion, and they may lose all
muscle tension, falling to the floor and sometimes
into a brief <leep that resembles a blackout. This
cataplexy afllicts about G0 percent of the nar-
coleptice.  Nleep paralysis is another disharbing
symptom : narcoleptics have reported awakening
Lat being vimable to move for some minutes.

People with these scemingly sinister symptoms
have gone to doctors, claiming they were epileptic,
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or even insane. Otlers, prone to napping, have
deprecated themselves for laziness. A great nuni-
ber of narcoleptics have souglit help from optom-
etrists, ophthalimologists, and oculists, believing
they needed glasses because they suffered from an
inability to focus their cyes (Keefe et al, 1960).
Actually this double vision stemmed from narco-
leptic drowsiness. There is no way of knowing
how many Americans suffer from narcelepsy, nor
how many industrial or auto accidents are cunsed
by sleep attacks. The ailment may, indeed, occur
in very mild form so that some people would be
relatively untouched by its symptoms. Drs. D.
Daly and R. E. Yoss of the Mayo Clinic have
studied narcoleptics of every degree of symptom
and feel that narcolepsy occurs ir: many degrees
of severity (Daly and Yoss; Yoss and Daly;
Ganada; Gastaut and Roth}.

A totally new understanding of narcolepsy has
been generated by the collaborative studies of Drs.
Allan Rechtschaffen, William C. Dement, and
George Gulevich, one which should erase the me-
dieval aura of fear about the syndrome. Follow-
ing a hunch that the symptoms were related to the
REM stage of sleep, the dream period, a series of
EEG studies were undenaken. One early study
showed that a narcoleptic can hold a conversation,
discriminate hetween sounds, show other signs of
being wide awake, and yet have the brain wave
patterns of someone deeply asleep. A narcoleptic,
wide awake, has skin conductance like that of the
normal person asleep. An EEG survey of nine
narcoleptics and nine noninal controls quickly
showed one difference in the sleeping patterns. A
normal adult, according to hundreds of ELG
studies, will sleep for about 90 minutes before en-
tering & REM period. The narcoleptic will, on
the other hand, begin a REEM dream immediately
after lie falls asleep.

Nobedy knows liow narcolepsy is caused, al-
though statistics about the syndrome in family
groups suggests a genetic propensity. Some doc-
tors have supposed that a brain dissase is the ori-
ginyand that this disease canses an aduvlt to regress
to the polyphasic sleep pattern of the infant, in
which sleep occurs in 50-minnte cycles. The cur-
rent studies of Dement and Rechtschaffon have,
in any event, demonstrated that the nareoleptic's
bizarre symptoms are mevely the symptoms of noi-
mal sleep, bt very Hll-timed. It is not that narco-
leptics need more sleep than normal people, but
the phennmena of sleep—-of which most of ns
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remain unconscious—-intrude into waking life.
Waking hallucinaticns, eataplexy, and s leep paral-
ysis are exaggerations of the events thac normally
occur in the REM stage «f sleep. Cataplexy, for
instance, is not a blackout. However, if thenormal
person, standing on the street corner, were sud-
denly to lose muscle tone as hie does in REM sleep,
he would fall limply to the sidewalk. If ke were
to fall asleep at the same t ime, with such swiftness,
he might think he had fainted.

Recent studies of narceleptic sleep attacks were
performed on volunteers at Stanford University.
One indication that tho ailment is not so rare as
once assumed was the response of naicoleptics to
an advertisement in & San Francisco paper. A
call for volunteers drew a largs number of replies.
Screening the volunteers was simple. Could the
person fell a funny ioke or spank his children with-
out suffering a cataplectic fit? Did he suffer from
sleepiness? DBecause laughter or anger seems to
trigger cataplexy, most narcoleptics learn to avoid
these emotional situations and divert their atten-
tion from the events that might endanger them.
Although the symptoms are outstanding, five of
the cataplectic volunteers in the Palo Alto studies
had never had medical attention. At present it
appears that two-thirds of the narcoleptics sutfer
cataplexy, but that about one-third do not.

The fact that there are many cataplectic people
walking around without medical help is astonish-
ing in itself, but it is even more astonishing in the
light of the new EIG and physiological data. The
attack can occuir fike lightning. Omne volunteer,
a woman, had been outfitted in sealp and other
eleetrodes, prior to LEG, eye movement, heart, and
respiration measmements. She sa: in a chair in
the recording room and was instrucied not to fall
asleep until the investigator had gone into the
adjacent control room. lowever, as he closed the
door a second later, she was asleep. ITe awakened
lier and dashed to the eleetreencephalograph ma-
chine in the next room. By that time she was al-
veady dreaming, shiowing the familiar brain wave
and eve-movement patterns of RIEM sleep. Tho
instantanecus fall from wakefulness into RENM
gleopisa rare ocedrrence. It canhappen after pro-
Tongad dream deprivation, or withdrawal from
amphetamine drugz, bt the normal person does
not experience sleep in this way {Rechtschiatfen
et al, 1063 Dement et al ,1961),

In studies of maccolepsy at Stanford University
anid the University of Chicago, narcoleptics were
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observed plunging instantaneously into dreams.
Normal volunteers took about 50 minutes of sleep
hefore they showed signs of R¥WM sleep, if they did
at all, during daytime naps. It is not surprising
that tho narcoleptic has a very different subjective
experience of sleep. The normal adult slowly re-
laxes, going through 1 long tiansition before he
loses musele fone in his face and neck as the REM
period begins. The narcoleptie, on the other hand,
feels weak when he is sleepy, and many report
strange sensations in the muscles. The sleep
paralysis they may experience probably involves
the lack of muscle tone accompanying REM
sleep—Imt in the awakening narcoleptic remaining
muscle tension may te delayed by quite a few sec-
onds (Dement et al., 1964; Rechtschaffen et al,
1963).

One peculiar aspect of narcolespy is its periodic-
ity. Frequently the narcoleptic will suffer attacks
at intervals of 4 to 6 hours, This snggests an o5
yet unknown metabolic cycle. Possibly the body
generates a chewical during wakefulness that is
used up during REM sleep, and the narcoleptic
either overproduces this inetabolite, or does not use
it up in nightly sleep. -\ series of aniiral experi-
ments at Stanford University Medical School may
reveal whether the REM state is triggered by a
neurochemical that is consumed during dreaming
(ITenry et al., 1965).

The psychelogical quirks and neuroses of narco-
lepties are diflicult to assess. Surely the symptoms
place an incredible strain upon a person’s life and
self-control. A person whoisovercomeby a resist-
less slogp attack in the midst of makirg love, or
v:ho drops to the street if he listens to a funny joke
and laughs, might be expected to develop some
unusual behavior in reaction, Mowever, the fa-t
that emotion can trigger the sleep attack has in-
trigued people who have tried to understand its cti-
ology. .\ survey of the literature indicates that
many narcolepties suifTered their first attack after
a trauma that occurred inearly adolescence. Many
of these were children of about 13 to wl.om a death
in the family cansed sudden and inten-a emotional
up-et. This may be precizely the kind of cnuotional
jolt that Richter postulated when he predicted that
trauma might canse the novnally ont-of-phase
melabolic cycles to come into phase-—producing
strange symptoms in a perindic faghion,

Althangh we are stilla long way from heing able
to trace the concatenation of metabolic events that
may be involved, studies of the brain mechanisims
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and hrain regrions that participate in sleep suggest
two arens that may be atlected. Extensive work by
M. Jouvet and otlers at Liyon has shown that the
pons, a region of the brain stem that is phyloger~t-
ically archaic, plays a large role in generaung
the charvacteristic RISM sleep that is fonud in
animals and man. This might be one locus of
nareeleptic scizures.  Other pessilile loei may lie
in the tempoial fobes, in the hippocampus and
amygdala, foo forward in the brain. These
{frontal areas may act as a clearinghouse for
memory and emotional information, and there has
been somie recent evidenee that the amygdala may
help to regulate the EEG phases of sleep. A
wealth of data linking emotion and sleep has sug-
gested te R, Hernandez-Peon that narcolepitic par-
oxXysms may otiginate in the amyglala-—an hy-
pothesissoon to be tested.

Although we nay not know the exact chain of
biochemical events, and while we cannot yet pin-
point the brain cells that o tivate narcoleptic at-
tacks, 1t is obvions that the sleep research of the
last 5 years has been applied in an unprecedented
way—to the benefit of eveiy person who suffers
this malady. Iindings from the many studies—-
which are the content of this report—have been
focused upon this strange syndrome in order to
iNluminate its nature. It must come as a relief to
physicians and vatients alike to realize that the
svmptoms are those of sleep s1d dreaming. Ele-
menis of the familiar always help to remove the
dread of a bizarre mystery, removing some of
the psychological burden. Morcover, there are
now some guidelines for a regime of medication to
minimize the symptoms.

Sleep loss appenrs to enhance narcoleptic at-
tacks, and, indeed, narcoleptics appear to be rest-
Yess sleepers. However, most of them take dexe.
drine in order to stay awake, and this alone
may change their sleep pattern. .Among other
effects, dexcdrine reduces the amount of REM sleep
(Rechitsehaffen and Maren, 196%). Tierre and
his assaciates Miss Olivia Nixon, Dre. J. T Mathis,
and B. X, Lester have observed that several narco-
Tepties had less than the normal amount of REM
steep. It is interesting that a couple of them
broueht tags of sandwiches to tha Iaboratory to
eat late at night. A tendency to overeat has heen
noticed m volunteers who deliberately underwent
ala teon Dlete drenn losg for several nightz, and
sugrzests an intern fion of appetite mechanisnis
in the brain with sleep. Unfortunately, becansze



dexediine has a hangover effect, many narcoleptics
are continually raising their dose. The result may
bo that they are further depriving themselves of
REM sleep at night and compensating witi REsI
attacks during the day. Clearly, in the treatment
of this syndrome, thie patient needs a drug to keep
him awake by day, but lie needs a sedative ot night
that does not reduce REM sleep. A combination
of the tranquilizer, Thorazine, and dexedrine has
been tried with good results. If,instead of taking
dexedrine by day, the patient eould take a drug
at night to enhance his REM sleep, his daytime
attacks might be decreased or even ercdicated. So
Drs. Dement, Gulevich, and Rechtschaffen liave
hypothesized, During the past several years, for
many reasons, there has been a search for dream-
enhancing drugs, but this research is just begin-
ning and no such drug is yet available.

The data from sleep research, enabling the recent
studies of narcolepsy, have already providad the
physician with invaluable tools, For diagnosis,
a simple battery of tests—includirg EEGs of
sleep onset—will indicate narcolepsy and distin-
guish between the cataplectic and noncataplectic
person. One of the revealing tests is absurdly
simple: can the patient tell a funny joke, or open-
ly enjoy a joke related by the Jdoctor? A regimen
to prevent sleep loss and further loss of REM
sleep can be prescribed, and the doctor can re-
assure his patient that the untoward “spcils” are,
indeed, just misplaced sleep. Perhaps publicity
will help to take some of the psychological onus
from mnarcolepsy and enable people with symip-
toms, however mild, {o seek relief.

Epilepsy

A widespread publicity campalgn has been
undertaken to remove the onus from another dis-
ease associated with sleep mechanisms—epilepsy.
In the popular conception this ailment has been
imbued with mysterious, visionary overtones, and
the epileptic fit is perceived in Dostoevskian force
as a grand mal seizure, beginning with an aura,
and ending in violent convulsions, with the person
foaming at the month and finally entering coma.
Actually, like narcolepsy, epilepsy is a syndrome
of many forms and degrees, moderately rare in
grand mal proporticns, although not nncommon
in less severe manifestations, In JTos Angeles
County alone, 60,000 to f0.000 people suffer eme
or another of its ssmptoms. Generall, these aro
not “hite]” It brief epizodes of blankness oz auto-
matic behavior--smacking of lips or fumbling with
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clothing. Epilepticseizuresare often nild enough
1o escape medical nolice, sometiines passing as
Iapees in atteniion or daydreaming.

The link between epilepsy and sleep is just begin-
ning to be explored. Kach form of epilepsy
appears to induvce seizures that cluster at a partic-
ular time in the individual's diuinal cycle. In-
deed, the tinme of seizures may prove to be a de-
fining characteristic of the particular kind of
epilepsy. Most common are seizures during sleep,
and waking attacks are often followed by sleep.
Like the narcoleptie, the epileptic is vulnerable to
sleep lossand is warned toavoid exhaustion. Some
cpileptics ave triggered by emotion, and, like the
cataplectic patient, wilt be catapulted into a seizure
by a hearty laugh. Psychomotor epileptics,
whose seizures emanate from the temworal lobes,
do not go into mo:rents of uncousciousness, but
live through episodes that resemble waking dreams
which they do not vemember. Because certain
scizures occur only during sleep or drowsiness,
FEGs have Leen used in diagnosis for about 23
years. Until 1958, hoswever, patients never slept
niore than an hour or two in the laboratory, and
uioreover, the electroencephalograpliers usnally
inferpreted the REM stage as a period of wake-
fulness ¢n these few oceusions when they saw one.
Today, when sleep study is warranted, nightlong
EEG records are taken and interpreted according
torecent findings on the normal patterns of nightly
sleep.

One of the first indications that sleep might be
a state of high brain activity, signs that the brain
Jil not “go to sleep,” came from epileptic seizures
during sleep.  Many decades ago, Dr. J. Hugh-
lings Jaekson, the great 19th century neurologist,
suggested that sleep must be an active brain state,
after noticing that seizures often occurred as a
person was falling asleep. Anybody who pays
soime attention as he drifts off to sleep will notice
oceasional muscle twitches, sometimes startling
body jerks. They are very minor convulsions,
generally called myoclonus. They are bLrought
about by a hyperactive state that imipels certain
museles to contract.  Myoclonic spasms are hardly
the same as serious convulsions, but they are . -
lated. A study of the behavior of single bran cells,
especially in regions that transmit impulscs to the
muselo svstem, has begin to explain how these and
other geizures may be generated in the Lrain,
Althinugh this work i: far temoved from the
clinic and the epileptic himself, a brief deseription
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may suggest what the nature of a seizure might be
in its most atomic forin—the discharge pattern of
nerve cells within the brain.

Single Brain Cell Studies

Using cals and monkeys as exverimental sub-
jectsy Dr. ldward Evarts and collecagues at NIIT
hav placed microelectrodes inlo various brain
cells in ditferent regions of the brain, taking EEG
recordings from eaclr cell individually. Whet is
the difference between the cell's activity in sleep
and in alertness? Until recently people guessed
that cells were simply more sluggish, that they
fired less often during sleep—but this is not the
picture offered by the cells. Some cells, for
example, located in the visual cortex, would fire
more often and respond more rapidly to flashes of
Iight i the animal’s eyes if lie were asleep in the
REM state, than if lre were awake. On the otler
hand, there were certain cells that beeame more ac-
tive when the animal awakened. A sanpling of
many diverse cells showed what might be called a
division of labor, some firing more continuously
and rapidly in waking, others firing more often
and rapidly in sleep.  But the paltern was not so
simple,

Evarts and his associates twmned to the study of
rionkeys, They implanted their virtually in-
visible microelectrode tips into neurons of the py-
ramidal system. The pyramidal tract descends to
the spinal cord at the base of the brain stem, and
this system relays oulgoing messages from the
cortex to the motor system—traunslating the desire
to move a foot into the command that moves a foot.
Here, in the many studies of their survey, they saw
tl:at cells followed different patterns of firing
during the different KEG stages of sleep and wak-
ing. One cell might fire in a regulay, continuous
pattern during waking, but fluctuate wildly luring
REM slecp. Many cells elsewhere in the brain
have showi a random discharge pattern during
waking, but have fired in cl isters or bursts during
sleep, inter-persed with it - vals of silence. 1n-
deed, on cleser scrutiny, it emed clear (hat the
waking thythm of certain py amidal cells was not
random. Rather, it appeared that when the
anim..l was awake these cells we'e inhibited to
sore extent, but when the animal slept this pre-
va ling damper scemed to be removed,  Now, un-
controlled. the ¢ 1= might discharge i+ Jarge
Vot s is the kind of dizchargee that canuses
seizines and shiyws up on the sealp FEG asa great
spike formation.  Further exploration of the
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nature of the inhibiting mechanism that prevents
great bursts of cell firing now continues at several
levels. Although the single brain cell is the atom
of consciousness, many clues into the nature of
epilepsy must come from molar studies of patients
(Fvarts, 1963, 1064).

When dilantin and other drugs fail to ~uppress
intolerable seizures, a person with really severs
epilepsy will consider neurosurgery, during which
the source of the seizure is rendered inactive by
lesion. In many instances the locus is deep and
ean be found only by placing electrodes within the
brain and then studying the person's brain wave
patterns as lie sleeps, as he reacts to stress, makes
a decision, moves, or perceives clicks, lights,
touches. At the Neuropsychiatric Institute of
UCLA, where over a dozen such patients have
been studied, it has become apparent that night-
time seizures rarely occur during the REM dream
phase. Indecd, they occur especially often during
stage 2, a period in which the brain waves show a
wave form that looks like a wire spindle. The
RIEM state resemibles wakefulness in many ways,
perhaps imposing thie same inhibition upoir unruly
cells, whose activity erupts in the other stages of
sleep—an hypothesis suggested by Loth the animal
study of single cells and the human patient, Un-
ti] recently, our picture of brain wave patterns
from deep sites during specific sleep stages had
entirely depended upon implanted animmals. We
have had no way of knowing whether the hippo-
campal patterns of cats in REM sleep resembled
thoso of dreaming man. Conversely, we did not
know how to interpret unusual hrain waves coming
from the amygdala of a sleeping epileptie. Were
these sigus of abnormality or were they alse seen
in animals during that stage of sleep?

A happy collaboration between the neuropsy-
chiatric ho=pital and the Space Biology Labora-
tory of W. Ress Adey has perniitted some rapid
and insaluable comparisons of humans and pri-
mateg.  Ono extremely fmportant discovery las
centered aronnd activity in the amygdala in man
and chimpanzee. A diseased amygdala is often
associated with psychomotor epilepsy and is there-
fore one of the regiens that has beee probed with
electrodes in ¢ rtain cazes. s recent studies bave
indieated, the sleep « 7 the chimpanzee clesely ce-
sembles that of -wan, but se ae patterns found iv
the ehimp and w.ah have not bven seen in other
antmals, not even tonkeys. Thus we must be cau-
tious about gereralizing ,rom lower animals to
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man. One particular observation in the chimpan-
zeo laboratory, however, has clarified 2 potentially
disturbing brain wave pattern seen in epileptic
patients. This was a discovery of spindling pat-
terns in the amygdala of a sleeping chimp. When
simila: bursts emanated from the amygdala of a
patient, they might have been mistaken for abnor-
11al signs had the neurosurgeons not known that
the same spindling was found in nevmal chimpan-
zees. The recent finding, in Dr. Adey’s laboratory,
that the minyvgdala may participate in the periodic
cycles that form onr nightly sleep, points to this
frontal region of the brain as a point of particular
intevest in future studies of sleep, elucidating the
nrechanizms and the sources of many abuormali-
ties—eptlepsy and narcolepsy among them (Adey
et al., 1963).

Summary

Sleep disorders ardd disorders occurring within
gleep have provided spore for the scientific hunter,
suggresting where to look for the normal niecha-
nisins of sleep, and Loy they might work, Most
disturbed sleep has had its counterpart in a dis-
ruption of waking Lehavior, hut ouly in e last
few years have we begun to look at the particular
svinptoms of troubled <leep for help in diagnssing
dizturbed behavior ar.d for guidelines in our thera-
peutic techniques. Insomnia, the most widespread
complaint, is a good example. The ditference be-
tween people who cannot fall asleep, and people
wlo cannot remain asleep may prove to stem from
two separate neurophysiological defects—sugpgest-
ing that the sedatives used for one insomuia may
be inappropriate for the other. Hemandez-Peon
sugrreats that emetionally triggered insomnia and
inability to fall asleep may spring from an exces-
sive activity within a brain area producing arous=al.
The inability to slcep through the night, on the
other hand, may comafrom an insufficient cliemical
supply within a sleep engendering system in the
Lrain, making it incapalle of holding daminance
over arousal. Imaginary insomnia, at least inso-
far as our slim evidence now teils us, may 1. flect
an unusually tight sleep or even unusual periodic-
ity among the EEG staces of sleep. When we
have tearned more ahout the chemical and aweural
riechani=ms of normal sleep we will be in a botter
position to freat the many peychological aberra-
tiens that accompiny theze disorders, for el cp dis-
order dees not oocur in fsolation frem the reot of
life. Lven uvsiny today’s scanty and recently sie-
quired knowledge of sheep patte.ns, it hias heen
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possible to dispel tha fearsome mystery of narco-
lepsy and outline miore sensible procedures for
diagnosis and treatmant,

Because sleep loss < ¢ins to be so generudly de-
structive to the mentally or phy.ically ill, and
because of the evideyce about the impact of sleep
starvation in normalipeople, it might scain reason-
able to prescribe sleq) therapy for many disturb-
ances.  Sleep ther;&py has indeed been used in
urope, Russia, and South America for people
suflering psychological disturbances, the long pe-
riods of sleep induced usually by secdation
(-\ndreev, 1960}.

More recently, some investizators have talked
of using electrical stimulation instead of sedatives.
Sleep has been induced in animals Ly direct stimu-
Jation of certain brain regions, but the evidenrs
from human studies, using surface contacts, hus
been inconclusive. There has been some confusion
about electrosleep, or electronarcosiz, and elec-
troanesthesia.

The Russians, using a device similar to an elec-
troanesthesia machine long emploved in European
aninal laboratories, have been credited with pro-
ducing a sleep with such restful qualit.es that 2
howrs would suflice for 8 hours of sleep. Widely
mentioned as a substitute for nightly sleep, the
“Jilektroson” or similar devices were tried by a
feswe American seientizfs. “'he portable device
renerates Jlow-freyueney pulses throug! -lecrroldes
on the exes and oecipis 1 region of the ~calp, pur-
portedly to ereate rhythmte stimulation of the
nerve cells in the cerebral corte . Un{oitonately,
thissituation does not inevitavly produce sleep,and
although the specifications of the device say that
it is intended for inducing sleep electrically, some
people in contact with the Russian investigators
feel that sleep is a misnonery and that the device
was never intended to induce natural sleep, It is
widely used throughont Russia in hundreds of
clinics and “slecp stations,” for treating headaches,
insommia, certain forms of schizoplirenia, epilepsy,
stomach uleers, and nenrotic symptoms following
head injuries. Asa device for “recting the central
nervous system,” in people with mental illness or
payehoamatic disorders, the Russians evidently
firdd this an efficient and successful metho !, Un-
fortunately, taking literally the word “:leep™ as
u-cd in the literature describing the Elcktrozon, we
Tve coneentrated our attention up <o the fact that
when tmned offy the stimulation b d not nsually
Teft (hie pevson in natural sleep. DroSigmund For-
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ster, at New York Downstate Medical Center,
found that only half of his subjects fell asleep
after electrical stimulation, but patients with mus-
eular disorders experienced relief from symp-
toms. So few systenatic studies have been con-
ducted in this fruitful and interesting area that
it has been hard to assess the results. Dr. James
A. Lewis at Brooks Air Force Base, San Antonio,
Tex., has reviewed much of the electrosleep litera-
ture, but this sole review is as yet unpublished.
Electrosleep, as judged by EEGs is not the
same 4s natural sleep, nor, in & more subtle sense,
is the prolonged state thuat is enteved under heavy
sedation. Recent sleep researches have begun to

O
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describe how we alter the natural pattern vith var-
ious drugs, changing the brain's activity during
the several sleep stages and thus, parhaps, aflect-
ing many body functions including metabolism.
Sleep no longer looks like a unitary process, and
sleep disorders appear to arise fromn many dif-
ferent sources—involving the behavior, training,
environment of a person, his body chemistry, and
aetivity at various sites within the brain. Sleep
therapy in the future will undoubtedly be tailored
to the specific disorder as we discover more about
the little-known chemistry of sleep and the way in
which body chemicals exert their influence on the
brain.
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Mandragoras . . . theraot seems to be a maker of love medicines. Thereis
of it one sort that is foemall, which is black . . . Ilut of ye male, and white,
wohick some have called Norion, ye leaves are greater . . . sweet smelling with
a certam strongness which also ye shepherds caling are in a manner made
asteep . . . And some do secth the roots in wine to thirds and straining it set it
up. Using a Cyathus of it for such as cannot sleep, or are grievously pained . . .

Celsus

Mandragorae . . . Thisisof astrong Narcotic Quality,and is mentioned in
some ancient Writers as convenient to be given before an Amputation, to deaden
the Sense of Pain by stupifying the Patient: but modern Practice owns it not
for any such use. [t s .eckoned cooling in external Applications.

John Quincy, 1745

Chapter V. The Chemistry of Sleep

Whatever elixir of mortal juices helps to
prompt & wholesome nightly sleep, it must have
been inadequate in 1964, for difficulty in slecping
was a hoon to the American drug companies. Ac-
cording to an estimate from one company, private
consumers spent about $80 million on sedatives,
and this figure included only major prescription
sedatives, not over-the-counter drugs, or tle siza.
ble purchases of hospitals.

In answer to the public clamor for aid in illness,
in transitory or prolonged insoninia, the prescrip-
tion market oficred a sophisticated array by any
past standards. Not so long ago the family physi-
cian might have preseribed chloral Liydrate or “a
good stiff drink™ in most instances. Today seda-
tion is noi so simple (Lester, 1960). The doctor
might distinguish between the insemniac who
wakens periodically and the person who eannot
slecp out the night. One case might warrant a
drug that induces rapid sleep onset, and the other
a drug that tends to maintain sleep.

Still, the refinement suggested by our present
arrry of drugs daes not belie the fact that we con-
tinue to remedy sleep dizsorders in a relatively
primitive fashion, and that even what we call in-
somnia has many rools, whether it be a transient
emotional upset, a facet of depression, of old aye,
or the prelude to acute schizophrenic breakdown.
Primarity, these have different metabolic and neu-
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ral origing, and each demands drugs with particu-
lar properties. The brief description of some
major sleep disorders in a preceding section may
indicate the variety of different things that can go
wrong, each hinting at a specific therapy.

In our present and rapidly growing picture of
sleep events, it logks . though some people, nar-
coleptics among them, would be benefired by drugs
that increase a particular phass of sleep—the REM
period of dreaming. Enuretics and soninambu-
lists appear to need very different phrrmaceutical
help, perhaps lightening sleep. Otliers, among
them certain depressives and epileptics, may re-
quire chemicals that help to stabilizy their sleep
phases. Schizophrenic patients may neced drugs
that enhance REM sleep before the omens of
acute episodes.

These are, of course, only guesses at the moment,
omitting large and unexplored factors from or.
gans such as the liver, glandular systems produe-
ing hornones, the role of learned belhaviors, and
physiological response to the environment. They
may, however, illnstrate the new approach rapidly
entering the treatment of disorders which have,
as one noticealle conponent, symptoms in sleep.

As we begin to face in greater detnil the task
of countering nature’s mischiefs, there are three
lines of current resear~h that offer a hearfening
prospect.  Although this is a crude designation,
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they might be coasidered together as investiga-
tions of the biochemistry of sleep. Using chem-
ieal stitnulation directly on the brain to elicit sleep
and wakefulness, some investigators are attempt-
ing to decipher the chemical codes iuvolved in
neural activity and deteriuine their anatomical
sites.  Others bave begun to detect chemicals
generated within the body or the brain that nflu-
ence sleep and allied behaviors; the detection of
these chewicals offers some hope that we will fearn
to synthesize and use them. Finally, in studies
that lave an immediate and practical outcome,
sotie rezsearchers are ferreting out the specitic ac-
tion of the drugs we eommonly use, and indeed
the effects of diet. The promises and pitfalls of a
good deal of this recent work have been reviewed
by Arnold Mandell, with reference to the REM
state of sleep (Mandell, 1965).

Little cnongh is known about some of our moat
common sedatives. Ilowever, impact on behavior
has been ane very nzeful gauge by which we can
distingnish between drugs. During recent years,
both sedatives and tranquilizers have been given
{o patients o help them sleep. At the level of
anecdotal observation, there seems to ba quite a
difference in result. Some clinicians have com-
mented that many patients who come to the clinie
asking for sleeping pills, in retrospeet seemed to
he suffering from the symptoms of incipient men-
tal illness. Given barbiturates for sleep, some
may hecome depressed and even suicidal (Detre
ctal).

There seems 1o be little evidence on this point
at the moment, although a very large number of
Americans take their lives each year by swallow-
ing an overdose of sedatives, some of them inad-
vertently, it is gaid, while acting in a sedated con-
fusion. There are over 20,000 suictdes a year in
the United States. A ma y-faceted study of sui-
cide under the direction of Dr. Edwin 8. Shneid-
man at the Suicide Prevention Center in Los An-
geles has already suggested that disturbed sleep
may be ame of the patterns preceding a suicide
attempt, although any influence of specifie hyp-
notic drugs has not yet been revealed.

Drugs e commonly given to institutionalized
schizoph senie patients to help them sleep.  Ironi-
cally, semne of the barbiturates that induee <leep
in the patient are not tharapeutic and actually
appear to nuake him worse. Sich has been the
ohzervation of an NI team at St. Elizabeths
Hospital in Washington, D.C. What is the mean-

ing of these reports? Some recent studies are
beginning to point to differences between barbi-
turates and tranquilizers.

A series of behavioral studies by Dis. Conan
Kornetsky, A. Mirsky, and their associates at Bos-
ton University Medical School Lave been devel-
oped in tlie hope of detertiining what regions of
the brain may be affected by psychoactive drugs.
They began by sceking tests that diseriminate be-
tween drugs that depress attention and those that
depress intellectual or cortical activity. ISxperi-
mentation and long use suggested that a ceginent
of an carly 1Q test (the Digit Symbol Substitu-
tion Test) was a good nieasure of intellectual fune-
tioning, and it was short and easy to adniinister.
On the test, the subject is given a code by which
Le matches svmbols with numbers on a grid.
While sewcitive to intellectanl performance, this
test would not cateh lapses of attention. By con-
trast, the Continuous erformmance Test asks the
subject to give unremitting attention to a strean
of signals, ana to respond to certain ones. 1lere,
tho omissions of Drain-damaged people, or the
sleep-starved, or those tuking attention-depressing
drugs were detected. By using these two tests it
was possible to divide psychoactive drugs into
those that affect attention and those that atlect
cortical activity (Mirsky and Kownetsky, 1961).

Two drugs—one a tranquilizer (chlerproma-
zine) and the other a barbiturate {secobarbital)—
secin very similar on the surface, for both produce
calm and drowsiness and may leave a slight hang-
over. Compared by these two fests, however, they
are opposites, The tranquilizer redunces attention
without damaging intellectual function: the bar.
biturate, on the other hand, leaves attention un-
diminished but reduces intellectual performance.
This suggests that while botl drugs may induce
sleep, they may act npon different parts of the
brain and perhaps ditferent chemical brain sys-
tems. This lahoratory is developing apparatus
that will make it possible to give these two tests
to animals. Once there are parallel tests for drug
responges in animals and humansz we may be alle
to test drugs on animals and predict more accu-
rately how they will affect peo le.

The tocent work at Bosten University may sug-
gest one rencom wWhy sehivophienie patients have
Lenefitteld from tranguili, s more than sedatives.
Chlorpromazine given to a norial person will de-
press attention so that he makes many erroi s on
the attention test, as if e had been deprived of
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sleep. The schizophrenic on the same dose, shows
no loss of aitention in comparison with his un-
drugged performance. Perhaps his problen is one
of too much neural aleriness.

Chlorpromazine lelps a schizophrenic pat.ent
sleep without intensifying his psychosis. A num-
ber of investigators have anticipated that there
would be a visible difference in the EEG sleep pat-
terns produced by franquilizers and sedatives
(Freeman et al, 1963). In one study of hallu-
cinating schizophrenics, a St. Elizabetha’ teamn
suw that both drugs diminished the amount of
REM time in the sleep of psychotic patients Lut
that the barbiturate, phenobarbital, signiticantly
reduced the amount of eye-movements that oe-
curred in the RiM stage. Moreover, when the
tranquilizer was discontinued, the patient seemed
to compensate hy increasing REM time, but no
such increase followecd the removal of phenobar-
bital.

Well known studies of dream deprivation hav
suggesied that mood and behavior can be harmed
Ly significant reduction in REM sleep, and that
a person will compensate with more REM sleep
once the deprivation is over. Thus, tentatively, a
number of invesiigators have locked at REM
sleep as one kind of index of the eflects of drugs
or aleohol, pesmitting at least the loose prediction
that eontinuerl loss of REM time will have unde-
sirable waking offects.

Alcohol

Aleohol at bedtime does indced diminish the
duration of REM periods dusing the first hours of
sleep.  (Gresham et al, 1963). Some years ago,
it was speculated that the aleoholic's DT's might
be the hallucinations of waking dieams, breaking
through after years of continued dreant suppres-
sion (Greenberg and Pearlman, 1964). A similar
conjecture was made about barbiturate psychosis,
and more recently about amphetamine psychosis
(Kaufman ct al, 1064),

Dexedrine

Dexedrine, “ike aleoho! or Larbiturates, dimin-
ishes the amonnt of REM sleep.  Dexedrine eansed
restless sleep ‘n volunteers. Tt could Le counter-
acted by comlination with phennobarbital, but the
amphetamine zontinued fo <uppress dreaming
time. When he same sulijects were observed on
subsequent  nights, withont medication, they
seemed to con pensate for the loss, spending more
time dreaming than they had before on baseline

Q
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nights without drugs {Rechtschaffen and Maron,
1964). It was as if they had developed a “need”
for RI2M sleep and this REM hunger, so to :;peak,
may help to explain ¢thie psychoses of habitual aleo-
holics, barbiturate addicts and dexedrine takers.
Temporary psychoses are not uicommon after
taking these drugs and sometimes the individnal
may be suffering the effects of all three by the
time he comes to a clinic or mental institution.

Dexedrine is curvently used for appetite control
in daily doses, and the attempt to lose weight in
this vvay ean be the start of a vicious cirele. While
depressing appetite, amphetamines also enhance
wakefulness. The weight loser may, therefore,
begin taking barbiturates at night in order to
sleep.  But some sedatives leave a hangover of
sluggishness in the morning and therefore tle per-
son may increase his dose of dexedrine, only to find
that he subsequently needs heavier iedation in
order to sleep. Among the patients recovering
from such drug psychoses in mental institutions
are physieians, whose self-medication escalated in
this manner, starting with an effort to lose weight.
Have people—on drugs as different ns barbiturates
and amphetamines—finally reduced their REM
time so that an irrepressible need to dream ex-
presses itself during waking and disrupts thair
behavior?

The answer probably lies in tha presently un-
folding aren of neurophysiology, where it is be-
coming clear that deprivation of REM sleep can
produce strarge effcets even in cats.  Michel
Jouvet and his associates of Lyon, by surgically
damaging the pontine reticular formation in cats,
have removed from the cats” EEG repertoire the
pattern eorrezponding to the REM phuase. These
cats sleep the sleep of synchronons EEGs but,
unless the damage Lieals and they begin to show
the equivalent of REM sleep. they begin to act
as if they are hallucinating, and eventually they
die (Jouvet, 1960, 1963). Prolonged reduction of
RIEM sleep may indeed play a role in the depres-
sions that often follow in the wake of amphei-
amines and in the psychotic synmiptoms of sustained
used. The psychological loss of dream content
may be some part of the disturbance, and
possibly the suppression of a normally recurrent
ELEG phase signifies. as well, the suppression of
a normal electrochemical sequence, a excle that
may perticipate in brain and body metabolismas.
The evidence, in any evenl, suggrests caution in
Y
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the use of ampnetanines and especially in self-
medication,

Barbiturates

A similar caution should apply to the use of
barbiturates, Not only have they been shown to
reduce RIEM sleep, and in moderatz amounts in-
voke some intellectual impairment on a behavioral
test, but there is some additional data that suggests
their mode of action in the brain. Drs, Burton 8.
Rosner, Truett Allison, and William Goff, used
barbiturate anestliesia to filter out (totally oblit-
erate) one portion of the LEG response that the
brain will emit after a sensory signal. In some
studies subjects were administered an extremely
mild electric shock on the skin—during waking,
through all stages of sleep, and under drngs. The
individual's EEGs, just after the repeated stim.
ulus, were averaged so they could be scen clearly
and then analyzed. Although the brain's response,
as seen on the EEG, lssted only a few tenths of a
second, it eombined a sequence of responses from
different parts of thebrain.

First, rovghly speaking, came the response of
the specific nerve pathways that conveyed the
shock from the wrist to the brain. Then, Jater
in the script, came the emanations from more cen-
tral regions—ditfase projection systems connected
with the cortex. This progressian has been ascer-
tained by data too volmininous for enumeration
here, but it meant the firs' letter, so to speak, in
the EEG script registered the fact that sensory
signals were received in the brain,  The subsequent
letters signified the activity needed in processing
the sensory signal into something meaning{ul—
perception. Under even light barbiturate anes-
thesia, the response of the speeific sensory path-
ways was if anything enhanced, but the integra-
tive segment of the response was eradicated. This
might explain why the EEG would register a pro-
nounced response to a touch, yet the person weuld
feel nothing, and why in surgery there iz no
awareness of pain, although the brain receives the
signals from the body. Fyen in deepest oblivien
of stagas 4 sleep the integrative portion of the
brain's re-ponge registers on the FEG—albeit later
and larger than in other stages of sleep.

This suggests that some kind of mentation iz oe-
cnering during the deepest natural sleen, which
may not acenr under barbiturates,  Current stud-
iesmay point to the anatomical loei that are inacti-
vated by bubitorate anesthe-ia and are thought to

o0
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lie in the diffuse projection systems. Thus, the
vimisled portions of the XEG resy onse may lelp
to explain several peculiar phenouena that have
been noticed in people under barbiturates.

People have shown impaired intellectual capae-
ity on tests. Habituil users of barbiturates,
moreover, have reported they sometimes lo=e their
time sense after taking sedation, and will awaken,
not knowing the time nor how many pills they
have already taken, but will automatically reach
for more pills. Tt seems likely that some of these
people have been involuntary suicides. Within
the banished portion of the EEG response there
may also lie a clue to some of the reported afteref-
fects of =edation—the so-called hangover. It is
still pure conjecture, but not unreazonable to as-
sume that brain activity in sleep plays a role in
regulating body functions, metabolic ¢ycles and
the progression of biochemical transformations
that occur unceasingly throughout life. If barbi-
turates alter this brain activity, they may be alter-
ing at the same time many other physiological
functions. The several studies cited here should,
if nothing else, indicate that barbiturates do not.
merely induce sleep—for it now looks as if barbi-
turate sleep may be missing a coniponent that
usually ceeurs in natural sleep.

Barbiturates are ouly one class of drugs nused in
treating sleep disorders, In final analysis a wise
use of these—and all centrally aetive drugs—will
depend upon discovering how and where they per-
form their action within the central nervous sys-
tem. 1t will be quite some time before there is
such an assay of commonly used drngs, although
many investigators have begun using LEG tech-
niques to examine th-ir effects. To a great extent
evoked potential studies must be performed upon
animals, for only impianted electrodes ean reveal
changes within sniall, specific areas deep inside the
brain. Walter Rozenblith and his associates, for
instanee. have used hair-fine electrodes to deter-
mine how ehloralose and nembutal affect the motor
cortex in eats. They would stimulate the paw of
the animal and record 1he TG responze. The
brain rezponse would be considerably enhanzed hy
ehlotalose, but diminished under nemlmtal, A
crowing literatnre of sueh tnudics, bevond the
srope of this report, is beg'nning to increase the
armamentarivm of the pharmacologists, rnd hope-
fully will soem allow clinicians to make more fully
informed choices in selecting sedation and anes-
thesia for particulir patientz, While hasie nen-



rophysiological and behavioral studies are begin-
ning to suy more about the specific action of drugs,
these studies ave often inspired by inrormation
drawn from clinical studies.

Antidepressonts

The treatment of enyresis—Dbedwetting—has re-
eantly evoked seme interest in the properties of
imipramiue, an antidepressant, Drs. Keith 8,
Ditman and Alvin F. Poussiant, al the UCLA
Nenropsychiatric Institute, have administered this
drug to cliildren wiio were intorrigible bedwetters
and found that 85 pereent of tlheir volunteers
stopped bedwetting.  Ou the other hand, they also
hoeame somewliat iraseible.  This is an intevesting
finding. ‘The investigators believed that imipra-
mine enabled some bladder relaxation, and theve-
fore greater fluid eapacity, but also that it light-
ened sleep, acting asa mi’ . “imulant, o that the
¢hild was able to awiaken when he needed to go to
the bathroom.

Two or three years earlier Dr. Roy Whitinan
and his associates st the Universi'y c. Cincimnati
had shown that imipramine »-r; significantly
reduced REM sleep time in adults.  In a study of
dream content, under several drugs, the ore very
ronsistent finding was that people taking im-
ipramine reperted a siriking number of liostile
dreams (Whitman et al., 1961). The treitability
of the children taking the drug might coneeivably
Lo related to the teductio: of REM sleep. Dut
this does not explain hoslile dream content, or the
fact thae ihe dimg has an enlivening eifect on de-
pressed patients. The obscrvations suggest that
the BEG phases of sleep may be regulated by
neurad centers also involved in invoking monds,
and that the processes atfecting sleep aifect emo-
tional tone as well. 1f mood and sleep ave inter-
locked n {lie same processes, a certain degree of
activation might generate cheer, althonglia zreater
degreo of cxcitation might become manifest as
irritalAlity, The impact of a drng undonbtedly
depends npoa the initial state of the person—and
a depressed person may indeed v tuiie artificial
cxeitation in order to tise ta a normal level, where-
as a normal adult or child might be subjected to
averpxeitement by the same doze,

Quostions abont brait-ne'abolism have been
raiseid by the effects of another antidepres=ant,
“Tprendazid.”” T 1057, Dr. Nathan Kline of Rock-
Tand State Hespital began testing ambulatory
depressed paticnts with this drug. Sfter a time
the report was made, several such patients had
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such reduced desir: to sleep that they had been
averaging (hree to four lowrs a night for we 1 over
a vear (Kline, 1961). Iproniazid, and other mon-
camine oxidase inhibitors tested since, may cn-
Lance the action of serotonin and the stimulant
norepinephrine in the biain, possibly promoting
nore cflicient. brain metabolimm  (Muwrray, in
press; Bailey, et al., 1939).

The EEG pattern of nermal sleep—as roughly
judged from the hundreds of nights on record—
lias Lecome one of the rlers against which drug
eficets are measured, and particular emphasis has
been placed upon the amount of REM sleep.
Many drues suppress REM dreaming. At the
same time eurrent studies of narcoleptics, of drug
psychotics, and aleoholics suggest that these people
need o drag that increases dreaming. Before
therapists can prescribe more dreaming, such a
pharmaceutical must be found.

LSD-25

The hallucinogenic properties of LSD-25 have
suggested that it might increase nightly dream-
tinze. In an initial study, using cats as subjects,
Dr. J. A. Hobsor of NI found no inerease of
REM time. Instead, the LSD had an aronsing
effect, =0 much so that it deterred the animals from
sleeping (Hobson, 1964). This wasa discouraging
result, but it underlined a difficulty that must be
partienlarly cormon in research on psychoactive
drugs, s mare recent studies have pointed out,
Tosage is a eritical factor.  In small enongh doses,
15D appears to have the dream cnhancing
proparty that wasexpected.

A team working ¢t the Columbia University
sehnol of Medicine lias sueceeded jn greatly in-
creasing the length of particular REM periods at
{lic height of the ding’s action {Muzio, RotTwarg,
anel Kaufman, 1064). This was a ] “man study,
ar 1 the 12 volunteers were studied over a year.
At first the attempts scenied doubtful.  The doso
had 1o bo modified for each individual. This ad-
justment sometimes took 10 successive aftempts,
and cach session had to be spaced long enough
after the previous trial o that all trices of the
drng would have worn ofl.

The dosages were very simall, mnging between
M.16 073 meg per kilogram of body weight, about
e equivalent of one five-hundredih of an aspirin.
A few volunteers showed a speetaca’ar inerease in
totol REM sleep. Ono subject, given his tiny
amemnt of LSD, tripled the length of his reeond
REM perind.  Several others doubled their first

-
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or second REM periods. It has been postulated
that dreaming may be triggared by a nenrochem-
ical that acts upon the brain stem reticular and
pontina-limbic systems. Perhaps I.SD acts upon
theso centers and bears some {fumily resemblance
to an intrinsic dream triggering chemical. Since
LSD has increased REM sleep in humans, we can
now hope to develop a drug therapy for people
who need to “dream mow,” perhaps one that ean
be used in conjunction with the numerons hypiot-
iesthat we now know suppress REM sleep.

Duriag the ast year another subject in another
laboratory responded to L.SD with an increase in
REM sleep (Green,in press). The investigator ob-
served that the pe :on also showed somewhat more
bady movement thau usual and more vocalization
in sleep. The dosage in this instance (300 meg.)
was truly linge by comparizon with that of the
previons study. Underlying the proliem of dose
adjustment to an individual ave a host of compli-
cated factors, his constitution, his personality, his
metabolism, and many others. The great varia-
tion in the human p~pulation makes it difficult to
gereraliza at an early stage of exploration and
predict how any specific individual will react to
a given amount of the chemical. Similar vavia-
tion has been observed in laboratory animals and
has vecently become the focus of study (Brown
and Shryne, 1061).

Some of the changes in brain function eaused
by L.SD and other hallucinogzens have been ex-
amined in EEG studies of animals and humans
(Adey et al. 1962; Chapman et al., 1062),  These
are among the studies of’ering clues to the regions
of the higher mammal brain that generate hal-
Incinatien and may help us determine how the
brain performs as we hallucinate or dream. Surely,
investigations of “dream enhaneing chremicals?
are bound to increase becanse of their potential
medical benefits and becanse of the light they may
shed upon the nature of the NEM cyele itself.

LSDisa known hallneinozen, but another chem-
ical that can act as 1 depressant, reserpine, has
also increased REM time in people although it
hias had an opposite efect upon cats {Hartmanms,
1965). Reserpine releazes a natural nenrochems-
ical, serofonin, whese possible role in sleep and
dreaming is enrrently causing some in‘erest,

A Pousible Hypnotoxin

In the pursuit of chemicals with special and
rematkable properties—like dream enhancement—-
there ins heen a growing interest in some com-
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pounds that are produced within the body. By
what chemicals does the body procuce sleept
Where are they manufactured and stored? How
do they metabolize? We might achieve a truly
refined control of sleep disorders if we conld simu-
late the body’s own biochemical behavior. To-
ward this ultimate goal, a number of current re-
searclhies have been exploring the properttes of
sox hormones, of gamina-hydroxybutyrate, a
metabolite of GAB.\, and the cerebrospinal fluid
of animals in various states of sleep, sleep starva-
tion, or dream starvation.

In the early part of our century it was widely
conjectured that sleep resulted from a toxin, per-
haps geaerated by the fatigued body. In 1910,
a “hypnotoxin®” was reported by Tegendre and
Pieron (Kleitman, 1963). Cerebrospinal fluid
from a sleep-deprived dog caused drowsiness and
other symptoms of sleeplessness in a normally
rested animal while spinal fluid from a rested
animal had no such effeet. Quite a number of 1¢-
lated esperiments followed, but there was a seem-
ingly insuperable difliculty: animals gave a de-
pressed reaction to injection, whatever the injee-
tion contained. The idea that sleep could be trans-
mitted from a sleeping animal to an alert one by
some body chemical mamuifactured during sleep
was in general disrepate Tor some time.

Recently, however, the trick zeems to have been
accomplished by Dr=. M. Monnier and T. 1osli
of the Univer=ity of Bascl, Switzerland. A dia-
Iysate of Dbrain bloed from a sleeping ribbit
cansed sleep in an alert one (Monnier. 10864).
Morecover, a dialysate of the venous cerebial blood
from an alert creatnve produced arousal in a sleep-
ing recipient. Since tha donor animals were put
to sleep by clectrieal stimmlation to the thalamus
and alerted by stimulation of the reticulir forma-
tion, sham stinmlations were nsed a5 controls.
Dialy=ate of sham stimulation produced quite dif-
ferent results in the wecciving animals.  This is
perhaps a first step in discovering a general
hypnotic within the cerebral blood of a sleeping
creature.  Dialysiz, a 1 cocess of filtering liquid
throvgh a membrane, vemoved the heavy colloidal
particles from the blead—Dbnt the remaining mix-
ture is complictted, indeed, and we are a long way
from knowing which eompounds may be the ac-
tive ones. Still the cearch has a great appeal, for
tha isolating of a natural and general hypnotic
conld help us to unravel the chemical process of
sleep and offer sensitive control over sleep.
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In a related vein, Dr. W. C. Dement and his as-
soeiates at Stanford University have been attempt-
ing to find a postulated neurochemical that may
trizger the dreaming phase of sleep. A descrip-
tion of this work wili muke more sense within
the context of a section on REM sleep.

Although searching the cerebrospinal fluid or
brain tissue for signs of a partienlar chemical effect
may seem horrendously diflienlt—worse than look-
ing for & needle in a haystack—there is a certain
advantage to finding an effect within spinal fluid,
an advantage that does not obtain if the chemical
is found elsewherein the body. If substancesthat
engender dreaming or sleep ca» he detected within
spinal flnid, these will be ditinct from other body
chemicals with the same effect.  One reason is the
well-known blood-brain barrier that prevents many
substances in the blood from entering the brain.
The cxistence of this barrier is well documented,
but its nature remains something of a mystery.
Sometinres it appears to be a matter of delay, nre-
venting a rapid exchange from the blood to the
brain.  Even when a eompound prodnces its ef-
fect—sleep, or dreaming—after direet injection
into the brain, there remains some question about
the form in which it naturally works in the body.
Chemicals in the body ean undergo a ehainof trans-
formations with lightning speed : Does the injected
form of a chemical act directly upon the brain
cells, or is the effective chiemical some metabolite?
This prelude may outline the background of a con-
troversy that surrounds one of the exciting new
componnds in the realn: of <leep.

Gnmma-hydroxybutyrate

Gamma-hydrosybutyrate may he called the
center of the interest, one of n family of structur-
ally related compounds that have been shovn to
produca RIM sleep, or paradoxical <leep as it is
knovn in animals, It has been used as ar ancs.
thetic and has no hangover effect, and is being in-
vestimated as a possible “hibernation® dvug for
man i wpace. It is relafed to a naturally occnr-
ring body chemieal (Gamna-amino-butyric-acid)
GADBA, and controversy rames about the ques-
tion: Noes thiz chemieal, or iis lactone form, exist
in the brain or body organs in enough quantity to
heconte a natural Liypnotict  The answer may be
that it metabolizes co rapidly that it is generated
only on demand. Ths. Samuel Bessman ard
Sandra Skolnik at the University of Marylard
have found that injection of the lactone form is
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partieularly sleep-inducing and that laetone may
be produeed from a known body ehemical by a spe-
cial enzyme in the liver—perhaps a elue to the
drowsiness, depression, and even eoma that some-
times attend liver disease (Bessman and Skolnik,
1064). Other investigators at Yale University
have not been able to find it in the blood or brains
of laboratory animals by gas ehromatography, pos-
sibly because its metabolism is toc rapid (Giarman
and Roth, 1064). GHDB,injeeted into animalg, can
bo deteeted in their breath seconds later.

While the controversy over its endogenous
origins goes nndecided, Gamma-hydroxybutycate
will ~ontinue to be the focus of excited studv. At
the University of Maryland, Dis. Robert Vidaue,
Gerald Klee, and Russel] Monroe are investigating
its eflect, in different doses, on people. So far
they have found that it produces an BEEG pattern
similar to that of chloralose—with & quick ap-
pearauce of paroxysmal thets and delta waves pre-
ceding sleep. Given intravenously, another form
of this chemical--sedium 4-hydroxy-butyrate—
prodnces sleep within 10 minutes. 1In Franee, the
conipound has been used as an anesthetic in many
thousands of people, but in combination with mor-
phine or other analgesie.

An anesthetic with rno hangover can be a mixed
blessing.  When the drug has worn off the animal
or person will quickly awaken, and move aronnd.
e will not show the sluggishness cansed by Lar-
biturates. On tie other hand. the groggy after-
math of the barbiturate may dull the experience of
pain. After GIB anesthesia, the pain occurs @3
1+, "Ny as awakening, a reason for administering
an analgesie.

LLLEG stndies witl animals have indieated why
(heze two kinds of anesthesia produce «ich dif-
ferent effects. "1 ha clue can be seen in the brain-
wave response to a stimulus.  During barhiturate
anesthesin the cortieal or integrative part of the
E1G response is oMliterated, although the re-
g e represending reception of sen<ovy signals
actually appuers enhanced. Under barbiturates,
it would scem, the sensory signals get into the
brain but are never transformed into perception.
Urnsier GIIB or related compounds the opposite
geems to ceenr. The senzory signals do not seein
to eater the hrain and the integrative funetions re-
main nudiminished.  Thus, the one appears to de-
press functions necessary to awareacss, the other
tocenzor the actualinp 1t of the senscs,
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Ierein lies the key to some of the excitement
about this new fanily of chemicals, Unlike the
barbitwrote, it leaves integrative-cortical fune-
tions intact. Judging from EEG responses, it
would seem to produce an eifect in the brain that
is congruent with the response pattern of REM
sleep. Tie EEG responses give the signs that it
inhibits sensory input, withont dimini<hing inte-
grative functions.  This is exactly the kind of
TING response pattern observed many times by
many investigators in subjects during RN
{paradoxical) sleep. The property of censoring
incoming sense gignals while leaving integrative
functions alone may be an important attribnte in
any hypnotic that will not suppress dreaming.

Experimeats with gannmabutyrolactone have
shown that it will indnce paradoxical sleep in cats.
This finding about this chemical and some of its
related compounds hos prompted considerable
study. In point of fact, the studies began several
years ago in Lyon, in both acute and chronic cats.
In an acute experiment the procednre necessarily
terminates the life of the animal, whereas the so-
called chronic animal may be observed in the lab-
oratory for weeks, months, or years following ihe
experimental procedure (Jouvet et al, 1961).
More recently acute experiments of the sanle sort
have been performed in Tokyo (Matswzaki et al,
1961). Intravenous injections of sodiiun butyrate
and related compounds were nsed to induce para-
doxical sleep in cats whose brains had been tran-
sected at the mesencephalon as well as in intact ani-
mals. The chemnieals elicited paradoxical sleep in
cats with midbrain transections, as well asin intact
animals,

Whatever its usefnlness as a tool in deciphering
the mechanism of R1M dreaming, this new family
of compounds holils great promise as a hypnotic
that dses not depress REM sleep. Indeed, its
extraterrestrial value may cause more study than
its potential usefulness here on earth. It appears
to bo one candidate for producing hibernation dur-
ing lang space flights. If there is to be such a
thing as dmg.indneed hibernation for space
travel or medical purposes; surely today's evi-
dence indicates that the drug shonld not cause
REM lass. Space seientistz have heen investi-
gating Lhydrosybutveate. The componnd elie-
its a simnifieant drop in body teuperatnre—-ahont
3°—-whirh is greater than the vormil nightly de.
cline. At the same time, oxygen consumption is
decreazed. Studies of humans in prolenged -
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I113 sleep may tell whether the overall efleet is that
of natural sleap.

The ideal of conrse would be a dimg that per-
mitted us to produce sleep in the sane way the
body does. There are many reasons for suspect-
ing that the body triggers sleep biochemically, and
the search for these cliemicals is not at all new.
There have been attempts to find a hypnetic chem-
jcal produced by mmsenlar activity, Ly wastes,
many attempts based npon the logic that one
should find a “fatigue” snbstance generated by
waking activity, These attempts have not yet
sueceeded, and today experimenters have begun
to think that they may not be searching for just
ono substance. There might be several chemical
mechanisms stemming from different metabolic
chains, having ditferent effects even thongh ¢he net
results might look like the same behavior—sleep.
Recent experiments begin to suggest that indeed
slow-wave sleep and REM sleep may be influenced,
and perhaps triggered, by totally different. chem-
lcals.

The suspicion that two different chemicals may
trigger sleep and REM sleep has been phrased in-
formally for several years, and it is heightened
by evidence from the diverse researches of Dr.
Michel Jonvet, of Liyon, France, and Dr. Werner
Ioella, of the Worcester Foundation for Lxperi-
mental Biology, in Shrewsbury, Mass.
Reserpine

The French reseavehiers have looked closely at
the sleep of cats followiag an injection of reser-
pine. ‘Fhis compound is a derivative of Rauwolfia
or snakeroot, an ancient Indian remedy that has
been wzed extensively in modern form to calm
people in states of intense emotional disorder and
to lower bloold pressuve in iypertensives. Reser
pine redices slow wave sleep, and itz impact npon
the paradexical phase of leep in eats might he
said to vesemble a Sedzehmmmer. After a single
injection of reserpine, paradoxival sleep would de-
eline, disappearving altogether for & days. This
remaurkalhte effect strml;_'l‘\' rllj_'u'\‘rh‘(] that ve-er-
pie st inactivate brain centers or brain cheti-
icels that ave essential to paradexical leep.

Reserpine is known to reduce the content nf
serotonin i the brain and fo atlect other brvin
chamicals, A number of these chemicals were
subsequently administered to determine whether
they counteracted the impact of rveserpine on
pavadoxival sleepr. .\ cat was given reserpine, and
then an injection of S-hydroxytryptophane (h-
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HTP). This is a substance known to precede
serotonin in the metabolic cycle. Serotonin is 5-
hydroxytryptamine, and 5-IITP is a substance
from which it is built. An injection of 5-IITP
should have restored serotonin in the reserpine-
injected cat. If an increase in serotonin were
crucial to paradoxical sleep, then it shonld have
reappeared. Not 0. The cat now showed 2 nor-
mal pattern of slow wave sleep but not a sign of
the paradoxical REM phase. IInwever, if the shot
of reserpine were followed by an injection of dopa,
REM sleep did reappear.
Dopa

Dopa is a precursor of noradrenalin, a sub-
stance produced in neural tissue throughout the
body and brain. When dopa was administered
to a cat that never received reserpine its cifect was
striking. Given to a norwal cat, dopa increased
the animal’s paradoxicalsleep. Towever, if anor-
mal and 'mmedicated cat were giver. 5-HTP in-
stead, its paradoxical REM sleep was depressed.
This series of findings suggzested that paradoxical
sleep might be dependent upon chemicals related
to adrenalin and noradrenalin, but not to sero-
tonin.

Serotonin

Serotonin would ay, ~ar to play a role in pro-
ducingslow wavesleep. Asusual,in science,a long
history of veseavchies into the etlocts of serofonin on
blnod pressive and muny brain functions preceded
the studics that implicate serotonin in slow wave
sleep (Keella, et al., 197, 1961, 1963, 1965 ; Keclia,
1062). 1n recent 1escarches the investizators no-
ticed that serotonin was produeing some peculiar
effects om hrainwaves (Knella et al,, 1903). When
injected into the carotid artery of an immobilized
or anesthetized cat, serotonin promnptly produced
an arousal reaction, This brief EEG a1ousal pat-
tern was ther tollowed by 15-20 minntes of slow
waves and sleep spindles, and the large spindling
Y13 pattern known as a reeruiling responcse,

The recruiting response has drawn interc«t he-
canse it may be related tothe normal EEG spindles
seen insleep. Experimenters have found that they
could obtain this EEG recruiting response by elec-
teically etimulating the medial aspects of the tha-
lamnus. Sleep has also been produced by stimutat-
ing this same thalamic region (Akert, ot al., 1052).
Parhaps it is not surprising that an injection of a
cliemical night produce both the INEG recrniting
responss and braimwaves typical of sleep. The

experimenters found it cnrious, however, that the
santo chentical first preduced an arous:! response,
and wondered if they were seeing reactions from
two distinct portions of the brain.

This hunch was borne ont by the experiments
that followed. Tha brain stem of a cat was snrgi-
ally transected so that the effect of serotonin was
only apparcnt on tho anterior portion: now the
animal showed te brain v aves of arousal but there
was no sleep.  this implied th~’ serotonin was
inducing sleep by aflveting the posterior brain
stem, at the very base of the brain. The experi-
menters began exploring a very small structure
at the base of the brain stem, the avea postruia,
which might be deseribed as a gateway vegion to
the central nervous system. When this small area
was destroyed in cerebellectomnized cats, the sero-
tonin injection continted to cause arousal awi not
sleep. The researchers now zeroed in on the area
postrema.

T'his region hzs been known to accept serotonin
and other sinilar chemieals, ie., it has no blood-
brain barrier. It now secined to be the specific
neural receptor site on which serotonin acted to
facilitate sleep.  Instead of surgically destroying
the arca postrema the experimenters took their
next step to nullify the action of serctonin here by
chemically blacking the reeeptor site and thus
preveuting the sleep response. LSD and other
chemicals block the action of serotonin, which is a
reural transmitter. When one of these blocking
agents was applied to the arca postrema an in-
jection of sevotonin cansed the ELGs of arousal,
but nat sleep.  On tlie other hand, whenever sero-
tonin was placed in the avea postrema of an intact
cat the LIG's gave only the signs of sleep, not
arousal.

Scrotonin scemed a likely candidate as a body-
generated chemical that induces sleep.  Sure-
Ivif a body chentical were responsible for indncing
gleep one might expect it to act at the hase of the
brain near the spinal cord. There is one interest-
ing fact, however. Serotonin does not pass
through the Dlood-brain barrier. Thus it ecould
not divectly reach with its effeets dee}: into the
brain stem.  An exploration of ‘1ie area postrema,
where serotonin is received, may however explain
how serotonin could cauze a hypnogenic responze
in the rest of the brain, The avea postrema is con-
vected by dendrites to an adjacent area within the
brain, the nueleus of the tractus solitarins which
is probably not directly permeable to serotonin,
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but may receive its effects through the dendrites
linking it with the area postrema.

The action of serotonin as described here may
illustrate what is often referred to as the triggering
action—or triggering chemical. Serotonin inay act
asaneutraltrigger. It stimalates receptors within
the area postrema, which, in turn, stimulates cells
in an adjacent nucleus tractus solitarius, perhaps
causing n neutral chain reaction whose consequence
we know assleep (Koella, et al., 1965).

The indication that serotonir can inducesleep by
its action upon a brainstem strncture does not elini-
inate the possibility that other body chemnicals also
participate in producing natural sleep.  Serotonin
is chernically like a hornone, and acts as a neutral
{ransmitter over very short distances, Other in-
vestigators have been looking at the effects of sex
hormoues for an clucidation of the natural sleep
process.

Hormones

Unnatural sleepiness, or at any rate excessive
sleepiness, is the accompani:nent of numerous dis-
orders, but also occurs in normal people who are
undergoing changes in body cliemistry, In a book
called “Pregnancy and Birth,” A. F. Gutimacher
has described one of the most common of sleep dis-
ovrders.  “In some women, one of 1he earliest signs
of pregnancy is an overpowering sleepiness.
Sleeping late in the morning and napping in the
afternoon do not prevent the pregnant young wife
from yawning in her husband’s face and from doz-
ingevenat lier own dinner parties.  This excessive
need for sleep disappears after the first few
months.”  Although the soporific serenity of a
pregrant woinan bears no resemblance to the
blankness of an epileptic seizure, or the catalepsy
of a narcoleptic, the catatonic state of a schizo-
phreniey or the anesthesia state, thers may be a
chemical link between them.  Somnolence, anes-
thesia, and convulsions may alf be produced by
different concentrations of progesterone, the
hormone secreted in large quantities by pregnant
woman. I’rogesterone, indeed, is only onc of the
hormones known to produce an anesthetic state,
and some have been used as an anestletic.

Drs. George M. Ling and Guunar Ieuser are
currently collaboratmg at UCL.A on a study of the
effects of several steroid Liormones on the central
nervous syetem.  FThey have shown that two pre-
cirsors of hormones (dehydroepiandrosterone,
and IT-desoxycortizol) will produce sedation in
low dosages, while high doses invoke seizures and

couvulsions. By administering finely graded doses
they hope to determine whether ster»ids will pro-
duce sleep in the amounts secreted by the body.
A connection between sex hormones and sleepiness
should not seem surprising, for it is observed fre-
quently without any reflection, in the aftermath
of lovemaking, people tend to fall asleep.

Hormones appear not only to elicit sleep, kut
perhaps also to change its quality by influencing
the ERXG phases and duration. Drs. Ling and
Heuser have observed that cats sleep a good deal
longer given progesterone, than if they are sedated
with compounds that vresemble the neurochemicals
serotonin and acetylcholine. Morcover, the sleep
induced with progesterone is distinguished by
ample cpisodes of paradoxical sleep. In studies
of eight pregnant cats they found that the inci-
dence of paradoxical sleep increased as pregiancy
progressed toward delivery, and during the brief
post partum interval after delivery the cats also
showed frequent periods of paradoxical sleep.
There may indeed be some truth to the old wives’
tale that a woman dreamns a lot when pregnant.
The story does not scem to be a simple one, how-
ever, and an increase of progesterone should not
bo expected to produce an orgy of dreams. Under
somne ¢ reumstances it moy do the oppositr..

Fuovid, a combinatiou of a progesterge deriva-
tive and an estrogen. both female sex Lormones,
prevents ovulation. One sign of its antifertility
efTect has been that it delays or suppresses signs of
dreaming normally seen in a female rabbit just fol-
lowing coitus.  Qvdinarily the fertile rabbit will
qnickly lapse into sleep, soon showing EEG signs
of paradesical sleep, but if her production of
ovulatory hormeones has been blocked, the familiar
EEG patterns of paradoxsical sleep will uot occur,
This index of fertility—and method of quickly de-
tecting an antifertility compound—was discovered
by Dr. Charles Sawyer and his associatesat UCLA
as they explored the relation between the sex
slereids, brain activity, and fextility. llere, para-
doxical sleep played the role ¢f a key into the
brain processes that govern sexual behavior and
reproductive capacity (Kanematsu and Sawyer,
1963: Kawakami and Sawyer, 1059, 1062; Sawyer,
1961, 1963).

The solution to the world's crushing problems
of overpopulation may hinge tipon some of these
recent discoveries about the neurochiemistry of fer.
tility, amonga them the firtding that Enovid and
other steroids that Dlock ovulation act upon the
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central nervous system. The impact of steroids
on ovulation had to be reinterpreted in the early
1960's when Drs. Sawyer and Kawakami knit to-
gether their diverse findings on many species,
showing, among other things, that these com-
pounds depressed the likelihood of paradoxicai
sleep following sexual stimulation. Rabbits were
used a great deal because they are reflex ovu-
lators; that iz ovulation is induced by coitus,
whether real, artificial, or performed by brain
stimulation. The characteristic afterreaction to
coitns is unambiguous, even without LIGs, for
in slow-wave sleep the rabitt’s ears remain ereet,
but when paradoxical sleep begins tley suddenly
lose muscle tone and droop. This reaction was
probed by the injection of pituitary hormones and
by direct stimulation of the liypothalamms, which
could produce the rabbit’s afterreaction. In tests
of many hormones and other compounds, it be-
came clear that barbiturates, the tranquilizer
chlorpromazine, and morphine had a pronounced
effect npon the afterreaction of the rabbit—sug-
gesting that they ray block the nervous activation
of the pituitary gland in releasing ovulatory hor-
mones. Inthisrega:d, it is interesting to note that
morphine addicts wend to be infertile, and female
addicts generally have irregular menstrual cycles.

In a long serics of siudies with various tech-
niques, using steroids divectly upon the bLrain or
surgieal lesions in the hypothalamns it became
clear that the brain cer.ters controlling sexual be-
havior and those controlling pituiiary lhormonal
function were quite discrete in the rabbit and sex-
nal behavior could be independent of influences on
fertitity, Thus, the brain scenied to contain a fer-
tility center, sensitive to steroids, which would
induce ovulation after elec'vical stimuiation, but
i damaged, world eause genadat ateophy. The
loeation of this center (the posterior basal tuber
of the Ly pothalainus) in a brain region known to
1lay a large role in emotion, may cnable us to
determine how  emotions—meod, anxiety, and
stress, allect fertility., 1f stress hormones, and
neurolinors of enwtion act upan this region to
Dlock fertility, we may leamn haw to freat some
of the perplexing cases of sterility for which peo-
Ple ceek clinical ald. A dassie instance of wlhat
soems to be Hemottenal™ infertility is that of the
couple who cannot canceive, hut who do, indeed,
Legin producing ehiklren shortly afier adopting
achill.

The cxplarativng outlined o scantily lieww, 1aise

important and as yet uvanswered questions about
the influence of hormones on mond and sleep.
Quite beyond supplying an index by which anti-
ovulatory drugs can be screened, the paradoxical
sleep of the posteoital rabbit Las instigated many
assays of sleep patterns and hormones, Dr. Kawa-
kami has shown that an animal going into estrus
has an increasing ratio of paradoxical te slow-
wave sleep. Female rabbits, given the male hor-
mone, testos! erone, will not show paradexical steep
after mating, nor will the normal male. But &
castrated male, given the female liorinone estro-
gen, will show this sleep symptom following elec-
trical stimmlation of the septum (Kawakami
and Sawyer, 1062).  What is the relation between
the sex steroids and paradoxical sleep? Do they
suppress dreaming in human beings?  Couid ste-
roids and other antifertility agents act upon the
lateral hypothalamus to affect mood and incur
subtlo perscnality changes?

Further explorations in this direction may help
to explain emotional differences between the sexes.
Moreover, they may help to explain psychological
phenomena that are clearly linlked to sexual peri-
odicities, such as the depressions and exhilarations
of women at the onset of menstruation and during
the posiparturitional days. In pilot studies with
cats, Dr. Sawyer believes he has seen cl anges in
temperament. after  hypothalamic lesions that
block ovulation. Yatterns of slcep, showing us
something of the integration of the nervous system
by which we can compare novmal and altered
states, have provided a new tool for what promises
to be an even tnore imporfant skein to nnwind in
a world where fertility is likely to be controlled
with drmgs.

No extensive EEG studies have yet been con-
ducted upon pregnan’ woien, or women taking
Enovid. The widespread testing and use of Eno-
vid for birth control, and, in higher doses, for tle
treatment of a pelvic disease associated with infer-
tility, have enabled clinicians {0 cb:erve some psy-
chological effects. Many women have discontinued
the uso of Enovid because it makes thein feel de-
pressed or irritable. When heavy therapentic
do-es were tried for the purposes of advancing
fertility among wives of armed serviees personnel,
temporary psy hosis occurred in about 4 pereent.
Whetlier these symptoms could be detected oreven
auticipated Ly ehanges in EXG eleep patterns is
still an open question.
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Wo have known for almost a decade that sex
hormones can act directly upon neura) tissue.
Iowever, nobody will forget the startling demon-
stration that a male horinone, placed within a
prrticular brain region, engenders the confusing
resnlt of maternal resting behavior in male rats
(Fisher, A. 1.}, So we have, by implication, the
problem that we are not just dealing with neuro-
chemistry as we explore hormonal effects, but also
anatomieal organization and the responsiveness of
specific aveas to specific chemieals, Do steroid hor-
mones natueally aet upon eertain brain regions—
or do steroids act as a trigger for otlier brain
cliemicals? The EEG patterns of sleep are being
used in researches to answer this question.

A great wmany factors have encouraged rhe sus-
picion that the sex hormones play an important
role in sleep patterns, in mood, and in dreaming,
The fact that adults begin to show a decline of
REM sleep after age 40, is in ifself suggestive, A
recent study of the sleep of five women has added
to this evidence. YWomen underge cyclic hormonal
fluctuations, marked by menstrnation, and also by
variations in mood that are so severe in n snall per-
centage as to approach mild psychosis and demand
medical aid. If hormonal changes were reflected
in sleep, one would expect to see exclic changes in
wouten. In an initial study, changes have been
observed, especially in increases of drcam time fall-
ing toward the middle or end of the monthly eycle
(Hartmann, 1963). Curiously enough, these pe-
riods of higher dreaming coincide with periods
of anxiety and sometimes depression.

Dr. David Hamburg and M. Dallinan at Stan-
ford University Medical School have been inject-
ing progesterone directly into the hypothalamus
in rabbits, but analyses of brain tissue have not
yet revealed whetlier the hormone sets directly on
tho brain.  Why would hormonal levels aflect
sleep, and even indu-e sleep, if they do not act
within tha brain?

Acctylcholine and Neoradrenalin

A number of investigators have speculated that
substances stich as hormeines affect tie lavels of
two important brain ainines which do, in turn,
produce sleep or azonsal.  Cuvrent research by
Drs. Ling, FFisher, Hernandez Peon, and numerous
investigators in other areas of ncurocheriistry may
show us that the brain operates ¢n a chemieal code,
and that two of its principal exde chemieals are
acetylcholino and neradrenalin. These are found
throughont the nervous sesfen,
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They are pro-

duced at nerve ends in the body and brain, and ap-
pear to play an important role in transmitting
nerve impulses from one cell to another. They
appear, additionally, to play an esscntial part in
the homeostasis of the body, maintaining the equi-
librinm of the autenomie nervous system, stabiliz-
ing heart rate, or stoinaeh motility.

Dr. Ling postulates that these two chemicals
play a homeostatie, or a balancing role within the
central nervous system as well. Norvadrenalin is
related to dexedring, one of the amines of the nerv-
ous system that premotes alertuess, and acls as a
psycliic energizer. In excess, this amine may also
bring anxiety, restlessness, and the mental states
associated with insomnia. On the other hand, as
he has demonsirated viith cats, acctyleholine pro-
duces somnolence in the same brain sites where
noradrenalin evokes arousal. Perhaps this ace-
tylcholine, in large concentration, invokes apathy
and even depression. These two chemicals may e
natnral co:nponents of sleep and aronsal, and
sinall increases in thew concentention might trans-
form mere avousal into acute anxiety and turn
sleep into depression.  Such speenlations arve en-
phatically tentative at the moment, but they avo
bound ta provide a rich inspiration for rescarcli—-
for they suggest techniques by which we may dis-
cover the close Diocheinical ties between sleep, hot-
mones, and mental illness,

Yight now, anyway, it looks as if there are two
major chemical systems ai work incausing pervous
tissue to perfornt.  The cholinergic system niay be
inhibitory. In other words, acetyleholine may be
the nenrochemical that excites brain cells that
vanse sleap, or the vesmation of an activity, but this
inhibitory work docs not gou en infinitely, beeause
anotler chemical, chelinesterase, nets like & brake
halting the potent action of acetylehnline. Cells
instigating nrousal, or other specific excilation,
may be activated by the neural stivanlants of the
advenergic system-—noradrenalin and adienalin.
Presamobly theso also have a chanieal brake, Lut
little is known about their inetabolism at present.
This is a vastly oversimplified view, vet it may pre-
vide a kind of primitive map to some of the basic
research currently probing relationships between
sleep and mental illness and their biochiemical
nature.

Sowe investigators have Leen systematically
probing a partien’r vegion of the hrain. Dr.
Nathaniel Buehwald and Lis aszociates at UCL.\,
for instance, Liave been stimulating one hrain cen-



ter and charting the associated behavioral changes
and EEG patterns at other sites in the brain
(Hensev et al., 1901). This isan anatomicaliy dis-
tinet island, located under the cortex, in the fore-
part of the brain—the eaudate nuclevs. Here is
the largest supply of cholinesterase stored in the
brain, a braking chemical for acetyleholine and
the nervous activity 1t incites. When cholinester-
ase is destroyed in this area and clectric stimulation
is gently applied, the animal suffers tremors or
epileptiform seizures. Decauss the caudate nu-
clous is one of the brain'’s largest storcliouses of
important chemicals, among them dopa and dopa-
mine, it may offer some clues about the nevro-
chemistry of parkinsonian tremors, epileptic fits,
and schizophrenia.

Chemical Brain Mapping

Following another approach, some scientists
have been using acetylcholine and noradrenalin
directly upon the braiii, in a manner analogous to
eleetrieal stimulation, thus learning whieh brain
systeins respond to eholinergic chemieals and
which respond te adrenergic stimulation. The
implement, chemieal stimulation, has had an ex-
tremely impoiant impaet upon our understanding
of the anatomy of sleep.

Using brain ehemieals as his probe, Dr. Raul
Hernandez-T’eon, and his colleagues, working
largely in Mexico City, have shown that sleep is
promoted and regulaicd by a large system of brin
cells, sweeping from the frontal regions cown to
the brair stem with centers in the thalarsus and
cerebellum. Duving the last deeade theve was a
growing confusion about the brain centers that,
upon stimulation, caused an enimal to sleep.
There were so many of them-—electrical stimula-
tion in the frontal reginns, or eaudal regions, in the
thalamus and hypothalamus—and all scenmed to
invoke the well-xnown IXEG patterns and behav-
ior of sieep. This electrical brain mappinug had
begun with the pionecering work of W. R. 1less of
Zuvieh, who had produced eating, rage, and other
behavior by delivering mild electrical pulses to the
brains of animals. Ileetrieal stimulation of the
brain becanie a valuable tool and was widely used.

In their memorable experiments of the late
1910°s and early 1950%, Morrzi and Magoun
exeited the world of brain researel with their dis-
covery that stimulation to the reticular formation
led to arousal and wakefulness. Here was evi-
deace of an aronsal center in the rain,  Laogledlly
enough, sleep was considered o he the mere lack of
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reticular activity-—a passive state, brought about
by defauit so to spezk. Today, however, sleep
does not look like the consequence of a lack of
activity in the brain, but the result of activity
within a specific nearal system, a system thatl
actively inhibits arousal. This was the assump-
tion en which Dr. Hernandez-Peon and his asso-
ciates set to work, at a time, it should be added,
when the outcome was quito uncertain. They
sotght to locate a topographical map, if possible,
showing where and perhaps lhow the brain
produees what we kiuow as sleep.

Although they set out, using brain stimulation
as their main experimenta)] probe, on an expedition
to map the uncharted sleep system, and were nc.
primarily interested in its biochemieal properties,
they came to rely heavily upon chemieal stimula-
tion. One reason was the diffusensss of electrical
stimulation. Ii o pulse were delivercd to neural
cells within a partieular system, it mright cause
acuivity among cells adjacent but outside of that
syvtemt, Any neuron might be activated, inad-
verleatly. Ifor refined brain mapping, then, psy-
chologists and neurophysiologists wanted a more
selective method, a stinmius that would spark only
the cells involved in a particular actuvity. They
tried using the chemieals known to nodify syn-
aptic transinissioais in nerves throughout the body,
among them, acetyleholine and noradrenalin.

Animals were implanted with fine electrodes for
LEG recording and sometimes for stimulation or
tho ercation of small lesicns,  Similarly they were
implanted with {ine eannulae, hollow gnide-
shafts through whieh a tiny ehemical erystal could
be tamped to the nerve eells, Tike electrodes,
these eannulae eould be left in plaea comfortably,
and the experimental animals had freedem of
movement and o relatively normal laboratory
existenee. A fing screw threaaing would permit
the experimenter to stimulate a loeus, and move
the eonmula a millimeter at 2 time throngh seven
depths of tissue.

Cats were the brimary experimental animal in
mapping the sleep system, and acetylehioline lins
been the chemical that stimulates hy pnogenie ecen-
terz in this animaly putting it to slecp.  Spectes
differ, however; if you stimulate a rot brain, in
roughly the samn pathway that elicits slecp in eats,
arctylchaline will evoke thirst and drinking.
However, apply roradrenalin to certain parts of
the mut brain, corresponding to the regions in
whieh acetyleholine vroduces sleep in catzs—anl
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noradrenalin evokes sleep in the rat (Iisher,
1064).

The hypnogenic response of the cat to acetyl-
choline was supported by a few simple experi-
ments. If the animal were given atropine, or an-
other chemieal ¢hat blocks acetylcholine, then elec-
trical stimulavion failed to vroduce sleep in the
very spot whers it had formerly evoked sleep. An
animal, put to sleep by several brief electrical
stimulations to a brain locuz, then injected with
atropine, remained wakeful through repeated elec-
trieal stimulation. Presumably, the missing ele-
ment was the blocked, biochemical action of
acetylcholine {Ifernandez-Peon, 1963).

Nerve impulses can be stimulated by eleciric
shock and detected by electric sensing devices, but
iho nerve impulse itself is not like an electric cur-
rent passing along a wire. Rather, it results from
a biochemieal change iu the membrane surround-
ing a nerve cell, a movemnent of ions, electrically
charged particles that follow the release of a chein-
jeal trunswitter from a neighboring neuron.
Llectrical stimulation, therefore, causes biocheri-
cal action. It is not lihe feeding current into an
electronic machine. The electrical stimulation
that was producing sleep mnst have caused a re-
lease of acetylcholine at the synapses of the sleep
neurcrs, a release that was blocked by atropine,
with the consequence that acetylcholine no longes
acted as a biochemical transmitter and che sleep
neurons were no longer activaied.

Using acetylcholine and electrical probes, in
countless experiments on hundreds of ¢ats, it was
found that there was indeed a hypnogenic path-
way, beginning far forward in the frontal and
temporal lohes, with a center in the thalamus, and
extending downward toward the spinal cord.
Lesicn experiments demonstrated that this cholin-
ergic pathway has botl an ascending and descend-
ing route. Messages are borne downwird from
the cortex nnd frontal brain regions to the brain
stem, nud also upwards from the spinal cord—in-
hibiting tho vigilance system of the brain stein.
(1ernandez-Peon, 1963).

Most people have noticed that all sleep s not
aliko—it occurs faster on some occasions, Jike the
sudden drepping of a shade. It differs in quality.
Some of the experiments suggest why this may
be. Thesame erystals of acetylcholine, touched to
different brain sites, prodnced somewhat different
results. Ordinarily, if a cat is placed in a labora-
tory eage and left aicne, it will settle down and
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fall asleep in 15-30 mintes.  When acetylcholine
was injected into the preoptic region of the hypo-
thalamus, a waking cat fell asleep in 2-5 minutes.
The same stimulation to another hypnogenic area,
however, caused sleep i 22 seconds.

Films of this study convey the instantaneousr.ess
of the effect. A cal, in the midst of eating, re-
ceived stimulation in the sleep-circuit, and liter-
ally fell asleep so fast that his head dropped into
his food dish. Speed of sleep onset varies with
the region stimulated and so does the length of
sleep. One locus preduced a sleep that generally
lasted aboat 30 minutes, yet another producud
sleep lasting as long as 4 hours. One locus pro-
duced 2 sleep so profound that the animal could
not be awakened by neise or pinching. only by di-
rect stimulation of the arousal syste. In all of
these instances the sleep included the natural EEG
phases, both synchranous sleep and paradoxical
sleep. This suggests that the subjective quality
of sleep, the rapidity of onset, even the length of
time we sleep, may be related to specific points
along the hypuogenic path.

The term “pathway” suggests a nsrrow route, s
roadway, differing from the terrain ¢n either side.
This is an appropriute counotation, demonstrated
by repeated experiments, After chemostimulat-
ing a particular site in an experimental animal, the
researchers would wait for tha cat to wake up and
becure fully alert.  ‘Then they moved thz cannula
a millimeter or two and repeated the stimulation.
This time the chemical did not elicit sleep, but
sometimes a very different kind of response, The
acetyleholine that evoked sleep from one set of
neurons aroused totally different activity within
neurons not 1 millimeter away.

What has emerged from this extensive program
of cheinicat brain mapping? Now, instead of is-
lands of brain cells, inexplicably scattered, wo see
theie is a whols pathway, shaped somewhat like
a sickle, within the subcortical regions of the brain
that produces sleep with cholinergic stimulation.
1t is counected, by fibers, with the cortex, that
outer layer of cells involved in thonght and the
refirement of pereeption and emotion, fror
whence the voluntary conmnavds to sleep may
avise. 1t is connected vrith all the sensory modal:
ities, and current exploration of the ascending
pathway may explain how repetitious riaythms,
like patting the cat, may put it to sleep. Depend-
ing upon where the cireuit is touched, it produces
sleep of different duraties. profundity, and qual-
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ity, which may help us to explain the different
kinds of sleep we expevience, out of boredom, after
intense athletic exertion, following pleasant or
wretched emotional experiences. A furiher find-
ing may help to explain the restless sleep or in-
somnia that often occurs during periods of great
worry.

During one study it was found that a spot
evoking sleep with acetylcholine would preduce
an arousing offect if touched with noradrenalin.
Other chemicals—GABA, adrenalin, nialimide—
were tried but had no effect. Within this region
the sleep path may come into close contact with
the arousal system, perhaps overlipping or fol-
lowing the same route. Current experiments will
explore this possibility by using noradrenalin as
the stitnulus. Once again there is the suggestion
of a dual chemical code in which ckolinergic com-
pounds aflect sieep-evoking cells and adrenergic
compounds excite the cells of an 2:1tagonistic sys-
tem—that of arousal (Cordeau, 1964).

The anatomical evidence for a relationship be-
tween sleep disorder and emotion does not yet ex-
plain insomnia, but it suggests some good topo-
graphical reasons why negative emotions might
affect sleep.

“Motivation” and Sleep

Brain centers, colloquially known as “pleasure
and pain” centers, have been located by electrical
brain stimulation, beginning with the discovery
of Dr. James Olds in the 1950’s of a point in the
hypothalamus that gave appearances of ploasure
in the animals stimulated there. If inotivation is
determined by the ‘“sense” of reward or punish-
ment, or more nevtrally, the positive or negative
reinforcement that accompanies a behavior or
thoaght, this center was indeed a motivaiion point.
It appears to transmit impulses through fibers
that pass through the medial forebrain bundle.
The sleep system also transmits through this fiber
bundle. This might suggest why pleasurable
sensations often are accompanied by sleep. We
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might conceive that the positive motivational sys-
tem is connected with neurons producing slesp.
On the other hand, regative motivation seems to
be connected with arousal, and indeed, a so-called
“gversive” brain center, one producing negative
feelings, has been located in a region that anatomi-
cally overlaps with the arousal center (Hernandez-
Peon, in press).

These geographical findings do not explain in-
somnia, but they permit a hypothesis. When
emotional excitement is intense, particularly when
people worry, they cannot fall asleep easily. If
this situation tecomes prolonged, it may indicate
that the arousal system is overactive, triggered
into excitement by the emotional excitement in the
limbic area nearby. There may be a very different
explanation for the insomnia of some depressive
and elderly people who cannot manage to stay
asleep the whole night through. If some metabol-
ie failure left the hypnogenic system witliout an
adequate supply of acetylcholine, then it might
tun out of neural fuel, so to epeak, and be unable
to inhibit the arousal system for a full night.
These are conjectural explanations at present, but
they have considerable importance for therapy.

If we aretotreat patients with insomnnia or other
sleep disorders to their greatest benefit, we must
tailor drugs to the spec:fic needs. Thess anatom-
ical findings suggest means of testing drugs for
their effects at particular loci in the brain. They
may aid investigators wlho are now beginning to
look at dvug inipact through evoked potentials and
other neurophysiological and behavioral pro-
grams.  Mappings of the sleep and arousal systems
continue, and as we begin to acquire a more refined
chart of systems within tle brain and the chemical
code that activates them, we have the prospect of
developing specific remedies, offering needed sleep
without hangovers, side-effects, depressions of
mood and without actually exaggerating the im-
balances from which sleeplessness or disorder
originated.
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I have seen Hamid Bey, when under medical examinations by a commit-
tcey extend both arms and ask two of the physicians to examine the pulse at
the right and left wrists respectively. At the same time a third physician
would take his heart beat Ly means of a stethoscope. At first all would
report the same rate, say 7% to the minute, then Hamid Bey would begin to
concentrate. At the end of a minute the doctor holding the right wrist would
report 64 to the minute, the doctor holding the left wrist 96 to the minute,
achile the doctor listening to the heart would veport 84, all at the same time!

Another demonstration which Hamid Bey gives of his unique powers is
permitting the flesh or tissues of the body to be pierced with long pins or
daggers, scemingly without pain. . . . Hamid Bey will ask whether it is
desired that blood will flow from the wounds, and he permits it to flow or
rcfuses, at will.

Ilowever, his demonstration of body catalepsy is the most remarkable of
all. IIis body becomes rigid, the pulse almost imperceptible, and respiration
epparently ceases entirely. Consciousness is said to he obliterated and noth-
ing is remembered of the time spent inthat state. Inthismental state Hamid
Bey permits himsclf lo be buried under ground, with or without cofin. . . .

Newspaper Reports of tha 920

By many scicntists and siudents I am considered to be an unusual or
super-man. . . « I am a very ordinary person. My ability, unusval as it may
be, is cntirely the result of work and efficient training. Under similar cir-
curastances, any normal person might have accomplished as much or perhaps
more than I.

Hamid Bey

Chapter VI. Control Over Sleep and Other States

of Consciousness

Singular feats of mental discipline aud bodily

River in an air-tight coflin in the 1920, Houdini
control have marked certain individuals through-

followed suit in a debunking manner, inspiring

out history as almost superhuman. More admired
than emnulated, theso incarnate gods have received
their most rapturous worship from the ignorant
or from children. They have been the yogi,
calinly seated on bed of aaiis, or the Iroquois hero,
silent and stoic during a savage beating, or the
remarkable swami, standing on his head for homs
at a tine, incrt as stone in contemplation. "Tlie
comaercinl exploifation of these skills has led
many adults to suspect that all fakirs indeed, must
bo fakes, for their perforinances secem beyond
normal human attainmeni. When Ralman Bey
spent 40 minutes at the bottom oi the Tludson
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ITamid Bey and others to a contest of live burials.
But the secret was training. Ifor centuries yogi
havo practised, under thie name of pranayama,
disciplines of restricted breathing among their
many excreises, for which there are about 814
million variations. The purpose is not a freakish
prowess, but an integrated control of body and
mind, allowing che indisidual full access to his
conscionsnuss,

Jany eastern religions, ameng them Zen Bud-
dhism, provide sdherents with training in intro-
spection and entrl control, yet their goal of en-
lightened peaco with {he wuniverse lias seemed
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diffuse, appealing less to Westerners than combat
tactics of jujitsu, karate, yogi acrobatics, or mus-
cular relaxation procednres. These skills mey
seent more altainable than somne of the snpreme
but subtle skills that have elevated our heroes.
President Kennedy, for example, was being fitted
for legend during his brief term of office, as people
realized that he could ignore pain, command in-
tense concentration, shifting focus at will, even
sleeping at will. In the middle of a tense confer-
ence, ns one White Icuse consnltant remembers,
he ealled a break at a point of impasse and while
others smoked or paced around, he leaned his head
back and slept for a few minutes, Oddly enough,
one of the more Important contributions of sleep
research in the long run may be that it can make
these extiaordinary mental disciplines availaole to
all men. Research findings from the LG labora-
tory have already indicated that it is possible to
teach ordinary people rontrol over a level of con-
scionusness not usually experienced consciously.
They have pointed to some of the unexplored
phases of conscions states and the possibilities of
utilizing tliem.

The ramifications are endless. If people could
do something as simple as recognizing and describ-
ing the symptoms of illness, medieal dingnosti-
cians would be relieved of a time-consuining proce-
dure—that of cliciting and then penetrating a con-
fusing verbal clond. The ability to fall asleep
promptly, at will, has obvious merit, Moreover,
recognition of the many tides of consciousness that
continue in sleep and waking might allow people
to secize their best moments, performing at the
crest of their abilities. Most of us rise and falt
on inner tides largely unaware and unable to recog-
nize them, priceeding through life with only the
barest acquaintanceship with our selves. Yega
literally means union. The hody and mind are
inseparable, and what we call mental diseipline
might permit a new approach in the treatment of
medieal, or psyehosomatic disorders, and muny
forms of mental disorder. ¥rom extraordinary
individuals we alveady know that voluntary con-
trol over pain, emotion, sleep, arousal, vespiration,
heart-rate, and many other functions st be
possible.

Perhaps the biggest disadvantage to the curric-
alum of self-control in eastern religions is that
it takes a long time, and the education does not
begin in ehildhood. The posture of Zen medita-
tion and shallow rhythnie breathing are diflicult to
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learn, yet masters maintain this position for 7 and
8 hours. While meditating they may give every
appearance of being asleep, yet they ave in a state
quite different from sleep. There is an anecdote
about Dr. Baisetz Suzuki, a great Zen philosopher,
asheattended a conference on Zen and Psychoanal-
vsis, A guest of honor, he sat at a front table,
ITe wrs then a man of 86, aud dnring oue partic-
ularly long session was thought to he asleep. He
sat, immobile, eyes shut, unperturbed by events in
the room, but when a breeze scnttled some papers
down the table, it was Suzuki’s hand. that flashed
out and secured them after they had passed the
presumably alert participants at the head of the
table. Suzuki had been in meditation, delicately
balanced between reloxed detachment and instant
alertness. This state i3 well known to eleetro-
encephalograpliers by its characteristic alpha
rhythm.

Control of the Alpha Rhythm

Dr. Joe Kamniya, at Langley Porter Institute in
San Francisco, has used the electroencephalo-
graph as a teaching instrument demonstrating
that control of the alpha staie can be learned with
surprising rapidity. Dr. Kamiya, in previous
studies of sleep and dreaming, was struck with the
difliculty professed by volunteers in comniunicat-
ing their dreams and other subjective experiences.
However honest a person may be, nost people are
notoriously irept at deseribing subje:tive events.
For this reason, many stndies of perception, pain,
and sleep have sidestepped introspective accounts.
Indeed, modern psychology has shunned introspee-
tion. s a result we know little about the man-
ner in which civilized people acquire self-control,
how they exercise mental discipline and begin to
recognize and communicate their fecliags.

An infant can do nothing more than cry when
something hurts. The child, after some coaxing
from his parents, may point to his stumach. He
learns to say that his stomach hurts, ana even-
tually he may discriminate between a stabbing pain
and an ache, ITe will be almost mature before lie
can dezcribe his emotions even crudely. Iis dis-
crimination between inmost levels of cunseiousness
will probably remain aboriginal. T"e rich quali-
tative variation between dcep sleep and high
arousal does not even have a vocabulary. For
example, most people experience the alpha state
mary times each day, but they would not know
low to identify it.
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The characteristic alpha rhythm of about 9-12
e.p.s. appears when a person relaxes with eyes
closed. This isu't drowsiness. The rhythm
vanishes on the threshold of sleep and alse when
a person becomes tense, emotionally upset, or
gripped by a problenn. A Japanese EEG study of
Zen Buddhist monks has reportedly shown that tne
meditation state is n sustained period of alpha
rhythm. Sustaining thisrthythm isno mean trick,
for any call to attention, sudden thouglht, or out-
side distraction disrupts it. A study of the alphn
state wasa logical first step in exploring the process
of introspection because it ocenrs during wakeful-
ness ang is easily identified on the ELG.

Six years ago Dr. Kamiya and his associates
wondered whether a native volunteer could be
taught to identify the occurrence of his alpha
rhythm. They placed electrodes on a volunteer's
head, bade him lie down in an experimental bed.
roota and told him that a bell would occasionally
ring, sometimes when alpha waves appeared,
sometimes during other EEG patterns. Ile was
asked to guess whether or not the bell had rung
during alpha an< was told whether he was right
or wrong. By the fourth session the volunteer
was always correct in his guess and diseriminated
correctly 400 times in a row. Six other volunteers
achieved 70~100 percent accuracy on 50-500 trials,
Surely it looked as if they had learned to use sume
internal cues to ideniify an inner experience they
had never knovn before. But there was a remote
chance that the bell counded different during
alpha than nonalpha, and the procedure was
varied to obviate this possibility.

Now the volunteers were instructed to say “yes”
when they . .t they were in alpha and “no” when
they weren't. This, too, they did with great ue-
curacy. A uumber of physiological ineasures
were taken—heart rate, respiration, eye more-
ments, and muscle tension— to see whether one of
these changed during alpha, providing the cue.
Although previous studies never indieated a rela-
tionship between alpha and heart or respiration
changes, this precautionary cheek gave evidence
that ruled out palpitation of the lieart, a change
in muscle tension, respiration, and cye movements
as cues.

The initial volunteer, the experimenters had no-
ticed, had inadvertently learned to control his
alpha rhiythm once he learned to identify it. Vol
unteets in a subsequent stndy were told to fuduce
alplia ov suppress it or command, giving an alphe
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rhythim when a single tone sounded and eliminat-
ing it wlhen two tones sonnded. None of the vol-
unteers knew the naine of the state they were try-
ing to manipulate. They knew that a “yes” was
associnted with oue sensation and a “no” with an-
other. When the toune sounded once, tle volun-
teer conjured up the “yes” state. s they watched
the XTG record in the control room, the experi-
menters were amazed to see an alpha rhythm ap-
pear after a single tone and vanish after the
donble tone.

The next variatison of the experiment required
a technical innovation. An electrical filter, cali-
brated to pass only the subject’s dominant aipha
rhythm, would sound a tore. Noir the tone was
automatically controlled by the subject’s alpha
rhythm; in a senge, his very thought controlled
the tone. The tone started whencver alpha ap-
peared and stayed on until the ulpha vanished.
Subjects were told to keep that tone off. They
were to suppress alpha.  Those volunteers were
new to the study. They had never laamed to iden-
tify alpha, nevertheless they were able to keen the
tone from sounding most of the time. ITow had
they learned to control a <ubtle mental state for
which they had no name$

When they were asked, the voiunteers said that
the alpha state was serene, pleasant, and devoid
of visual imagery. Some voluntvers said they
“saw” things in order to suppress alpha, and these
visions were often floatirg spots, faces, headlines,
Then the tone went off. It took some effort to keep
the tone silent. they said, for when they main-
tained alpha on commang they found they could
forget about outside stimulation—including the
tone.  Not all of the volunteers were equally adept,
but the first eight subjects beeame skilled at turn-
ing alpha on and off. When it was on. they said,
they were relaxed yet vigilant—like Dr. Suzuki?

The pleasant alpha susper sion was quickly ban-
ished when ihiey exerted mental effort, evoked
images, or tried to solve a problem. When asked
to maintain alpha and add memorized figures, the
subject either maintained alpha and did incorrect
arithmeticy or he did correct arithemtic and fost
alpha. Some people in other studies have 1aan-
igred to solve simple problems and maintain alpha,
and it hasbeen speculated that it depends upon the
amount of visualization employed.

Zen teaching is bhased upon the awakening of
inner perception to the core of ane's heing by an
inward listening that is destroyed by logie or etfort
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of intellect. One student of Zen has described
the sustained mieditation as a portal to a poetic
illumination, ax appreciation of all paysical self
and nature—resembling the paradise of a child
and incompatible with objective thinking. A stu-
dent of Zen riay learn to sustain meditation, after
many years, aud to achieve the state kuown as
enlightenment—perhaps what might be described
as a union with the nnconscious. Di. Kamiya’s
laboratory is attempting to see how long the alpha
state can be held by voluateers with a few hours
of practice, This study may explain one of the
perplexing and repeated facts of history—that
monks and moguls have been said to meditate con-
tinuously for many hours a day und to do with
little sleep. Participants in a Zen retreat some-
times nieditate for as long as 17 hours at a stretch
and have been known to go without sleep for 5 days
or more. Tecently, one participant in a retreat, a
Chieago housewife, is reported to have meditated
fur 5 days without sleep. According to Dr. Albert
J. Stunkard of the University of Pennsylvania,
she showed no signs of fatizue. Wlen introduced
into a conventional sccial situation she acted with
her accustomed propriety and responsiveness and
sufferad no distortions of vision, time, or other ef-
fects usually associated with prolonged sleep loss.

Voluntory Control and Psychosomatic Medicine

Further ELG and polygraph studies may rvveal
whether the alpha statr: does indeed perforin some
of the functions of sleep and what its special phys-
iological properties may Le. By using the EEG
in a feedback systen: for instructien, Dr. Kamiya
has been able to train people to identify, control,
and sustain a state in 2 manner that apparently
takes years to achieve by Zen training. The same
procedure will be used in attempts to instruct
people in the control of other EEG patterns that
correlate with mental states. If,indeed, the ELG
picture corresponds with mental events this re-
search adventure is opening up the possibility of
internal education, avenues of instruction in
menfal control. People may, indeed, learn to dis-
criminate between the stages of sleep (Antrobus,
1965) and learn how to awaken during a particular
phase, as some people do awaken at a regular time
without aid from alarm clocks. Ilow does one
“conquer” pain, “subdue” anger, reducs one’s
breathing, stop one's heart1

We are now acguiring the tools to explore some
of the “superhuman” feats of the past. Simu-
]hlm‘\‘(lioath, for instance, and heart stoppage were
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the trick of a faraous prisoner in an American
prison who used to astound tke doctors by lying
dovwn—dead—then returning to life. This appar-
ent inhibition of sympathetic-autonomic activity
resenibles the occurrences in the process of falling
asleep and is an integral part of yogi meditation.
At oue time investigators reported that an accom-
plished yogi could suspend his heart beat for 18
seconds. The observations were made by taking
the pulse and listening, but electrocardiograms
have shown that the heart doesn’t stop. Instead,
the volume of each beat is so diminished that only
a most sensitive instrument will detect it. How
was this imperceptible volnme attained? Surely
reduced heart beat is not accomplished as directly
as moving an arm, although one step may be under
direct voluntary control. By expanding the lungs
one can put pressure on the heart and reduce its
volume. The yogi feat takes skill and practice,
Lut it resembles something tiiat anyone ean try
for himself. One can produce an increased heart
rate very simply by thinking alarming thoughts
or eonjuring up fearsome memories, Current
findings by Dr. Kamiya also suggest that blood
prressnre can be conditioned downward.

The sutononiic nervous system, the involuntary
system that controls heart rate, perspiration, and
many vital functions, is now believed to play an
aetive role in many psychcsoniatic diseases: heart
ailments, ulcers, colitis, headaclies, and skin dis-
eases. If people can learn to control their niental
and emotional forces, they will also be controlling
many of their physiological functions. Such a
development might put us on the road toward
teaching patients to dinvinish their own symptoms
and aiso to prevent psychosomatic disease, provid-
ing a very iteresting technique, moreover, to the
psychotherapist. Research into the way we de-
velop cur introspective faculties, by oflering us
tools for further edueation, could have a profound
value well beyond practical possibilities for medi-
cine and psychiatry. Sueh an education could
surely, to use the succinet cliché, enrich the lives
of peor.le now eampressed from every side by an
overpopulons, overregulated, and increasingly
technical society. The Utopian goal of inward
cultivation is more Jistant, however, than sonie of
the more limited forms of control we niay be able
to ncquire,

Sleep Learning
Sleep learning has been a particularly intrigu-

. ing possibilty. If we could learn French or elec-

t
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trical engineering during sleep, practical advan-
tages are manifold. Could we take courses during
sleep? Could our Jives be enriched by other kinds
of useful training during sleep? Could our sleep-
ing lives provide a part of our total education, a
part of character formation, or even therapy?
During the last 20 years there has been a welter of
conflizting evidence, and these questions are by no
nieans sottled. Recent studies in Russia (Kulikoy,
1964) and the United States (Fvans et al,, 1065;
Cobb et al., 1964) suggest that it is possible for
hypnotic subjects to understand relatively compli-
cated things during sleep. Indeed, it has been said
that the Russians have succeeded in teaching some
English during sleep, bat mo:. Americaa scientists
remain skeptical.

Studies of sleep behavior angd nevrophysiology
Lave begun to map out some of ¢he limits and pos-
sibilities of sleep learning and to illumire how the
slesping brain reacts and what it is capable of
doing. Many people, of courss, assume that sleep
teaching is a reliable if slightly miraculous comni-
mercial technigue offering success in acquiring
skills without etfort. The great commercial en-
deavor began arcund 1947 when a successful dis-
tributor of foreign language records began selling
the records with a loudspeaker designed to be
placed under the pillow and a phonograph that
turned o and off automatically. Advertisements
said that this equipment would enable people to
learn a Janguage during sleep. By 1958 the busi-
ness had so expanded that there were records to
improve salesmanship, to break habits, to enforce
diets, to enable a person to become financially suc-
cessful—a more than $10 million business.

During the mid-1950's Dr. Charles W. Simon
and William Emmons at the Rand Corp. took a
elose look at the sleep-learning Jiteratnre which
then included a spate of scientific studies, ome of
them weakly supporting the claim that instrue-
tion in sleep improved waking performance.
Simon and Emmons ran their own EEG study and
decided that if they saw alpha rhythm in the rec-
ord they would 1ot assume the subject was azleep.
Even with volinteers of high intelligence, there
was no evidence that material “stuck™ if presented
during slow-wave cieep, and siyns of learning
diininished as alphe diminished. Theyx conelide:d
that there wis no goud case for fuctual learning
during s «p, althrigh go'ne other form of train-
ing might Lo possible, perhaps the use of drowsy
states to mo lify attitudes and supplement. waking

training or psychotherapy. They suggested an
exploration of the many waking states of con-
sciousness that arve far beneath an optimum
alertness.

The Simon and Emmons papers performed a
cleansing within the murky realm of sleep learn-
ing. They did not, however, debunk the issue. If
factual learning of repeated words did not seem to
occur in sleep, this did not mean that racords play-
ing throughout the night failed to penetiate the
brain or that they might rot iave some effect dur-
ing thealphastate before sleap.

Subsequent behavioral and neurophysiological
researches have amplified the case against a
straightforward sleep teaching—-presented as s
progression of facts. The different sleep phases
have diflerent properties, first of all. As Webb
and others have shown, slow-wave sleep occupies
a goodly proportion of the initial part of the night.
Slow-wave sleep would appear to be the least
amenable for conventional teaching. In a number
ol experiments demonstrating that people can
make responses such as pressing a button during
sleep, the responses more rarely occurred during
slow-wave sleep of stages 3 and4. Quite a number
of investigators huve charted the brain’s EEG
response to 8 stimulus during sleep, and these
studies of evoked polentials may help to explain
the apparent impermeability of this phase of sleep.

In recent studies, Rosner and his associates at
the West Haven, Conn., Veterans Administration
Hospital compared the waking and sleeping brain
responses of people who were repeatedly given a
mild electric shock, causing a slight tingle at the
median nerve of the wrist. Analyses of the EEG
responses from many people and many nights
corroborated the many data that REM sleep bears
a close resemblance to waking but that slow-wave
sleep is quite different. Using sounds as stimuli
in a study at Walter Reed, Williams found that
people gave EEG responses that changed in shapo
in the varions stages of sleep much like the re-
sponges o wrist shock (Williams et al,, 1062, 1863).
Using quite another methad, Din W, R. Adey and
his laboratory at UCLA have detected shifts in
impedance, the electirical vesistance of neural tis-
sue at deep brain sites during sleep and waking.
Drs. 1awid Foalkes in Chicago aud Joe Kamiya in
San IFrancis o have found that people report dif-
ferent kinds of mentation in slow-vave sleep than
in REM sleep, generally remembering fax less.
Nosw, the find ings of Dr. Rosner and his associates
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suzgest why mentation during slow-wave sleep
may be vastly different from that of waking or
the REM phase of intense dreaming.

Projecting in all directions from the thalamus
are small nerve fibers that finally refer sensory in-
formation to the entire cortex, a diffuse projection
system that is thought to be essential to conscious
awareness. DBrain wave patterns, inferred to
emanate fvom this region, appear toward the end
of the EEG response to a stimulus. They do not
disappear in sleep, but, arrive later and progres-
sively larger as sleep moves from stage 1 to stage
4, Tt would seem that it takes longer for the
integrative process to begin in this deep sleep,
showing what might be called & slower reaction
time, and longer for the process to occur. This
suggests a kind of slow motion in mental activity.
Sinze speed of function plays a vole in the quality
of thought, this evidence suggests that REM men-
tation would more nearly resemble that of waking.
During slow-ware sleep, moreover, the latter part
of the EIiG response showed a shape that was the
reverse of the waking equivalent. A\ negativewave
occurred where a positive existed in waking. The
meaning of all this is not known in detail, but it
certainly adds to the evidence that says the brain’s
function is far different in slow-wave sleep than
waking. One might not expect success in teaching
by methods that aze {imed for a waking brain.

Roughly one-fifth of the night and a goodly por-
tion of the later pait of the night is spent in a phase
of sleep that, by all the accumulated data, seems
closestto waking:stage 1 REM. Thashape of tho
EEG response to stinulation is closest to the wak-
ing response in this period. This is the time of
vivid dreaming and a great variety of behaviors,
perhaps a time when specially timed teaching pro-
cedures might prove effective. Obtaining re-
spons:s from people in this stage of sleep is not
like asking a waking person to do something, liow-
ever, and the partientar properties of this sleep
stage can be glimpsed in some of the recent re-
search.

Discriminctions During Sleep

At atime wliea sleep learning looked like a dead
issue, two laboratories, separated by a continent,
were quictly at work reopening the possibility.
Kamiya and his ascociates at Langley Porter in
San Francisco were offering their volunteers money
as a reward for performing during sleep. The
performunce was not complicated. YWhen & tone
sonnded, they were o press a thumb switch. De-
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cause the tone had been coupled to the onset of the
RIEM period the investigators wondered whether
subjects would begin to associate rapic sye move-
ments with the tone without awakening. Many
people felt that motivation was important, and
KKamiya’s svbjects began to act as if they were
learning the relationship of tone and REMs-—
especially when ‘he money payments increased.
After about 4 hours they were pressing the thumb
switch just a little before the eye movements
bagan. This suggested that they had associated
the tone with the eye movements and had learned
internal sensations perhaps “warning” them that
the eye movement period wasabout tobegin., They
wero able, therefore, to tell the ontside world that
they were dreaming or were about to dream.

A subject in a New York laboratory also learned
to diseriminate between the REM state and other
sleep (Antrobus et al, 1964). How does n sleep-
ing person tell the difference between one pluase of
sleep and arother? Does his inner experience in
some way reflect changes that correspond with the
mar¥ed changes observed on the EEG record?
Does he detect unusual body movement, respira-
tion, eya motions, vivid dreams? In pursuing this
problem, Dr. Antrobus has not asked subjects to
press a switch during a particular stage of sleep,
but has asked for verbal identification upon
awakenings. Can a person learn to identify dif-
ferent stages of sleep as he can learn to identify
alpha rhythm? .\ study of one womnan strongly
suggests that 4 persen ean learn to discriminate
cbout his inner sleeping experience (Antrobus,
1965}, The nurse in this study was awakened
during RIEM sleep and stage 2. Although she
knew them only as “A” or “B,” she was asked to
guess in which phase she had been prior to awaken-
ing and was always told whether or not she was
correct. ‘This training procedure lasted sor1s 16
nights, and by the last 4 nights the subject was
almiost 100 percent correct.  Asked how she dis-
eriminated, che said ghe felt that there was some-
thing in the quality of the sleep, the quality of the
dreaming, and the depth of sleep.

Now the experimenter wanted to find out
whether rapid eyo movements provided a ecne. On
several nights the subject was awakened duving
REM periods only during intervals when the ey¢s
were not moving, and alzo during stage 2 sleep.
Once again, t].+ subject was nearly perfect in he-
diserimination and so it did not appear that rapid
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eye movements themselves dictated her correct dis-
erimination of the REM stage.

A further step, vequiring the discrimination of
still ancther phase of sleep has net k2en conclu-
sive. Ilowever, it does scen that the subjective
quality of REM sleep and stage 2 permit a person
to distinguish between them. Individuals vary in
their sensitivity tc internal experience, and most
people are inarticulate about. subjective uvents, so
thet it may take considerable exploration of this
kind before there is & verbal map even evudely de-
seribing the “feeing” of the ERG stages of sleep.
It is perhaps ironic that the esperimenters and
their cooperative subjects row laltingly trying
to deseribe how they distingruish between the EEG
stages of sleep are mapping a territory less known
than the space traversed by the astrorauts, un-
charted seas of consciousness through which we all
pass unknowingly every night of our lives.
Perfermance During Sleep

7t has been clear in diverse studies of sleep be-
havior that people differ considerably in their
reactinns and their seasitivities. In addition, the
techniques of study have varied considerably. In
one study of sleep discrimination the volunteers
were motivated to perform in sleep by punishment
for failure to respond. At the beginning of each
REM peried a light went on, as a cue .o the cleep-
ing person that he was about to enter a REM pe-
viod. If he did not ~espond within a minute, a
buzzer sounded. Vhen he pressed a switeh [0
times, the light went off. There are a number of
variations of this experiment, and in one series
subjeeis were 1ildly shoeked if they failed fo pross
tha switeh. Some subjects epparently needed lit-
tle coaxiy 7, and their performance wonld improve
frum night to night, without punishinent, while
some people apparently got used to lights, bnzz.
ers, shocks, and showed little inclination to per-
form (Hammack, 1062-61). Subjeets in another
labor:tory were rveeriving cven stronger induee-
ments to perform in the form of what might seem
even more irritating punishment for failure.

In tho studies of Dr. ITarold L, Williams and
his associates at. Walter Reedl, the velunteers slept
with a microswiteh taped in their right hands, and
tiicy were told to elose it whenever a tone scund-
ed. They were given three nights of grace. Ior
theso first nights there were no dire consequences
if they failed to close the switch when the tone
sonnded, and the tone was automatical’y turied
off. However, life was difforent on the next thice
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nights. Now if the subject failed to close the mi-
eroswiteh within 4 secends of the tone, a five alarm
began ringing, lights flashed, and his leg was
shocked. Two of the subjects had heen asked to
discrintinate between an irrelevant and o critical
tone. if they ignored the irrelevant tone nothing
hapovened, but failure to close tk. . switeh after ths
critical tone brought on the noise, flashing lights,
and shoci.

The motivating power of punishment was
clearly importazt. Ontho nightsof grace with no
punishment for failure, the subjects hardly re-
spunded, almost not at ail during REM sleep.  On
the nights when failure meant punishment, ho--
ever, they were responding to the eritical tone
during all phases of sleep. "The Liggest imp.rove-
meut eould be sean in ke REM period, and one
subject resncnded 85 pereent of tho time when the
evitical tone wes played during RIEM sleep (Wil-
liamset al,, 1963,1964),

Meniory

These studies suggested that some kind of learn.
ing might oecur during sleep, that people indeed
might bs tanght to discriniinate batween the phases
of sleep. 'They emphasized ths importance of mo-
tivation in getting anybody to do anything during
sleep. A furiher aspect of sleep performance was
anphasized by a study at UCLA.

Drs. Mary and Arrcld Mandell snd Allen
Jacobson used encouragement and carveful instruc-
tion before sleep to motivate theiv subjects. Tha
volunteers were told that they would hear numbers
during their sleep. The task was to listen to the
spoken wumbers and remember them but not to
wake up until the esperimenter invited waking.
The recorded numbers were pliyed and aiter 10
secunds the volunteer was awakened.  If the num-
bers were played during slow-wave step 1he vol-
untcers claimed they never ueard them. ITow-
ever, they were able fo recite the numbers played
during REM sleep and reporied that the numbers
sometines entered a dream (Mandell et al,, 1965).
Ten coconds, lLowever, is a very short time.
Further experiments are eaploring the limits of
cinory daving sleep.

One of these studies has simply involved awaken-
ing the subject (during sleep, presenting a word,
and varying the amount of time the person remains
aweko beforo falling back asleep.  In the morning
the volunteers have been given tests of recall and
reeognition for the words they had seen and pro-
nounced during the night. Retention, it would
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seer, depends upon liow soon the person receising
the word goes back to sleep. If permitted to fall
asleep almost directly, he appears to forget— sug-
gesting that sleep, itself, can prevent the forraing
of a memory {Portnoff et al,, 1965).

The shortness of memory for sleep events 11ay
account for one’s ability to get up in the morn'ng
and feel that the night was spent in an oblivion as
deep as death. The last few years of research l as
certainly shown that, far from being dead asletp,
the sleeping person is mentally active, capable »f
behaviors of many varieties—talking, walking,
dreaming, thinking, and he is impressively se1-
sitive to significant events. This diserimination,
whicli as Tan Orwald demonstrated, permits a pe -
son to sleep through a stream of names but awaken
to the sound of his own name, is a most impressive
daily occurrence, yet one we take quite for grante.
It is expressed as “the baby’s cry phenomenon™ by
inany investigators. A mother may sleep through
1 violent thunderstorm yet awaken if her baty
coughs or cries (Oswald, 1960, 1961, 1062}.

Experiments in Discrimination

Peopla don’t stop to marvel at the fact that thoy
can sleep through fam‘liar noises yet waken if the
baby cries or a burglarlike foetfall occurs in t 1e
house. Dr. Jose . Segindo and his associates ot
UCLA have undertaken an experimental analy.is
of this important discrimination. Their subjerts
were cats implanted with electrodes.  While
awake, they were tvained to direrivrinate betwcen
severa) tones that were close together in witch so
that one of the tones became associated witl: a
shock to the paw. First, however, they heard all
tones over and over asgain until they simply did not
react when they heard any of them. “Ihen the crit-
ical tene was paired wich sheck. However, if the
cwt responded to tlie tone by meuowing or tlexin rits
paw, it managed to avoid the shock, ‘Ylie wiole
gamut of other tenes were played, meanwile,
without shock. Now the animal was tested
during slecp.

During all phases of sleep, the cats discrimi-
nated between the eritical tone and the irreleant.
ones. 'This was apparent on the ISIXG and in be-
havior. Whenever the critical tone sounded, the
EEG patterns shifted toward the character.stic
{ast thythms of avousal. This happened be ‘ore
the cats even moved. However, when the jirel-
evant tones sounded, there was no such arouvsal,
or at least it was far less frequent. These catsiad
not learned durin,’ sleep, but applied during sl:ep
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learning acgnired during swakefulness, as in the
manner of people sleepirg through traffic sounds
but alerting to the opcning of a door.

"The investigators subzequently pursued the pos-
sibility of sleep learnin,s. Implanted ca's, fast
asleep, were shocked lightly when a certain tone
was sounded. To avoid shock they merely had to
alert themselves, and an EEG arousal patiern
permitted them to escape punishment. The train-
ing procedure was particularly delicate, as might
be imagined. Only a few shocks could be deliv-
ered during any one session or the cat might be-
como toc upset to sleep. However, it wis soon
clear that the cats did learn to associate the tone
and the shock, and the tone elicited the EEG pic-
ture of arousal. Strictly speaking, this may not
have been sleep learning, because the tirairing
shocks had awakened them. The association of the
tene with the subsequent shocks probably occuried
after the shocks arrived and therefore in 1 wake-
ful anima). The shock was then associated with
the memory of the tone heard in sleep (S:gundo,
1964; Buendia et al.,, 1563).

The issue of memory span during sleep vwas un-
derscored by these studies. During sleep, thetrace
following tha tone—a brain wave pattern whose
duration may indicate memory span for the sig-
nal—is far smaller than during waking. Dr. Se-
gundo and his associntes varied the interval
between tone and snock, and found that if it were
too long the animal never seemed ta learn the rela-
tion. A tone, followed by shock within 16 saconds,
for instance, was apparently connected by the
sleeping animal, and i* learned to alert to the tone.
Iowever, when the snotk followed the tore after
32 seconds, the sleeping animal apparently never
connected the two evenis and never loarned to
avoid shock {Tuquierdoet al.).

Material Gesign2d for l2arning in sleenp appar-
ently requires special pacing. It would scem that
relationships can be imparted by presenting the
related items—whether they are words or some-
thing else—close together in time.

In a lnunan study somewhat. analogous to the
cat study, subjects discriminated between a signifi-
caut (shock-paired) tone and a neutral tone
by showing & partienlar brain wave formation
whenever the meaningful tone was played during
decp sleep (Beh and Barratt, 1965). These subjects
who had been given chloral hydrate to induce sleep
showed no signs of shifting into a lighter stage of
sleep. Tests given to the subjects later, during
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waking, showed that the significance that had been
conditioned during sieep carried over into the wak-
ing state. The importanee of this recent work is
precisely that sleep-conditioning did not arousethe
subject and that it did carry over into waking.
This study underscot 2s one of the most mysterious
aspects of recent studies of sleep lezrning and
meruory.

Many investigators have emphasized the indi-
vidual differences they have observed and the by
no means uniform success in sleep-conditioning.
Some people awaken. Others do not respond.
When asked to recall dreams or words heard dur-
ing sleep, people have displayed a readiness to for-
get rather than remember. In genersl, these re-
sults dampenea the hope of accomplishing very
mv=h by sleep training, and surely the unsophist. -
cated attempts and commercial programs of the
past had nof, been encouraging. There is, however,
a singular group of people who seem to react dif-
ferently to sleep instruction and display faculties
of memory for sleep learning. Nobody has deter-
mined what properties of mind distinguished these
people, only that they are capable of being
hypnotized.

Sleep Learning in Hypnotic Sul-iects

A recent Russian study of sleep instruction was
perforined on schoolchildren who had shown signs
of suggestibility. After the children were asleep
for an hour or two, a tape recorder was tvrned on
at subtkreshold levels. The child was told to eon-
tinue sleeping deeply and to listen and rcmember
the text. The recorded text was either a Tolsto;:
story, or, if the ¢hild had shown some interest in
Pavlovian psychology, the text contained material
on higher nervous activity. When the text had
been played, the subject was told to remember it
forever and to sleep on.  When tested on this
material during waking, a good many of the sub-
jects could repeat the text without knowing how
they had learned the material and performed as
well as children who had Leen given the material
during waking (Kulikov, 1964). There arc a good
many questions to be asked about the way in which
this study was run. So many investigators have
failed to inculeate ever sinple material during
sleep that this report may arouse some skeptieism.
However, a team of investigators at tho Instituts
of Pennsylvania Hospital have clieited an equally
startling, and perhaps related, response in hyp-
notizable adults.
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This study was undertaken in order to find out
whether responsiveness to suggestion during sleep
would permit hypnosis i a person ot to ¥ suggesti-
bility. Eight young men participated in thestudy,
four of them demonstrably of high suzgestibility,
four of them unresponsive. The procedure was
simple. The volunteer woro EEG electiodes and
went to sleep in the laboratory bedroon. naturally,
without hypnotic suggesiion. During stage 1 sleep
he was instructed to move his pillow whenever he
heard the word “pillow,” and during the deeper
stages of sleep he heard an instruction to ceratch
his nose whenever he heard the word “itch.”’ The
four deeply hypnotizable subjscts responded very
differently from the less suggestible subjects who
either gave nc response or showed signs of waking.
The ceeply hyprotizable subjects, on the contrary,
followed instruction whenever it was administered
in stage 1 sleep. Although they would scratch
noses and move pillows at the mention of tha cue
word, they did not recall any of this when
awakened in the morning.

The resnlts have been replicated using a Jarger
sample of 20 subjects who had not previously been
screened for susceptibility to hypnosis. In the
course of a free association test the nex! day, they
did react to cue words that were slipped in,
More striking than that sign of earryover, how-
ever, was their performance on the subsequent
night.  Presented with eus words on & sevond
night, without any repetition of ihe instructions,
they responded again in sleep. When subsequently
tested for susceptibility to hypnosis, a significant
but low correlation was obtained between suscep-
tibility to hypnosis and the rate of responding to
the sleep suggestion {(Cobb et al,, 1964; Cobbet el,,
1965; Evanset al., 1965).

Why does the deeply stuggestible person follow
instructions in sleep? Yhat mysterious mental
attributes allow him not only to receive instruetion
during slesp but to respond during waking and
subsequent, sleep? Studies of hypnotic subjects
may lelp to reveal overlooked possibilities in sleep
Jearning. Efforts to find out what suggestibility
means, and something about the hypnotic subject's
memory process, may also indicate whether elab-
orate sleep learning con be accomplished in the
ordinary person. During a recent pilot study at
the University of Pennsylvania, Drs. J. P. Brady
and B. 8. Rosner found that the Liypnotic sugges-
tion to dream produces a trance state with a wak-
ing brain wave pattern acenmpanied by the rapid



eye movaments that :re characteristic of ilie vivid
dreaming phase. Dreams reported by these hyp-
notic subjects sounded almost indistinguishable
from nightly dreams, bnt unlike nizhttime dreams
that seem to evaporate from memory within sec-
onds, these hypuotic dreams bave heen remembered
10 minutes and longer in great detail.

1t is interesting thiat only the typuotizable sub-
jects showed rapid eye movements during their
dreams. Other subjeets were able to manufacture
dreams but had no eonjugate eya movements. Was
the hypnotized dreamer able to “switch en” part
of tlLe brain activity involved ir nightly dream-
ing? Is the suggestible persen capable of vsing
kis brain, manipulating his stats of consciousness,
differently than the normal person? Canhevolun-
tarily “turn on” brain states that we eustomarily
think of as involuntary? EEG studies like this
one may eventually hegin to characterize the way
in whica the hypnotizable perscn funciiens by
elucidating the brain activity in persons who seem
especially receptive to instruetion and capable of
retention. 1If itis possible to discover how the zug-
gestible person uses his brain or, indeed, what
brain mechanists are called into play in aeceding
to & hypnotic suggestion, it may also be possible
to teach such internal manipulations to “non-
suggestible” persons. Sueh a possibility might
open the door to unforeseen advanees in psycho-
therapy. If elaborate sleep learning does indeed
ocenr and depends upon suggestibility, a greater
understanding of the nature of Lypnosis may make
sueh sleep learning techniques availadls and useful
to humanity. This knowledge is likely to take a
long time in the gathering and will probably at-
tract attention long before the evideneo is obtained,
because it is one of the more glarorous aspacts of
the problem—the yet unanswered question—of
learning complieated material during sleep, A
got.d deal of our insight may come from neuro
physiological studies where already, in far less
sensational faeets of sleep learning, wo lLiave ob-
served one aspect that is exhibited by all normal
people and enimals.

Habitvation

One kind of learning that does scem to occur
during sleep—=s it does during waking—is nega-
tive learning. Werapidly learn not to get alarmed
about meaningless events. ith eats, if the crit-
ieal tone were repeated without shock, the tone
soon produeed no arousal response, and the crea-
ture sfept through the night. This kind of extine-
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tion permits a person to adjust to a noisy neighbor-
hood er to sleep on a traiu or plane. The learning
by which one does react to meaningful events, re-
maining unreactive to trivia, is essential for survi-
val, and for each individual it is somewhat differ-
ent, sinee each life follows a singular ecourse.
What kind of brxin meehanism would giva us this
power of diserimination ?

Segundo and his associates conjectured that the
learned response is mediated by a neural “receptor
stage” that detects and identifies the outsid: event.
This discliarges a “trigger mechani:ri” acrording
to piteh or inteusity. Finally, sn “.Joctor
mechanism” woult organize the condilioned re.
sponse. In tracking this mechunism to its very
brain eells, the nest study utilized mieroelectrodes
implanted within single eells in the mesencephalic
reticular formation in cats, Thisis the region that
participates in arousing the anirmal. IHere, per-
haps, one might see how the critical stimulis
finally elizited arousal in the animal.

This was an elaborate study, but beiefly it in-
vulved stimalating the cat—pethaps by a touch
or. the shoulder, or by speaking to it, or turning
up the light in the soom—and caialoging the dis-
charge of the imrlunied nevzons. Relative to tlw
number of eells in this region very few were sur-
veyed, yet the survey showad cellular activity in
unbelievable vari:ty. Diferent cells responded to
different senss signals—some handling several,
others only reactiny to one. Some eells discharged
regularly, like « metvoncrae, regardless of stim-
ulation. €ithers respondzd in a restricted manuer
only when stimulatiop was applied in the form of
a toucn to tha right upper lip, for instanee, or the
haire ¢f the ¢'eeh. Some fired almost instantly,
~thers after # iore delay, The diversity of fune-
tion and mode of funei 1 was enorirous (Bell et
al., 1964).

Whio a rerve cell is repeatedly stimulated it
beg! s to cischarge less, However, calls attenu-
ated « iferertly. Some adapted to sound faster
than light but if allowed a rest would discharge
when restimulated.  Some cells appeared partic-
ularly sensitive to novealty, quickly attenuating in
their response after repeated stimulaticn. 1In this
array of reeeptor eells, novelty and habituation to
sengory stimmlation wers richly represented—
providing a means of eonveying “significance.”
This may be the nenral background of a st im-
portani kind of learning, for an obvious survival
value at.nches to the ability to sleep through the
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irrelevant yet awaken wken external evenis are
meaningful or threatening. By what code did
the cells convey their messages to a trigger mech-
anism ir the next step toward a respons:? Neural
messages resemble a code of pulses und spaces
rhythmically organized—a kind of Morse code
composed only of dots and pauses in tempo. Ina
further study of a single giant nerve cell within a
mollusk, Segundo and his associates are attempt-
ing to learn something abont this code (Moore et
al.,, 1963; Segundo et al., 1963).

The learning involved in controlling sleep onset
has not yet been explivated in quite the same
manner. We all know that some people can fall
ssleep almost instantly at will, but how they do it
remains a mystery. They may be particnlarly sen-
sitive to body cues. Perhans they pick the right
moment to decide to fall asleep o that the ~lement
of “will power” is combined with sensitive ad-
jnstment to internal rhythms and seme training.
As fairly recent studies have demonstrated, it is
possible 1o condition sleep in a classical mamier.
Pavlov used inerphine injeetion to condition
sleep in dogs for whom the preliminaries of in-
jection were cues to 1all asleep. His more famous
dogs salivated at the sound of a bell, but the cats
and monkeys ot a current UCLLA experiment fall
asleep.

Conditicning Sleep

Drs. Carmnine 1. Clemeate and M. B. Sterman
at UCL.A were probably the first io condition im-
planted cats to fall asleep at the sound of a tone
(Clemento et al., 1963). A survey of the litera-
ture led tnemn to expect that stimulation in an
area in the basal forebrain might c..use synehro-
nous waves, the waves of sleep, to emanate from
the cortex. Using an electrode in what is now
Lnown as the forebrain synchronizing arsa, they
would stimulate a cat, and it would drop into
sleep in 1-2 minutes. ‘through o window in each
cage, the implanted cats could ba watched as they
wanaered around. They woula reccive n stim-
ulation, and the EEG record wouid change from
the low-voltage waking script to the rolling waves
of sleep. The animal would lie down and <lose
its eyes. Altering the voltage and the length of
ztimulation had pronounced effect. At a voltage
just over 1.5 volts, a cat wlo had just assumed
& death grip on a live rat would, in the monent
of throttling, drop the rat and retreat drowsily to
a corr.er and sleep.

The cats did not seem to mind this stimulation
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ata'l. They willingly entered the recording cages.
Sone of thew turred. Once the- had adjusted
to stimulation, a neutral tone was added. The
tone was sounded with the stimulation. After
many pairings, the tone, by itself, was enough {o
make the cat sleepy and produce the EEG signs
of sleep.

An analogous experiment has bezn performed by
Drs, Clemenie and Krauss on monkeys whose re-
actions are closer to man’s, This classical con-
Citioning nay explain why many of us fall asleep
at a habitual time, even though we nre not partie-
ularly tired. We have many habits surrounding
sleep, rituals of washing, turning ont lights, and
associated cues including bedrooms, bedelothies, atc,
This routine is conditioned in childhood and much
of it persists throughout life. Perhaps radically
different habits conld be trainad in infancy. Dr.
Clemento has speculated *hat we might learn to
sleep less. One way to explore the possibility is to
condition very voung animals to sleep less than
they normally would. 'The first step in such studies
is 1 collection of data indicating how much a cer-
tain species does, indeed, sleep. Normative data
on cats shows that they appear to be drowsys 15
percent of the time, spend 40 percent of the time
in slow-wave sleep, and about a third of the time
awake, the remainder in paradoxical sleep (Ster-
man et al., 1064).

Stimulation of the forebrain synclironizirig
area, coupled with a tone that permitted condition-
ing, suggested that this brain region might be im-
plicated in habit formation and sleep regulation.
After the normative study of eat sleep, each ani-
mal was given a surgical lesion, knocking out
large numbers of nerve cells in the forebrain
synchronizing area. After this surgery the cats
slept less and drowsad less. Further stndy of this
Lrain area may lell us a great deal about hypnotic
trance, coma, anesthesia, and the way in which
voluntary or conditioned controls evolve. The
basal forebrain contains a reinforcing center or
“pleasnro center” that may well be involved in the
forming of habits.

Sieep Habits

Iabit, no dotbt, plays s ame rolein falling asleep
at night. Indeed, many people vwwho {ake daytime
naps will perform part of their nightly ritual, un-
dressing and climbing into bed in order to sleep,
in accordance with the famous .rescription of Sir
Winston Churchill who felt that this was the way
to obtain a refreshing nap. When and how are



these sleep habits foimed? Does infant training
exert a lifelong influence? A good deal of infor-
mation has emerged from the studies of Dr. Wiise
B. Webb and his associates at Gainesville, Fla,
{Webb, 1957-65; Agnew et al.,, 1964; Williams
et al,, 19G4),

In a look at fomily sleeping habits, a question-
naire survey has been conducted among $00 peogie
wloss ages range from 8 years to 80. This large
group includes people who were reared 2ccording
to two very different infant feeding fads. Some
had been awakened on schedule for feeding during
infancy while others were fed on demand. Inso-
for as the questic.inaire could indicate, there was
no elear relationship between these very different
experiences in infancy and later sleep habits.
Animal studies have been shawing that the
younger the animal the more flexible is his sleep
response. Young rats can mairtain themselves for
long periods on a constantly rotating water wheel
by sleeping in 10-15 second bnrsts, whereas older
rats much more quickly fatigue and fal) off the
wheel. Questionnaire responses have shown that
the amcunt of time » person sleeps is relatzd to his
age, the lifetime pattern forming a U-shaved
curve in which infants and the clderly sleep the
most. The number of times a person awslkens
during the night is also telated to age and in-
creases with age. In all age groups, however,
there seemed to be a very striking and consistent
relationship between *good” sleep and what our
grandmothaers might have prescribed as “regular
sleep habits.”” People w'o maintained a regular
bedtime and regular time of awakening ger.erally
reported that it was easy to gc to sleep, suffeved
fewer nighttime awakenings, and felt refreshed
when they awakened in the morning.

There may be some relationship between this
finding and recent evidence from the aninu.( lab-
oratory. Using rats as subjects, this laboratory
bas investigated many factors iliat might alter tho
likelihood of falling asleep. For instance, it has
been found that sound might eause an animal to
take a long time falling asleep whereas light had
no siuch effect. Rats are diurnal animals. Nor-
mally, they slcep during the daytime, Although
rats vary as individuals, some falling asleep with
ease, others showing a tendency to have difliculty
in falling asleep, the most significant determinant
of their sleep response appears to be the diurnal
periodicity. External means of encouraging them

to fall asleep rapidly are far more effective during .
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the daytime, duriag their normal slezp period,
than at night when the rat would nirmally ke
awake. Although little is known about the meta-
holic clocks within the body that may produce this
periodicity, they normally appetr to be quite reg-
ular, Perhaps the maintenance of a regular bed
time enables people {o take advantage of such
periodicities within their bodies.

Sleeping habits employ external cues such as
turning out lights, but they also involve intermal
cues, thoughts, and emotions. Advice on falling
aslecp usually contains the admonition: “Think
of pleasant things.” If that fails, bore yourself to
sleep with a repetitive sequence —counting sheep.
Cecunting sheep, or being rocked in a cradle are
repetitive stimuli that may be related to the direct
electrical stimulation that causes animals {o sleep.
It is interesting to note that the stimulation, by
which Dr. Clementoe and his associates obtained
sleep in cats, was of low frequency. The fre-
anency was similar to that of the synchronized
waves of sleep. Wemay vet discover that a rhyth-
ic event, timed like that of a person’s sleep brain
waves, is indeed soporific.

Voluntary control over sleep may, in addition,
require more sengitivity to internal body cues than
most of us learn in our lives, If cycles of physio-
logical change and mental states indicate an opti-
mum time for falling asleep, we might learn to
heed our fluctuations in attention, sense of heat or
ckill, muscular coordination, and other cues. A
number of studies on the determinants of sleep
may reveal whether we do, indeed, ignore such
cues and whether there are optimum periods for
falling asleep.

The Awa%eniry Process

It is also conceivable that people may learn from
cutrent sleep studies useful information about the
process of awakening and when awakening occurs
most easity. TUntil recently there has been little
interest in the process of awakening. Studies in
the Gainesvillte, Fla., laboratory have indicated
that people show great individu 1l differences even
when their motivation, training, and tasks are
constant. Measurements of handgrip, for in-
stance, suggest that muscular strength may be low
when a person first awakens, veturning slowly to
the normal waking level (Webb and Jeanneret;
Webb and Agnew). More recent work suggests
that an important factor in the case of awakening
is not the length of tiine n person has been asleep

. but the stage of si~ep from which he is ealled to
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wakefulness. The difficulty in arousing people
from sleep during the early part of the night may
reflect the fact that the deep slow-wave stage 4
occurs most frequently in that initial period.
Since people may be able te learn to discriminatoe
between REM sleep and stage 2, perhaps the dis-
crimination can be further refined. A persor
might ther learn to awaken from a stage of light
sleep, an optimum point on the ¢ycle, for it seems
very likely that awakening comes more easily
from somne phases of sleep than others.
Summary

Voluntary conirol over sleep Lehavior und, in-
deed, some faceis of waking consciovsuess, have
come into systematic investigation only recently.
Only a bare beginnring lias been mud+ in the study
of sleep behaviov itself. Even in tiis partial re-
view, it must be clear that there are many difli-
culties inherent in this area of study. Not least
among them may be our difliculty in defining
sleep. Some people can respond to the outside
world without showing apparent EEG chianges
in their sleep, yet others show ritythms resembling
those we identify with waking. Moreover, people
have heen known to sleepwalk ont of the EEGs
of deep sleep, or to show sleeping brain waves
while seemingly wide awake. The behavior of
lying still with eyes closed i3 not enough to tell
us that a person is acleep, and sleeplike brain wavec
"aay ba contradicied by apparentiy alert behavior.
‘The fact that there appear to be two exiremely dif-
ferent kinds of sleep and that bekavier during
REM sleep often differs from the rest, does not

help to settle the problem. Wo lave, however,
begun to recognize these problems, : nd that is the
cign of a yiant stride into a r2gion of liuman life,
of activity and consciousness, that never bLefore
scemed so rich.

Aldiough the conditicning of brain vave se-
quences and the exploration of introspeciive
development may seem Olympian and distant
from practical applicaticn, such studies may ulti-
mately offer powerful new techniques to the
mzdical doctor and to the psychotherapist and
psychiatrist through ‘astruction in physical and
mental control. We have discovered that people
cal discriminate between one phase of sleep and
another, can accept some information during sleep,
and can communicate with the outside worid.
They can learn to control states of consciousness
that they couldn’ previously identify and for
which they kad no awareness. The EEG, used
as n fecdback system, may make it possible to
instruct people in the verbally incommunicabie.
Most of these findings cannet ba applied at once,
but progress has been rapid, for the work cited
here has been sccomplished largely in the last
§ years. It is clear that the feats of a IHamid
Bey hold some considerable interest for us still,
although in a new light. Felf-sovereignty and
full access to one’s own richness of consciousness
is the supposed epitome of the cultivated man,
yet the discipline of body and mind that might
mould such an ideal have long been neglected by
the Judeo-Christian majority of the Western
World.
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The Marquis d’Hervey attributes complete liberty of action and atteniion
to the intelligence during sleep, and he sceins to think that sleep consists merely
in the tlocking of the senscs, in their being closed fo the externel world. So
that on his wiew a slecping man would hardly be different from a man who
shut off his senses and allowed his thoughts to wander.

Maury

It is quite Tikely . . . that a modification of our attitude towards dveams
will at the same time affect our views upon the internol mechanism of mental
disorders, and that we shall be working towards a.. explanation of the psychoses
while we are endeavouring to throw some light on the mystery dreams.

Freud

You will sce stout horsce, even when their bodies are lying down yet in
their sleep sweat and pant wilhout easing, and strain their powers to the uiniost
as <f for tie zrize, or as if the barriers were thrown about open. And often
during soft repose the dogs of hunters do yet 11l at once throw about with
their legs and suddenly wutter cries and repeatedly sniff the air with their

nostrils, ...

Lucretius

Chapter VII. The Dream State of REM

Ones upon a time, before 1952, most people
thought that dreams were rarc events, perhaps
caused by bodily discomfort or aching consciexce,
by trauma, sensory stimulation, or the insurgence
of an unruly subconscious, The discovery that
all paople dream every night camo as a sur-
prise to many alt’ough a Jarge uumber of classizal
studies had alrvady heralded the finding. Like
many developments in science, o long progression
of researchers composed the prelude to the work of
this decade although the earlier work attracted
less public attention.

The getminal studics, from which much of
modern sleep research hax burgeoned, began in-
nocuously euough at the University of Chicago
where Dr. Nathaniel Kleitman devoted himself
single-mindedly to the study of gleep. Dr. Eugena
Aserinsky, then a graduate student working with
Kleitman, turned attention toward phenomena
that had been Jpotted tefore and never thoroughly
studied. Aserinsky, studying tho movemeats of
sleeping infante, was arrested by the fact that the
slow rolling movements of the eyes would stop
periodically, for intervals. Ie began to watch
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adults and saw that there were recurrent intervals
of body quiescen.e when tho eyes began making
rapid jerky movements beneath the closed lids.
At that time it was a curious and startling observa-
tion, and it took sorne doing on the part of a grad-
uate student to demonstrate that this periodic ac-
tivity did indeed occur in sleep. When Aseri.-
sky and Kleitman watched sleeping volunteers
they saw that the rapid eye movements (RIEMs)
occurred periodically, at a time when there wers
sharp increases in respiration and heart rate and
the EEG showed a low-voltage, desynchronized
pattern ve. - different from the rolling waves of
deep sleen (Aserinsky and Kleitmap, 1953, 1955;
Kleitmaun, 1060, 1963).

Back in the 1930’s, shrewd observers indicated
that this EEG pattern meant dreaming qualita-
tively different from dreaming in other stages of
sleep but the time was not then ripe for a surge of
corroborating research on this phase of : .p.
When Aserinsky and Kleitman awakened volun-
teers during this REM and EEG pattern, subjects
almost always narruted a dream, while awakenings
at other periods of sleep rarely evoked such reports.
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Dr. William C. Deutent, then also a graduate
student at Chicago, pursued the finding, aflirming
the coincilence of dreaming with the KM and
low-voltage KEG pattern (Dement and Kleitman
1957).  Subsegqrently he noted the same pattern
in the sleep of cats, a finding confirmed by Dr.
Mirchel Jouvet of the Yacuity of Medicine in
Lyon fJouvet, 1060). At this point two majer
puths of dream exploration had begun in the ani-
mal laboratery of neurophysiology and in the
LEEG Iaberatory where human volunteers camie to
sleep out the night.

Nobody could Lave predicted how rapidly slecp
research would capture ths scientific imagination.
Where a few men with selitary pecsistence had con-
centrated on the overlooked thied of life, in 10
vears there followed = new generation of scientists,
many of whom elected sleep as their province of
research. Irom the start the arresting differences
between the REM intervals and the rest of sleep
suggested that RIZM was a unique physiological
and psychological stato, The physiology, itself,
Yegan to show & unique configuration first enlerg-
ing from the studies of Dr. Frederick Snyd->r and
his associntes at NIH (Snyder, 1960).

Since 1952 so much data has come pouring out
of the laboratories that it cannot be recounted in
a small space. A sampling may indicate what we
have learned about the amount of REM dreaming
in humans and arimals and what it may indicate
about the evolution of the mammal brain, the de-
velopment of the normal infant brain, mental
hygiene, and mental illness. Many of our clues
about the physiology of dreaming have cume a
bits and pieces, as have our data showing the na-
ture of brain activity during dreaining, with im-
plications that may aid our understanding of
mental illness, Aithough the bits and picces do
not fit together as a neat whole, they have been
generally congruent, linking activity of body,
mind, and behavior in a way that has advanced
the study of human behavior another st2p out of
the dark ages of phenomenology. There is noneat
way to isolate research in neurophysiology from
research on bodily changes during dreaming, or
personality faciors, nor to isolate the chemistry
>f dreaming, or behavioral data, and so the group-
ing used to deseribe studies of the dreaming state
is somewhat arbitrary.

The REM Cycle
Back in the olden days of dresin research, littio

more than & decade ago, two very remarkable facts .
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were discovered. Tod.y thev are taken for
granted, buc at that tima masses of d: ta and many
confirmations were required to persuada the scien-
tists that they really had found what they thought
they had found. Everybody dreamt every night,
and moreover, they dreamt in regular cycles, cach
for roughly the same amount of time (Lement,
1965). Subjectively it is easter to think of dream-
ing as infrequent, because, in part, memory for
dreamsisso brief. Yet the asscriment of students
and lious2wives who were paid to sleep in Abbot
Hall at the University ¢f Chicago gave richly
detailed dream narratives when awakened during
REM periods. As Dement and other investigators
repeatedly awakened volnnteers it became clear
that young adults had a similar pritern of vivid
dream episodes. Abont 90 mimuies after falling
asleep they would rise into a REM state, usually
for a short period, ubout 10 minuies, then sink
down into deep sleep for abont an hour bLefore
rising again for a longer dream period. Hundreds
and hundreds of people have now been recorded,
and the average young adult seems to drearn about
20-25 percent of his sleeping time, in five or so
REM periodx, at roughly hourly intervals. Indi-
viduals appear to have somewhat distinctive pat-
terns, and some inv.stigators can look at a person’s
EEG record of several nights' sleep and predict
when he will start dreaming, and for how long.

The very discovery of an outside handle to a
person’s dreams set a blaze in the imaginations
of psychologists and psychiatrists. Was this
EEG stute akin te the hallucinating states of psy-
choties 01 the DT’ of alcoholics? Were certain
psychotic symptoms merely displaced dreaming?
If everybody dreamed a certain amount each
night, what haj.pened when a person covldn't
dream

REM Deprivotion

During the mid-1950%, Dr. Dement, working
with Dr. Cliarles Fisher at Mount Sinai Hospital
in New York, began the first of a series of dream
deprivation experiments. Volunteers, carefully
observed and questioned, and under strict cules
not to take alcohol or drugs or naps, were allowed
to sleep their usual sleep in the iaboratory—exscept
for REM periods. At the first sign of rapid eye
movement and EKEG desynchronized pattern, the
subject wus awakened, then permitted to go back
tosleep. For five cuccessive nights the volunteers
were awakened in this manner. Although they
had gotten about 6 hours of sleep, some of them



complained of usychological discomfort, began to
eat nmore than usual, and suffered anxiety. One
subject. quit the study afier several days in an
apparent panic. This did not happen to the coa-
trol subjects whose equivalent awakenings took
place in 1ron-REM periods (Dement, 1960).
The initial study, which has since been veexecuted
in many variations, ereated a great flare of excite-
wment. It suggested that people needed to dream.
Not only did deprived subjects complain of some
psychological discomfort, but on each successive
night they attempted to dveam more often. After
their stint of dream deprivation, when they slept
undisturbed in the {aboratory, they dreamed about
60 percent more than they had on baseline nights.
They appeared to be making up for lost dreams.

Initially, the psychological facet of the need to
dreain captured the most attention. Deprive a
person of his dreams, the study suggested, and he
begins to suffer psychological abnormalities. This
interpretation coincided nicely with T'rend’s
theory that dreaming foimed the safety valve of
mankind, permitting an express.on for the many
drives and impulses that civilized man must
repress, Many subsequent dream-deprivation
studies have thrown this interpretation into ques-
tion. Dement, himself, and many others have
sometimes failed to notice any marked psycho-
logical changes even after more thorough and ex-
tended deprivation. But the need to dream—as
expresscd in ever increasing attempts to dream
and ‘n a huge and unambiguous orgy of corpen-
satory REM time following deprivation—has
been seen in every deprivatien experiment, human
or animal.  Dr. Charles Sawyer and his associates
at UCLA deprived rabbits of REM sleap by leav-
ing them in a chamber whers a hissing noise was
continuously played. When the noise was turned
off, the rabbits appeared to make np lost RIM
time with more frequent and longer REM periods.
Dr. Michel Jouvet and his associates in Lyon have
deprived cats of RFM sleep for as tong as 26 days.
Subsequently afswed wninterrupted sleep, the
cats spent about 60 percent of their time in the
REM state and fell directly into that state from
waking. This coripensafory dreaming has been
obsgerved in peorle, among them dexedrine addiots
and alcoholics who have been withdrawn from
dream-suppressing drugs. It has been seen among
the totally sleep deprived and among some psy-
choties after periods of reduced REM ti.ne. The
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need to fiream appears to be uniforni, or perhaps
one shonld say, the need for REM s'eep.

Today, with mounting evidence .rom animal
studies, it appears that the need for REM sleep
must bo more than a psychological need, The
dreamning of the R state is a physiologieal as
well as a psychological process. Indeed, it has
been: thought that the psychological disruptions
observed in some volunteers after dream devnriva-
tion are actually the signals of a physical penalty
that may have to be paii if the REM cycle is pre-
vented for too long a time. Nevertheless, it is in-
teresting that people have varied in their react.ons
in the several deprivation studies so far. The very
fact that some people show effects and others do
not 1aises questions that are germane to a wide
variety of human studies in psychology, and may
be worth examining as an instance of the uncer-
tainties facing scientists within the broader
context.

Why have some subjects felt aixious, empty,
hingry, unable to concentrate, s few of them even
extreinely unseitled after a degree of REM loss
that had no such effects upon subjeets in other
studies? TPossibly, in some of the initial and short
studies the experimenters dii not sez in their
screening of velunteers that they sere in a state
of fatizue. Subjects may have been more anxiouz
to begin with than wasapparent on testing. There
is another possibility, albeit unlikely. Sometimes
even the most cautious experimenter may inad-
vercently reveal hic expectations by cues so subtle
that the subjects will live up tc an expected role
without even knowing they are doing so. This has
been a pitfall in many studies of bypnosis, but it
seems an nnlikely explanation here, hecanse ani-
mals deprived of REM sleep liave shown pro-
nounced behavioral symptoms,

Cats, deprived of their activated REM phase
for long enough, show very bizarre behavior dis-
orders, Cats have been deprived of REM sleep
in ceveral ways. They have been placed upon a
stone or other object surrounded by water. This
permitted them slow-wave sleep, but they would
topple into cold water whenever their neck and
head muscles relaxed at the onsct of REM slecp.
In some studies they have been awakened by an
attendant and set upon their feet the moment {heir
EEGs and muscle tonus signaled the onset of
REM periods. Jouvet hns observed distinctions
Letween deprived and normal laboratory cats,
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even after mode ate deprivation. The deprived
animais were, in Jouvet’s expression, tired, sad
cats. Visitors to the Lyon laboratory were able to
pick out cats who had been REM deprived a year
earlier because they were so subdued and unaggres-
sive. More recently, Dement and Jouvet have sub-
jected cats to prolonged deprivation periods of 20~
70 days. These cats have exhibited a variety of
disturbances. Some have become “hungry,” eating
abnermslly, restless and indiscriminately hyper-
sexual. They have acted as if their basic drives
were enhanced by the deprivation.

In studying human beings, the experimerters
have always terminated the deprivation long be-
fore thero were such abnormal signs out of appre-
hension that REM oss inight cause irreversible
damage. Dement and his sssociates have been
studying cats vndet partial deprivation and severe
deprivation to see whether there is damage to the
nervous system. When a cat’s nervous systein is
in any way “poisoned” there will be & discarnible
differenco in its EEG after liearing a click. Ore
of the tests for REM loss damage has been a series
of recordings from the cochlear nucleus of cats.
This is & first relay station for the sound impulse
traveling upward in the brain. A first study has
shown that the EEG response changes consider-
ably in the REM deprived cats, returning to nor-
mel after the animal has been allowed REM sleep.
Control animals, awakened on the same schedule
as the deprived cats, showed no change in EEG
response (Dewson et al, 1965). Other signs of
altered sensitivity within regions of the brain may
accompany REM loss, perhaps sssociated with
biochemical changes. These may indeed be related
to the behavioral changes noted.

Notwithstanding the animal studies, there have
been several dream deprivation studies conducted
with human volunteers, which have shown appar-
ently conflicting results. Subjected to 5 days of
REM deprivation, and not total deprivation at
that, volunteers reporte? irritability, emptiness,
anxiety and other symptoms (Iement. 1060).
Yet a person in & later study conducted by the same
experimenters, endured 13 consecutive nights of
dreain deprivation with few signs of changes.

More recently, Dement and his associates went
through n grueling vigil in order to deprive thne
subjects of all REM sleep for 16 days. Thisz time
the subjects were awakened the moment muscle
tone disappeared under the chin, an event that
usually precedes the other signals of a REM pe-
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riod. After eight nights the first subject was try-
ing to dream so often and it was so hard to wrestle
him awake that it became imnpossible to deprive
him of REM sleep without totally depriving him
of sleep. 1lle would start dreaming the monient
he was allowed to close his eyes and fall asleep.
The next volunteer was given dexedrine to sup-
press dreamiag. e, too, bagan dreaming more
and niore often. Soon the investigators had to
awaken him incessantly. By the 15th night he was
dreaming as soon as ke closed his eyes, a behavior
sern among narcoleptics, certain psychotics, or
after drug withdrawsl. By this time he had
changed from a taciturn, compunctious, moral per-
son into a blue-streak talker, an unreliable subject,
a man who wanted to sit in a nightclub without
ordering drinks uutil he was thrown out. On his
first night of recovery he dreamad 120 percent
more than usual and reverted back to his normal
self. The th'rd subject showed a personality
transformation after 14 nights of deprivation, and
the experiment was terminated after 16 nights.
On the next night he dreamed 160 percent more
than his usual REM quota, and he, too reverted to
W= misual self (Dement, 1965).

another subject deprived of dreams for 16
nights by Dement and Fisher had shown no psy-
chotic symptoms, but he evinced obviously dis-
turbed behavior, memory disturbarces, time sense
distortions, precccupations, sad an inability to
work. He sat around in a stupor most of the day,
vet when he was heing iested or interviewed, he
managed to r .obilize his forces. This is prob~bly
an important issue in many psychological studies,
for as everyone knows from experience, it is pos-
sible to be exhausted, distraught, and largely im-
mobilized, yet summon up all one’s resources at a
critical moment and give a good performance.

All in all there have been few studies of pro-
longed dream deprivation. This is undersiand-
able becauss it iz 1 monunental strain on the
exdurance of investigators. Each subject must be
monitored continuously, da; and night. The ex-
perimenter must keep a tense vigil throughout
several nights of baseline recording, then main-
tain a split-second alertness throughout. the econ-
secutive deprivation nights, followed by the nights
of recovery sleep.

One recent deprivatica study of two young men
was prompted by the discrepancies in psycholog-
ical reactions (Kales ¢t al., 1964). The subjects
were under constant observation, and wero de-
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prived of REM periods in two separaie experi-
wments. For 6 nights, the rapid eye movements
formed the awakening signals, whereas for 10
consecutive nights the loss of muscle tenus was
used as the alarm elock. In both studies neither
psychological testing nor direct observation re-
vealed any significant changes. Both volunteers
reported vivid dreams and fragments when
awakened, suggesting that they obtained several
seconds of dreaming even before loss of muscle
tone signaled the investigators to awalten tnem.
The investigators conjectured that this brief pe-
riod contained a great deal of compressed and per-
haps accelerated dreaming, and they concluded
that despite marked REM deprivation they were
not really dream depriving subjects.

‘There is still another possibility. In.ividuals
may vary considerably in the amount of REM
loss they ean stand before they begin to show pal-
pable signs. Although researchers have been care-
ful to aveid aceepting volunteers who are neurotic,
oveitired, or in an obviously precariovs mental
state, there is 2 great range of constitutional and
persoaality differences in humankind. Members
of the U.S, astronant team, who have demonstrat-
ed a certain hale and rugged capacity to with-
stand all manner of stresses differ from other
members of the population who are nevertheless
quite healthy. Pecple differ considerably in their
response to & simple test such as placing a hend
in cold water for a brief time. Perhaps the dif-
ferent responses to intervals of REM deprivation
reflect another dimension on which human be-
ings vary, and thio puint of psychological suscepti-
bility may vary both among people and within the
same person during different stages of his life.
One might still expect that there would be a limit
beyond which an individual could not suffer REM
loss without palpable signs.

Tf there is an element of individual differences
in tolerance to dream loss, and indeed a wide dis-
tribution of mental-constitutional traits, one
might expect to see a simila1 diversity in animals,
some evidence in aniinal studies of marked diver-
sity within the same species.  There have been a
number of cases beari . on this point, and one
whieh is particularly relevant.

Personality and EEG Differences ir Cals

Although we tend to treat animals the same in
the laboratory, everyone is aware tlat eats differ
from one another much as people do. A demon-
stration of t! o differences has been part of 8 long
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resfarch program ¢onducted by Dr. Barbara
Brdwn and her associates at the Sepu'veda V. A.
Hoipital. The behavioral irzits of 10) cats were
catefrorized by a Q.sort technique, and subse-
quer)i studies showed that distinctive EEG charac-
teris|ics cecurred with each of the major “persen-
alityl groups. The purpose of this classification
was » obtain some baseline of an animal’s behav-
ior b}fore testing on him psychotropic drvgs in
doses|romparable to those that would be given the
humap patiant. Two striking studies will illas-
trate ‘{re extent of the EEG-behavioral diffevences
obzery|:d among these cats. Usually, when an eni-
wal efplores a new cage, orienting himself so to
speak]he will show n theta rhythm from the hippo-
camp\}s. The frequency of theta decreases as the
cats bfcome adapted to the new cage. Cats who
had bjen categorized as “average,” when placed
in a s|range reeording cage spent the least time
exployng before settling down to sleep, and
showe]|. their theta rhythm at this time, but i. soon
vanisl>d as they adapted. Cats who were cate-
gorize}l as “anxious, or withdrawn” spent cousid-
erableftime exploring the new cage, and showed a
great {leal of theta, at a very high frequency usu-
ally sjen in activated (REM) sleep. Cats de-
scribef. as “overly outgoing” also spent a long time
explojing and adapting, showed a great desl of
theta,]sut of a lower frequency thaa the raythm of
the off1er cats.

Us|ally, during activated or dreaming sleep the
cat af-ain shows the hippocampal theta rhythm.
Cats|scored as “average” showed theta sleep the
first Jime they were in the recording cage. Both
“ontfoing” and “withdrawn or anxious” animals
took|s long as four or six sessions in the ¢ ;ording
cagefrefore they showed theta during slecp.  Min-
imal] heta during orienting, and the apparance of
thet:| during sleep might indeed Do said to be a
sien bf quick adaptation, theta perhaps represent-
ing s} fundamental behaviorsl signpost.

Dif'erences between the “average” cats, and the
“outgloing” or “withdrawn” animals ressserted
themllves when the animals were given a small
amonkt of alcohol. Within the first 20-30 minutes
after heir drink, all of the “outgoing” were drows-
ing orjaslecp, althongh some of the animals showed
and aL\'ake ELG. Similarly, all of the “with-
drawi1}? cats were asleep within a half hour after
taking] their drink, but these cats showed a slow
and sl eplike EEG in the experimental situation,
even b:foresleep. By contrast, the “average” cats
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were awake and alert for 2 hours 2fter their drink,
and although none slept.some showed a sleep EEG
while others showed an EEG of waking. Behav-
iorally, in any event, the “~verage” cats reacted to
alcohol very differently from the deviant animals.

Esperiments with REM deprived cats suggest
that there 11ay be sema difference among tle ani-
mals, but this has not been the focus of these stud-
ies. These studies ave vielding essential informa-
tion that canuot be obtained from hum. - studies.
One such study may be important in understard-
ing what happens w hen a person continuously suf-
fers a small reduction in REM dreaming, either
because he has & sleep disturbance or mental 1ll-
ness, or because he takes drugs or is aleokolic.

Partial Dream Deprivation

One :esearch study on human volunteers has
suggested that there may be differences in the way
people compensate for partial dream loss, certainly
over short intervals (Sampson, 1965).

Dr. Harold Sampson of Mount Zion Hospital,
San Francisco, has been watching for any detect-
able piychclogical changes that might come from
partial dream deprivation, but a deprivation not
occasioned by constan® awakenings or by drugs.
Subjects in this study go for several ennsecutive
nights with only 214 hours of sleep. Here indi-
viduals differ greatly iu the rapidity with which
they begin to dream and how 1ouch of their sleen
is taken up in dreaming. For instance, one per-
son dreamed for a full hour on his second night
of reduced sleep, but only 10 minutes the next
night, and showed almost no compensatory dream-
ing on recovery nights of full sleep. Another per-
sori managed to dream for only 1 minute on the
first deprivation night, for 15 minutes on the next,
and about 40 minutes on the third night. These
signs may be reflacting constitutional differences
in reacting to dream loss.

Another, perhaps related, incident of individual
variation was observed in an experiment that was,
rouchly speaking, designed to see whether a per-
son (ompensates for 5 nights of total REM depri-
vation and for 20 nights of 25 percent REM
deprivation with the same amount of recovery
REM time. After 20 nights of partial (25 per-
cent) REM loss, 1 subject showed an increase that
would have been compatible with 5 days of total
deprivation. However, something very interest-
ing had been noticed during the 10 cor secutive
nights durin;r which the experimenters were com-
puting the subject’s nornal quota of REM sleep.
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'.wo subjects showed a slight increase in the per-
centage of REM sleep throughout these 10 base-
line nights, while 2 other subjects gave every
evidence of a constant REM quota after their first
2 nights in the laboratory. This suggests that it
may be necessary to observe some laboratory vol-
unteers for a very long time before concluding
what perceniage of their sleep time is spent in
ths REM period (Dement et al, 1965). Whether
these differences reflect reactions to the laboratory
situaticn, to events in the person’s life, or to
changes in schedule, diet, or physiology, they illus-
trate sorc of the difficulties inherent in dream-
sleep research.

For all the individual diversity in reaction to
dream loss, and for all the variance seen in ani-
mals, one factor remains unchanged. An indi-
vidual spends a fairly constant portion of his sleep
in REM dreamii;,e. When his REM quota is re-
duced, whether it occurs as a result of fever, of
anxiety, o alcohol, drugs, or awakening, he will
dream movre on subsequent nights.

Of course, when on experimente- deprives an
individual of REM sleep, or when a person de-
prives himself either through illness, by cutting
down on slecp, or by drugs—he is not just losing
dreams. "Fhe brilliant episodes of inward experi-
ence are snummoned by tiue activity of the brain,
and are azcompanied by bodily processes. The
lost intervals are not only psychological, as rapid
eye movements, themselves, might have suggested.
The process in which our most memoratle dream-
ing seems to occur is an integrated neural process,
related to the surging of our einotions, the behavior
of our bodies. Within the experience of the dream
itself, the mer.ories wo summon, ths evphoria or
rage we feel must follow some laws by which the
central nervous system and indeed our entire body
and beinz operate (Fair, 1963).

Muscle Tone

When the REM period is excerpted from even a
single night. of leep, a huge varicty of body activi-
ties must go with it, for the unique propcrties of
the REM dream period are not restricted to the
orain, The brein's peculiar activity at this time
is correlated with effects throughout the muscles
and in the aitonomic system.

The mos!, dramatic deinonstration of changes
in muscle tene is the cataplectic fit of 2 narcoleptic
who goes through no slow transitions but falls
direclly into a REM cf4*e and collapses like jelly.
The relaxation of sleep involves a decrease of elec-
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trical activity in niwscles throughout the body.
These changes have been observed by many but
were recently mapped in a thorough way by a team
of UCLA researchers (Jacobson et al., 1964;
Den.cat, 1965). They found that the body mus-
cles do not show marked changes from one stage
of sleep to another. Clearly, they retain some
potential, because people doniove and turn. Dur-
ing stage 4 some people even get up and walk
in their sleep. Many people have noticed that a
person turns and moves as he approaches a dream
period, like a person settling in a theater seat.
before the curtain. Then he is relatively quiet.
By using surface electrodes on volunteers, the
UCLA team watched the changing activity levels
of 29 muscles durinz sleep. Occasionally there
would be bursts, some of these ¢orresponding with
twitches during REM periods, but in gencral then
the activity levele werelow. At the onset of REM
sleep, however. «: e head and neck muscles show a
sharp decrease (. tonus. This is such a reliable
phenomenon that the muscle under the chin has
been used as a REM alarm clock.

By placing an electrode on the chin muscle, its
surlden decrease in electrical activity can be used
to activate a switch, telling an experimenter in
another room when an animal or person has started
dreaming. The same technique has been useful
with small babies, permitting a count of their
REM time without burdening them with other
electrodes.

Because certain head muscles lose tonus at the
onset of REM slecp, it is perfectly apparent when-
aver a rabbit starts to dream. This is the one
rime when its ears flop. Ordinarily the creature
"vill stretch out in & number of positions to sleep,
cvars held straight back, but during the REM st: te
they suddenly droop.

The picture of an gnimal in this phase of sleep
is familiar to any pet owner. The paws, tail,
snd whiskers occasionally twitch, the animal may
I'ck or suck or even emit barks or cries. Some-
times his extremities are slightly convulsed in
riyoclonic jerks. Occasionally penil erections
occur. The ears may twitch and the nictitating
membranes alinost completely cover the pupils of
the eyes. Breathing may be irregular, and the eye-
balls scem to move in short rapid jerks. This is
tae picture observed in dogs, cats, rats, rabbits,
nionkeys, and man. Dr. Frederick Snyder of
NIMH has recently observed that the opossum, a
most primitive animal, shows REM sleep. Signs

&1
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of REM sleep have been found in all mammals
investigated: in the lanib, ass, goat, even in birds.

Physiological Excitation

During these periods of REM sleep aniraals and
men seem to be swept by waves of physiclogical
activity, storms of neural excitement. The ripples
of activity on the surface are more noticeable than
eye movements, and could be seen by any careful
observer. They did not attract attention and
study in the past, partly because people were not
looking, and partly no doubt because bedclothes
obscured body movement. Active sleep is quite
apparent in infants. Out of a quiescent szrenity
an infant can be seen, suddenly frowning, sucking,
grimacing, his breathing uneven, his fists waving
and uncurling, feet kicking. Anybody can see
these signs. Although periods of ‘“disturbed”
sleep, prebably REM periods, had bheen chserved
in the 1920’s by a clinician who speculated that
they were associated with dreams and instances f
cardiac catastrophe, no careful sleep studies of
heart rate and respiration were made at that time.
There was no correlation between the EEG and
“disturbed sleep” (MacWilliams). The intuition
was nevertheless a sound one, for it is during the
early morning hours, the time when people have
their longest dream periods, that inexplicat!s heart
attacks sometimes occur. During early studies of
the REM period in adults, Aserinsky and Kleit-
man observed that the heart rate and respiration
rate seemed to increase in these intervals. The
physiology of the dream state warranted a much
closer examination, and it was Dr. Frederick
Snyder and his associates at NIMH, who initiated
the now extensive exploration, starting in the late
1950’s. As their research program has begun to
indicate, thc physiology of the REM state has
many ramifications for medicine, for ths treat-
ment of cardiac patients, epileptics, and many pa-
tients whose symptoms appear to be exacerbated
during those particular hours in which REM sleep
prevails.

Cardiorespiratory Changes

A closer look at the heart rate, the blood pres-
sure, and the respiration of slecping adults re-
vealed no simple and striking increases during
REM sleep, for the increased levels wire rela-
tively small.  The overall nightly pattern, ob-
served in a study of 12 young men and woinen, in-
dicated that systolic blood pressure begins to drop
at the onset of sleep reaching a miiimum in about

75



2 honurs, and rising progressively back to its orig-
inal level during the rest of the night. Respira-
tion and heart rate dropped continuously as the
night wore on {Snyder 1960, 1962, 1964).

If these cardiorespiratory functions did not
show large and uniform increases during REM
sleep, they showed another pattern that is perhaps
more alarming to the clinician apprehensive about
nighttime cardiac crises. During REM periods
the systolic blood pressure, pulse, and respiration
fluctuated, sometimes wildly, an erratic pattern
that sometimes sent blood pressure above any levels
observed during the quiet waking intervals before
sleep. (Snyder et a1, 1964). Nightlong measure-
ments of puise rate and blood pressure had been
taken by recording pulse sounds from a micro-
phone taped on tha ankle, and an automatically in-
flated leg cuff, a laborious collection task inat was
followed by an even more laborious data analysis
(Snyder et al,, 1963). The REM periods were, in-
deed, intervals of marked variability, & finding
that has since been confirmed by other investiga-
tors (Kamiya, 1961 ; Shapiro et al., 1964).

Whether this variability is related to the emo-
tions of dreaming, is triggered by excitations from
the central nervous systen, or by a combination of
mechanisms—it is a finding of considerable in-
terest. Systolic blood pressure, as measured by an
arm or leg cuff, is the pressure of blood expelled
frora the heart by its contraction. This pressure
is reflected in the expansion of arterizs and veins.
In the healthy person with a normal heart, the
systolic surge is followed by decreased pressure in
direct proportion. This is the diastolic phase of
pressure that occurs when the heart expands and
the chambers fill with blood. The intervals of
contraction and expansion are reflected in the
pulsing of the blood, from which we detect the
rate at which the heart is pumping. The relation
between pulse rate, blood pressure, and rate of
respiration is complicated and not well understood.
Variations of heart rate and blood pressure often
occurred during fluctuations in breaihing but
sometimes they were independent (Snyder et al,
1964). These occastonally dramatiec and sudden
excursions in the heart rate and blood pressure
may offer a clue to the nighttime heart attack and
cardiac failure during sleep. Many peoplo have
supposed that violent dreams might bs the cause
of such attacks, and & number of investigators
have observed that particularly intense dreams
may be accompanied by more eye movements, and
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greater changes in respiration. It is early to say
whether the emotionality and violence of dreams
are always matched by greater changes in these
outward Lodily indicators (Snyder, 1960, 1965).

The radical physiological fluctuatic is that were
observed by Snyder and others present more of a
problem than would progressive increases in blood
pressure, etc. In hypertensive patients, for in-
stance, it is true that high blood pressure is worri-
some, but the more dangerous tendency is often
that of sudden and enormous shifts in blood pres-
sure which are hard to prevent and control, even
by sympathectomy or drugs.

It is clear, given the clinical ramifications, why
investigators have wanted to obtain very precise
measurements of blood pressure du:.ng sleep. Di-
rect measures of arterial blood pressure and blood
flow might be obtained continuously throughout
the night by using implanted catheters. Thisisa
difficult and touchy procedure, but it has been ac-
complished in the monkey, revealing the pattern
observed in man—great variability during REM
sleep (Stoyva et al., 1963). Similarly, heart rate
and respiration varied during REM sleep.
Oxygen Consumption

Some recent findings by Dr. Eugene Aserinsky
may help to explain this picture. At the onset of
each REM period respiration is regular, but it
becomes shallow breathing. When breathing be-
comes very shallow, there is less oxygen in the
blood. At times, during REM periods, arterial
oxygen saturation drops below the point that a
person would tolerate were he awal-e and holding
his breath. This may trigger an acceleration, an
increase in the respiratory rate. It is not clear
exactly what causes this incredibly shallow breath-
ing. IlIowever, there may be some connection: be-
tween the depth of respiration and the lheart rate,
in which shallow breathing is nccompanied by a
transient slowing of the heart.

'The observation «f peculiar respiration palterns
during sleep, relatively even and regular during
slow-wave phases, variable during REM peric -
led to many questions about the mechanisms th .
might be causing them. The consumption of oxy
gen is an important part of the body's enerp
mietabolism, and one method of looking indirect];
at metabolism has been to examine the exchange
of inhaled and exlialed gases. This is the basis of
the rough and ready basal metabolism test which
measures oxygen consumption. Dr, Aserinsky has
used an oximeter, attached to the ear lobo of a well
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treined sleeping volunteer, and a face mask that
filtered out exhaled carbon dioxide and oxygen.
By this method he found that the oxygen level de-
ereased sharply and reached its lowest levels dur-
ing REM sleep, a sharp decrease not observed dur-
ing slow-wave sleep. This may seem related to the
shallow breathing, subsequently found during
REM sleep. On the other hand, there was no evi-
dence of pronounced changes in earbon dioxide
in the periods leading up to the REM periods. A
recent stndy of gas exeliange, in another labora-
tory, suggests that there may be some accumula-
tion of carbon dioxide in the body during the
intervals between REM periods. These apparent
ineonsistencies reflect the use of different, instru-
ments, and different handling of the data, under-
standable in an area demanding such diffieult
techniques.

One recent search for the clues to metabolism
during sleep by examining gas exchange has em-
ployed & temperaturs and humidity controlled
metabolic ehamber. Thirty subjects have been
studied within this chamber, as they slept through
the night, under a plastic hood. Air was eontin-
uously pumped into the hood, and analyzed for
oxygen conswnption and earbon dioxide excretion,
An initial analysis suggests that thereis a relation-
ship between melabolism and the stages of sleep
observed on: the EEG., Oxygen utilizalion ap-
peared to be greatest during REM cleep and least
during stage 4, and carbon dioxide appeared to be
accumulating during the intervals Letween REM
periods (Brebbia and Altshuler, 1965).

Beginning with the outward signs of eye move-
ments, respiration, wmusele tonus, etc., scientists
saw the clues that the dream state, REM sleep, had
certain physiological properties that were differ-
ent from tha rest of sleep. Why do respiration
and blocd pressure show eertain peculiar changes?
Why does the gas exchanga seem to change? The
questions have led inward.

Brain Temperature

Two laboratories, working independently, have
seen evidence that (here are portions of the brain
which rise in temperature during REM sleep.
Sleeping rabbits, implanted with small thermo-
couples in the preoptic region of the hypothala-
mus, have shown « waxing and wening of brain
temperature, eonsiderable variation during sleep.
During slow-wave sleep, the brain temperature
dropped, but it rose sharply during episodes of

REM or activated sleep, sometimes reachmng tem-
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peratures higher than those of waking aronsal.
Implants in other brain regions also showed simi-
lar tzmperature fluctuations, but more slowly,
whereus measurements taken in the skin of the
neck and body did not show temperature changes
parallel to those of the brain. This suggested that
tha forebrain, and particularly the hypothalamus,
might be areas in which thers is a great deal of
metabolic activity during REM sleep (IKawamura
and Sawyer, 1065).

A similar conclusion was drawn from a study
of eats. Cats with thermistors iinplanted in the
cortex or hypothalamuns indicated the onset of
REM periods with a considerable rise in brain
temperature. Moreover, the rising brain temper-
ature was correlated with diminishing amplitude
of the brain waves, suggcsting that the dimension
of the brain waves, themselves, might give some in-
dex of brain metabolism (Rechtschaffen et al.,
1965). Once again, judging from notable in-
creases in brain temperature and their implications
for brain metabolisin, 1t seems that the REM state
is curiously different from the rest of sleep, bear-
ing many resemblances to waking.

Biochemical Changes

Metabolism is, of course, a very general term
and perhaps mis'eading on that account, for bedy
and brain metabolism encompass the multitude of
systems tha’ break down food, air, and other sub
stances into the useful components to provide en-
ergy, or <onstruct other chemicals, repair eells,
etc. A host of biochemical transformations are
constantly occurring and interacting throughout
the body, throughout lifs. Reasonably, inves-
tigators have suspected that the peculiar REM pe-
riod must be aecompanied by diverse biocheniical
changes. Small changes, especially in human sub-
jeets, are hard to detect, and offer a technieal
challenge that often outstrips our present labora-
tory eapabilities. However, a start has been made
in the search for some of the more relevant and
perhups related ehemical changes, and this rew
body of work has been reviewed by Dr. Arnold
Mandell of UCLA (Mandell, 1965).

A number of subjects have learned to sleep with
a eatheter in their arm, and it has been possible
to scan the rise and falk of free fatty acids in the
blood during sleep. These substaneces reach peak
coneentration aronnd the middle of the night snd
drop to a nadir before waking. Their variation
over the eourse of the night mnay curic out to be
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correlated with the occurrences of REM periods
(Scott, 1984).

Nightlong blood samplings have been obtained
from other catheter-wearing subjects, in order to
trace the course of certain stress hormones, the
17-hydroxycorticosteroids. These steroids chow
a pronounced effect upon the central nervous sys-
tem, and when they are not in adequate produc-
tion can induce an inability to conzentrate, aud
restlessness. They appear to be most concentrated
in the blood during the early momning khours,
before awakening, and in lowest concentraiion at
night, showing a correspondence “with the circa-
dian rhythm, The interesting p-tiern obscrved ..
a study of six subjects was that the rise in 17-
OHCS was not grurluul, but that it occurred in a
series of jumps during the latter part of the
night’s sleep. These cievations came in intervals
of 1-2 hours, and there was some correlation with
REM periods. On-~ pattern was clear for all sub-
jects: The hormone level during the second half
of the night was four times the level in the first
half—a ratio in striking correspondence with the
percentage of sleep devoted to REM, which was
five times as great during the s~sond half of the
night. Although these hcrmore levels may not
turn out to play a role in causing REM sleep,
they may sugaest one link in a biochemical chain,
part of a hypothetical and biological clock that
triggers tha activity we know as the REM dream
state (Weiltzman et «l., 1965).

Various hormonal fluctuations may be asso-
ciated with a number of curious bedily changes
during REM sleep. Some hormones, for example,
play an important role within the gastric system.
Here is another area that has shown some interest-
ing activity during sleep. Patients with duodenal
ulcers, for example, have been known to exhibit
high gastric cceretion at night. Very recently a
group of investigators looked into the patterns of
ratients with duodenal ulcers, with the hunch that
their high aighttime gastric secretions might be
related with REM dreaming. Patients and nor-
mal contrcls all slept with tubes from which
stomazh contents were sampled, while polygraph
recordings wera taken. The ulcer patients showed
a significant increase in gastric secretion during
REM periods, whereas the controls had a low
secretion rate throughout the night, and one that
did not differ greatly whether they were awake,
in dreaming, or nondreaming sleep (Armstrong
et al, 1965).

The recont and growing evidence of pronounced
biochemical changes, coinciding with the REM
period, may not be knit together for some time to
come, but it has struck off a surge of investigation
that already shows some clinical interest.

Erectinn Cycles

As people look more closely at the plysical
dreamer, it is evident that the bizarre images, ti:e
travelogues of the mind, are not the only strange
events of the REM period, but that the entire
persor. must be swept by unusual excitations.
One of the more obvious of these signs is the
penile erection that slightly precedes almost every
REM period in males, froin infancy into great
age. The phenomenon of nightly erections was
desciibed by three German researchers two decades
ago as occurring at intervals of roughly S5 min-
utes and lasting some 23 minutes. This sounded
so much like the distributic: .£ REM periods that
Ian Oswald of Cambridge University began to
study the phenomenon. Mis measuring instru-
ments precluded a reliable correlation; however,
a correlation becween REM periods and crections
has been .n'ude recently by Dr. Charles Fisher,
Joseph Gross, and Joseph Zuch at Mount Sinai
Hospital in New York. An initial study of 17
subjects indicated that erections preceded rapid
eye movements and lasted throughout 95 percent
of the REM periods. Recent studies have indi-
cated that this phenomenon is not altered by
recency of sexual orgasm, and it does not seein to
stem from overtly sexual dream content. If 95
percent of the REM periods are accompanied by
erection, then the odd dream periods need ex-
planation. Instances of sudden detumescence
appear to be related to dreans of severe anxiety,
and total absence of crection may ba related to
fatigue and anxiety (Fisher et al,, 1965, Karacan
et al,, 1965). It has been observed among animals
and man that intense emotional excitement, not
specifically sexualy can be accompanied by ercction.
Perhaps this i3 a discharge overflow from intense
nenral excitement occurring within drive-related
centers that are activated in the dreaming brain.

The Eye Movements

(e of the most puzzling of the dream accom-
pa. 1ments is the physical signpost by which it
was detected, the rapid eye movements themselves.
Wly do the eyea movoe as if they aro watching
events on a screer: or reading? The obvious
answer seemed at first to be that the eyes were

Q 84
ERIC

Aruitoxt provided by Eic:



scanning the dream inages. A number of inves-
tigato.s have reported that there seemed to be
more actual eye movements accompanying dreams
of events that in real life would require frequent
shifts of gaze (Berger and Oswald, 1962). Sev-
eral investigators sought to find out whether tha
eyes moved when a person merely imagined some
activity. Dr. G. H. Deckert showed a swinging
pendulum to subjects, then asked them to close
their eyes and imagine it. 'Their eye moven.ents,
when they were imagining the movement, closely
resembled the actual watching of the pendulum
(Deckert, 1964). A further study by Dr. Bar-
bara B. Brown and her associates suggested that
the eye movements during such a recall would
slightly exaggerate or diminish the original, real
motion, and that these movements cceurred both
in people +ho deliberately :xperience visual imag-
ery and thuse who cannot (Brown et al, 1064).
Simnil. evidences have come from others { Antro-
bus et al., 1964).

If the overt eye movements of dreaming indi-
cated the scanning of images on an interior screen,
they might not be expected of the blind, especially
the congenitally blind. Drs. R. Berger, P. Olley,
and I. Oswald found no rapid eye movements or
reports of visual imagery in the dreams of con-
genitally blind peeple, although they did exist in
people who had been blind from 3-15 years
(Berger et al., 1962). Drs. William Offenkrantz
and Edward Wolpert did see one instance of rapid
eye movernents in a congepitally blind person
whose dreams were not. visual, and recent studies
of people with lifelong blindness have indicated
that they do have rapid =ye movements during
stage one “dreamming” sleep. Tt would seem thai
previous fnilures to record REMs in the congen-
itally blind have bcen due to deficiencies in the
recording method. (Gross et al., 1865).

In 1960, Drs. Howard Roffwarg, W. C. Dement,
Joseph Muzio, and Charles Fisher carefully awak-
ened volunteers after purticular eye movements,
and asked for detailed accounts of the dream event.
Another investigator, who did not sce the record
of eye movements, was given the dream story and
told to map out and space the eye movements that
would match it. These tracings matched the
actur] eya movement record with great accuracy.
This work an.' further studies correlating eye
motion with dream event suggested that the eyes
were indeed following dream events (Roflwarg
et al, 1062).
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Although the eye movements may be related to
the moving victures of the mind, the response may
not resemble the voluntary action of v-atching a
real tennis game nor even with eyes closed, imag-
ining a game. A number of very different find-
ings bear on this point. First of all, some of the
eye movements recorded during dreaming are so
large and furious they would be inconceivable as
voluntary movemen‘s in waking life. (Oswald,
1962). Rapid conjugate eye movements can be
caused by artificially changing the electrophysio-
logical state of the frontal cortex {Rassmussen and
Penfield). Animal studies, primarily studies of
cats, have shown that there is considerable elec-
trical activity in the visual system during REM
sleep whete sudden bursts known as spike dis-
charges have been recorded from within the brain.
Such spikes have been found during rapid eye
movements in the pontine reticular formaticn of
the brain stem, and in two centers of brain that
form refay depots for impulses ss they travel from
the eyes and optic nerves toward the back of the
cortex and the occipital region involved in vision
(Jouvet; Michel et al., 1964).

The eyes are, of course, ordinarily important in
maintaining physical balance, although much of
onr neural apparatus for adjusting balance de-
pends upon the vestibular system leading from the
ears. lere, too, in spite of the fact that our post-
ural muscles lack tonus during sleep, neurons of
the vestibular systera show bursts of rapid dis-
charge during the rapid eye movements of REM
sleep (Bizzi et al,, 1964).

Similar bursts of electrical activity have been
observed in the visual cortex and in the eye muscle
(Miclel et al., 1964). This latter activity did not
seem to originate in the reiina or in the nerve
receptors of the eyo muscies, nor in the cortex as
one might expect of an imagined vision. Even
when extrinsic ocular muscles and eyeballs were
removed, the patiern of discharges on the visual
cortex and brain stem remained the same. By
surgical cuts, it was shown that this discharge ac-
tivity did not come from the cortex and descend
to the brain stem level. Instead, it seemed to origi-
nate in the pons of the brain sten and spread to-
ward the eye muscles and central pathways of the
visual system.

During REM sleep distinctive discharge pat-
terns can be seen in another part of the visual sys-
tem, the lateral geniculate. The altered firing
-
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patterns of these ceils do not seem to come frum
the retina and its nerve routes, but possibly come
upwards fron: the pontine reticulir formation in
the brain stem (Bizzi, 1965). This is an unex-
pected link in the brair networl that may contrib-
r'te to the visual imagery of dreaming.

Close readings of electrical potential changes in
the eye muscles during REM sleep show a morg
rapid and chaotic activity than any seen in wake-
fulness, suggesting that dream imagery would
have to e incoherent to produce such & scanning
pattern. This is, of course, possible. Weo may
write the connective scenario of dreams after the
hodgepodge of images. One likely explanation
suggested by the data may be that the eye move-
ments are the result of ‘“electrical” storms gen-
erated within the brain during dreaming and
sweeping through portions of the visual system,
bearing indirect relation to the visual imagery.

Kittens have been reared in total darkness, yet
have shown rapid eye movements during sleep
(Fishbein et al., 1965). Monkeys have been raised
with contact lenses permitting some light, but no
patterned vision, and they, too, show rapid eye
raovements in sleep (Berg r and Meier, 1065). It
has been observed that pupil dilations occur dur-
ing the REM periods, phasically, but these occur
in blinded cats as well as normal cats (Berlucchi
et al,, 1964), and may represent excitation that is
not directly related to drearn liaagery.

Many facial muscles are spasmodically activated
during dreaming. This is the time when Labies
suck or smile, when the eat’s whiskers twitch. It
1s the time when people usually grind their teeth.
A tree of nerves known as the trigeminal nerve
branches to many fac.al muscles, including the
masseters whose contractions result in teeth grind-
ing. The motor nucleus, the root of this eranial
nerve, is very near to & brain stem nueleus that
emits great bursts of electrical activily during
REM periods and perhaps transmits its exeitation
to these facial muscles.

If dreams are perplexiug and strange, it is clear-
ly a most strange state we are in as wo dream.
Our eyes move, we twitch, we may talk or utter
sounds, we breathe shallowly and irregularly, cur
leart rate fluctuates, erections occur, and at the
same timoe musclo tonus is very low and we are vir-
tually paralyzad for short periods, often showing
no kneo reflex (Dement, 1965), while portions of
our brain seem to be suddenly swept with storms of
sudden, brief activity. What curious organization
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of the nervous system could be responsible for such
an implausible interval in existence? Why might
a brain that wakes ard rests fall intu these cycles
of bizarre activity? What function could sueh
a state servo in the survival of creatures as complex
as man and as primitive as an opossum? How does
this dreaming brain appear to behave?

Similarities to the Waking Brain

Probably the most striking thing about the
dreaniing brain is its resemblance to the waking
brain as judgad by some of its brain wave patterns.
The brain is by u¢ means precisely Jike the aw:lke
brain during REM periods, but it is quite differ-
ent in its behavior from the brain during all other
sleep. A truly enormous number of studies have
emphasized this point; a good portion of these re-
searches have comnpared evcked potentials from
a brain site during waling and several phases of
sleep. In this procedure a sound, a light, a touch,
or som.e other stimulus is repeated and the brain’s
reiction is recorded in the instantaneous EEG
pattern. This EEG response is minutely analyzed
and each wave compared for size, duration, shape,
and latency. Two kinds of findings of especial
interest have emerged from this method. One is
illustrated by readings from the sealp of human
volunteers who received mild wrist shock. During
waking and stage 1 REM sleep the EEG response
is similar in shape, etc., close yet not identical.
The segment of this re.ponse thought to represent
the integrative areas of the brain that transform
sensory impulses into feeling begins to arrive much
more slowly from stage 1 sleep into stage 4. This
suggests that the quality of mentation, somewhat
akin in waking and REM, must change consider-
ably during deep sleep (Allison, 1964, 1965;
Rosneret al., 1963).

A second, seemingly paradoxieal finding has
been reported by Rosner and a i;umber of investi-
gators—essentially that sens rv stimulation evoXkes
more of a response during deep sleep than during
waking or TEM. Dr. Heruandez-Peon and his
associates in Mexico City demonstrated this odd
fact and <nggested an explanation {ITernaud:z-
Peon, 1965). During one study of cats, they ro-
corded the electrical potential changes from the
fifth sensory nincleus, a point where a nerve fiber
bearing tactile impnises from the skin finally en-
ters the brain. They touched the cat lightly on
the face. During waking, this touch evoked only
a small potential in response, i.ggesting th.
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sensory stimuiation was somehow being screened
out. During REM sleep +he potential was small,
as well. But during deep slow-wave sleep the
brain response was exceedingly large, suggesting
that any filtering sysiem must be virtually inoper-
ative, Sensory inflow appeared to be heavily cen-
sored during wakefulness and dreaming sleep.
Other studies euggest that some of this filtering i3
accomplished at the periphery.

Parallel otudies perforined dnring the late 1950°s
indicated that t! is censorship might be an essential
ingredient of focused attention. Hernandez-Peon,
recording from electrodes implanted in the optic
radic. ‘ons of patients undergoing diagnoses for
brain surgery, had discovered that the EEGs
showed a large potential when a light was flasled
in their eyes at an igle moment, but that this poten-
tial was considerably diminished if tha patient
happened to be conversing when the light flashed.
The potential declined similarly when the patient
did a mental arithinetic problem or tried to recall
a past event in his life. It looked a3 though a sub-
cortical inhibiting mechanism were at work pro-
tecting the individual from irrelevant sensory
inflow during inom.ents of concentration, thus pre-
venting a chaos of incoming stimuli from sabotag-
ing all focused behavior. During REM dreaming
and waking such a protective filtering may guard
our capacity for attention, and indeed, protect
sleap.

This similarity between brain response i1, wak-
ing and the REM state has bren expused by swudies
of man and different animals, performed for dif-
ferent reasons by Evarts, Rosner, Rosenblith,
Segundo, Williams and Adey, to mention only a
few.

Similarities have also been seen in the spon-
taneous activity of brain cells recorded at a time
when no extu:nal stimulus was applied. Dr. Ed-
wa.d Evarts of NYMII has recorded fromircnkeys
the activity of single cells in the pyramidal tract,
which bears messages from the eortex to the inoter
systein. Some cells showed the greatest frequen-
cies of discharge in waking, were diminished in
REM sleep, and lowest in slow-wave sleep.  These
cells showed least variability in waking, but
greatest fluctuation during REM eleep. Curiously
¢ wough, the wild discharge irregularities they
offered during REM sleep resembled the paitern
when the waking monkey moved, reached for food,
or scratched himself. Evarts and his eolleagues
were among the first to demonstrate fhat brain

cells do not simply beco:ne inactive during sleep,
but that they discharga -lifferently, some of them
mere rapidly and more often. Electrodes im-
planted in the visual ¢ rtex of cats showed that the
cells of this area increased their activity during
REM sleep, o finding that seems consonant with
the visual hallucinations of dreaming.

The dreaming brain also seems to be hotter than
the brain in other stages of sleep. Moreover,
& correlation between the changing brain tempera-
ture and EEG amplitude has suggested that this
amplitude rmay be an index of brain metabolism
(Rechtschaifen et al.,, 1965). Thus, it would seem
that higl brain teinperature, and low EEG ampli-
tude imply a high rate of brain metabolism, and
are an index: to the liveliness of mental activity in
slecp and waking. Once again, the dream state
seems to resemble waking rather than the quiescent
stages of sleep.

Yet ar.other kind of probe into the brain has told
of some great similarity between waking and REM
sleep. Dr. Heinz Caspars of the University of
Munster implanted rats with direct current elec-
trodes. Ordinarily, neurophysiologicts use alter-
nating current electrodes. Roughly speaking, the
DC potentials showed a pronounced positive shift
during slow-wave sleep, but they showed & nega-
tive shift during REM sleep. DC shifts corre-
sponding to the alternating phases of sleep have
since been seen in rabbits (Kawamure and Sawyer,
1964). Thess all indicate striking similarities Fe-
tween bri'n responses, cell activities and back-
ground state in waking and dreaming,.

A Diffcrerice From the Vaking Brain

One very striking difference between the brain’s
responses in sleep and waking has been noticed in
the great bundle of nerve fibers that connccts the
two halves of our brains. All mammals essen-
tially possess two brains, joined in the middle by
fiber bundles, the major one being the corpus cal-
losum that runs down the middle of the ~ortex.
By severing these fibers it has been {found that they
play a significant role in telling the right side of
the brain what the left has perceived or thought,
a major integrating funetion. Neural cells of the
cortex, associated with the eorpus caltosum, show
intense awivity during attentive wakefulness, pre-
sumably coordinating the many activities within
the brain. Mowever, thera is & progressive de-
creaso of activity in theso cells during sleep, and
studies performed with implanted cats have shown
minimal activity oven during REM sleep. The
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activity of c¢rlls associated with this vast fiber sys-
tem differ zonsiderably in waking and sleep, and
may suggest a more subtle distinction between the
brain’s capability in dreamning and waking (Ber-
iucchi, 1965).

After a study of chimpanzees, whose sleep cycles
and brain responses most closely resemble man’s,
Dr. W. R. Adey of UCLA has suggested that
REM sleep is not deep unconsciousness but a
state in which attention is concentrated internal-
ly when thc cresiure is insensitive to peripheral
stimulation—a state resembling those moments
when an individual is so wrapped up in thought
or in a book as to be virtually oblivious to the dis-
tractions around him. Although many neuro-
pliysiological studies and especially recent studies
of chimpanzees emphasize great differences te-
tween the sleep .ncchanisms of nian and those of
lower animals, it is interesting to note that many
experimenters working with cats or other animals
have come up with the sama description of REM
sleep as a stata of inward concentration.

The Neuroanatomy of the REM State

Fhe brain anatemy of the REM state, insofar
as we can decipher the puzzle, has been exposed
by a number cf ;esearchers. It has been explored
brilliantly by Michel Jouvet and his associates in
Lyon. Their research on cats, on accideat victims
with head injuries, on narmal people, has led them
to conclude that dreaming is a unique state, that
two differenc nenral sysems immnst control sleep
and the REM state. In a sense, they have postu-
lated a dream-indacing center in the brain stem
whose activation is associated with the many
physiolngical changes seen in dreamers,

Occasionally an infant is born with only a brain
stem, lividranencephalic. Because it has no regu-
latory mechanisms to keep it alive, such an in-
fant wsually dies very rapidly. If maintained
ardificially, however, this tragic creature, with
only brain stem for a bruin, shows FEGs and
rapid eye movements like those of the REM state
{Pierce et al., 1965).

Severe liead injuries may cause regions of white
matter to degenerate; this white matter consists
of millions of tiny nerve fibers that connect one
part of the brain with snother. Thus a person
who is decorticated in an accident ic not devoid
of his cortex, but thie descending cable system en-
abling voluntary commands to reach the rest of
the brain, and thus the body, are now destroyed.
Accident vietims, who on autopsy show that they
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were decorticate, may live for severa) years, bed-
ridden, staring aimnlessly, sleeping only for shoit
intervals, unable to see, hear, or follow commsnds.
Jouvet and his associates observed that such
people, during sleep, showed every sign of being
in a REM state but not slow-wave sleep. Slow-
wave sleep seemed Lo require descending impulses
from the cortex and was prevented by decortica-
tion.

Other accident victims, observed over several
months, seemed to be f“uncunscious” yet almost
permanently awake. For short intervals they
would appear to sleep, and this was always slow-
wave sleep. There was great muscle activity dur-
ing this timo, and tonus very rarely disappeared;
there was no sign of REM sleep. On autopsy it
was clear that these people had been damaged at
the lower part of the midbrain and in the brain
stem pontine reticnlar formatior.. This corrob-
orated laboratory experiinents with cats—suggest-
ing that the knob of neural tissue at the base of
the brain, the pons, must regulate the RIOM state,
and without its activity there would be no REM
sleep (Jouvet, 1960, 1961, 1962),

Jouvet and his colleagues have perforned in-
numerable experiments upon cats t> explore ‘n
a precise and refined manner the effects long seen
in accident vietims, By stages, they destroyed
small areas of nerve fibers and watched what hap-
pened to sleep.  When they decortieated cats, the
animals slept only in the REM phase and no longer
showed the synchronous waves of deep sleep that
seems to emanate down from the forcbram. Many
people, in this laboratory and elsewhere, had in-
duced sleep by stimulating hypnogenic areas in
the forebrain,

When Jouvet and his colleagues stimulatad the
caudal pontine area of the brain stem, however,
the cat would fall into & long interval of RISM
sivep.  After many transections, they found that
the caudal pontile nuclcus must be crucial to REM
sleep, for if it were destroyed, the animal no
Jonger showed any of the characteristic signs in
sleep.

When Jonvet destrored the pontile triggering
centery he found that the animals no longer had
REM sleep. They were progressively dream de-
prived, and showed, in extreme, symploms reini-
niscent of human volunteers in dream deprivation
experiments, Many of the animals, for instance,
became ravencusly hungry and obese, and showed
sericus behavioral disturbances. Many of them



showed behavior that seemed to be hallucinatory.
These animals seemed to ba the most telling
examples of what severe and totay REM depriva-
tion could do, and of the importance of the pons
tc ne dream state (Jouvet et i, 1960-65).

Recent findings confirming this sbserve+‘on have
been phrased slightly differently (A. Comacho-
Evangelista and Reinoso-Suarez, 1964}, In the
rostral part of the pons there must be structures
responsible for activation, for when they are de-
stroyed, there is synchronized thythm in the brain.
Within the pons itself, however, some lesions pro-
duce synchronization while others produce activa-
tion, depending upon location, indicating the com-
plex duality of roles played by cells within this rel-
atively small s egion.

In simple, perhaps oversimple, terms, there is a
small region in the pontine brain stem area that is
a part of a system that seems to generate arousal
by its activity. Characteristically, it enanates
low valtage, desynchronizing EEG patterns.
These are the EEG patterns that are observed
from the cortex and other regions during waking
and REM sleep. However, when other areas of
the brain above this region become active, they
seem to generate the synchronous rhythms ob-
scrved in deep sleep, in anesthesia, or coma.

The discovery that high activity within a brain
stem nucleus seems to trigger the dream state may
nelp to expiain some of the peculiar bodily mani-
festations at this time. The pons lies close be-
neatl: the limbic system including the hypothala-
mus. In the humon being, roughly speaking, this
brain tissue resides just above the palate, ahove
the roof of the mouth. This system, of which the
hypothalamus is part, is asswiated with emotions
and instinctual drives. Stimulations here can
produce eating, drirking, rage, pleasure, abhor-
rence. By their anatomical connection, excite-
ment from the nearby pontine region may epiead
into this area thus activating some of thy tvspenses
(sucking in infants, erections) associated with the
mdimentary elements needed for survival. As
yet uncharted, these paths of excitation may be the
physical foundations of drives expressed during
dreaming,.

Jouvet’s work, augmented by the researches of
other colleagues, has produced voluminous and
elegant evidence that & very small area within the
pons must trigger the electrical brainstorm wa
know as the REM dream state. Lesions within
a tiny region of the pons would cansel out all para-
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doxieal sleep in lzberatory animals. Now, working
within this minute region, Jouvet a1d his asso-
ciates are beginning to elucidate some of the pe-
culiar phenomena ve have observed in the sleeper,
the twitches, and sudden muscular contractions
that occur in an interval otherwise characterized
by body quiet and general muscular tonelessness.
Within the caudal pons a snall cluster of cells
known as the nucleus coeruleus appears to gen-
orate the inhibiticn of muscular tone we see during
REM sleep, an inhibition th.t prevents us from
acting out dreams, or moving, even perhaps the
most frightening inhibition, the frequent inability
to secream out during a nightinare. When this
tiny nucleus was destroyed by a lesion, the sleeping
animal in paradoxical sleep moved a great deal,
as if acting out a dream. His movements re-
semble sleepwalking, and indeed, this brain region
may hold one of the keys to the mysterious phe-
nomena of somnambulism. Although muscle in-
hibition no longer occurred when this nucleus was
damaged, the phasic twitches—of the pupils of the
eyes, of the whiskers, etc.—remained as usual.

Is the REM State Part of Sleep?

There is voluminous evidence that the dream
state, whether it be known as activated, paradoxi-
cal,or simpiy REMsleep, is a state that differs con-
siderably from ihe rest of sleep. Jouvet and others
have suggested that it may be a totally differeat
state, quite unlike what we usually consider sleep.
Moreover, an impressive aniount of evidence has
been summoned to indicate that this peculiar sec-
ond state of sleep is regulated by ceniers in the
pons, invoking a quite different set of brain mech-
anistns and consequences than one finds in slow-
wave sleep. This has been a strong and appealing
hypothesis, and & very fraitful one, for it has gen-
erated an enormous amount of experimental work,
which in turn has begun to illuminate some of the
pecaliarities of REM s’eep. Itisnot, however, the
only theory that attempts to explain REM state,
and other investigators have not made up their
minds that slow-wave sleep and the REM state
aro totally different states, subserved by two sep-
aratc neural mechanisms. 1t is not at all surpris-
ing to find controyersy about this issue, for the sci-
ence is young, the explorationsrecent, and the brain
is noted for its complexity and diffusion of func-
tiors. Thus, debate over the autuiomy of neural
mochanisms governing the REM state may cou-
tinue unresolved, for sometime.
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One aspect of the debate revolves around the
differences between higher mammals and man, and
findings that suggest that structures far forward
in the brain, the amygdala, may play a significant
role in regulating the time we spend in each phase
of sleep (Adey et al, 1063; Reite et al, 1964;
Rhodes et al., 1965). In eats, during the activated
phase of sleep, the hippocampus shows a pro-
nounced theta rhythm, and very slight electrical
stimulation to the hippocampal region will invole
the activated phase of sleep (Brown and Shryne,
1964). 1t has bee:: suggested that the Lrain stem
may exert a lsss potent influenee in higher mam-
mals and man, and the cooperation of phylogeneti-
cally newer and more cortical brain areas may be
important to the REM dream state. Indeed, it has
been suggested that the REM state may be a kind
of 1ebound activity, interrupting long periods of
cortical quiescence and general sensory isolation.

Many people have speculated that the phases of
sleep are the outward signs of a feed back mecha-
nism, in which the nervous system periodically “at-
tempts” to wake up, increasingly often toward
morning, vet before it is time for the sleep mecha-
nisms to relinquish their dominance. Although no
one has ever sueceeded in finding that the body
generates a hypnotoxin during wakefalness that
triggers sleep and is used up in sleep, many people
feel that sleep may be generated biochemieally and
that its alternating phases may represent a neure-
chemical feedback system.

Another eomprehensive attempt to explain the
REM state and some of its properties has been
offered by Hernandez-Peon, who with associates
has mapped an extensive hypnogenic system, run-
ning from the forebrain and thalamus, into the
limbic systein, with o center in the eerebellum. At
several points it may overlap with ths arousal sys-
tem. Hernandez-Peon postnlates that the dream
stateis a peculiar organization of events within the
sleep systemn, not independent of it. Future ex-
periments may reveal whether these two points of
view are in total disagreement.

By direct electrics] and chemical brain stimula-
tion it has been possible to induce sleep along a
hypnogenic pathway, sleep differing in deptl, im-
mediacy, duration according to the point stimu-
lated—slow-wave sleep and paradoxieal sleep.
The hypnogenic pathway is set into action by
cholinergic ehemieals, but the investigators have
discovered that cells adjacent to it could be aeti-
vated by noradrenalin and adrenergic eompounds
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to produce arousal. Thus, they will explore the
possibility that parts of the vigilance or arousal
system may be ccextensive with the sleep-inducing
system, in parallel, so to speak. If hypnogenic
calls’ activity “ominates, thiere may be sleep; if the
other system dominates, wakefulness ensues. The
relative excitation strength of these two systems
may dictate our state of consciousness,

Escepting in abnormal people or aximals se-
verely REM deprived, the REM state follows deep
sleep. It oecurs in sleep at a time when portions
of the hypnogenic system hold the balance and in-
hibit the arousal system. Balanes as ccnceived
within the brain is not absolute any more than the
balance of eont:uding armies or of eontending
athletic teams who may shift in their gains and
losses without any ehange in the overall score.
Withip the donain of hypnogenic dominance, re-
gions associated with the vigilance system, among
them eenters in the pons, may periolieally beconie
activated as a part of an organization in which
dreaming oecurs and eells associatec \ ith aware-
ness also become stimulated. Esxaetly wliat causes
internal eonsciousness, without waking, nobody
can say without further experientation.

Neural links have been demonstrated, however,
connectiag peripheral muscle systems, the auto-
nomic and endacrine systems, with regions of the
hypothalamus and hippocampal and amygdala
structures forwsard in the brain, regions that inter-
act with the cortex. These numerous researches,
mapping the way impulses travel through portions
of ihe brain, have begun to suggest relationships
between the peculiar state in which our closed
circnit tefevision experience of dreaming may be
related to the physiclogical signs of muscle spasms,
eye 1a0ovements, heart and respiration ehanges
{Feldman; Petsche; Yokota; Parmeggiani).

The chief EEG signal of the REM phase of
sleep in man is a very fast, desynchronized
rhytlhim, eontaining as one portion a theta activ-
ity, accompanied by rapid aetivity from the cor-
tes, a pattern seen most elearly in eats and other
animals in which there has been access to the
hippocampus. This slow theta aelivity emanates
from the hippocampus, a region of the brain that
lias been found to be intimately related to memory
and emotionsl funetion. The universal example
of its presumed role has been the epilepiie, in whomn
damage in this hippocampal area cuuses severs
memory impairment. The presence of hippo-
campal theta in animals during adaptation to &
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new environment, during periods that might be
interpreted as anxious and fearful, suggests that
these may be intervals in which the animal is in-
capable of taking in too much outside information.
Hippocampal theta during waking shows contin-
uous changes. During sleep, however, it has the
appearance of a rhythm that is cycling, emanating
occasionally to other portions of the brain, and
maintaining a regular fast brain wave. This “cir-
cus movement” has been postulated by several ex-
periinenters (Brown and Shryne, 1964). It may
be a fundamental property of the dreaming state,
in which internal information, memory, and feel-
ing seem to dominate the inward attention. Rela-
tionships have been observed between hippocanipal
theta activity, endozrine function (Sawyer et al,
1959), and autonomic and moter activity { Yokota
and Fugimori, 1963, 1964). Others have shown
that the influence exerted by the hippocampus dur-
ing theta activity may be that of a feedback system,
which opposes the influence of the reticular acti-
vating system in the sense of controlling the crea-
ture’s reactivity to the outside world (Lena and
Parmeggiani, 1964; Green and Arduini, 1954;
Lissak et al.,, 1962). The relationship between the
hippocampus and other brain regions cr-:cial to the
hebavio: s seen in dreaming has been shown by a
number of studies (Parmeggiani, 1962; Buresova
et al., 1962; Feldman, 1962 ; Manzoni and Parineg-
giani, 1964; Jouvet, 1962; Brooks and Bizzi, 1963;
Bizzi, 1965; Iwata and Snider, 1959). I essence
the multitude of studies hus shown that hippa-
campa] theta rhythm is related to regions regu-
lating emotion, autonomic, and somato-motoc be-
haviors, and that these hippocampal rhythms may
indeed be spreading from motivational areasin the
hypothalamus and may be related to neursl
rhythms there (Petsche et al., 1962; von Euler and
Creen, 1960; Corazza and Parmeggiani, 1961).

Although the many interrelationships that have
now been documented cannot yet be nicced to-
gether, the many elements of this puzzle are being
collected througthout the werld, so that we may
soon begin to see the physical and neural com-
ponents of the curious dream state. The function
of the hippocampus in dreaming and in adaptation
may indeed suggest u relationship between the
dreaming individnal, and the individua) suflering
from severe anxiety.
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Animul Dreaming

Aninal experimentation, on which we base so
much of our understanding of man’s brain, has
always inspired a certain uneasiness. Animals
show JXEM sleep, that we know, but do they dream
as we do? Many people have thought . Pet
lovers watch a sleeping dog wag its tail, move its
paws, wrinkle its nose, twitch its whiskers, or
whimp2r, and imagine some internal world of ac-
tion, parsuit, fear, pleasure. Is this creature ex-
perien-ing some visual reenactment of its life!
Until recently nobody had ever taught an animal
to repert “‘seaing things” in sleep, but this has now
been d: me by Dr. Charles J. Vaughan of the Uni-
versny‘ of Pittsburgh with rhesus monkeys and
the presedure will be replicated.

While working on “sensory deprivation® phe-
nomen as a gradv‘e student with Drs. H. Braun
and R{ Patten, Vaughan helped to develop an
elaborztte training procedure. Its purpose was to
ascertsin whether “sensory deprivation” did actu-
ally prpduce neurophysiological changes and thus
cause hallucinations in animals who, unlike hu-
man viflunteers, would not be influenced by verbal
suggesfion. Rhesus monkeys were nlaced in a
booth |n which food and water were obtainabla,
but in'which the environment was severely con-
trolleds the background sound was a constant
white 1toise like a waterfall, and the animals faced
a groufid glass screen. The monkeys wero seated
in a rejtraining chair with hands and feet resting
on a bir holding shock electrodes. The monkeys
were ppogressively adjusted to the situation and
trmne( to press the bar rapidly every time an im-
age appeared on the screenj otherwise, they were
shocked on the foot. When they reliably re-
spondefl 10 any kind of image on the screen by
pressink the bar 3,000 times an hour, they were
ready for a 74-96 hour period of sensory mio-
notonyT

In oider to give them a constant and nonpat-
terned Visual field, they were fitted with corneal
contact lenses made of plastic, and then the door
of the hooth was closed, and the observer could
watch 1hrough the window as the nionkey sat in
isolatior, Like the many human volunteers in
such e:periments, the monkeys fell asleep soon
after the isolation began. During sleep they
showed three characteristic kinds of eye move-
ments, 1 slow-rolling movement and rapid conju-
gate movement, sometimes recembling those of a
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person rapidly scanning the narrow column o1 2
newspaper.

During these rapid-eye-movement periods, the
monkeys suddenly began pressing the bar at a
frenetic pace, rupidly and regularly as in waking.
Sometimes they alsc made facinl grimaces, flaved
nostrils, breathed deeply, even barked as they
pressed the bar. Presymably they were “sezing
things” during these intervtls of rapid eye move-
ments and were avoiding the shock associated with
images. After the isolation period was over, the
monkeys were tested in the training situation to
be sure that they still responded reliably to the
projected images. The investigators had seen
only one instance of bar-pressing during waking,
so they had little data about hallucinations, but
tho evidence that monkeys e:perience visual im-
agesin sleep was very strong.

Further studies using EXG and polygraph
recordings will be undertaken by others tc cor-
roborate this. Perhaps a next step—training
monkexs to respond to particular images or to
smells, for instance—may allow us to find out
what a monkey dreams about. Although the ques-
tion of animal dreaming has interested pet lovers,
animal trainers, and idle spectators, it has real
importarice for psychology. We have learied
very little abeut the interior fabric ef conscious-
ness in animals even though they are the promi-
rent instruments of our explorations into our own
behavior. Each demonstrated similarity between
experimental animals and man will strengthen the
applicability of research to humankind.

The importance of animal research in unravel-
ling the secrets of the REM drean cycle cannot be
overemphasized, To date, although there have
been quite a few human studies, most of our neuro-
physiological evidence has core from examining
the brain reactions of cats and a few other ani-
mals, including moukeys. The data from these
studies have arrived rapidly in the course of o
single decade, inspiring new hypotheses about the
natuce, organization, and purpose of the RIEM
state. Theso animal studies have helped to deline-
ate a phase in the existence of alt men, all animals,
that now looks even more eiceptional, provoca-
tive, and anemalous than it may have 10 years ago,
when attention cohered arourd the vivid dreamn-
ing that recurred periodically throughout the
night. Is this a unique state, samething we should
des'gnate as a third state of consciousness. unlike

sleep or waking? Does the REM state serve some
vital life function?

Surely, in all mammals sleep is distinguished
by two alternating phases. The curious, recurring
REM state is an interval of activation in parts of
the central nervous system, a period that includes
dreaniing, changes in autonomic functions, brain
temperature, blood chemicals, muscle tension.
Thes» many REM phenomena seem to be the con-
sequence of an integrated neural mechanism, but
why such a conglomeration of events during
sleep? Is this the testin:ony of sume mysterious
function without which we would die?

Dy degrees, REM deprivation studies of man
and inimals have aimed to find out how vital
REM sleep may be. If removed from a creature’s
repertoire would the loss be followed by progres-
sive deterioration and death? Initial human stud-
ies siggested that psychological changes fol-
lowed fast in tha wake of REM deprivation.
Later und longer studies sometimes failed to show
up psychological deterioration. Experimenters
have always been very ceutious about pressing hu-
man volunteers, and whenever ominous signs of
behavioral change appeared tha study has been
terminated. Although some cats have died after
26 days’ deprivation, other cats have been pressed
to very long peiiods of deprivation, as long as 70
consecutive days without causing death and often
the behavioral consequences wera less severe than
expect 2d.

A Llimil to REM Compensalion

In vzcent experiments by Jouvet and Dement,
it has lcoked as if the rervous system may Lave a
safety device after a certain limit of REM depri-
vation hss been reached. One of the uniform ef-
fects in all dream deprivation studies is the after-
math, or recovery, in which the individual appears
to be inaking vp the lost REM time by spending a
far layger proportion of his sleep in that phase,
finally, in the course of many nights, compersat-
ing for the entire loss. This pattern of compensa-
tion suggested that REM sleep inight be triggered
by s e natural chemieal that was produced at a
steady rate and used up during the RIEM period.
It was assumed that the deprived subject must he
payinz off a bicchemical debt. More recently,
however, deprivation experiments with cats have
suggested that there is a limit beyond which the
componsatory RISM sleep no longer increnses,

Jouvet has deprived cats of paradoxical sleep
by placing thern on a steno surrounded by waror so
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that the loss of muscls tone accompanying t'e on-
set, of REM sleep would cause them to fall into the
water and wake up. When removed frori this
perch and placed in a recording cage the animal
would quickly fall sleep, and during the first 6
hours it was possible to see how much more REM
sleep occurred than usual. After 24 hours there
was a 45 percent increase. After 72 hours there
would be a 60 percent increase, and even after 22
days there was never more than a 60 percent in-
crease in those first 6 hours of uninhibited sleep.
As previous studies with animals and man have in-
dicated, not all of the recuperation occurs during
a single stretch of unrestrained sleep. Afier 10
days of deprivation & cat may take 5 days te com-
pensate, and after 20 deprivation days, he may
take about 10 days,

Dement, pressing a group of 20 cats to long
stretches of deprivation found that they. too,
showed the same effect. Until 30 days they ex-
hibited continucus increase of REM sleep in re-
covery. Ilowever, at about 30 days they se:med
to have reached a platcau. Even after 70 con-
secuttve days of REM loss they showed no iicre-
ments in their compensation, and appeared t¢ pay
back about the same amount they did after 30 Jays.
It appears that the loss of paradoxical slecp is
never totally reimbursed. If this signifies th: ac-
cumulation of a chemical in the brain, a cheniical
that normally triggers RIZM sleep in the pons. one
might expeet that the accumulation would lead to
brain stem damage. Surely, after prolonged ‘lep-
rivation, as shown in Jouvet's laboratory, the
cats have exhibited what might be called an ex-
traordinarily strong need for the paradoxical sl2ep.
Even under heavy narcosis, they will show p ira-
doxical sleep.  After these long deprivations, they
have also shown episodes of behavior disorder,
sleep tronble, and several have died.

Experiments in the Biochemistry of REM Sleep
What is happening within a person or an mal
in whom this recurrent crele has been prever ted?
Dement and Jouvet have hypothesized that the
RISM state is triggered Ly a biockemical mecha-
nism, possibly a chemical that is used up during
the activation of the brain during the REM state.
Wihen a cat no longer discharged this cheniical,
perhaps it acenmulated until it reached such con-
eentrations that it could pass through the briin-
blood barrier. It inight literally leak out of the
central nervous system. This might explain why
the deprived cats scemned to reach s limit beyond

which they no longer reimbursed the REM sleep
they had lost. If such a leak occurred, one might
expect to detect the triggering chemical within the
spinal fluid.

One method of ascertaining a change in spinal
fiiid wonld be to take the cerebrospinal fluid of
a severely deprived animal, inject it into the spinal
fluid of a normally rested animal, expecting that
ths recipient would show a sudden increase in
REM slezp. This is the gist of a procedure that
has been perforined at Stanford Unive.sity under
the direction of Drs. Dement and Peter Ienty
following the pattern of transfer studies in
pharmacology.

Fine catheters were implanted into the third
ventricle and cysterr1 magna in donor and re-
ceiver cats. This enabled the experimenters to
draw spinal fluid from one, and inject directly into
the other. The receiver cat was schaduled so thai
his sleep «nd amount of REM time becarne rela-
tively constant and measurable. The donor cat
was dream-deprived until he began to show be-
havioral changes, either by constant awakenings
or by being placed on a stone in 1 water bath.
Then spinal fluid was ‘ransferred from the de-
prived cat’s brain into the brain of the receiver
cat. Thera are many difficulties in an experiment
of this sort, and some of the cats reacted to the
injections with fever. Nevertheless, after trying
many pairs of cats the result looks positive. Re-
ceiver cats have been showing a distiriet fncrease in
their REM time after injections of spinal fluid
from the deprived animal (Ilenry et al., 1965).
The very fact that increased paradosical sleep has
hasheen olitained by transferring spinal fluid from
deprived cats into rested ones, raises some interest-
ing questions about the nature of the chemical and
the nature of the brain.

A hint about the nature of a possible chemical
has emerged from recent studies in Jouvet's lab-
oratory. There, injections of a depressant, reser-
pine, totally suppressed paradoxicul sleep, but the
sleep phase would be restored by an injection of
Dopa. Dopa is related to a familiar group of
brain amines and is a precursor to noradrenalin
(Matsumoto and Jouvet, M., 1961). Further ex-
peciments in this laboratory indicate that within a
nucleus in the pons that appears to Le responsible
for one aspeet of REM sleep phenomena, there are
eapillaries suggesting biochernical responsiveness,
and that the region does respond to noradrenalin.
Noradrenalin is sometimes referred to as a neutral

Qo 79 3 87
ERIC

Aruitoxt provided by Eic:



stimulant and is released at many sites in the body
and brain when an abrupt increase in survival ac-
tivity is required, as when an individual is sudden-
1y frightened and inust get ready to run. Otherin-
vestigators have pestulated trat noradrenalin and
related neurochemicals may be the excitors in a
balanced chemical code systeny, playing the role of
activating brain regions that engender vigilance
and arousal. T chemicals of the adrenalin family
trigger REM sleep und accuraulate during depri-
vation, one might anticipate signs of brain excita-
tion in a deprived creature.

REM Deprivation and Brain Excitation

Recently Dement’s Iaboratory has amassed in-
direct evidence about the brain state of the REM
deprived animal, evidence that suggests a stite of
excitement in certain neural centers. A group of
cats, whose sleep was scheduled by placing them
on a treadmill for 16 hours a day, were permitred
to sleep for 8 hours, and wereawakened at the onset
of each REM period, getting only about 5-20 min-
utes of REM sleep a day. It d:dn’t matter whether
they endured this reutine for niore than 30 days;
even at 70 days, when permitted free and uninter-
rupted sleep, they never reimbursed more of their
lost REM tima than they did after 50 days. IHow-
ever, as severity of deprivation increased, it became
almost palpable in their REM sleep, for these
intervals grew exceedingly intense. The animals
were seized with twitches that now appeared al-
most liko great spasms. The REM temperature
change in the brain of one deprived cat was three
times larger than his usual temperature rise, dur-
ing normal baseline REM periods.

In another study, after only 4-5 day3 of REM
deprivation rats showed o greater susceptibility to
electroconvulsive shock. More curious, perhaps,
was their reaction after the shock seizure. They
no longer shnwed the usual recovery cyclo when
left to sleep unrestrained. They appeared not to
need compensatory REM sleep to the extent of
the deprived but unshocked rats. Did electroshock
affest the animals’ brain processes so as to perform
the same discharge a2 RISM sleep?  Is RIEM sleep,
in effect, using up the elements of unusual brain
exaitation?

Flectroshock therapy has always presented
something of o mystery, and there is no good ex-
planation of why it works for certain psychoses.
Perliaps its calming function is wnalegous {o that
of REM sleep, and related to the same mechanisin

of reducing brain excitation. Dcment, Gulevitch
and their associates have begun to explore the ef-
fects of electroshock in patients and laboratory
animals. Initial findingsindicate that people show
less REM sleep after shock treatment, suggesting
again that electroconvulsive therapy performs
some of the same functions as does the REM
period.

Is REM sleep, then, an end result of a metabolic-
neural cycle, orc which is r.ormally discharged
during waking behavior, but which builds up pe-
riodically during the quiescence of sleep until it
reaches a dischargs threshold? Are the psychotics
who benefit from shock therapy victims of &n ab-
normal inetabolism, in whom production is over-
abundant, or discharge inefficient so that inetab-
olism outstrips the ability to maintain a balance
within the central nervous system? If so, the
narcoleptic syndrome, with its sudden plummeting
out of wakefulness into a REM seizure, looks as
if it might be one of nature’s makeshifts, a mechu-
nism by which the brain discharges overescitation
before psychosis can begin.

The term “exci*ation” is extremely general, but
it is probably an eflicient desig 1tion for the state
that is observed. during REM sleep, and enhanc.:d
by deprivation. Insofar as it can be defined, it
has beer. defined by deprivation studies. During
deprivation, for example, Jouvet has found that
cats show a marked increase in heart rate that
settles back to normal after recovery sleep. The
electroconvulsive seizure threshold drops in de-
prived rats. The intensity of REM intervals in-
creases. This may be related to increased number
of eye moveinents seen in psychotic patients at cer-
tain periods by Feinberg and his associates. The
dream deprivation literature probably contains
nmany references to the intensity of REM recovery
sleep, although most observers did not emphasize
these signs because they wers concentrating on the
amount of REM recovery and other aspects of the
procedure.

The intensity of a REM interval has intrigued
tnvestigators, who liave suspected that there may
be a relationship between the intensity of physio-
logical evenis, and the intensity of the drean ex-
pericnce.  There have been suggestions that vie-
lent, active dreams, heightened psychic activity
occur at times when the density of eye movements
is great, when there are sizablo changes in respira-
tion,ete. (Rechischatlen et al, 1863; Snyder, 1963).
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A number of people have atiempted to knit to-
gether data from brain research in order to explain
how mniemories, thoughts, images and emotions,
are built out of patterns of neural excitation into
dream experience (Fair, 1963 ; Brown and Shryne,
1964 Ilernandez-Peon, 1963-65). Although the
attention of some investigators has turned toward
the possible hiochemical and naural meehanism of
the REM state, disparate evidence again seems to
point to the same expectation—if an individual is
deprived of the releasing meehanism of the REM
state he may eventually incur a penalty, perhaps
creating transient symptoms like those of psy-
chosig, and ultimately causing severe damage.

It is, of course, impossible to exeerpt REM sleep
from the life of an individual as if it were as dis-
crete as a wart or appendix. Manipulations within
the laboratory undoubtedly ereate some collateral
stresses. Nonetheless, control subjects matched
with deprived subjects, whether animal or human,
have not reacted the same way to awakenings in
other sleep.

The quality of the response to deprivation has
been respecified by Dement, in recent studies of
severely deprived cats. They have appeared to act
as if their basic drives were intensified. Six out
of twelve male eats exhibited abnormal and indis-
criminate hypersexuality. When also deprived of
food for several days, the REMIless eats acted
more eager and voraeious than their controls.
They scemed to be too ravenous for food to run
a maze with a food reward. Although, in some
sense, these eats scemed to show an exaggerated
survival instinet, the various beliaviors seen ainong
REM deprived eats, if shown by a humnan being,
would certainly pluee him in the security warda of
amental hospital (Dement, 1965).

The Bioiogical Purpose of the REM State

The drive enhaneement observed in RIZM de-
prived animalz, the penile erections aeccompanying
REM periods in humans, the sueking and mouth-
ing of infants in REM sleep and other data, have
suggester] to several investigators that the RIEM
state may serve its most important purpose for
species survival, by activating the drive mech-
anisms of the embryo and developing young.
Perhaps, as Roflw..rg, Muzio, and Dement have
suggested, the REM cyele in adults is an alavistic
remnant, a brain activity wli 30 main vole was to
gear the individia! for survival by ineiting the
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development of drive oriented behavior (Refi-
warg et.al,inpress). The REMcyecle doe:, never-
theless, persist throughout life. Even if we dis-
cover that it does not have a role in rae biological
sorvival of adults, it may promote survival in the
human being ir: & psychologieal-behavioral fashion
that wou'd not be as necessary in subhuman
species,

Human adaptation for survival requires all
manner of behavioral nieeties, and control over
drive behavior is one of the paramount require-
ments. As hasic drives are intensified, whether
due to a general excitation from REM loss, meta-
bolic abnormality, or unusual environmental con-
straints, an individual’s defenses may begin to
break down, possibly starting the coneatenation
of events that oecur in the buildup tv a psychotic
cpisode. Fven if REM loss were to do no more
than raise a level of excitation so that a human
being found himself losing his usual, ecarefully
schooled grip on the expression of instincts and
impulses, growing somewhat less repressed, his
behavior would be maladaptive aceording to our
soeial norms.

Summary

Questions about the possible relationship te-
tween the REM state and nental illness ave taking
on & new complexity as data accumulate. Explora-
tions at many levels are beginning to delineate
why each of us 11ust spend regular nightly inter-
vals in the dream state of REM; what is happea-
ing within our bodies and brains during this so-
journ; what happens if we are deprived of this
weird interval. These explorations are likely fo
prove invaluzable in the understanding and treat-
ment of mental illnesses, many of which are herald-
ed and acecompanied by a vicious cycle of sleep
disorders. As new data arrive, the questions seem
to multiply. Yet, in a sense thie questions are not
new. They have been rephrased. They speak to
bioehemical eodes, netabolic eyeles, neural patii-
ways. Today speeulations about the funetion of
REM sleep, and its relationship to mental iil-
ness, may contain little of the traditional language
of psyehoanalysis, and referenees to surface simi-
larities between dreams and hallueinations seem
to have been upstaged by eompeliing physiologiral
investigations. Nevertheless theories about the
psychological econtent of dreams, their relevance
to our behavior, and the rele they play in our nn-

89



conscious all stand to be elucidated by these phys-  of a psychological process. Unlikely as it would
iological studies. Although information about  have seemed 10 years ago, these div2rse researches
biochemical or neural mechanisms are not ad-  are suggesting why we may discover certain per-
dressed directly to the subjective adventures of  vasive themesexpressing basic drives in the dreams
dreaming, they describe the physical founciations ¢ all men, and perhaps someday, in all animals.
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Sweet babe in thy face

Soft desives I can truce

Secret joys and secret smiles . . .

William Blake

Chapter VIill. The Development of Infant Sleep

Almcst all autobjographies begin as close to the
beginning as the author can remember, with a
drama performed in early childhood in which ha
participated, the story of his molding, the expla-
nation of his metamorphosis. As we try to ex-
plain, raore systcmatically, the forces that shapa
behavior, to understand the process of develop-
ment, vie find ourselves looking for the earliest
cues in infancy. But the young infant says little
about himself in behavior, and furthermore, he is
almost always asleep—one reason why studies of
infant development are now including examina-
tions of sleep patterns. The KEG patterns of
sleep rerlect activity of different neural structures
in the bizain and these may tell a good deal about
the matiration process of the brain.

The infant’s sleep ciffers from an adult’s in sev-
eral important ways. During his first weeks of
life a huinan infant is asleep two-thirds« €the time.
Unlike }is parents, and siten to their chagrin, he
does not sleep for one long siege at night, but
rather for short intervals, interspersed with brief
periods of waking, a polyphasic pattern that is
charactevistic of all newborn mammals. This
cyele slowly changes, and he remnains awake for
longer periods and begins to sleep as his parents
do, usus:lly to their great relief. From the begin-
ning th? infant has had them at a gr. 1t disadvan-
trge, for he would awaken them easily enough with
a yowl for food or attention, but infants are nat so
easy tou nrouse from sleep. At first, and to a lesser
degree s they matnre, infants are very often in a
REM stage of sleep.

A nunber of anatomical studies on animals and
behavioral studies of human infants have been di-
rected foward answering an ircportant question:
Can w relate the maturation of sleep patterns to
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the maturation of the nervous system and to learn-
ing? YWhat neural apparatus is necessary before
an infant can begin to stay awake for long periods
and sleep for long periods? What doesthe dicline
of REM sleep tell about. the maturation of the in-
fant’s braiu? Can tle brain wave patterns of in-
fant sleep sorve as the earliest indicators of normal
or abnormal develcpment?

Since 1he 1930's babies had been known to sleep
for roughly 53 minutes at a time.  Within this in-
terval there are minutes of slow, even breathing and
quiescence, alternating with periods of fast uneven
breathing and restless motions. Dr. Eugene Aser-
insky watched from the cradle side for a relation-
ship between slow rolling eye movements and hody
motion, and in 1952, when he transposed his study
to adults, discovered the rapid eye movements that
signify dreaming. On repeated inspection, in-
fants also showed rapid jerky eye miovements in
sleep, and although we cannot imagine that the
newborn infant experiences visual dreams, he ap-
pears to spend much of his sleep in the REM state
{Dreyfus-Brisac et al.).

Judging from what we know now abont tho
REM state, as it may emanate from -~ ivity

within the brain stem, exciting neart -~ ‘<us
associated with drives and emotionsinv . .o
system, it might be called a primitive av .y of

& primitive brain. The sleep of high amplitude,
synchronous waves scems to depend upon the cor-
tex and higher regions of the brain, as we have
learned from decoticate accident vietims and
transected cats who no longer show slow-wave
sleep.
The Decline of REM Sleep With Age

The regions associat>1 with REM sleep seem to
develop long before the corter: in its riany folds
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and convolutions. In the embryo, the nervous
gystemn begins from nothing more than a tube of
neural tissue. At the tail, the tube begins to form
the spiral cord. At the head, the tube bulges into
a forebrain, a midbrain and a hindbrain, and
slowly these rudimentary bulges enlarge and fold.
Slowly the cerebral nemispheres form, and last
of all, during childhood, the outer layers of the
cerebral cortex acquire their final convolutions.
The hindbrain and midbrain develop long before
the cortex and before the elaborate fiber network
of communications is established between the cor-
tex and the rest of the brain.  Can we infer some-
thing about the rate of cortical development in an
infant by watching his sleep, particularly the de-
cline of the primitive REM state?

Only recently a number of investigators have
indicated that the REM state does decline in in-
fants as they mature (Parmelee et al, 1961-65;
Roffwarg et al, 1963). By observing ihe sleep
of young infants at progressive stages of devel-
opnient, they have all noted that the propertion
of REM sleep declines during the first months of
life, a clue that raay help the pediatrician to chart
the maturation of a baby’s central nervous system
and diagnose such abnormalitics as retardation or
schizophrenia at a very varly stage of life,

It is interesting to note that monkeys follow &
similar course. A recent polygrapn study of new-
born and infant rhesus monkeys indicated that
for the first 7 days of life, the infant sleeps more,
and q large proportion is REM sleep.  After tius
critical seventll day the proportion of REM de-
clined although total sleep time remained rela-
tively constant throughout the first year (Meier
and Berger, 1965).

From sleep studies of people of different ages
including a premature infant born 10 weeks early
and an old woman of 100 years, we ean see ap-
proximately how much of one’s sleep is spent in
the dream state as one moves through life’s time-
table. In an infant, 10 weeks premature, 80 per-
cent of sleep was REM slecp, but this ratio
dropped as ihe infant approached full {crm, and
in infants arriving only 2-4 wecks early the per-
centage of REM had dropped to 58 pereent, and
was 50 percent in the full term nevnate. By 5
wecks REM sleep occupied only 40 percent; by &
year only 35 pereent; by 2-3 vears, it had dropped
to 30 percent, and by 5 years, 20 percent.
Throughout ater childhood and early adolescence,
according to the limiled observations available,
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the REM state dropped slightly, and in early
sdulthood rose slightly, ranging betw-en 20-24
percent, again beginning to decline after about
age 45 to about 13 percent in some of the aged
porsons studied. This is & very arproximate
schedule of the proportion of REM sleep occur-
ring at any given age, but it suggests a develop-
mental pattern of neural activity that begins in
the cradle and follows a regular curve throuzhout
Jife (Fisher, 1965). '

A normative siudy of infant sleep may tell
whether the decline of REM sleep is so precisely
correlated with agc that it might be used as a meas-
urement in infant diagnostics. Such a study, be-
gun in the UCLA Jzboratory of Dr. A. H.
Parmelee, will encompass systematic observation
of 100 infants from birth into childhood. New
techniques for recording heart rate, EEGS, muscle
tone, temperature, and respiration now permit such
nieasureinents even on very young infants and the
premature. Reecordings are being taken within
the hospital nursery as soon as it is safe and com-
fortable for the baby, who is also watched by two
ohservers. Once they leave the nursery tha in-
fants will periodically sleep in a special recording
bedroam where they can be acoiipanied by their
mothers. Then, as soon as they are old enough,
they will receive graded batteries of behavioral
tesis at requler intervals.

An initial study of 46 infants has indicated the
progress of the shift from polyphasic sleep to a
diurnal pattern. This shift toward nightl¥ sleen
occurs in infants by about 16 weeks, even though
they spend no more than about 3 hours awake in
any 24 hour period (Parmelce et al., 1064).

Tnitial studies of premature infants, who must
complete their embryonic development outside the
womb, are beginning io show us something about
the brain activity of the maturing unborn  Very
premature infants {born 10 weeks early) do not
show an EIG pattern like that of the full term
baby. They seein to alternate between one state
of drowsiness aud another, and to exist in the REM
state predominately. By taking EEG tracings
during a 12-hour period of slrep, one such infant
was ohserved to spend 80 percent of his time ir the
REM state.  Tass premature infants (6 o+ 7 weeks
carly) spent only 67 percent of their time in TT13M
and the full term infants about 50 percent. By
8 months of age, this percentage dropped to 2t
percent.
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This steady and rapid decline in REM time was
noted by Dement, Roffwarg, and Fish.r, 7.« studies
conducted by watching the eye movements of in-
fants in the nurseries of Chicago Lying In and
Columbia Presbyterian Hospitals. Infants of
many mamnal species also have been observed to
spend less sleeping time in the REM state as they
matured. What might this decline of prin.itive
activity mean in the anatomy of the developing in-
fant brain? Could it mean that the growing ten-
tacles of the cortex are beginning to gain greater
contact and control, and that the br 'n stem is
diminishing in its dominance?

Contical Developmen? in Kiitens

Some suggestive answers have been coming
from the anatomical and behavioral studies of Drs.
Arnold and Madge Scheibel at UCLA. They
have been engaged in a long program of :.udies
of kitten developmeant, seeking the conccinitants
of gross behavioral maturation within the growing
neural fibers of the brain. The newborn kitten
has a messy EEG and it is hard to tell whether
the creature sleeps or v-akes. As it grows the
FEG begins to show differentiation, correspond-
ing with the growth of nerve fibers. Dendrites,
receptor fibers of the cortrx, can be stained con-
veniently, although the transmitter fibers, axons,
cannot, Consequently, the dendrites or raceivers
have been the first to be stvdied.

The dendrites of the newhorn kitten are very
simple. They resemble plants with a single simooth
root, incapable of multiple contacts with other
cells. Within the first days of life these deadrites
begin to sprout long strands in many diractions,
giving more surface for contact with other nerve
cells. These fine rootlike spines grew mcce nu-
merous and dense with age, pulting out side excur-
sions that may indicate multiplying contacts be-
tween the cortex and reticular system.

The Scheibels have used pairs of litter-mates in
theirr studies, recording the behavior and EEG
measures of one kitten and simultancously study-
ing the brain tissue of its littermate.  Within the
samo litter they found that kittens varied con-
siderably in their rate of maturation. Character-
istically, the slow kittens were horn with smoother
brains, an archaic and unarticulated cortex. The
kittens who showed rapid develepment wero often
born with a more mature cortex, and their KEG
patterns differed commensurately. The smooth-
brained kittens gave slower rhythms in waking
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and showed the spindling of sleep much later than
the kittens with convoluted cortex, maturer brains.
This difference appeared in behavior as well. The
more mature kittens snugzgled against their mother
and sought milk in a purposive fashion.

Roughly, as they observed kittens through the
first 6 months of life, the Scheibels began ‘o see
EEG progressions that differentiated the “nor-
mal” kittens froin those with developmental dis-
turbances. At what stage in a kitten’s life, or in
a human infant’s life, does brain development per-
mit some voluntary control over waking? Is this
a stage at which infants begin to shift to the
dinrnal sleep pattern of their parents? The Schei-
bels have perforined conditioning experiments to
determine at what age a kitten might learn to
awaken. Kittens were trained tc wake up and
reach for a bottle of milk when their names were
called.

The first kitten was tested by calling his name
during slow-wave sleep when he was 68 days old.
His EEG gave no sign of arousal. When the test
was repeated at 117 days of age, the kitten’s brain
wave pattern quickly showed the desynchronized
pattern of arousal, and he got up and began tosuck
at the nipple. llowever, he gave no sign of
arousal when a rneaningless name, one he had
never heard before, wascalled.  Hewever, between
about 9 wecks of age and about 16 wecks, the
kitten had acquired the capacity to control his
awakening.

Tho brain matniatios of the kitten was clocked
in yet another way, by direct stimulation of the
reticular formatic:y, the arousal area of the brain.
Kittens, implantel in the reticular area and other
deep brain sites, vere stimulated during sleep at
different ages. Newborn kittens did not awaken
to rapid pulses; they only awakencd after slow
stimnlation to the reticular formation. Moreover,
their EIG response to brain stem stimulation ap-
peared to fatigue quickly. After two repeated
stimulations had aroused it further stimulation
failed to awaken the kitten. Similar behavior is
seen among humin infants, who do not arnuse
easily from sleep. The Schicibels have conjectured
that tho undeveloped enzyme systems of ihe new-
born brain cannot- supply the rudimentary necural
contacts rapidly enongh, and so after these nerve
cells fire a few times, the supply of chemical trans-
milters may be exhausted. Lack of ncurochem-
ical supplies may explain why the infant can do
what no adult can do—disregard repeated stimu.
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lation direct to the arcusal centers of the reticular
formation.

This rapid adaptation to stimulation, internal
and external, is a talent that the infant loses with
maturation, just as many of tl.e sensitivities and
talents of the human child are, like eidetic
imagery, lost by adulthood. Thess seem to de-
cline during the very process of matyration by
which voluntary controls are gained. Experience,
itself, appears to be the teacher in a very literal
sense, for repeated experience appears to alter the
brain tissue and make it more responsive.

Ordinarily, experience does not come by eicc-
trical stimulation of the brain, but this is a kind
of artificial experience. Brain stimulation does
cause observable changes in the brain tissue of the
kitten. N:urons connect with each other by sprout-
ing boutons at the ends of their axons. These
boutons then contact the receptor filers, or den-
drites, of other neurons. Afterelectrical stimula-
tion in an area, these boutons swell in size, and
enlargement that can be seen under the micrescope.
The engorging of these boutons may be an accum-
ulation of fluid, perhaps trapped by increased
sodiun ions. Similarly, it is supposed that after
repeated stimulation an axon will grow in size and
in its capacity for transmitting neural messages.
Until now, the impact of experience, or stimula-
tion upon the size of these contact fibers and links
has been seen only after the fact, by placing speci-
mens of brain tissue under the microscope. Now,
however, an cxceedingly elaborate microscope sys-
tem with powerful lighting may make it possible
to look into & living cat’s or monkey’s brain and
watch the brain cells change as the animal is stim-
ulated by repeated touches, light flashes, or
sounds. If the technical obstacles are not insur-
monatable it may be possible to see into the brain
and watch it grow during experience.

Here we may begin to see the anatomical
changes, the neural growth that underlies the
changing EEG patterns and behavior of the infant
animal. By inference we may begin to under-
stand what we are now observing from the surface,
as we study the EEG changes of developing hu-
man infants during sleep. Perhaps we can begin
to track the connections sprouted in the growing
brain between the cortical areas and the reticular
formation as we ste maturing aetivity in the re-
duction of REM sleep, and the growing dominance
of slow-wave sleep as well as the shift from a poly-

phasic slesp resembling that of the cat toward
the strong diurnal rhythm of adult ma:.
Diagnostic Possibilities

The gathering of normative data and the proc-
ess of inference from animal stuldies to human de-
velopment are both very slow and expensive, but
there is reason to hope that they will be exceed-
ingly useful in diagnostics and for an understand-
ing: of the integrity of nervous function in infancy.
The common story of mental retardation and mal-
function is a tragic one, in many cases because it
is detected late in childhood develcpment when
remedies are Jess and less potent and more elabo-
rate. What amounts to niental retardation in late
childhood could sometimes be prevented by the
detection of a simple yet ramifying defect, during
babyhood, which sometimes amounts to peor visual
control, hearing, or to an insufficient rate of devel-
opment that cnds up in leaving a person totally
behind. Tf such defects can be spotted in earliest
infancy remedies can be applied at the time when
they will do the most good, for each successive
stage of development hinges to some extent upon
the last.

Unfortunately most abnormal behaviors are dif-
ficult to see in young infants. Many pediatricians
have had the feeling that activity patterns in the
newborn can suggest the maturation progress that
will follow, but infant behavioral tests are in-
adequate. Psychiatrists have reported that ecx-
tremely underaclive or overactive infonts seem
possible candidates for childhood schizophrenia.
When such babies are brought into clinies they
often bave a history of unusnal sleep patterns.
Either they seemed to sleep too much, or they
harried their mothers by crying incessantly and
sleeping briefly and irregularly. If the norma-
tivo studies of Dr. Parmelee, and his colieagues
prove fruitful, we may have another yardstick for
normal development in the rate of REM Aecline.
Infants who are very slow in this decline may
suffer metabolic problems, causing what we now
call retardation, in a form that can be ameliorated
before thiere are lifelong ramifications.

Recent designs for extremely sensitive poly-
graph equipnent may indeed permit Parmeleo
and his group to trace the devclopment of infant
sleep patterns baex into tlie womb, allowing us to
track the brain activity and physiolngical develop-
ment of the unborn. REM activily may indeed
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represent the first concerted workings of the brain,
& fundameutal rhythm into which all later activ-
ity becomes knit, the first pulsing from which
experience and growth will shapa the growing
psyche. The dream state of infants, while unlike
the subjective and complex dreamn of the adult,
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may be the first expression of all the forces of sur-
vival provided by naturs within the very cells of
the primitive brain, the first practice . the funda-
mental instinct and drive centers—and their first
effector actions, seen as the sucking, smiling, kick-
ing of REM sleep in the newly born.
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. . . others are Incubi or Succubi, who punish men in the night . . . For
Satan himself transforms himsclf into various shapes and forms; and by
seducing in dreams the mind, which he holds captive, leads it . . .

The apparitions that come in dreams proceed . . . of »n intrinsie local
motion in the head and cells of the brain, And this can also happen through

a similar local motion created by devils.

Malleus Maleficarun

Dreams which kave come to pass are always predictions which no one can
doubt, no account being taken of dreams which are never fulfilled.

Voltaire

Maybe the wildest dreams are but the needful preludes of the truth,

Tennyson

These whimsical pictures, inasmuch ¢z they originate from us, may well
have an analogy 1with our wiole life and fate.

Goethe

The interpretation of dreams is the royol road to a knowledge of the un-

conscious activities of the mind.

Freud

Chapter IX. The Meaning of Dreams

Unleashed from 1eason and detached from cir-
cumstance, the play of dreams is armed with ter-
rible freedom. In al histery and every recorded
culture the mysterious and evanescent dream has
been taken seriously. Strategic dream interpreta-
tions have altered the course of nations, as did
Joseph with the fat kine and lean. Oracles
dreamed the future. By pagan dream rites the
sick were healed. Lincoln’s dream of death
seemed a harbinger of his fate. American Indians
enacted their dreams. During the reign of terror
and superstition from the 12th throngh the 17th
century, Western Europeans fought an interna-
tional conspiracy of witches, and the serionsness
of the dream was evident in the Malleus, guide
and handbook to every judge of the Inquisition, at
a time when dreams might mean burning. Dreams
a¥so inspired poetry in Coleridge, fiction in Robert
Louis Stevenson, and Kekule, the orgunic chemist,
is said to have deciphered the arrengenwnt of
atoms in the benzene ring by a dream of a snake
cating its tail, The <killful man, said Emerson,
reads his dreams for self-knowledge. Although
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dream hooks including codes for gamblers and
advice on all aspects of practical life are abundant
on newstands today, we tend to probe dreams for
insight into the dreamer.

Dramatic, recurrent, universal to mankind, the
dream is nevertheless an experience that people
cannot share. The dream that is commmunicated is
a memory from a sleeping state and the extent to
which peepls must distort their dreams can be
estimated by the imperfect conrt testimonies of
wiinesses whe are attempting to report real events
trathfully. Thoere have Leen a number of at-
templs to ascertain the memory span for dreams,
Oune. an initial study in the University of Chi-
cago, by Drs. IXdward Wolpert and Ilarry Tros-
man, showed that velunteers could remember
dreams if awakened at the end of IZWEM periods,
but not several minutes Tater. Iiike the trace of
tho evanescent neutrino, the dream had to e cap-
tured at once or it evaporated.

A pevehiatristy whose patients were awakened
in this laboratory, compared the immediato nar-
ratives with the patients’ daytime recollection, and
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found that the moraing versions were palpably
different. Similar discrepancies were noted at the
Institute for Dream Research in Miami, Fla,,
when monitored records from laboratory awaken-
ings were compared with the written accounts by
the same volunteers at home (Hall and Van de
Castle, 1984.) The laboratory narratives were
long and incoherant and less intense than the
tightly organized lome veports. There is no
means of checking a dream report against a dream.
However embroidered and shaped, however cen-
sored and skewed, we have only human reeall for
evidence. Until recently the dreams reported were
usually the last of the night, just before awaken-
ing.

With today’s electrical recording equipment it
has been possible to sample the night’s dreams,
Custoniarily, velunteers will spend several nights
in the laboratory, adjusting, while the investiga-
tor obtains EEG recordings that roughly indicate
the individual’s timing and spacing of dreams.
He can predict wlhen the subject will begin dream-
ing and approximately how long eachh dream pe-
riod will last, awakening the subject toward the
end of a seguent.

Is there any relation between the several dreams
of n night? Freud suspected that sequences of
dreams elaborated the same motive, timidly at first
and then more distinetly. Franz Alexander pos-
tulated that successive dreams were connected in
pairs, and that a night’s preoccopation was clari-
fied by the repetition of a theme. Drs. Marry
Trosman, Allan Rechitschaffen, William Offen-
krantz, and Fdward Wolpert studied 2 young men
for 32 mights. Well over a hundred dreams were
collected and analyzed, but only on one night did
a subject have four dreams directly related in
themo and content. The 1wk of eontinuity found
in an earlier study by Dement and Wolpert did
not ontlaw the suggestion that a sustained emo-
tional tone and recurrent items might pervade the
night, and continuity was obzerved by Offenkrantz
and Rechtschaflen {Offenkrantz and Iieciitschaf-
fen, 1963).

‘The possibility that dreams might have predict-
able and elracteristic differences at different
times of night was purrued by Dr. Paul I’ Ver-
done, who found that the initial dreams seemed to
revelve around entrent events, whereas dreams of
childhood and past events occurred Iater, coincid-
ing with the time of the per=on’s lowest tempera-
ture. The longer a person had been agleep the
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more vivid and emotional his dream reports, the
easier h's recall, TlLen, after about 7 hours of
sleep, th» volunteers began once riore dreaming of
current :lements in their lives. Work in progress
at NIMH may illuminate the interestine corre-
lation bt tween low temperatureand drean of past
events, nnd may deterinine whether the particu-
larly vivid dreams aro associated with tire of day,
time in Hed, or body teraperature (Verdone, 1965).

Asa great many researchers have demonstrated,
the REM dreams are not islands of imagination on
a dark river of oblivion, for when people have
been w:kened between RIFVM periods they have
offered wisps, thonghts, fragments, and images.
Perhapi these provide continuity among the REM
dreams jof the night. Drs. Allan Rechtschaffen,
Gerald Vogel, and Gerald Shaikun have collected
intermegliate recollections from subjects and found
that thpse non-REM elements resembling day-
dreams|or imagistic thought may be interwoven
into thd RIZM content, demonstrating some con-
tinuity |n the thematic fabrie of the night. It is
interest {ng that people talk throughout their night
of sleep, and not only during REM dream
(Rechtsihaffen, Goodenough, and Shapiro, 1962).
Studies lof sleep talking indicate that it is a com-
mon occurrance and that it changes in tone, grow-
ing mote expressive aud emotional doring RIEM
periods.l

Influencing Dream Content

Drearing animals and people are incorrigibly
wrapped up in their private worlds and are usu-
ally har1 to awaken. Frend and others have nHos-
tulated rhat the dream protects a person from
awakenisg and that cutside events may siraply be
incorpor ited in the dream. While working at the
Univer=ty of Chicago, Dement and Wolpert
tested dreaming volunteers with lights, sounds,
waler. The stimulus was identifibly incorpo-
rated in only 20-60 percent of the dveams, but per-
haps more of the dreams did interweave {l:e ont-
side dis urbances in transmuted or symbolic form.
(Dement and Wolpert, 1058). By objective as-
sessmer t, however, Berger did find outside events
highly incorporated in dreams (Berger, 1063).

The fact that we may not incorporate outside
events into onr dreams 100 percent of the tine
does rot mean that we don’t interweave these
events some of the time. After applying heat or
cola 1 sleeping subjects, investigators have ob-
tained thermal veferences in only about 25 percent
of the subsequent dreams, Decause the incidence
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has been low in some well designed studies, there
has been a tendency to feel (that external events do
not influence dream content very mmch. Simij-
larly, bodily s*ates such as hunger and thirst, have
prc luced little impact on reported dreams (De-
ment and Wolpert, 1958), However, thirsty sub-
jects, deprived of food and liquids, and then given
a spicy meal before sleep, have referred to thirst to
a degree that suggests a definite somatic influence
on the actual dream content (Bokert, 19G5).

There have been a number of attemipts to ma-
nipulate the eontent of dreams, Dr. Johann
Stoyva of Langley Porter Institute, San Fran-
cisco, assigned several volunteers dream topics by
posthypnotic sujgestion. VWhen awakened and
asked their dreams, only one or two dreams would
contain these preassigned elements, which were in-
structions to dream of climbing a tree, ete. The
notable effect, even with a well seasoned labora-
tory volunteer, was a reduction in the amount of
dreaming (Stoyva, 1062).

Manipulations of dresming behavior have in-
terested many researchers, for individuals differ
greatly in their responsiveness, perhaps indicating
far-reaching constitutional and psychological en-
dowments that would be useful to define. In
studies already cited, some volunteers were able to
hear and remember tape-recorded rumbers while
dreaming, sometimes incorporating them into
their dreams; others could ne motivated to press
switches when entering a dream period or respond
to signals. Rechtschaffen, at the University of
Chicago, has puaid volunteers to increase or de-
crease their amount of dresining with a small ef-
fect on tha amount of time spent in REM,
{Rechtschaffen and Verdone, 1964). In each in-
stance one might expect that individuals divide
sharply in thar responsiveness. Dr. Martin Qrne,
and his associates at the Institute of the Pennsyl-
vania Jospital, have been conducting a program of
studies on hypnosis, and in a recent pilot study
find that deeply hypunotizolle subjects can act
upen suggestions delivered during dream periods,
whereas less hypnotizabie people will not foliow
sleep instruction. During slecp, with no prier
hypnotic suggestion, volunteers were told that the
word “pillow™ would make the piilow seem un-
comfortable and they should move it; the word
“itel,” would cause their nLoses to itch until they
saratched. When the instructions eame during
REM dreaming, the deeply hypnotizable subjects
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did indeed move their pillows and scratch their
noses. The others ecither gave no response or
awakened, This difference in suggestibility, evi-
dent in sleep and waking, is a curious phenomenon
(Cobb et.al,; 1965). People differ quite as sharply
in their ability to remember dreams.

Dreain R:zcall
AJ

Ten years ao it was possible for a persc1 - Mo
remnembered dreaming every night to look - th
pity on the impoverished soul whose nights were
devoid of imagination—the person who said, “I
never dream.” Now it seems clear that we all
dream about the same amount, every night. Why
do some people not reinember? There have been
many speculations on this point. Patients in
analysis, motivated by questioning, begin to re-
inember dreams. Personality differences have
been discovered in which introspective people
have seemed to recall dreaming most easily. The
question of dream recall prodded Drs. Donald
Goodenough, Arthur Shapiro, and their associutes
at the New York Downstate Medical Center into
a long program of studies. Many facter- wore at

play. For instance, the faster a persor Nt
the more fully he would describe a d' »n :

mode of awakening mattered (Sh.p al,
1963). Jlowever, individuals diffens the
amount of noise that would awaken th- e
who normally remembered dreamins | oo
wonld awaken quickly in the laborators ‘
horrendous 80 decibel DLlast, and 1cc ¢ ol
dream narrative.  People who rarely oy ¢
dreaming at home, when aroused i o
ness often thonght they had been o1

thinking the whole time. One younc 1
ered a bizarre narrative aboat sitting i
ping pennies into a vending machine ai 1
oil—yet asserled he was thinkingz, I
trol his dreamni, he explained, in the 1 v
daydream, and he was aware of s -

rooin, stich as the air conditioner. 1.
explanation and a wealth of other

that there might be distinet physiol

ences; some people dreaming at a

normal level of sleep and thinking

awake, while others dr am in a deey :

mal stage of slecpr and lose their &1

leng process of awakeming. But thr

he another kind of forgetting as v’
repressiont (Shapiva et al, 196§; ¢

et al).
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Dream Intensity

Some guidelines have emerged during the Iast
few years for estimating the emotionality of a
dream from physiological measures, Dr. Fred.
erick Snyder of NIMH and others have corru-
lated physiological changes with dream conten:.
One sign that suggests an intense dream js highly
irregular respiration, like the breathing of a
person in terrible anxiety or impatience. Dr.
Charles Fisher of Mount Sinai Hospit~l has
shown that penile erections accompany almost all
dreaming periods in males, from birth on, and
dreams that are not accompanied by erection or
which have sudden detumescence appear to be
dveams of terrible anxiety, of violence and body
mutilation. Some thousands of nights have now
been dreamed away in sleep laboratorics, and
many investigators have observed physical symp-
toms that suggested an intense drean, only to find
out when they awakened the person that he did
not remember, or naly gave a vague and bland
story.

Stimulation Before Sleep

Investigators at the New York Downstate Medi-
eal center are cencrently watching the physio-
logical symptoms and XEG configurations of
v-lunteers who have leen exposcd to films before
sleep.  On one night there 13 & plensant, neutral
travelog. On other nights there is either an an-
threpological  documentary  showing  birtiv or
initiation rites, both quite disturbing. In a pre-
liminary study of 10 people. Drs. Herman A.
Witkin and Helen B. Lewis found evidence that
the clements of the presleep film were identifably
incorporates! into the dreams of that night. Ry
interview techniques and prior clinical informa-
tion, thy investizntors have been avle to connect
the way the person dreamed about the material
with significant events in his personal life. The
subjects were transit workers, telephone encineers,
bakers, airplane factory workers, and nthy.s who
normally sleep during the day, and v o had not
been exposed 1o theories of psychology.  Further
studies using these filns may diseriminate bet ween
these people whose inability to recall dreams is
related to physiolngy, and the.  who vaurat re-
memner distnrbing expericences.

Many people have wondered whether a filinsen
just before sleep has an influenee on one's dreams.
Many parents have acked themselves s que tiom
as their sinall eliildien gave rapt attentiontoa TV
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drama of monsters, or crime and violence, just
before bedtime, 1In studies of the impact of mass
media on children, some social scientists have pos-
tulated a direct influence on hehavior. Dr. David
Founlkes, when at the University of Chicago,
sought another approach and looked for the influ-
ence of presleep stimuli on dreams. From its
roots in a sociological interest, the study then took
on quite an independent aspect. Adult volunteers
watched two different films on two separate nights
before retiring in the laboratcry. These were net-
work telecasts, one a typical western, the other a
romantic comedy. DBy sifting the dreams for in-
corporation of the previous TV material, the inves-
tigator found direct influence in about 5 percent
of the dreams. However, when he analyzed the
emotional qualities of the dreams he found that the
dreams following the western were far more vivid,
imaginative, and highly charged than the dreains
following the comedy. The results of this study
do not conflict with the Downstate study, for the
investigators nsed the kind of films a person might
normally watch before Dbedtime. Witkin and
Lewis emnloyed traumatic and bloody films among
Hheirsand were particnlarly interested in the meta-
phots by which an individual might transform
material.  For instance, a Jre~ 1 of taking cake
from a bag appeared to be earil, connected to the
birth fihn the subject had seen a few hours earlier.

Wo know a great deal more abount dreaming to-
day than we did in Frend's time,  1We I'now more
about the amount ol dreaming in individuals of
specified age, pliysiologicul changes that oceme at
the saine time, the effects of drngs, zome of tho
neurophysiological events.  We can evoke behav-
ior in dreaming and compare responsiveness and
recall. We find that recall differs as the night
wears on, improving toward morning. We may
soon understand the biochemistry that triggers
dreaming.  All of our observations about the need
to dream, the intensity of ¢reams, and how their
incidence varies with illness sre bound tobe refined.
But the meaning of dreams?

Grand and coniident theovics become more difli-
cnlt to compose as the data accummlate, for today’s
theories require predictability, demonstrations
that tho relationships hetween dream and dreamer
aro not subject to the varying interpretations of
investigators.  Many of the dream reports ob-
tained in the laboratories over the last 10 yea.s
difter from the types of dream<analyzed by Freud

and otliers, yet many invesligators feel that some
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of those early intuitive analyses were, in some
sense, {rue. What beast is loosed at night from
the cage of civilization to stalk through stark and
perplexing dramas, perhaps cloaked in innoencus
symbolism? Ilow ave these figments related to
the day past, to the core of the personality, or to
random noises in the bedroom? Does o obses-
slonal nightmars relate to neurosis or physiologi-
cal changes, are there dreamns characteristic of
health, and dreams bespeaking iliness? These are
important questions, and the modern dream hunter
is equipped with new tools for exploring, but the
dresm reports are still memories and we do not yet
have methods of chiecking the speaker’s veracity
from outside.

Classifying Dreoms

Some years ago, before the advent of electroni-
cally tracked dreaming, some of these questions
were attacked very differentlv—with methods a
sociologist might use to classify the attitudes of
people toward a sensitive issue such as birth con-
trol.  Here, hopefully, statistics might be used
on a large sample of questionnaires to filter out
the soall lies and obfuscations of individuals and
reveal the general attitudes of people in different
sociceronomic or regional groups, By amassing
a truly enormons nuntber of dream repiorts and ap-
plving statistical analy<ez, the Dream Research
Instite~ of Miami, Fla,, has been finding out the
genera! kinds of dreain content. that typify cer-
tain groups of people: normnl college youngsters,
the physieally i), mentally il), the aged, and people
of particaular ethnic groupz.

The institute, founded and directed by Dr. Cal-
vin Hall, is probably the largest repository of
dreamn narratives in the world, its files containing
some 50,000 dreams.  Among thess are 5,000
dreams collected from other countries and cul-
tures, from _\ustralians; Peruvians, Nigeriane,
Mexieans,and many other=. Many of these dreams
Lave been broken down into components, classified,
and subjected to stalistical procedues. If this
method ean vender the distinetive dream patterns
of a speeific eulture or distingnish between the
mentally ill and the healthy, a dreain report may
becoma a diagnostie aid.  Among other things, it
may lielp a doctor foresee an impending mental
Lre: kelowsi, the onset of an acute episode, eirieiidal
tendeneies, TUmay provide ns with useful inzight
nto other cultnres and in the differ-nee~ in out-

llook Letween the sexes (Hall, 1931-G5),

This empiricel evaluation of dream content is
based on a systematic categorization of each ele-
ment or event. Dr. Hall and his associates have
first classified items that occur most frequently:
the kinds of characters that appear in dreams and
their relationship to thie dreamer, the setting, the
objects, the dreawner’s emotions, lacky or unfortu-
nate events. Qut of these analyses, they have
developed manuals that might be used by a thera-
pist, for instance, in analyzing a patient’s dreams
and judging whether these included more than a
normal number of fearful events. Although this
Iarge scale normative study is still in progress, the
manuals offer some guides for judgment by citing
the distribution of the categories of dream events
for specific populations. Tor instance, an anal-
ysis of 1,182 dreams reported by young men and
women suggested that about 2 out of 5 dreams
are fearful, often containing a sequence in whiclh
ihe dreamer is pursued. A similar assay implied
that for every dream of good fortune, a person
may have seven dreams of misfortune. The
dreamer is more often the vietim than beneficiary.
Questionnaires filled out by students who con-
tributed dreams indieated that they felt only about
a quarter of their dreams were 1 leasant.

An analysis of 7,000 dreaiis shows up one nota-
ble difference between men and women. Men tend
to dre.in about inen, in general, but women dream
equally of men and women (Ifall «nd DombhofT,
1963).

A recent study of the dreams of G0 nurses sug-
gests that women's physiological eycles may in-
flucnce their dreams, A tentative assay of dreams
before and during menstruation shows that women
may dream of waiting for something, a bus, or
train, during the premenstrual period, whereas
dreams of destruction scem to occur during the
first duys of the eycle.

The institute’s new sleep laboratory is nnusunl
in the sensc that it is located in a residential house
and has little of the laboratory aura, Here, while
atternpting to obtain a representalive dream
sample from 235 healthy young unmarried men, the
investigators hope to deteet and correct tha kinds
of censorship and hias that have entered the dream
repores collected ouiside the Inboratory. As this
empirical work contimies on a yreand seale, people
continne to ask what do dreamis mean. Are ther
wizhes, unspoken orunadmitted by day? Are they
asafoty valve? Docsuitemotional, toncless drean:-
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ing indicate schizophrenia? Does one solve “prou-
lems” in dreams?

The task of interpreting dveams has grown no
smaller now that we can clock them, collect more
of them, try to manipulate them, Today’s accu-
mulation of data has instigated a few very ten-
tativo speculations, for dreams, their images, sen-
sations, emotions, are physically part of us, and the
blue rhinoceros that stalks the salon of our dream
reveals sometliing of our nature. Theimages must
come from someswhere.

Speculations About the Neural Basis for Dreams

Some investigators have speculated that they
are made up of memories and are activated in the
Lippocampus, a neural formation that curls across
the center of the brain ke two horseshoes joined
at the middle aund curving outward toward the
temples, ending in the amygdala. This region has
beea thought to act as a clearirt.ghonse for memory,
a stage before memories are filed for storage.
Lesions of the hippocampus or amygdaln will
cause & loss of chorvt-term memory. During the
EIIG phase that corresponds to the dream period,
animal studies have shown buvsts of rhythmie ac-
tivity from the hippocampus—theta activity that
spreads to a part of the braia that participates in
awareness or aitention. Perhapsthisistle episode
we call 2 dream. However, a simple kaleidoscope
of imagez, memories, thoushts, would net explain
the cold sweat of terror wesuflerin a nightmare or
the pleasurable involvement *ve sometintes experi-
ence, 1t would not explain why inconsistent
images, the trivial intermixed with the momentons,
appear to have some ineaning we cannot explain.
One very tentative explanaticn lins been oflered.
In a word, it says that motivational centers within
tlie brain are activated duiing dreaming and that
these centers may structure our dreams. 'This is
a faneYiar hypothesis. It was suggested by Freud
in evolving a thesry about the latent content of
wleans.

T-uay, an anatomical hypotlesis has been
phrased by Dr. Ranl Hernandez-Peon, and while
it is emplatically tentotive, it suggests a neural
background for the significince of ¢reams, indeed
perhaps explining man's centuries of profound
interest i dvean symbols. A hypnogeanie system
extending from t"e [ront of the brain toward the
spinal ot overlap< with a puition of the hypo-
thalana = whern stinmulation evokes ~igns of pleas-
ure  a eentery oo might say, for pwitive rein-
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forcement and a positive component of motivation.
Reactions of abhorrence have also been prodiced
by sthmulating another area in the hypothalamus,
a center, roughly speaking, of punishment or
negative reinforcement. Motivation, as we think
of it, may be bused on the sensations of pleasure
or punishment attaching to certain acts or im-
pulses. Pleasure or pain can be evoked by directly
stimulating the brain, bui like sleep and wakeful-
ness, they «co induced by stimulation from the out-
side world, by monotony, or sudden noises, that
send their tmpulses up the spinal eerd.  Similarly,
they can be induced, liks voluntary sleep or wak-
ing, by Impulses descending from the corfex, in-
ternally generated. 1t is quite plausible te think
of this motivational system as active during sleep,
ond if so, it might be the editor, the shaping power
behind our dresms. During our wakeful hours,
especially ir. youth, we learn to suppress the be-
haviors and even thoughcs for which we are usually
punished. By maturity, we hardly pay attention
to this constant suppression of antisocial impulses.

In waking life, when the vigilance system is ae-
tive and dorinant, our neural apparatus is ener-
getically holding down these ponished in:pulses.
‘The fact that u vegion of negative reinfore>ment
lies close to the arousal syst»m gives some enconr-
agement to this conjecture. During sleep, Liow-
ever, this very system that inhibits our puiishcd
impulses may be suppressed, itealf by the activity
of the hypnogenic system, Aro repressed impulses
how released in a manaer resembling the relcase
thet comes with certain depressants like alcohol
or anesthesins? if this be the case, the punished
impulses conld nuw emerge and place their posi-
tive or negative weight upon the welter of images
that Lhave been activeted 1a this dreaming state of
sleep. It is unnecessary to belabor the point that
the most pnniched impulses of the child are thoze
behaviors and cu losities directed by basie drives.
If theso are the suppressed factors that sirnctnre
the otherwise incompreliensible mélange of dream
material-—the; are indeed the elcrents of latent
dream content, phrased so.newhat differently by
TFreud,

This is a complicated speculation and built upon
an enormous amount of anatomical and behaviorai
data.  Although it may be nnfair to cite the hy-
Jothesis so simply, it may indicate the new thresh-
old over which dreatr interpretation—the question
of meaning—moy Lo moving,  Neuwcopuysiciogists
are beginning to sugeest that dreams may be
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shaped by drives in an organization that brain
research may soon begin to elucidate, A dream
is o psychological phenomenon. It canunot be
understood by physies. The act of dreaming,
however, is both a psychological and a physical
process, determined by our structure and the learn-
ing imposed upon our very ceils.

Drive Mechanisms in REM

Freud might be privately amused to see the
implications of some recent veszarch. The inten-
wive sleep studies of Dr. Charles Fisher at Monut
Sinai Hospital in New York, suggest thai the
strong sexual motivation tw.aderlying dreams, as
Freud saw them, might be even stronger than
Freud snpposed. Preceding every REM peviod,
from infaney onward, males Liave penile erections.
This does not mean they have overtly sexual
dreans; indeed, what would such & dream be for
~n infant? Sexual activity, however, is part of
oar survival equipment and something toward
wlich much leami g must be applicd, step by
step. The REM sleep, in which erections occur,
begins very early—in premature babies, perhaps
in the womb. The functior. of REM activity, as
Dement has suggested, may be that of a primitive
eoro activity, a rhythm in the rudimentary brain
into which all later motivation and learning inter-
loks, & fivst practice in the bedy learning that
occurs with development. It is during this pre-
dominant phase of sleep that the h.fant first exer-
eires Nis Jimsbe, sucks, and siniles.  This may rep-
reset a first practice in the e:Tectors of the great
drive forces for survival. Perhaps erections are
involved in the body-brain learning process of the
infapt. Their existence suggests that sexual
drive mechanisms develop from the stiat and are
subjert to influence by very early training. The
funrtion of sueh drive discharge in adult sleep is
uni xplained and could be purely vestigial. Dut
in adults, they are connected with drean content.
The intcresting dream is the exception, the REM
period that is not accompanied by erection or in
which tliere is rapid detumescence. Pata so far
sugeest that these are dreams of intense anxicly,
often ineluding body mntilation (Fisher et al,
1865).

The fact that there may be a strong connection
between drives, dreams, and the eovert symbolism
of dreams does not give us a direct handle for the
interpretation of specific dreams in relation to
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their dreamers, but it opens up new avenues of
explevation that may not have seemec velevant
to dream iuterpretation 10 years ago. By using
tools now being developed in neurophysiological
and physiological research, we now begin to look
at the process by which dreams are formed. Here
we may begin to find some of the complex but law-
ful processes by which living experience accrues
in the brain and is transmuted iuto that most
private experience, the dream. The anatomy of
dreaming, as we may learn from aunimals, may
divulge some of the roots of fantasy, revealing
the way in which emotional learning encrusts
event and sensory experience. From young ehil-
dren in various stages of maturation we may hope
to learn about the impact of environment in its
larger rawmifications. The development of new
analytie tools for reading brain wave rhythms and
the accuraulation of data allowing us te localize
their sources may give us a kind of Geiger counter
on the dreaming mind and its response to our
manipulations from outside, Slowly we may
learn how to disentangle the eompoiients of
dreams. The findings and specnlations nmentioned
here contribute to the disentanglng. If the
dreamy memory is to provide an understanding of
an individual persrmality, to be nseful in therapy
or aid in diagnosig, we shonid be able to differ-
eutiate phsysinlogical ¢y 28, from enltural idio-
synerasies, and from hinmediate events—seeing the
pervasive style and shaping that is given to :he
dream by an individual. Since dreams are
forme« by physical processes, and since illness,
mental or physieal, presumably comes from alter-
ations within our cells, it does not seem impossibla
that dreams might provide diagnosticians of the
future with warning signals.

At present we have Lo rely upon intnitions and
edueation sharpened by the mounting data.  Sei-
ence cannot encompass all life at one gulp, and
life is the stu dreams are built upon. Yach
of vs in & privato universe weaves together a
myriad of experiences, iimportant, and trivial—
daily routine, learning, automatic responses of
lunger - breathing, and moments as transient
as an eyeblink, Embedded in the centrsl nervous
system, shaped by Jearning, these are the tools of
eonscious behavior. By day it all seems purpose-
fni and real, the actuality confirmed by others, but
thoe unsharable dream, for the most part leaves no
more impression on memory thau the shadow of
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a Jeuf falling over a stone. Since we tend to recall
the nnusnal, and for yet unexplained reasons do
somesimes remember soe figment from an im-
plausible mirror-iinage world, we have throughout
histciy concentrated upon these f - gleanings and

singled them out for the game of interpretation.
Today, at least, we may sample ths whole gamut,
perhaps seeing them as the processes of all mam-
mal minds and not interpreting them as a har-
birzer of external world events.
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Sleep brings no strength o me, No power renewed to brave . .

Emily Bronte

... it is @ precarious commodity . . . And a few n'ghis of (hallow or broken
or leadsn or tormented or artificial sleep . . . is carking evidenze of its usual

blessings.

Walter de la Mare

Many cannot sleep for witches and fascinations . . . But the ordinary
causes are heat and dryness, which must first de vemoved: a hot and dry brain
never sleeps well : grief, fears, cares, expectations, anxieties . . . and all violent
perturbations of the mind must in some sort be gualified before we can hope
for any good repase.  He that sleeps in the day time, or is in suspense, fear .. .
or goest to bed upon a full stomach may never kope jor a quict rest in the night.

Robert Burton

Chapter X. Good Sleep and Poor

Every night of sleep is not the same, as we all
subjectively know. One night may pass like a
moment, from which we awaken screne, restored
and vigorous; and yet the next night may scem fit-
ful. We may arise soggily, as if from a long
wrestling match.  One’s mood on awakening may
be sunny one dvy and morbid the next. Esch per-
son varies somewhat from night to night.  Worry
may make sleep diflicult, and sleep itself may seem
light. Depression may make one sluggish o
awaken one befors dawn. Ifever, alcohol, drugs,
events, and a multitude of subtle unknowns play
into the texture of a night’s sleep and its dreams.
Everyone seems to have a subjecuive feeling for
the difference between u good night’s sleep and a
poor one, but for most peopls life contains a
mixture.

Some people, on the other hand, complain that
they are usnally poor sleepers.  Others know they
sleep easily.  Sleep studies have shown that people
differ in the amount of time they spend dreaming,
in their abiiity to do such things 15 press a switch
during sleeps, in tiicii imemory of dreamns, indeed, a3
judged by the EEG record, sorie people have
shown very wunucual sleep patterns.

EEG Differences

Perhaps the firet charocterization of differences
between people who sleep soundly and these who
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do nst, emerged as a byproduz¢ from an early test
of Markovian chain analysis of the LEG sleep
recerd. ‘This is a machematical technique for as-
sessing the predictability of steps in a zeries. Tf
a person were in stage 3 sleep, for instance, could
one predict the probability that he wovld next
movu into stagoe 2 rather than stage 47 The raw
material for this analysis came from eizht volun-
teers, who spent four nights each in the laboratory.
On analysis the Markov chains for their recovds
separated then into two homogeneous groups, each
with its chain of EEG changes.  One chain char-
acterized the four subjects who slept soundly
through fhe night. It was an ovderly progioss
from stages 1, 2, 3, 4, 2, RIEM, 2, cte. The other
group consisted of tho restless four subjects who
tended to awaken during sleep and often drified
nwpward from stage 2 sleep into stage 1 or awaken-
irg (ITammack et a), 1061).  Although this study
was not undertaken in order to distinguish hetwee 1
good and poor sleepers, it certainly to!lof a por-
ceptible diflorence hetwoen volnnteers who cane to
the laboratory to be subjects in sleep expetitents,

In our present tentative picture of a normal
night’s gleep there are many variations, varistione:
that appear ot otlier measures thanthe ENG. In
almest every human study, ceictitists have spoken
about the range within which suhjects show the
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samo respouises.  Net all subjects show exactly the
same patternn on any measure, and some of these
variations may lelp to characterize scund and rest-
lesssleep. The density of eye movements, perhaps
reflecting a degree of brain stem excitation, varies
in different dream periods and seems nnusually
high in some psychotic patients, unusually low in
others. These many factors may be the first hints
to tell what are the differences between good sleep
and poor sleep.

The first investigation of the ovcrall difference
between good and poor sleep was performed a year
sgo with {wo matehed groups of peor and good
sleepers. Di. Lawrence J. Monroe, working as a
graduate student in the sleep laboratory of the
University of Chicago, has shown that people who
complain about their sleep really differ from those
who admit they sleep well. These differences are
not merely imaginings.

The volunteers for this study were attracted to
the Jaboratory by 2 local adrertisement and were
chozen by answers to questionnairves. All were
men between 20 and 40, and 16 were selected from
cach group, chosen so that there were no subjects
with acute disorders that would disturb sleep, nor
oxtreme insomniacs. The volunteers were matched
so that each poor sleeper had an approximate
counterpart among the good sleepers in age, edu-
cation, and occupation. The groups did not differ
notably in athletic inclinations. Xach group con-
tained students, laborers, professionals, physically
active people, and inactive people. A1l of the par-
ticinants had to meet some minimum health stand-
ards, and in obvious characteristics the outsider
would have said that the two groups were very
similar.

Each subject filled cut the long health question-
naire, the Cornell Medical Index, and the Min-
nesota Multiphasic Personality Index, a {est cal-
enlated to bring out dominant psychological traits
and attitudes. Tn other respects, the laboratory
proceduin was straightforsard and no more tax-
ing than inmmmerable otler studies. Each person
spent a night adjusting to sleeping in the labora-
tory with recording devices on his body. The next
night a varicty of recordings were taken while he
slept.  Idven at this stage in the procedure, the
experimenters noticed that some subjects were un-
usually sensitive to the recording electrodes and
thermictors.

Ordinarily, th: process of heing dvessed iy elee-
trodes before retiring is relaxing, even =nporific.
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Subjects become quite drowsy. During tliis study,
however, some subjects gave unusual reactions,
loudly complaining, while other searcely reaeted.
The oversersitive seubjects were poor sleepers.
These people also complained of discomfort in the
laboratory Ledrooms, although each patticipant
did sleep through an entire night whiic recordings
were made of brain waves, body motions, heart
rate, skin resistance, rectal temperature, skin
potential, and finger pulse volume,

Physiological Differences

The data was averaged for eacli group, permit-
ting the investigator to compare the main trends,
and the groups differed sharply. TPoor sleepers
did sleep less. They took twice as long on the aver-
age to fall asleep, requiring 15 minutes, whereas
the good sleepers took an average of T minutes.
Yet more interesting was the fact that the poor
sleepers estimated that it took them 59 minntes to
fall asleep while the prood sleepers were more accn-
rate in describing their own behavior. The poor
sleepers awakened almost tiwice as frequently dur-
ing the night and made many more movements of
the body, shifts in position. The longest anybody
could have slept would have been 7 hours. The
good sleepers averaged 614 hours, the poor sleepers
534 hours. Such differences are often mentioned
in conversation about sleep 'nd they are now docu-
mented in this initial study.

Pronounced physiological differences are also
associated with the restlessness and diflicnlty of the
poor sleeper in falling asleep. Higher body tem-
peratire and faster pulse suggested that poor
sleeners be physiologically closer to a waking state
than the good sleeper must. The pulse hecomes
somewhat slower during slecp, ordinavily. Be-
fore falling asleep the aversre heart rate of the
poor sleepers was 66.9 Fras a minute. This
dropped to 60.5 during sleep. The good sleepers
showed a lower pulse rate to start with, The aver-
age rate before sleep was 60.7, and this had
dropped to 56.6 during sleep. This is a constler-
ablo difference betsween the two groups.

Body temperature differed similarly, althongh
the mmerical differerice may scem minimal ou first
glance. Poor sleepers had an average temperature
of 08 dearees heforo sleep, dropping to 97.6. The
grood sleepers had an average temperature of #7.7
Ireforo sleep, which dropped to an average of 07.2.
A difference between the two groups of only 0.4
of a degree may ook insignificant, hut the entire
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sleep temperatma range of the healthy adult is
only a degree and four-tenths. So, within this
range, a group difference of four-tenths of a degree
is sizable.

A relationship between dream activity and body
temperature has been postulated primarily because
the longest drean periods occur at the nadir of our
temperature cycle. This study again suggested
sonie relationship betv een dreaming and temper-
ature. The poor sleepers spent less time in REM
dreaming than did the good sleepers. Good
sleepers, as a group, averaged about 24 percent of
their sleeping time in the REM state. The poor
sleepers, as a group, averaged only 16.9 percent.
This enormeus difference in proportion of dream-
ing 1s not the whole story, however, because it is
based on group averages. The range within the
poor sleeping group was very great, yet 12 ont of
16 were dreaming considerably less than the good
sleepers.

Whether or not elironic dream reduction had
something to do with the psychological differences
between tho poor sleepers and the good sleepers
is a moot question. That there were pronounced
differences is undeniable. In the light of some of
the dream-deprivation studies of the past, it is
interesting to note that a few of the poor sleepers
had previously undergone psychiatric therapy.
These people actually showed more dream time
than the others--23 pereent.  Others who had
never liad therapy spent as little as 13 percent of
their sleep in the dream sfate. This may have had
something to do with the {uct that the poor =leepers
awakened about twice as often during the night.
perhaps interrupting or preventing REM sleep
and suggesting a higher stat» of arousal during
sleep.

The EEG patterns of the two groups differed in
the apportionment of sleep phases throughont the
night.  Beth groups spent snme of the first half
of the night in stage 4, but they distributed it dif-
ferently. The npoor sleepers *used up™ ahnost all
f their sfage 1 during the first part of the night.
wherens the good sleepers had abont 52 percent of
their slow-wave sleep in the first hait and distrib-
uted the res* aver the second half of the night.

Towa-:] the end of the night, the body temper-
atures of the poor sleepers were ctill declining,
whereas the ovod Sleeprrs were howing a rise in
temperature abovt an hione and a hatf Lefore they
woke up, These were some of the major physio-
lIogieal differences, and whila they were niw x-
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pectedly striking, the questionnaire pointed up
even nore striking psychological « ifferences.
Psychological Differences

Although the Cornell Madical Index is often
used as a quick assay of health, it is also used
to gain information about psychosematic com-
plaints. It is a long questionnaire, and some of
its questions are addressed ta objective complaints:
Do you need glasses to read? Others ask about
more diffuse symptoms, dizziness, lieadaches,
nausea. Included in the list are questions about
subjective edjustment: “Do yon feel alone and
sad at a party? Do peovle usually understand
vou!” The so-called average and w2ll adjusted
person will answer “Yes” to only about five or
six of these questions. The good sleepers averaged
about 6.5 affirmative answers. On the other hand,
the poor sleepers averaged abont 23.9 afirmative
answers, suggesting that they suffer mors jeycho-
somatic ailments and experiences of maladjust-
ment than the <xoed sleepers. Discernible dif-
ferences also appeared when the experimenters
scored the Minnesota Multiphasic Personality Tn-
ventory; on this the poor sleepers seened more
hypochondriacal, introverted, anxious, and neu-
rotic than did the good slecpers.

Lven this initial material strengly suggeats that
the differences in sleep quality are not merely dif-
ferences in sleep. Yoor sleepers seem distinetive
in pervasive ways. Questionnaire responses sug-
gest they have more neurotic ard psychosomatic
tendencies. As a group they were more restless
in sleep, fell asleep more slowly, indicated higher
autonemic activity in heart rate, pulse volume,
and body temperature, and diztributed the EEG
phases of ¢leep differently across the night. We
do not know what makes a persen become a good
or poor sleeper, nor the exnct meaning of the
physiological concomitants. But these differences
appear to be thoroughgoing, reflected in attitudes,
sensitivity to the Iaboratory and the equipment in
which they slept, not merely resivicted to nignt-
time sleep.

Sleep Quality and Constitution

The old family dactor nzed to aver that good
sleep was the source of well-being and lale at-
titades, an intnition th:d has been repeated for
centurivs withant offending copiaon sense. But
thae is o way of orderine a person to sleep well.
Perhiaps by voluntary Iehwviors individuals can
improve their eleep. We o not know to what
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extent. This study raises tte ugly suspicion that
there may be « predisposition to sleep well or
poorly, for the physiological differences reflected
in sleep may, in tura, be influencing behavior.
Could these physiological patterns hold clues to
physical complements of neuroses? Ts there some-
thing about the poor slecper that mukes him vul-
nerable, and overreactive to lus unvironment? Or
is luck of rest the key to his other troubles?
Disturbed sleep can be part of a vicious circle
involving emotional and behavioral deterioration.
Sleep los, in itself, induces a variety of curious
symptoms, and in exireme, is attended by almost
psychotic symptoms. It is associated with an
alteration of tlie body’s energy metabolism. A
relatively short period of slecp loss is accompanied
by the production of an indole associated with
stress, & chemical of the LSD or serotonin family.
Comnmonly, the physician sees sleep disturbances
during a prelude to mental breakdowu, during de-
pression, before acute psychotic episodes. The
loss of a :ingle portion of the REG distribution
has an aftermath. After REXM  deprivation,
whether or not individuals have shown behavioral
effects, t1 vy make up for lost RIEM time., Simi-
larly, wirn deprived only of stage 4, people make
np that clage of sleep by spending a esmpensatory
proportion of sleep in stage 1. Perhaps soe
regular quota and distribmtion of tl NEG phase
is necessary tn each individun). T severely de-
pressed vatiets and poochotics during acute
episoles, t1 v are #inaalous patterns within the
dream period—rapild transitions between waking
and dreaming, unusually high percentages of
dreaming sleep (Hawking, 1965; Ilartman et al,,
1664). The numerous studics of mentally ill per-
sons, of epileptics, narcoleptics, enuretics and
others all suggest a link between anomalous sleep
patterns and disordered Lohavior.  This does not
say whether the mild disturbauce, the neurotic
sigms of the poor sleeper wonld he alleviated by
better sleep. What we have seen in thess ve-
searches is that sleep is an orderly cycle involving
badily changes and altered stutes of con ciousness,
a unity of psychological and plivsiological trans-
formations that is not scparable from waking
health and behavior. The process resembles the
twrning of a wheel on whielt it is diflicult to arsign
n point whore the motion began, but which can be
braked. ‘Therapy may be applicable at scveral
levels, and it is possible that the poor sleeper might
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benefit from a drug or conditioning that improves
his sleep.

Differences between the good and poor sleeper
may reflect their separation from each other along
a continvum, a wide range of hwman sleep pat-
terns. They may be related to individual ditfer-
ences spotted in many other studies. Some people,
for instance, reacted niore than others to sleep
deprivation, or dream deprivation. People’s drug
responses differ, and iufinitesinial dose adjust-
ments had to be made for each individual before
LSD in microdosages would leave their mark on
dreaming.  The ratirn of ulzshol that put one
cat to sleep left another curious and lively. In-
dividual differences have been expressed in diverse
ways. Volunteers iu sleep studies have differed
in their ability to press switches during sleep, fol-
low instructions, in their amenability to liypnotic
suggestion during sleep, and in their ability to
recall dreams. Within dream-recall studies we
may be secing two extremes of a continuum, for
onoe person appears to sleep so deeply that his
dream has vanished by the time le awakens, while
another claims he does not dream, apparently con-
fusing dream with waking, and dreaming in such
a light stage of sleep that he can hear the air con-
ditioner and othrr n-ises in the room. Many of
these diflerences may be constitutional, the coun-
terparts of pervasive genctic endowments that
show up in personality and behavior as well as in
hody build, blooc type, hair color, and on other
physiological measutes. The influence of inherited
factors is enormously dificult to determine with
human beings, and consequently has not been ex-
plored intensively in relation ta sleep patterns.
The difficulty of ascertaining constitutional factors
may explain why they are so often omitted from
Lehavioral considerations in human studies.

One of the trends shown by poor sleepers, how-
every may provide a means of exploring predis-
positions without going back into family traits
and impossible genetic skeins. 'Fhe poor sleeper
seerns to be in a somewhat leiglitened phiysin-
logical state, before and during sleep. Is this
roughly analogous to a motor that races when it
should be idling? Is the poor slecper tuned to
higher arousal, hyperreactivity?  Is his metabolic
and nenral bazeline just slightly ditlevent than
that of the good sleeper?  Conld the higher heart
rate, temperature, and the numerons twakenings
mean that he is overproducing neurochemieals that
stimulate the arou=al syvstem, or that he under-
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produces ehemicals that stimulate the hypnegenis
inhibiting system? There are many altarnative
metabolic and neural adjustments that might ex-
plain this physiologien] difference. A hraking
chemical that, prevents overactivity in eertain cells,
may be defieient. Althongh this is climbing into
the realmn of pure speculation, we are now able to
ask questions that eonld not have been asked sen-
sibly ever. a few years ago. Indeed, recent progress
has been go rapid that the answers may not be far
distant.

We have mapyped hypnogenie and aronsal path-
ways within the brain, triggered by ehemicals that
may also tmrn ont to mediate the influences of
hormones, stress products, and other substanecs.
"The hypnogenic and arousal areas ave conneeted
with subrortie1l regions regulating autonomic
functions such as heart rate and temperature, in-
stinctive drive responses, pleasnre, or pain. The
varied basie studies from which these findings
emanate, may begin to explain the necral and
cliemieal origins of the patterns of the poor
sleeper. At the same time that they give a pre-
dictive and eontrollable ninderstanding of the high
leart rate, arousahility, of the poor sleeper, they
also may be explaining why he suffers psyelioso-
matic complaints and neurosis.

By lefining precisely some of the physiologieal
characteristies and psy. hological eoncomitants of
good and poor sleep we may provide the doetor
with a new diagmostie inventory. Sleep, and re-
sistance to sleep loss, az others have suggested, may
indieate how well a person can perform under
stress, But by pursuing these differences between
good and poor sleepers to their nenral origins, we
may begin to answer questions about individual
differences that have long eluded our grasp. Are
many neuroses the behavioral concomitants of
hyperreactivity? What eauses a person to be
oversensitive to his envirominent, to pain, and to
situations that leave others unscathed?  Are there
also people at the other end of the scale, who nnder-
react, on whom the environment aud its social
teachings leave too little impression-sociopaths
and peychopaths?  Tf these ten-encies are rooted
in mechauisins whose siems we see in sleep, ccnld
we deteet themin carly ehildhool?  Although the
links between piredispositions in personality and
patteins of sleep may ondy he conjectured at this
time, 1he elnes fram ohserved sleep patterns ate
clues for internal exploration. Wemay at T-ast be
eaining a key tapervasive patterns undetlying the
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development of Dbehavior, and insight into the
phiysiologieal differences that may ren ler one per-
son vulnerable to an environment, to a family,
where others ave not marred. Such explorations
may help to solve some of the perplexing riddles
that eonfront investigators of many abnormal be-
haviors—among thiem the nenrotic or the juvenile
delinquent whose behavior differs greatly from
that of his sihlings,

Suramary

1 uring the last decade, scientists of many dis-
ciplines, using different instruments and inspired
by different intereats, have eonverged onto the
study of sleep only to diseover that they werc ex-
ploring related events, fundamental processes in-
volved in mood, behavior, memory, health anid ill-
ness, sanity and madness. The contagious ex-
citement generated by these vesearches has not
stemmed from the many isolated and usefnl dis-
eoveries so much as from their ecnvergence to-
ward eentral mechanismz in tiie nervovs system.
Tho sleeping brains of monkeys and chimpanzees
have clarified the nature of epilepsy, and the sleep-
ing rabbit pointed to links between niood and
fertility, Physiological transformations in people
and sleeping animals have suggested the instine-
tnal basis of dreams. Like the spokes of a wheel
leading to the hub, seemingly unrelated studies of
museles, finger pulse volume, attention, drugs,
dream and sleep loss, have shown links and have
illuminated some of ~ur puzzling sleep disorders
and symptoms of mental illness, The eonfitence
of these fragments has generaled theories ubout
the way the nervous system functions during sleep
and waking, and this may explain the prolifera-
tion of sleep studies, significant ever in the last
vear, Comnmnieation among the worll-scattered
s tentists of sleep may explain the astenizhing rate
of diz-overy.

Less than 10 years ago, as scientists began mov-
ing acro=s the borders of what we used to eall
unconsciousness, they began demonstrating that
sleep was not an nneonseious suspension from life,
devoid of complex behavior and only tangentially
related to the quality of our days. Instead, they
confronted a very active hirain which, in one stage
of sleep, resembled waking to an awazing degree.
They confronted questions about attention as well
as somnalence and relaxation. Fhey cammunicat-
ol with <leepers anil recvived auswering signals.

One important fulerum was the discovery that
all sleep was punetuated by intervals of rapid
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EEG rhythms and eye movements, and vivid
dreaming, a state not unique to man, but found
in mammals down to the primitive opossum.
Today, the evidence suggests that the visual im-
agery of dreams is not an’s prize but cxists in
the monkey and perhaps all sceing animals. Both
men and animals show a need to dream, for when
deprived of the RIZM aream state by loss of sleep,
by drugs, by anxiety, or deliberate awakenings, the
normal individual quickly compensates, making
up the loss in subsequent sleep. Since many
mental illnesses are accompanied by sleep disor-
ders, by broken sleep, anomalous dream periods,
peaple inevitably wondered whether and how emo-
tional disorders related to abnormalities of the
REM dreaming mechanism, perhaps coming from
too little REEM dreaming.

Some neurophysiologists were finding that the
dream state could be brought on Ly directly stim-
ulating a portion of Jwe brain stem in animals.
Tt was abolished if a spot weve destroyed within
this primitive brain arer. Althongh the regula-
tion of sleep and dreaming scemed to be more
claborately governed and diffuzed in primates and
man than lower animals, this important locus in
the brain stem led to conjectures with many im-
Plications for the understanding of psychnses and
the function of dreams. It is a very old region of
the brain, one of the first to form in the develop-
ing embryvo, giving evidences of its rhythms
before there are signs of the cortieal rhytlms of
sleep. Perhaps this might explain why infant
animals and infant humans were found to have
nwore of this dream-state rhythm which declined
with age as the eortex matured. Perhaps, indeed,
the decline of the dream state inight horome 2 meas-
ure of normal brain developent in very young
infants.

Further studies of the dream stafe suggestod
that it might be triggered biochemically and that
loss of RIEM dreaming enhanced tlo drive ori-
ented behaviors of animals. This in tmn, sug-
gested that a biologieal function of dreaming
might e the development of drive mechanisms
within the embryo and infant. .\ Tater feseiion
of tho dreain state may be the dise’arwe of exeites
ment in the brain's “drive centers™ acvompanied by
a great arvay of pavchological releases,

A et aaliens property of the Taain, one thot
makes i formidable to stadyy is its complex inter-
relatedness.  Whileinany experimenters have con-
cenfrated upon the relationships between the brain
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stem and reluted regions during the dream state,
other scieatists have concentrated attertion upon
such distant brain systems as the hippoeampus.
Single electric stimulations to this area and other
brain regions will produce the familiar brain
waves of activated, or paradoxical sleep. The
hippocamnus has been associated with memory
and emot%m, has been shown to be related to the
cortex and to subcortical areas, to activily in the
autonomie nervous system and bedy muscle sys-
tems. These links muay lelp us to learn how the
contents of the inner dreana experience are pro-
duced and how they are related to the physiotogical
events seen during the REM dream state. They
may also suggest some links hetween the state of
anxiety in which an individual may be less than
usually sensitive to his surroundings and the brain
mechanisms producing REM dreaming. In both
anxiety and dreaming a portion of the brajn may
be operating in almost a elosed-cireuit manner.

Theory is always bound to be partly wrong, but
it has been the evolution of theovies that encour-
ages experiment, motivating discoveries that would
otherwise be mcre Tragments, or might never be
done. So in tleep 1vseareh, theories have inspired
+he accumulation ot data which are now beginning
to fit togetlier und explain some of the most baf-
ling of leep disorders.  Sleepwalking is anexam-
ple. Muscele fhiecility during sleep and other
findings about the dream state did not jibe with
the common idea that sleepwalking occurred in the
REM dream slate. Bedwetting and sonmambu-
lism, indeed, both ocenrred during other stages of
gleep.  Imferences from many studies of the brains
of sleeping animals and people may explain how
the somnambulist shambles around furniture, eyes
open, yet giving no expreasion of seeing.  During
slow-wave sleep, sensory impulses flood iato the
brain, but the integrative regions that ereate per-
ception and awareness function in an altered,
delayed manner.

A new picture of narcolepsy has emerged.  The
attack is ene of normal gleep in an abrapt drop
from waking into the REM dream state, with a
sudden loss of muscle tone. .\ seizure locus in the
amygdala has beenr postulated and also dream loss.
The amplieta:rines narcoleptics take in order to
stay awake have been found to have a REEM-redue-
ing effect. Al Tiongh the exact brain mechanism
hasnot yet heen deciptiered, new dinguostic proce-
durcs and therapy have been developed ont of the
studies so far.
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The practical consequence of sleep research ex-
tend, into every rer!m of living and certainly into
our use of drugs, Alcohol, barbiturates, and
many tranquilizecs depress REM dreaming, for
instance, although they differ in their impact, The
effect upon neurs! mechanisms of dreaming may
also exvlain he.r _overs, and drug psychoses. DBar-
biturates do niore than reduce REM dream time,
they interfere with integrative processes in the
brain, which in turn, may be participating in main-
taining body functions. It has been thought that
some psychoties, or narcoleptics, or other individ-
uals suflering from dream loss might benefit from
increased dreaming. Cwirent explor«iions of L.SD
and gamma -hydroxybutyrate suggest that a drug
therapy to increase drenming may be pussible.  As
a result of sleep studies our use of tranquilizers,
sedatives, and antidepressants, may be 7ar less
haphazard, for we are beginning to determine how
they act upon the Lrain, why individuals react
diffevently to the same drug, or to a particular
concentration.

Woe are just veginning to explore the ehemistry
of sleep, to see how natural body substances such as
sex hormor.es influence sleep. 1lere may be the
roots of many abnormalities, for slight increases in
steroid hormones that proditee sleep, can niean
anesthesia, or convulsion. Anatomical mapping
of tho sleep circuit and aronsal centers in the brain
has employed two nenrochemicals which may be
the basic transmitters, the erucial cliemicals tha.
mediate sl ep and arousal. Tnsufficient supply of
the iypnaganic transmitter may cansethe insomnia
of the elderly, who awaken too early. Oversupply
of an arousal mediator may ploy a role in the
imability to fall asleep.  Within thie metabolism of
the sleeping brain we may expect to find the clnes
to many pervasive disarders; and perhaps also
pervasive personal fendencies. Do some people
tend to inhibition and others to arousal? Under
the lorrendous conditions of haltle that agitate
mest people, some sokliers are known to have
fallen asleep in the trenches. There are many
instances in which 2 situation fraveht with
emotion has eaused a soporifie reaction within ane
person, a restless reaction in another,

Very pervasive individiual ditferences have been
noted thronghoeut cleep sescarches, expressed in
behavier and attitude and in physiclogical pat-
terns.  Are these related? Are we on the way
toward looking at a person’s polygraph jecord
during sleep and predicting hew well e will (oler-
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ate stress, hunger, sleep loss, pain, dream depriva-
tion? Could welearn from this sleep record about
his ability to remember dreams, to perforin tasks
during sleep, his response to certain drugs? Could
we predict from these physiological indices his
propensity toward psychosomatic ailinents, and
the intimations of his personality that he will
leave on psychological questionnaires? Does the
heightened physiological state of & poor sleeper
indicate a high setting within the brain’s system of
arousal-—leading him to overreact to the environ-
ment? If so, could we detect incipient neuvosis
carly in life?  As the findings from diverse sleep
studies are juxtaposed, they begin to suggest intei-
nal links, and raise innumeruble questions of mon-
umente] importance to medicine and psychiatry.

These questions are beginning to be clarified by
stilies that may seemn vemote, but the scientist
observing human behavior is like an astronomer
with an optical telescope, recording what can be
seen witl the eye, while unseen and invisible radia-
tions fiom that same place must be interpreted
through radio antennas.

New instruments and techniques of analyzing
data have become increasingly important in brain
study, where most of our questions lead. Using
tiny electrodes, deeply implanted in the brains of
animals, researchers have begun to read what is
happening in the brain during the different phases
of sleep.

The discharge patterns of single brain cells, as
well as groups of cellg, are yielding clues about
neural organization during dreaming. about the
nature of hallneination, and seizure. The hrain's
responses to signals has enabled us to track the
neural mechanisms by which a mother learns to
awaken to her child’s whimper, yet sleep through
traflic.  From studies of brain tezponses, averaged
and analyzed by computer, we have inferred a fun-
damental distinction between dreaming and other
deep sleep.  During BEM dreaming, the sensory
impulses are screened ont, fo an extent that resem-
bles the censorship of waking in moments of atten-
tion.  Thus, the dream state appears to be a period
of intense inwand concentration, in which lLrain
activity bears some resemblances to waking.

Encephalographers eannot diztinguish, by eye,
tlie many shifts of attention and subtle transfor-
mationz that eceur thronghont waking and sleep,
for massive information iz hidden in the EEG.
Many new mathenntical techniques for analyzing
the I2EG data have heen developed to eke out this
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information, to determine whether a few scconds
of brain waves resemble each other in frequency
distribution or power. The computer hes become
an essential instrument to perform the manipula-
tions, or calculations of most sophisticated brain
research, and indeed for any refined reading of the
EEG. This is, of course, at the very heart of the
matter. The EEG isastaple instrument for gang-
ing the behavior of the mind, and the further re-
finement of KEG analyses may make it a diag-
nostic tool with which we may be able to discrim-
inate between the patterns of the normal person,
the neurotic and the schizophrenic. Indeed, by
tracing the patterns of attention and other states
of conscionsness we may be able to distinguish be-
tween the many kinds of psychoses we now call
schizoplirenia.  Mental disorders, as they are re-
flected in sleep patterns, may be tracked to their
brain origins more precisely as these new methods
come to wider use.

Neural changes and brain processes that are not
perceptible on the EEG, have been tracked by a
new tool that measures changes in the electrical
resistance of neural tissue. Recent studics illum-
inating the action of the sleeping brain have shown
that the single nerve cell transmits messages in a
rhythmic code composed of discharges and spaces.
Impedance nieasurements of resistance changes
which may occur in nonneural glial cells may tell
how tl.e encitability of the nevve cell is modulated
by surrounding influences.  Thus we may begin to
find out how patterns of clectric waves occur in
various parts of the brain, in seizure aciivity like
epilepsy, and the widespread changes we know as
sleep.

The equipment, the mathematical analyses, and
the intricate techniques of these basie investiga-
tions are expensive. Tho conclusions may scem in-
comprehensible on the surface, and distant from
immediate problems of mental health. No serious
scientist, probing a biological mechanism for its
internal laws, would want to promise particular
applieations, vet the unforeseen yield of these nn-
approachable basic researches are what we count
upon in the long vun. If sleep research las pro-
auced rich and practical insights into the working
of the mind, its productivity must be credited to a
symbiosis and communication among the partici-
pants. Clinicians report a bizarre brain wave pat-
tern in the brain of an epileptic patient in sleep,
and studies of the chimpanzee indicate that this
isanormal pattern althon,™ never obzerved before,

Psychologists discover rapid eye movements dur-
mg dreaming, and neurophysiologists trace excite-
ment within a brain stem crea through linked
regions of the visual system. Curious sleep and
dream patterns are ohserved in some psychotics,
and untoward reactions to certain sedatives, and
brain researches begin to explain that schizophre-
nia shows an impact upon attention mechanisms,
upon which tranquilizers and barbiturates act
differently.

As the EE(r analyses become ever more refined
and activities deep within the brain are further cor-
related with the ripples they create at the surface,
the nightlong record of sleep may become one of
our most nseful diagnostic tools. It may tell us
about the integrity of an infant’s nervous system
long before there is any behavior to test. It may
warn us of incipient mental breakdown, allow us to
prevent fatal coronaries in sleep, reveal whether
drugs are beneficial or harmful. 1t may diserimi.
nate between people who can resist stress, and those
whomay be vulnersable, predict lifelong tendencies,
proclivities for psychosomatic ailment and neu-
rosis. It should not be discouraging that these are
phrased as future possibilities rather than present
certainties, for this area of study has searcely had
tims to begin, Knowledge of our sleep patterns,
our daily temperature rhythms, the impact of age
and habit upon our respouse to sleep loss, our
transitions from walking to sleep and from sleep
to wakefulness shonld become nseful to each in-
dividualasit isusefnl to know that oneissick when
one has fever, or should not drive after drinking.

One of the very great contributions of sleep re-
search could be the envichment of hnnan conscious-
ness and enlargement of human capacities. The
EEG has been used ¢ an educational instrument
to teach people to reccgniza and control a state of
conseiousness they had not beenn aware of. Volun-
teers in the laboratory have learncl to decrease
blood pressure.  The yogi's extraordinary bodily
controls and voluntary immunity to pain come
from roundabout disciplines. We, too, may begin
1o acquire such disciplines by more systematic
means. If emotional states and autonomie fune-
tions can be modified by the individnal, psycho-
therapy and the ireatment of paychosomatic ill-
ness may substitute training for drugs,  As we
leirn the determinants of sleep we may also ac-
quire the knack of some unusual people, who in-
duce sleep by deciding to sleep and who seem to
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awaken themselves by mental clocks, perhaps in
a phase of sleep near arousal.

Sleep researches are beginning to offer tools of
self-knowledge. People may begin to sense their
cycles of alertness and drowsiness, and take ad-
vartage of the natnral timing of their bodies, and
minds, Attention, that subtle state whose neural
components have begun to be pursued, may also
beccnte a faculty that we deliberately enhanee in
the youyg, for the control of attention is often a
decidmé faetor in the productivity of a life. The
concentration that might multiply and extend the
abilities of more people, also shows its rhythms

from the brain, perhaps making its first appearance
in the young in the dream state. As research be-
gins to reveal the correlates of these tates it may
be offering us methods of becoming acquainted
with the feel of our own minds, an important step
innsing them.

Hardly foreseen 10 years ago, the study of sleep
has cxtended its benefits into medicine, pharma-
calogy, psychiatry, into the scheduling of work and
rest, and into the edueation of the individual ac-
quaintirg him with himself and the uses of his
remarkable brain.

References

ACKNER, B, and PaymricLioNg, G,  Some relationships be-
tween peripheral vasomotor and EEG changes. J.
Ncutrol, Necurosurg. Psychiat., 1957, 20 58-G4.

Apey, W. R. Computer applications of the frontiers of
bhiomedical research. Proceedings of the Fall Joint
Computer Conference, 1963,

ApEY, W. R, Berl, F., and Dexx~is, B, J. Effects of
L8D-25, psiloeybin, and psilocin on temporal lobe EEG
patterns and learned behavior in the cat. Ncurology,
1062, 12,

Apey, W. R, Kapo, R. T\, DIp1o, J., and Scit1NDLER, W, J.
Impedance changes in cerebral tissue accompanying a
learned dizcrimivative performance in the cat. Erp.
Newrol, 1063, 1.

AvFy, W, R,, Kano, R. T, an1 Ruzopes, J. M. Sleep: cortis
cnl and subeortical recordings in the chimpanzee.
Seicnee, 1063, 141: 932-033.

Apry, W, R, and WALTER, D. O. Application of phase
detection and averaging techniques in computer analysis
of ¥EG records in the cat.  Erp. Neurol,, 1963, 7.

AoNEw, 11, Wrens, W, B, and Wnriams, R. 1. The cffect
of stage 4 sleep deprivation. EEG Clin, Ncurophysiol.,
1964, 17: 68-%0.

JKERT, K., ed. DProgrces in Brain Rcscarch—Slecep
Acchaniams, Vol, 18, C. Bally, F. Foffman-La Roche &
Co., Basle, Switzerland, 19¢3, and Amerlean Elsevier,
New York.

Awsnt, K, Korrra, I', and Hess, R, Jr. Steep produced
1w clectrical stimulation of the thalamus. Anicr.' J.
Plpninl, 1072, 168: 200 267,

ALLISON, T. Correlation of evoked response amplitude
with REM during *“rapid” sleep. APSS, I'mlo Allo,
March 10G4.

AtuisoN, T. Cortical and subcortical evoked responses
ta contral stinuli Quring wakefulness and sleep. KEG
Ciin. Neurophysiol., 1005, 18; 131-139,

Atrvesrn FoAL Crites, WO D, 11w, T 3. and 1IAwWRES,
G. R, 1luman group performance during eonfinement.
Acro-apace Medieal Research Laboratories TDIR 63-87.

Avanco, M, and Goyez, K.  Eye movements and dream-
Ing In subjects with life-long blindnesa, APSS, 1964,
Pale Alto.

ERIC

Aruitoxt provided by Eic:

A~oreey, B V. Sleep therapy in the neuvcses.  Julernatl,
Behav, Sci. Serics, 1000.

ANLIKER, J. Variations in alpha voltage of the E1G and
time perception, Scicnce, 1963, 140: 1307-1300.

ANXTROBUY, J. 8., ANrRoBUS, JUDITH 8§, and SINGER, J. L.
I'ye movements accompanying daydreawing, visual
‘magery, and thought suppression. J. Abrurm. Soc.
Peychol, 1004, 691 244-252.

AxtropUs, Juotrn 8. Patlerns of dreaming and dream
recall.  Urnpullished doctoral dissertation, Columbia
University, 1062,

ANTROBUS, Jupitn. Discrimination of EEG sleep stages
I-REM v= II. APSS, 1063, Washington, D.C.

ANtronts, Junritu 8., ANTRORUS, J. S, and ¥isurw, C.
Discriminative responses to dreaming anid nondreaming
during different stazes of sleep.  Symiposium, Research
on dreatus: Clinical and theorctical implieations, Poste
graduate Center for Mental Health, New York, March
1961,

ANTRonUs, Juoinr 8, Devesr, W, C, and Fisuen, C
Patterns of dreaming and dream recall: EEG study.
J. Abnorm, Soe. Pspchol,, in press,

Aroring, A, anl Hiwirvo, T. On the mechanisu of the
sleep pattern elicited Ly acute visunl deafferentation.
Arch. Nal. Biol, 1959, 07: 140,

Arpuisn A, and 1hikso, T. EEG syuchronization elicited
by light on the midpontine pretrigeminal,  Areh, Tigh
Hiol, 1600, 08 275,

AroviNg A, and Iinxeo, I, R. Projerties of the retina
in response to steady illumination. Arch. Ital, Biul,
1002, 100; 425118,

AroviNt, AL and 1IMxsroe, I . The tenie activity of the
lateral geniculate nuclous in dark and light adaptation.
Arch. Ital, itiol, 103, 101 403-307.

ArpeNt, AL and Pisvro, Lo R The effects of Qicker and
steady fllumiuation on the activity of the ent visual
systela, ekl Tal Biol, 1963, 101, M0S.500,

ArvetrRoNG, R, H,, BUrxar, D, Jacorson, A, Kaies, A,
Warn, 8, and GorveN, J. Gastrie sceretinns duriog
slecp and drenming. ADPSS, 1965, Washington, D.C.

113



ASERINSKY, E., and Freitman, N, Regularly occuiring
periods of eyz motility and concomitant phenon.ena dur-
ing sleep. Science, 1053, 118 273-274,

ABERINSKY, I, and Krriryian, N. Two types of ocular
motility occurring in sleep. J. dppl. Physiol, 1955,
8: 1-10.

ASERINSKY, E., and Kreitaan, N. A motility eycle in
sleeping Infants a3 manifested by ocular and g=oss
bodily activity. J. Appl Phyeiol, 3755, 8: 11-18,

Ax, A, and Luey. E. D. Autonomic responses to sleep
deprivation. A3M.A. Arch. Gen. Psychiat., 1961, 4:
53-59.

BarLey, 8., Buceer, L., GosLINE, E, and KiiNg, N.§, et al,
Comajarison of ipronlazid with other amine oxidase
inhibitors, incicding W-1544, JB-516, RO4-1018, and
RO5-0700. Asin. N.Y. Acad. Sci., 1959, 80: 632-067.

Batrormwee, B, J., WHITMAN, R. M, and Kraver, M. A
comparison of varlability of some physivlogical func-
tions during dreaming while telling the dream and
during dream playback. APSS, 102, Chicogo.

BALDRIDGE, B., WiITAN, R., KiaMer, I, O’NstELy, P,
aud LANskY, L. The effect of external phiysical stimuli
on dream content. APSS, 1963, Warhington, D.C.

BaeNes, C. D, and Mesess, F. .  Eserine and ampheta-
mine; interactive effects on sleeping time in mice.
Science, 1064, 144 1221-1222,

BaTiNg, C, Moruzzy, G., PaLesTiNTg, M., Rosst, G, F, aod
ZANCHETYI, A Effects of complets hontine transeetions
on the sleep-wukefulnes: rhytln: the midpontine pre-
trigeniinal preparation.  Arch. Hal. Biol,, 1959, 97 : 1-12.

Batst, W., Bertveeny, G., and Moruzzl, G. Changes in
the auditory input in walkefulness and duricg the ssn-
chronized ané desyuchronized stages of sleep. Arch.
Ital. Biol, 1964, 102: €3i-674.

Bri, I1. C, and Basrart, P, E. H. Discrimination and
conditioning during sleep as Indicated by the electro-
encephalogram,  Secience, 1965, 147 : 1470-1471.

Dews, C., SieeRs, G., BreExpia, N, and SzeuxNpo, J. P
Sensory properties of units in mesencephalic reticular
formation. J. Ncurophysisl, 1964, 27: 961-0%7,

Brrger, R. J  Tonus of largngeal muscles duling sleep
and dreamiug. Seience, 1961, 134: §40.

Bercer, R. J. Experimental modificatinn of drepm con-
tent by meaningful verbal stimuli. Brir. J. Psychiat.,
1063, 100: 722-740.

BErGER, R, and MefeR, G.  Deprivation of patterned vision
and the eye movements of sleep.  APSS, 10403, Washlog-
ton, D.C.

Dercer, . 1., OrLey, P, and Oswarn, 1.
movements and dreams ol the blind.
Paychol, 1962, 34: 183-18C.

Bercer, It J, and Oswarn, 1. Effccts of sleep variation
on behavior. subsequent sleep, and dreamjng.  J, Ment.
Sei, 1062, 103: 457-467,

Brreer, R J, and Oswarnp, 1. Fye movements during
active and passive dreams., Seicnce, 1962, 137: GO1.

Brrrveenr, G. Callosal activity during sleep and wake.
fulaess,  AUSS, 1965, Washingien, D.C,

The EFG, eye-
Quart, J. mrp.

BertuccHl, G., Marrer, L, Morvzzr, G., aud STRATA, P.
EEG and behavioral effects elicited by cooling of medulla
and pons. drch. Ial. Biol, 1964, 102: : 72-392.

Berrveenr, G, Moruzzi, G., Sartvy, G, und StRavs, P.
Pupil behavior and ocular movements during svaochro-
nized nnd desynchronized sleep. Arck. Ital. Biol, 1904,
102: 230-244.

BERLUCCHI, G., nnd STrRaTA, P, Palpebral asymmetry in
the drrk adapted owl {Atheme Noctna) following uni-
later.n irreversible visual deafferentation. Arch. fial
Biol, 1862, 100: 248258,

BessyaN, S. P, and SKoLN1K, ®ANDRA J. Gawaa Hy-
droxybutryate and Gamma Butyrolactoune concentrition
in rat tissues during anesthesia. Science, 1064, 143:
1045.

BircHFIELD, R, 1., SIEKER, H. O., and HEYMAN, A, Altcras
tions in blood gases during natural sleep and narcolepsy.
A correlation with the EEG stages of sleep. Neurol,
1058, §: 107-112,

Bizzr, E. Discharge patterns of lateral geniculate r.eutons
during paradoxical sleep. APSS, 1063, Washing-
ton, D.C.

Bizz1, E., and Brooks, D. C.  Pontine reticular formation :
Relatfon to lateral geniculate nucleus during deep sleen
Scicnce, 1963, 141 270-2:..

Brzzi, B, Poureiaxo, 0., and Somocyr, I. Vestitnlar
nuclel; activity of single neurcns during natural sizep
and waketilness. Scicnce, 1064, 145: 414413,

BoLcerT, FowiN. Tha effects of thirst and a related audi-
tory stimulation on dream reporte. APSR, 10635, wast
ington, D.C.

Bo~varret, M. and Derr, P. Contrile bulbaire du
systeme réticulaire activatenr. Newrophysiologie dcs
Eltats de Semmcil, ¥*tions du centrg Natienal de Ia
Recherehie Scientifique, Patis, 1965,

TowLING, G, and RicuArps, N. Diagnosis and treatwent
of the nacce'epsy syndrome. Clevcland Clinie Quartcr-
1, 1001, 28 : 3845,

BreppIA, . R, and ALssnULER, K. Z. Patterss of energy
exchange during sleep and dreams. APSS, 1063,
Washington, D.C.

I'rooks, D. C.,and iz2y, B, Brain stem electrical activity
during deep sleep.  Arch. Ital. Biol, 10G3, 101 : 648,

Browy, Barsars I3, Effect of alcohol on birjin electrical
correlates of bLehavior, emational responsiveness, and
visual pereeplion {n eats,  Selentific Advizory Cauncil
Licinsed Beverage Industries, Ine., 1008,

Brow N, Barnags B, EEG characterstics related to €r-
sonality Iraits in cats, 1803 preprint.

0w N, Bansans B, Criovgs, 8, and Sapy~re F 0 Visuad
reeall ability and exe movements, IDGE proeprint,

Browx, Baksars B, SusyyNe, J. E. EEQ theta activities
and fast activity slecp in cats pelated to belinvior traits,
Ncuropsycholngin, 1064, 311-324,

FrowN DBarrARA DI, Survyr, J. and DErr, MARgARED.
Relationship Delween personality-behasi o clhiaracter.
teties and the sleepdrean cycle in cats. APRS, 1004,
I'als Alto.

119

El{lC : 13

Aruitoxt provided by Eic:



BUEN>IA, N. Signra, G, Goooe, M., and SecUNDo, J. P,
Cor ditloned and discriminatory respopses in wakeful
and {n sleeping cats. EEQG Clin. Neurophysiol, Supp.
24, '963, 199-218.

Burow. K. Respiration and wakefulness in men.
physiologica Scandinavia, 1563, 59, supp. 200.
Bugresova, O. BUukes, J. FIFKova, Fl, ViNocrapova, O., and
Weiss, T. Function signidcanee of corticohippocampal

connections, Frper Ncurol, 1952, 6: 161.

CaprLaac, J, and PassoUANT-FONTAINE, T. Decharges
epileptiques et activite electrique de vellle it de som-
meil dans I'bippocampe au cours do l'ontogenese. Edi-
tions du Centrc National de la Recherche Scientifique,
1962, 420442

CabILHAC, J.,, PASSOUANT-I'ONTAINE, T., and PPASSOUANT,
P. IL'organisation des divers stades du sommelil chez
le chaton de l1a naissance a 45 jours. J. Physiol, 1962,
541 305-306.

CHAMACIIO-EVANGELISTS, A., and ReiNoso-Suarez, F.
Activating and synchronizing centers i{n cat brain:
EEGs after lesions. Science, 1964, 146: 268-270.

CaNDIA, O, Favarg, B, Guissaxt, A, and Rosst, G, Blood
Pressure during natural sleep and during sleep induced
by electrical stimulation of the brain stem reticular
formaidor. Arch. Ital. Biol,, 1962, 100: 216-233,

Cakry, G., ArMENGOL, V., and ZANCHETTI, A, EEG de-
synchrouization during deep sleep after destruction of
midbrain-limble pathways I{n the eat. Science, 1963,
140: 677-679.

Casrers, H. On steady potential shifts during various
stages of sleep. Ncurophysiologic dcs Etats de Sommeil,
Fditions du Centre National de la Recherche Scientifi-
nue, Paris, 1067,

CHAPMAN, L. ¥, Warteg, R. D., Apey, W. R., CRaNDAL,
0. H.,, Raxp, R. W, Brazier, J. A, B, and Magxuay,
C. H. Altered electrical activity of human hippocainpus
and amygdala lediced by LSD-25. Thc Physiologist,
1962, 5.

CHix, JaNE, Kiutas, Eva, and KiLasm K. Alteration of
evoked auditory potentials during states of conscious-
nese. APSS, 1964, Palo Alto.

Crniorra, 8., DEty, M., and Browx, I3, Theta warve charace
teristies during orienting and during paradoxical sleep.
APSS, 1964, 'alo Alto.

Curarx, P. C, and WEeBg, M. W, Flectrosleep therapy in
the neurotic and psychogenlc disorders, 10063 preprint.

CLEMESNTE, C. D, and S1eryman, M, B, Cortleal recruit-
ment &nd sleep patterns in acute restrained and chronic
behaving cat&. EEQG Clin. Xcurophysiol., 1962, 14: 420,

CrEMENTE, C. D, and SteaMax, M. B, Cortieal syuchroni-
zation and sleep patterns in acute restrained and chronic
hehaving ~ats induced by basal forebrain stimulation.
EEG. Ctin. Ncurophysiol,, supp. 24, 1063,

CLEMENTE, C. ), STERMAN, M. B, and WyRwIcka, W,
Forebraln inhibitery mechanism: Conditioning of basal
forebraln induced EEG synchronization and sleep. Eep.
Neurol, 1003, 7.

Corg, J., kEvansg, F, J, Gustarsoy, k. A, O'Coxsery, D,
N., Orst, M. T, and Suor, R. E. Slecpsuggestion
Phenomena in trained hypnotic subjects: A preliminary
repost. F'aper preseited at APSS, 1064,

Acta

ERIC

Aruitoxt provided by Eic:

Coss, J.,, Evans, ¥, Gusrarson, L., O'Conwerr, D. N,
OBNE, M., and SHo, R. Specific motor r2sponses during
sleep to sleep-administered meaningful suggestion: an
exploratory investigation. [Percept. Mat. Skills, 1963,
20: 620-636.

Corazza, D1 R., and Paryecciant, P. L. Desincronizza-
zione dei ritinl bioelettrel dell’ Ippocampo. Arch. Sci.
Biol, 1961, 45: 401,

CorpEAU, J. P. EEG and behavorial changes foliowing
microinjections of acetylcholine and adrenaline In the
braln stem of cats. APSS, 1964, I’alo Alto,

Corbeav, J. . Sensory transwmission in the visual system
durlpg various states of sleep und wakefulness. AD'SS,
1964, Palo Alto.

CeevurzrernT, O. D, BeLy, F. R, and Apey, W. R. Tha
activity of neurons in the amygdala of the eat following
afferent stimulation. In W.Bergmann and J. P. Schade
{eds.), Progress in brain rescarch. Awmsterdam: Else-
vier, 1963.

nDasLy, D. D, and Yoss, R. E. Electreencephalogram in
narcolepsy. EEQ Clin. Neurophysiol, 1937, 9: 109-120.

DaLry, D. D, and Yoss, R. k. A fawily with narcolepsy.
Proceedings of Staft Meetings of tha Mayo Clinic, 1959,
3H.

DecRERT, G. H. FPursuit eye movement in the absence of
a moving stimulus. Science, 1964, 143: 1102-1193,

pE LA MARE, W. Bchold this Drcamcr! New York:
Knopf, 1939.

DELANGE, M., Casrtan, I, CaniLizac, J,, und P#SSQUANT,
P. Study of night sleep during centrencephalic and
temmporal epilepsles. EEG Clir. Neuwrophysiol, 1962,
14: 777,

Dery, P, Bosvarter, M, and HUGELIN, A. Mecban{sms
of reticular deactlvation. In G. E. W. Wolstenholme
and M. O'Connor (eds.), The Nalurc of Slecp. Boston:
Little, Brown, 19G0.

DELOBRME, F., ViMoxT, P., and Jouver, D. Etude statis-
tique du cycle vielle-sommeits chez le Chat. C.R. Soc.
Biol, 1964, 138: 2128-2130,

DeMENT, W. C. Dream recall and eye movements during
sleep in schizophrenicd and pormals. J. Ncrv. Ment,
Dis., 1953, 122 263-269.

DeMENT, W. C. The occurrence of low voltege, fast, EEG
patterns during behavioral sleep in the cat. EEG Clin,
Nceurophyaiol, 1958, 10: 201-206,

DEMFNT, W. C. The effect of dream deprivation. Scfence,
1900, 131: 1703~1707.

Drsent, W, ¢, An Essay on Dreams. In W, Falwards,
H. Lindman, and I, D. Puillips (cds) Newe Dircctions
in Psychology IT. New York. Holt, Rinehart & Winstun,
1063.

DEMEST, W. C. Further :tndies on the far (tinn of rapid
eye movement 8lecp, Am, Peychialric dasn., New York,
1963,

DeMeNY, W, C.  Studies on the function of rap.l e3.
movement (paradoxical) sleep in human subjedta
Nenrophpsiotugic des Biatx de Sommeil, Editions du Cene
tre Naticnal de 1a Rechierehe Scientifique, 1'aris, 1665,

120



DEMENT, . C, Experiuniental dream studies. Iu J, Mas-
serman (ed.), Scicnce and psychoanalysis: Zcicntifie
proceedings of the Academy of Psychoanalysis, vol. 7.
In press.

DEMENT, W, C., and CHow, K. Preliminary report on
EEG activation during behavioral arousal and para-
doxical sleep in the chronie “isolated hemisphere” prep-
aration. APSS, 1964, Palo Alto.

DEMENT, W, C., GREENBERG, 8., and isiEIN, R. The per-
sistence f the REM deprivation effect. APSS, 1965,
Washington, D.C.

DEMENT, W, C, and KLEiTaaN, N, Cyclic variations in
EEG during sleep and their relations to eye move-
ments, body motility, and dreaming. E£Q@ Clin. Ncuro-
physiol,, 1957, 9: 673-690.

DeMENT, W, C,, and KrLeiTMaN, N. The relation of eye
moveinents during sleep to dream activity ! An objective
1aethod for the study of dreaming. J. Exrp. Psychol,
1957, 53: 330-346.

DEMENT, W. C, RECOTSCHAFFEN, A, and GULEvIICH, G.
D. A polygraphle study of the narcoleptic sleep attack.
Abstract. EEQ Clin. Ncurophysiol,, 1064, 17: 608-609.

DeMENT, W. C., and WoLrEBT, E. A, Relntionships in the
manifest content of dreams occurring on the same night.
J. Nerv, Ment, Dis, 1058, 126 568-578.

DeMeNT, W. C, and WoLPERT, E. A. The relationship of
eye movement, body motility, and external stimull to
dream content. J. Erp. Psychol,, 1958, 55: 043-553.

DETRE, T. Davis, J., aud Spavividia, P, et al, Sleep dis-
turbance in mental patients. APSS, 1965, Washington,
D.C.

DewsoN, J. H.,, DEMENT, W, C., WaGENER, T., NOBEL, K.
A central-neural change coincident with REM sleep
deprivation in cat. APSS, 1963, Washington, D.C.

Drasoxp, E. The Science ¢ Drcams. New York: Mac-
Fadden-Bartell, 1903.

Di1az-GuUerro, R, Gortiries, J, 8., and K~otT, J. R. The
sleep of patients with manic-depressive psychosis,
depressive  type. An electro-myographic  study.
Paychosom. Med., 1946, 8 : 399-109.

DoMmrorr, G. W, A comparison 7f dresw content in labo-
ratory and home dream reports. APSS, 1963, New
York.

DREYFUS-BRIsac, C., Saymsox, D., Braxc, C, and Moxop,
N. L'electro-encephalogremme de l'enfant normal de-
moins de 3 ans, Efudes Nco-Natalcs, 1958, 7: 143,

ELas, 1. The World of Drcame. Boston: Houghton-
Mifflin, 1811.

FarsMoxe, W. H., and Sixox, C. W. The nonrecall of ma-
terial presented during sleep.  Amer. J. Paych., 1958, 69.

Fvaxs, F. J,, GusTAFsoNn, L. A., O'CoNXELL, D. N, ORXE,
M. T..and suog, R. E.  8pecific motor response during
sleep to sleep-administered meaningful suggestion: Fur-
ther explorations, Paperat APSR, 1063,

Fivarts, K. V. Effects of 8leep and wiking on actlvity of
single units ja the unrestrnined cat. In G. E. W,
Wolstenholme and M. O'Connor (eds.), The Nafure of
Sleep. Boston: Little, Brown, 1960,

ERIC

Aruitoxt provided by Eic:

121

Evarts, B, V. Effects of sleep and waking on spontaneous
and evoked discharge of single units in visual cortex.
Fed. Proc., 1060, 10: 828-837,

Evanrts, E. V. Activity of neurons in visual cortex of the
cat during sleep with low voltage fast EEG activity.
J. Neurcphysiol, 1962, 25: 812-816,

EvarTs, E. V. Photically evoked responses in visual cortex
units during sleep and waking. J. Neurophysiol., 1963,
26: 229-248,

LvarTs, E. V. Temporal patterns of discharge of pyra-
midal track neurons during sleep and waking in the
monkey. J. Neurophysiol.,, 1964, 27: 152-171.

Evarts, E, V. Temporal patterns of pyramidal tract neu-
rones during sleep and waking in the monkey. Neuro-
physiologie des Etets de Sommeil, Editions du Centre
Nationa! de 1a Recherche Scientifique, Paris, 19635,

Evagrs, E, V. Neuronal activity in visual and motor cor-
tex during sleep and waking. Preprint,

Evagrts, E, V., BExTAL, E., BigAR!, B,, and HUTTENLOCEER,
P. Spontaneous discharge of single neurons during
sleep and waking. Scicnce, 1962, 1351 726-728.

¥aig, C. M. The Physical Foundations of the Psyche.
Wesleyan University Preas, 1063,

FAURE, J. The paradoxical phase of sleep in the rahhit—
its peurohormonal relationship. EEG Clin. Neuro-
physiol, 1962, 14 784,

Faugrg, J., and BeExscH, C. Mesencephale et “post-reac-
tion-EEG” dans le comportement 1ié & 1a view endocrino-
genitale du lapin. Rev. Neurol, 1962, 106: 197-201.

FAURE, J., BEnscH, C., and VINCENT, D. Role d'un sys-
teme wesencephalolimhique dans }a “phase paradoxale”
du sommell chez le lapin. C.R. Soc. Bio., 1962, 156:
V0-73.

Yavaig, E, Loes, C., and MANFREDI, M. Somatle evoked
potentinls during the different phases of sleep in cats.
EEQG Clin, Ncurophysiol,, 1963, 15: 917.

Favarg, E., Loes, C., Rossy, G. F., and Sacco, G. EEG
syochronization and behavioral signs of sleep following
low frequency stimulation of the brain stem reticular
tormation. Arch. Ital. Biol, 1961, 99: 1-22,

FEINBERG, I, KoREsko, R. L., GorTiEIB, F., and WENDER,
P. H. Slecp eleciroencephalographic and eye-move-
meut patterns In schizophrenic patlepts, Comp.
Paychial,, 1964, 5: 44-53.

FEINBERO, I., LANE, M. 11, LaSsES, N. A, ">nlle dementia
and cercbral oxygen uptake measured on the right and
left sides. Nafure, 1060, 188: 9G2-9G4.

Feromay, 8. Neurophysiological wmechanlsms modifying
afferen® hypothalamus-hippocanpal conduction. Erper.
Newurol, 1962, 5: 269,

FIscHGOLD, A, and SCHWARTZ, B. A. A clinical, electroen-
cephalographic and polygraphic study of sleep in the
human adult. In G. F.W. Wolstenholme and M. O'Con-
nor (edx), The Naturc of Slcep. DBosten: Little,
Brown, 1000, D03-236.

115



Fisueery, W, ScHAUMBERG, H., and WEITzMaNy, 1. D,
Rapid eve movements during sleep In dark reared
kittens, AD’SS, 1063, Washington, D.C,

Frsuer, A, E.  Chemical stimalation ov the brain,
tific Amcrican, 1964, 210: G068,

FisHeRr, C. Psychoanalytic implications of recent re-
search on sleep and dareaming. J. Anter. Psychoanal.
Asy., 1063, April.

Fisner, C, and Desext, W, C. Studies on the psyeho-
pathology of slecp and drcawms. dmcr. J. Psychlet.,
1063, 119: 1160-1168,

Fisuer, C, Gross, J., and Zvci, J. A cyele of penile
erections synchronous with dreaming (REM) sleep.
Arch. Gen, Psychiatry, 19635, 12 2043,

Fisk, H, KrEiy, G. 8, and Boxert, E. Waking fantasics
following interruption of two types of sleep. Arch. Gen.
Psychiat,, In press,

Fourkes, D. Drecam reports frowm Aifferent stages of
sleep.  J. Abnorm. Soc, Peychal, 1962, ¢3: 14-23.

FouvLKES, D. Theories of dreai formation and recent
studics of sleep consciousness.  Psychol, Bull., 1964, 62
236-247.,

FouLKES, D., aud REcHTSCHAFFEN, A, Presleep determi-
uants of dream content : The effects of two filins.  Per.
Mot. Skitls, 1964, 19: 983-1003.

FouLKES, D, and " 'ocer, G. Mental activity at sleep on-
set. J. Abnoram. Psyehol. In press.

FreeMAYN, F. R, AeNEw, Ir, . W, and WriLriavs, R. T.
An EEG tudy of the effects of meprobamate on huwau
sleep. Clin, I'harmacol. Ther,, 1983, 6 172-176,

Frevp, 8, The Interprctation of Drcame.  New York:
Basie Boolix, 10955,

Fucus and Wu, Slecp wiiis half-open eyes.
Ophthal, 148, 31,

Gaxany, W. The nareolepsy =yudrome.  3earol, 1058, 83
487100,

GasTavr, H., Batixt, C, aud Fressy, J. On cepileptic at-
tacks recorded Jduring the night sleep of epileptic chil-
dren. EEG Clin, Neurophyyiol, 1963, 15: 142,

Gastavyt, H, ard Broverntoxy, R. J.  Couclusions eoncern-
ing the mechanisin of enuresis nocturna. EEG Clin.
Neuwrophyxisl, 106, 16 G25.

GasTAUT, 1L, and Rotir, . A propns des manifestations
electroencephalographiques de 110 cax de nareolepsie
avee onans cataplexie, Ko Newrol,, 1057, 97 1 358-303.

Gisrvan, N T, and Ronin, I8 1L Differential estimation
of gamma-butyrolactone and gamma-hydroxybutyri
acid in rat blood and Lrain, Scicnce, 1964, 1452 =3 -58 1.

Gorr, W, R.. RosNER, i, 8., aud Aut1sox, T. Distribution
of cerchral somatusensory evoked respun<es ju normal
men. EEG Chin. Newrophysiol, 1062, 14 : ¢47-i13.

Goopexovair, D R, Cyelical fluctuations in sleepedepth
and eye-movement activity during the course of natural
siespe Canad, D-gelijal, J., 163, 8 400408,

GoopeNotvan, Do R Tawes, H T, Sirsrteo, AL Jakir, 1.,
and Stesier, 1, I\n.nr-l reporting follawin: abrupt and
gradurl awakenite. from different types of sleop
JoPere and Soc, P Lol 1965, 2,170-179,

Gooprxovren, D, R, Tawrs, 1L B, Siaremes, A, and
Srestns L RBome factors affeeting recall of dreams
after Lwborntery anokenines, Reprint.

ERIC

Aruitoxt provided by Eic:

Seicn-

Arner, J.

GoopexoteH, D, R., Suariro, A., HoLpEN, M., aud STEIN-
SCHRIBER, L. A comparison of “dreamers ' and “non-
dreamers”: Eye movenents, electroencephalozrams,
and the recall of dreams, J. dAbnorn. Soc. Paychol.
1039, 62: 205-302.

GraNpa, A. M., and HaMxack, J. T. Operant belavior
during sleep. Scicnce, 1061, 133 1 1485-1480.

GRrasTYAN, ENxprE.  The hippocampus and bigher nervous
activity. In M. Brazier (ed.}, The Ccontral Ncrvows
Spstenr and Behavior, The Josiah Macy Foundation,
1952

GREEN, J. D., and ARoUINT, A, A, Rippocampal electrical
activity in arousal. J. Ncuroplysiol, 1054, 17: 533,

GreeN, W.J. The effect of 1.SD on the sleep-dream cycle.
An exploratory study. J. Xcrv.and Ment, Dis, 1n press,

GREENBFRG, R. M. Cortical sensory leslons and dream and
sleep patterns. APSE, 1965, Washington, D.C.

GREENBERG, R. M., and LEIDERMAN, 2, [i. Derceptions, the
dreamn process, and memory, APSS, 1063, Palo Alto,

GREENBERG, R. M., and Pearuaran, C. Deliriun trenens
and dreant deprivation. AFSS, 1064, Palo Alto.

GrrsaAM, S, C.,, AGNEW, Jr, H. W, and Witiians, R, L.
“The Sleep of Depressed Datients: An EEG and Eye
Movement Study.” Accepted Apr. G, 1065, Arch. CGon.
Psychiatry.

Gresnan, 8, C, WeBR, W, B, and Wrrriams, R. L. Aleo.
hol and caffeine: effects on inferred visual dreaming.
Scicnee, 1063, 140 1226-1227,

Gross, J., FELbMAN, M., and Fisuer, C. Eye movements
during emergent stage 1 EEG in subjects with lifelong
bliudness, ADPSS, 1063, Washington, D.C.

Gross, M. M, GoopEvoueit, D,, Topin, M., Hiveery. B,
DoMINICK, L., TERLSTEIN, A, Stgora, M., DiDBiiNco, J,
¥urirer, RuTi, and Kisuxer, I. Sleep Disturbances and
Hallucinations in the Acute Alcobolic Psychosiz. APSS,
1064, Palo Atto,

Guzaay, M, and Zavenertr, A, Carotid sihus and arortie
reflexes in the regulation of circulation during sleep.
Scicnce, 1063, 148 397-308,

Guigvitelr, G, and DeMENT, W, Allnight sleep recordings
in schizophrenies in remission. APSS, 1054, Palo Alta,

Have, U0 What people dream abant, Scicntific Aworican,
1951, 184: 60-63.

Hare, C. 8 A cogoitive theory of dream symbois. J. Gan,
I'.r_url) rl, 1053, 481 160-180,

ITarn, Co N0 A coanliive theory of dreams. o Gon
Preyriiol 1953, 49 : @73-082,

Haw, C. 8 The Mcaning of Dreame,
JO00.

Hanr, 080 Strapgers in dreaws: an empirieal contirna.
tion of the Oedipus complex, J. Personnlity. 1003, 31:
336-115,

1Lay, o8 Blang and decany symbals, Paychioinalysis
and Psyelhoanalytic Revicw, 1961, In press.

Hawr, Cooand Destniory, I A wbiquitous sex difference in
dreams, Jo Ahunr o Soe Paygel, 1063, 60 2782250,
My, Coand Vax o Cas e, 1T A comparison of hay 2

srdanonitored deeams, APSS, DG Palo Ao,

s, Coand Van pE Castir, RO L. The Content Analysiz
of Dreams. Appleton-Centurz-Croftz, 1965,

Hovgusew, Jo T An experiinental anaiysis of behavior
during sleep. Three annual progress peports to tie
Defense Docuppcniation Center—1062, 1063, and 1004,

New Yora: Dell,

122



Hasmaack, J, T, Wirriass, . M., WEISBERG, P, BROOKS,
PAvULA, and GErARD, MARYANN, An experimental analy-
sis of behavior during sleep. U.S. Army M-dical Re-
search and Development Command, 1964, Contract No.
Da-49-193-MD-2150.

‘TaArRrMANYN, B, L. Dreaniing sleep and the menstrual
cycle, APSS, 1967, Washington, D.C,

HasrtMAN, E, L. Serotonin and dreaming sleep.
31965, Washington, D.C.

HARTAMANN, B, L, YERDONE, P, and SNYDER, F. A longi-
tudinal stuay of sleep and dream patterns in psychiatric
patients. I1'SS, 1064, Palo Alto.

Havrr I, and RECHTSCHAFFEN, A. An unsuccessful at.
tempt to find physiological correlates of NREM recall.
AI'SS, 1963, New York.

¥awkixs, D. R, Kxarp, R, Scorr, J. anG THRasneg, G.
Sleep studies in depressed patients. APSR, 1003, Wash-
ington, D.C.

HAwKINS, D, R, PURYEAR, . B, WaLLacE, C. D, Desr,
W. B, and Tiioamas, E. 8, Basal skin resistance during
steep an2 dreaming, Sclcnce, 1962, 130: 321-322,

Hawxing, D. R, Scort, J., and THRASHER, G, Sleep pat-
terns in enuretic children. AD'SS, 1065,

HEeXRY, P., CouEN, H., STADEL, B, STULCE, J., FERGUSON, J.,
WACGENER, T., and DEMENT, W, CRY transfer from REM
deprived cats to nondeprived recipients. APSS, 1965,
\vashington, D.C.

Heryaxpez-Peox, R, Influence of attention and suggestion
upon subcortical evoked electrie activity in the human
brain. In EEQG, Clinical Ncuroplysiclogy and Epilcpsy,
vol. I11. I'rocecdings of the First International Con-
gress of Neurological Sciences, Brussels, 1037, New
York: Yergamon Press, 1009,

Heaxaxpe7-LPEON, R, Centrifugal control of seusory inflow
to tue Lrain and sensory perception. Acta Neurel. Lali-
noamcr, 1099, 5: 2790208,

MERNANDEZ-I'EON, R.  Neurophysiological eorrelates of
habituation and other manifestations of plastic inhibi-
tion. H. M. Jasper and G. D, Smirnov (cds.). EEG
¢tin, Neurophysiol, supplement, 1960, 13: 101-114,

IfErNANGEZ-PEON, R, Olfactory Lbulb activity during sleep
jnduced by stimalation of limbic structures. Acta
Ncurol. Latinoamier,, 1953, T: 200,

HzrNaxvEZ-PEON, 1. Reticular mechanising of sensory
control. Massachusetts Institute Syinposium on Princl-
ples of Srnsory Communication, In Scnsory Communi-
cation. New York, London: The M.LT. P'ress and John
Wiley & ous, 1061,

Herxaxvpez-I'eon, R,
physinlogical basis of mental aetivity.
Neoyrophyelol, 1062, 14 419430,

H:ryANDEZ-IFON, R, S$leen indueed Uy localiz.d electrl-
cal or clictuical stinwtation of the fore! eai-.. KEG Clin.
Neurvphusiol, 1962, 141 423424,

HerN.a s pEZPEON, R, Atropine hlock wue within a chelin-
crgic hypuogenie cirevite Erp. Ncurol, 1063, 8:20.29,

Herva corz-Proy, R. Idmbie c¢holinergic pathways in-
solved in sleep and emotional Lehavior, Lep, Ncurol,
1003, $:03-111,

HinNaspezleoN, R, Neurephyslologleal mechanisms of
wakefnlness and cleep. XVIH International Congress
of I'srchology, 1663, Washington, D.C.

APSS,

International symposium on the
L'EG Clin.

1

ERIC ]

Aruitoxt provided by Eic:

Herxanpez-PEON, R. Attention, sleep, motivation and
behavior. In R. Heath (ed.), The Role f Pleasure in
Behavior. New York : Hoeher-Iiarper, 1004,

Heevanpez-PeoN, R, Braln mechanisms of slecp and
dreaming. Joint meetlng of the Mexican Society of
Neurology and Psychiatry and American Psychistric
Aszsociation, Mexico City, May 1964,

Herxaspez-ProN, R, A cholinergic hypnogenic limbic
forebrain-hindbrain eircuit, Neuroplhysiologie dcs Etats
de sommcil. Yditions du Centre National dJe la
Recherche Scientifique, Paris, 1963,

HErNaNpEZ-EON, R. A npeurophysiologleal model of
dreams and ballucinations, J. Nerv., Mceni. Dis. Iu
Press.

Her¥azpez-PE0N, R, and CHAVEZ-IBARRA, G. Sleep in-
duced by electrical or chemleal stimalation of the fore
brain. EEG Clin. Ncurclogy, supp. 24, 1962.

HERNANDEZ-PEON, R., CitAVEZ-1BARRA, G. Sleep jnduced
by electrical or chemical stimulation of the forebrain.
In R. Hernandez-I'con (ed.), The Physiological Rasis
of Mcntal Activity. EEG Ciin. Ncurophysiol., supp.
24:188-108, 19G3.

HerNaNpez-PEON, R, CHAVEZ-IBARRA, G., MoreaxE, 1. P,
and TiMo-IAria, C. Cholivergic pathways for sleep,
alertness and rage in the limbic midbrain ecirouit.
Ncurol. Latinoamecr., 1902, 8: 93.

Hess, E. H, and Pour, J. M. Pupil size in relation to
mental activity during slmple problem-solving. Seicnce,
1964, 140: 1190,

Hevser, G.,, Bucnwarp, N. A, and Wryess, E, J. The
eaudate-spindle” I1: Facilitatory and inhibitory caud-
ate-cortical pathways. EEG Clin, Ncurophysiol., 1061,
14:510-524,

1IossoN, J. A. Lactlvite electrique phasique du cortex
et du thalamus au cours du sommeil desynchronise chez
lechat, C.R. Soc. Biol,, 1964, 158: 213],

IiopsoN, J. A. The effect of LSD on the sleep cycle of
the cat. EEQG Ctin. Nerophysiol, 1964, 17 52-56.

HossoN, J. A, Gorbrra~K, F., and S~voer, F. Kespira-
tion and mental activity in sleep. J. Paychial. Res. 1In
press.

1lopes, R. Ocular phenomena in the two stages of sleep
inthe cat. Erp. Necurol., 1964, 9: 3642,

Hopes, R, and DeEMENT, W. C. Abolltion of electrically
fnduccd reflexes (EIR's of II reflexes) during rapid
eye muvemrnt (REM) perfods of slcep {n normal sub-
Jects. EEG Clin. Ncurophysicl., 1964, 17 (Dec.).

Hoves, R, and Svzoeky, J. Cemparative thresholds for
cortico-spinal and vestibulo-spinal movements, ard for
retictlar forinalion arcusal in the eat, in wakefulness,
steep. ang peviods of rapld e¥e movements, EEG Clin.
Ncurephpsiol, 1065, 18: 230-248,

Hurrextocnrr, I . Evoked and spontanecus activity
fn sinzle units of medial brain stem daring nalural
stoep nnd waking, J. Ncurophpsinl, 1061, 241 431—4G8,

lwarta. K. and Sxintr, R & Cerelello-hippocampal n-
fluences on the elc. roenceptalegram. FEQ Clin. Neu-
ropt uriol, 1959, 11: 439,

23 17



IzQUIERGD, )., WYRWICKA, W. Siexra, G, and SEeUNDO,
J. P. Establishment of trace reflexes durlng natural
sleep in the cct. In Masson et Cle, Actualities Neurn-
physiologigues. In press.

JacossoN, A., KAres, A, LENMANN, D., and HOEDEMARER,
F. 8. Muscle tonus in buman s.bjects dvring sleep
and dreaming. Ezp. Neurol.,, 1964, 10: 418424,

Jacosson, A., Kavres, A, LEEMANN, D., and "wErzig, J.
R. Somnambulism: ANl night EEG studies. Science,
1965, 148: 975-9077.

JeaNNERET, P, R,, and Wess, W. B. Strength of zrip on
arousal from a full nlght's sleep. Percept. Mot. Skille,
1963, 17 : TH9-761.

JEANNEROD, M., and Mourer, J. Etude comparative des
mouvements oculaires observes chez le chat gu cours
de da veille et du sommeil. C.R. Soc. Biol, 1962, 156:
1467-1410,

JCANNEROD, M., Movrer, J., and Jouver, M. Etude de Ia
meutricite oculaize au cours de la phase paradoxale du
sommeil chez le chat. EEG Clin. Ncurophysiol, 1965,
18: 35+-560.

JonxsoN, L., Stye, E., and DeMext, W. EEG and auto-
notte aetivity during and after prolonged sleep deprive
aidon.  Psychosomatic Med.. 1965,

JouvET, DANIELLE, VALATX, J. L., and JouveT, M. Etude
polygraphic de sommeil du chaton. C.R. Soc. Biol.,
1961, 155: 1660.

JoUvET, DANIELLE, VALATS, J. L, and Jouver, M. Etude
polrgraphique du sommeil chez Vagneau. C.R. Soc.
Riol, 1962, 156: 1411-1414,

JouvET, M. Telencephalic and rhombencephalic sleep in
the cat. In G. E. W. Wolstenholme and M. O'Connor
(eds.), The Nature of Slecp. Boston: Little. Brown,
1960, 188208,

Jouver, M. Recherches sur les mecanismes neurophysio-
logiques du sommeil et de Vapprentiscsage negatif. In
J. F. Delafresnaye (cd), Brain Mcchanisms and Learn-
fg. Oxford: Blackwell, 1061,

JouveT, M. Ontogenetic and phylogenetic studles of sleep.
APSS, 1962, Chicago.

JoUvET, M. Recherches sur les structures nerveuses et
le2 mecanisms responsables des differentes phases dn
sorameil physiologique. A4rch. Ital. Riol, 1962, 100:
125-206.

JOUvET, ¥. An automatic recorder of the rhombhen-
cephalle phases of sleep in the cat: the oneirograph.
EEG Clin. Neurophysiol,, 1963, 15: 141.

Jouver, M. Etude du sommell chez le chat pontique
chronique. Colloque internatinnal du Centre National
de !a Recherche Scientifique: Aspects anatomo-fonc-
tionnels de la physiologic du sommell, Lyon. September,
1063

JouveT, M. The rbombencephalic phase of sleep. In G.
Moruzzl, A, Fessard, and 1. 11 Jasper (eds.), Frogrees
in Brain Rceacarch, vol. 1, Awmsterdam: Elsevicer I'ub-
li-liing Co, 1003,

Jourver, M. FEtude de 1a dualite des ctats de soinmeil et
des mecantstmes de la phase paradoxale. In Arpects
Anatomo-foneclionncls de 1o phyeiologie du xommcil,
C.N.R.S, 1063,

ERIC

Aruitoxt provided by Eic:

JoUVET, M. T'aradoxlcal slecp—a study of its nature and
mechanisms. In K. Akert, C. Bally, and J. P. Schade,
(eds.}, Slcep Mechanisms, vol. 18, Elsevier, A nsterdam,
1663,

JouveET, M. Neurophysiology of the states of sleep. Phys-
iological Reviews. In press.

Jouver, M., CIER, A, MoUNIER, DAKIELLE, and VALATY, J.
Effets du 4-butyrolactone et du 4-hydroxybutyrate de
sodlum sur 'EEG et le compcrtement gu chat. O.R.
Soc. Biol,, 1061, 155 1313-13186.

JouveTt, M., and JouvEr, D. A study of the neurophysi-
ological mechanisms of dreamlng. EGG Ciin. Ncuro-
physiol.,, supplement, 1963, 24 : 133-150.

Jouver, M, and Jouver, D.  Le sommeil et les reves chez
Vanimal. Psychiatre Animale: Bibliotheque Neuro-
psychiatrique de langue Frauncaise, 1964,

JouveET, M., JouvET, D, snd Vararx, J. L. Etude du
sorumell chez le chat pontique. Sa cuppression auto.
matique. Comptes rendus deg scances de ia Socicte de
Biologie, 1963, 157 : 845,

Jouver, M., and Mou~iEr, D. Effcts des lesions de la
formation reticulee pontique sur le sommeil du chat.
C.R. Soc. Biol.,, 1900, 154 2301,

JouvET, M., and MouNrEr, . Neurophyslological mecha-
nisms of dreaming. EEG Clin. Neurophysiol., 1062, 14:
424,

Jouver, M., PeLuIN, B, and Mousier, D. Etude poly-
graphigue des differentes phases du sommeil au cours
des troubles de couscience chroniques (comas fpro-
longes). Rcrue Neuwrologique, 1961, 105: 181-186.

Jouver, M., PeLLIN, B, and Mousier, D. Dolrgrarhic
study of the different sleep phases during chronic dis:
turbances of consciousness (prolonged comas). EEG
Clin. Neurophysiol., 1062, 14 138

Kanx, E., Desext, W, Fisuer, C, and Barwvack, J.
Incidence of color ju immedlately recalled dreams.
Ecience, 1962, 137: 1054-1055.

KaLes, A, HIoEPEMARER, F, 8., and JaconsoN, A, Report-
able mental activity during sleep. APSS, 1363, New
York.

KALEs, A, HOFDEMARER, I, 8, JacossoN, A, and LicnTeN-
s1EIN, E. L, Dream deprivation: an experimental re-
appraisal.  Nalurc, 1904, 204 : 1337-1338.

Kawiva, J. Behavioral, subjective, and physiological
aspects of drowsiness and sleep. In D. W. Fiske and
8. R. Maddi (eds.), Funrtions of Varicd Ezrpericnce.
Hyunewood : Dorsey, 1961,

Kavira, J. DBehavioral and physiological concomitants
of dreaming. APSS, 1962, Chicago.

Kasiva, J. Conditlrned diserimination of the EKG
alpha rhythio in bumans. Western Psychological As-
sociation, 1962,

KavemaTsv, 8, nnd Sawyer, C. I{., Effects of hypo-
thalamic estrogen inaplants on pituitary LI and prolac-
tin In rabbits. Amer. J. Physiol, 1963, 205: 1173-1076.

Kanryvatsy, &, and Kawvyrr, C 1. Effects of hypo
thatamic and hypophysial implants on pituitary gona-
dotrople cells In ovariectomized rabbits. Endocrinolngy,
1903, 73 GX7T-GO5.

Kaneyatst, &, and Sawser C. 11, Effects of Intraliypo-
thalamic Implants of rexcrpine on lactation and pitu-
itary jprolactin in the rablit, Proe. Jae, Erpcr, Riol,
& Mcd., 1963, 113 : 067-069,

124



Karacay, 1., GoopENoUuGH, D. R., SHAPIRO, A., and WITRIN,
H. A. Some psychological and physiological correlates
of penile erections during sleep. APSS, 1965, Wash-
ington, D.C.

KAUFMAN, E., RoFFwarae, H., and Mvuzio, J, Alterations
In the sleep EEQG configuration of a drug addict during
addiction, withdrawal, and baseline nights. APSS,
1064, Palo Alto.

KavurMaN, E, Rorrwarg, H,, Muvuzio, J. Alterations in
the sleep EEG configuration during narcotie addiction,
withdrawal, and post-withdrawal states. APSS, 1904,
Palo Aito.

Kawaxawumi, J, and Sawyer, C. H. Induction of behav-
foral and electro-encephalographic echanges in the rabbit
by hormone administration or brain stimulation. Endo-
crinology, 1959, 65: 631-643.

Kawaraumy, M, and Sawyer, C. H. Induction of “para-
doxical” sleep by conditioned stimulation in the rabbit.
The Physiologist, 1962, 5 163,

KawaMURsa, I, and SawYer, C. H. D.C. potential changes
in the rabbit during slow wave sleep, paradoxical sleep,
and wakefulaess. Amer. J. Physiol, 1064, December.

KAWAMURA, ., and SawYER, C. . Differential tempera-
ture changes in the rabbit brain during slow wave end
paradoxical sleep. APSS, 1965, Washiogton, D.C.

Keerg, W, P., Yoss, R, E,, MarTE~NS, T. G, and Davy, D. D,
Ocular manifestations of narcolepsy. Amcr. J. Ophth.
1060, 49: 933-957.

Kery, S, S. Steep end the energy metabolism of the
brain. In G. £. W. Wolstenholme and 3. O'Connor
(eds.), The Nature of Slcep. Boston: Little, Brown,
1960, 375-381,

Ki1aza~N, N., and Sawyeg, C. “Rebound” recovery from
deprivation of paradoxical sleep in the rabbit. Proc.
Roe. Exp. Biol. Med, 1063, 114 : H36-539,

Ki1xe, E, and McDo~aip, D. G, Correlates of sleep dis-
turbance in psychiatric patients. ADSS, 1963, “Vash-
{pgton, D.C.

Kixo, P., McGinty, D, and Roseris, L. Recovery of
function in the forebrain of the cervcau facte vat.
APSS, 1064, Palo Allo.

KuLeix, M, Etude polygraphique ¢t phylogentque des
clals de sommeil.  Lyon: Bose Freres, 1963.

Kueix, M, Micuel, F, and Jouver, M.
grapbique des etats de sommell chez les olscaux.
Soc. Biol. 1964, 158: 99-103.

Kreryan, N, Patterns of dreaming. Seicatific Amcer-
foan, 1960, 203 : §2-88.

K1riTMAN, N. The nature of dreaming, In G. E. W.
Wolstenholae and M. O'Connor, (euw.), The Nalure of
Sleep, Buston: Litt'e, Brown, 1961, 349-374.

KLEITMA?, N, &leep and  Wakefulness.  (Rev.
Chicago: University of Chicago Press, 1963,

KLiNr, N, 8§, Comprehensive therapy of depressions. J.
Neuropeychiat, 1961, supp. 1, 15-26,

Koerta, W. P, Zuwm Wirkungsmechanismuavon Serotonin
aufl das Zentralnervensystem. Prarie, 1962, 51: 1.
Kortra, 3. P, and Czicnman, J. Eflfcct of Intracarotid
serotonin on spinal reflexes. Fed. Proc, 10G1, pt. 1,

20: 305.

Koerrs, W. I and Czicmayn, J. 8 Influence of serotonin
upon optie evoked potentiale, FEG, and Wood pressure
of cat, Am. J, Phyriol, 1063 20§: §73.

ERIC

Aruitoxt provided by Eic:

Ftude pols-
C.R.

ed)

12

KoELra, W. P, and Fegry, A. Cortico-subcortical home-
ostasis in the cat's brain, Science, 1963, 142 586-589.

Koerra, W. P., SMyrnies, J. R, Bury, D. M, i nd Levy,
C. K. Physiological fractionatlon of the effect of
serotonin on evoked potentials. Am. J, Physiol. 1960,
198: 203.

KoELLA, W, P, SMyTHIES, J. R, LEVY, C. K., and CzIcMAN,
J. Modulatory influence on cerebral cortical optic re-
sponse from the carotid sinus area. Am. J. Physiol,
1960, 199 : 381.

KoerLra, W. P., Truxca, C. M., and Cziemax, J. G
Serotonin: effect on recruiting responses of the eat.
Life 8ci., 1965, 4: 173-181.

Koranyi, E. K., and LenyMaw, H, E. Experimental sleep

deprivation in schizophreule patients. Arch. Gen
Psychiat., 1960, 2: 531-514.
Koresko, R. L., SxYDeR, F., apd FeINBere, 1. “Dream

time"” jn hallucinating and non-hallycinating schizo-
pbrenic patients. Neaturc, 1963, 199: 1118-1119.

KorNETSKY, C,, MIRSKY, A, F.,, KEssLER, E. K., and Dorr,
J. E. The effects of dextro-amphetanmine on behavioral
deficits produced by sleep loss in humans. J. Pharmacol.
Erp. Therapeut. 1039, 127.

Kuuixov, V. N. On the problem of hypnopedia,
Psych. & Psychiat., 1064, 3: 13-22,

Lexa, C., and ParMecciaNI, P, L. Hippocampal theta
rhythm and activated sleep. Helv, Physiol. Acta., 1064,
22: 120,

LesTer, B. K. Sleep patterns of mothers and infants,
APSS, 1962, Chicago.

Lester, B, K., ond Buren, N. R. Psychophysiological
studies of sleep in schizophrenic and control populations.
Am. Psychial, Assn., New York, 1965,

LesTER, D. A new method for the determination of the
effectivencss of sleep-inducing agents In huinans. Comp.
Psychiat., 1960, 1: 301-307.

LeviN, M. Premature waking and post<dormital paralysis.
J. Nero. Ment, Dis., 1937, 125: 140-141,

Levitt, R. A, Sleep as a eonditioned response,
Sei. 1964, 1: 213-274.

Levitt, R, A, nod WeBs, W. B. Effect of aspartic acld
ralts on exhaustion produced by sleep deprivation. J.
Plarmaccut, Sci., 1964, 53: 11231128,

Lewis, H. B. Individual differenccs among reporters and
non-reporters in failure to recall dreams, APSS, 1063,
New York.

Lewis, 1. B, BERTINT, M., and WIrkIs, H. A, Hypnagogie
reverie and subsequent dreams. AFSS, 1064, Palo Alto.

Liprrson, W. T. Problem of sleep and mental disease.
Dig. Neurcl, & Peychiat,, 13, 1043. The Institute of
Living, Hartford, Conn.

Iiseason, W. T. and ListrsoN, Caturyxy W. EEQ, reac-
tion time, cye movements, respiration and mer "1l com-
tent during drowsiness, APSS, 1005,

Linostey, Do F.. WeNoT, R. H,, Freerr, R, Linpsury,
D. B, and Avey. W. R, Diurnal acdvity creles in mon-
keys yndor Drol onged visuat pattera deprivstlon. .
Comp. P'hiysiol Psy-~h., 1962, 55 : 633--040.

Lisk, R, D., Krnaxswiscner, L. . Light: evidence for Its
direct effect on hypothalamic peuronz,  Scicnece, 1064,
146: 272-273.

Bovict

Psychon.

{3 19

J



E

Lissak, K.. Karmos, G., and Grastyan, E. A peculiar
dream-like stage of sleep in the cat. Act. Nerv. Sup.
1962, 4: 347,

LoveLayp, NATHENE T. and Wrrians, H. L. Adding,
sleep loss, and body temperature, Percopt. Mot, Skills,
1963, 16: $23-029.

LusiN, A, and Wicnrayms, H. L.
the conceptual reticular formation.
Skille, 1050, 9 237-239,

Lusy, E. D, Fromyax, C. E, Gsrser, J, L, LENzo, J. E.,
and Gorrrieg, J. 8. Sleep deprivation: Effeets on De-
havior, thinking, motor performauce, arnd biological
energy transfer systems. Pgychosom, Med, 1960, 22
182-102,

Luay, °. D. Griseir, J. L., Fronsay, C. E, Lees, H,
Conkey, B. D, and Gor1LIEB, J, 8. Biocheinical, psycho-
logicnl., and behavivral responses to slecp deprivation.
Anrn XY, dead. Sci., 1061, 96 71-78.

MacLeax. I D, Dsyehosouatic disease and the **Visceral
Brain”  Psyehosom. Med., 1349, 11 338-333.

MacLeax, P.D. New findings relevant to the evolntion of
psyehosexual funetion of the hrain, J. Nerv. Meat. Dis.,
1062, 135 280-301.

MacLeay, P. D, DENxIsTON, R ., DU, 8. Further stud-
fes on cerebral represeatation of peni.e erection: caudal
thalamus, midbrain, and pons. J. Neurophysiol., 1963,
261 273-203.

MacCLEaN, . D, Dua, 8, DexyistoN, R 1. Cerebral
localization for scratching and seminal discharge. Arch.
Neurol, 1963, 9: 483497,

MacLeax. I D, avd Proog, ID. W, Cerelral represonta-
tion of penile erection. J. Ncwrephysiol, 1062, 25:
20-53.

MacLesy, I D., Puoos, D. W, Rosixsoxn, B. W. Circula-
tory effects of limbic stimulation, with & ecial reference
to the wmale genital organ. Physicl. flcr, 1060, 10:
103-112.

MacWiniiavs, J. Ao Bleod pressure and heart action in
sleep and dreawms. Brit, Ued. J., 1823, 2: 1106-1200.

MaxpELl, A, Riochemical 1spects of rapid ¢ye movement
sleep. Awm. Paychiol, Assi., New York, 1065

Maxpetl, A, J., Caapymay, L. F, Raxp, R W, and Wartee,
R, In.  Plasna corticosteroids: changes in concer ation
after stimulation of hippocampus and amygdalu. &ci-
cnce, 1003, 159: 1212,

MaxprLL. A. J. Korag, E. J, anc Sassat, I. Starvution,
sleep deprivation and the stress responsive indole sub-
stance. Arch, Dicl. Psychial. Tnpress,

ManDpELL, A, T, Stater, G, Memsor, 1., and GEERrsua,
R. H. Stress-responsive indole substance. Arch. Qen,
Paychial., 1963, 9 §3-95.

Maspew, M. P, Mavpews, A, J., and Jacosson, A. Blo-
cheinieal amd Nearophyslolozical Studies of Paradexical
Sleep.  Noeent Auvancces in Riological Peychiotry, 7.
113-124. J. Wortis, (ed.), Plenun, N, Y., 1963,

Manzoxy, T. and Pagsmenciant, I, L. Hippocampal con-
trol of the adivity of thalawic peuraics,  Hetr
Dhysiol delq, 1064, 22 2R

MaroN, Levlar, RucuiraCHARYFS, A, auwl WorresT, E. A,
Thie slecp eycle during napping. Arch. Gen. Peychial,
I0GS, 110 503-798,

Sleep loss, tremor, and
Pcrecat. Mol

Marnis, J. L. Prerek, C. M., and Lester, B. K. Biochem-
ical studies of sleep and dreams. APSS, 1962, Chicago.

MartsuMoro, J. and JouveT, M. Fffet (¢ reserpine, DOPA
et 5 HTP, sur les deux estats de sommeil, Comptes
rendus deg scunces de 1a Socicte de Biologie, 1004, 138:
2037.

Marstzaks, DM, Takaur, II, Torizaxg, T. Paradoxical
phase of sleep: its artificial induction in the cat by
sodinm Lutyrate. Seicnee, 1964, 146: 13251329,

McKENZIE, R, Bb JIARTAMAN, B, aud GRAVELINE, B. F. An
exploratory study of sleep characteristics in a hypo-
dypamlie envirenment, Brooks Air Force Base, Tex.:
Schinol of Aviation Medieine, 1960,

MEIER, G. W, and Bercer, R. J. The development of sleep
and wakefulness patterns in the Infan' rhesus monkey.
ADPSS, 10635, Washiogton, D.C.

MrIcHEL, F., JEANNEROD, M., MoURET, J., RECHETSCIIAFFEN,
A, and Jouvrr, M. Sur les mechanismes de l'activite
dex poiutes au niveau du systeme visvel au cours de la
pbase paradoxiale du scmmeil. O, Soe. Biol, 1964,
1582 103-1C6.

MicHEL, F, KLEIN, M., JOUVET, DANIELLE, 4nd VALATY,
J. L. FEtude polygraphique du sommeil chez le rat. O.R.
Soc. Bio.. In press.

MicHEL, F., RECHTSCHAFFEN, A, and VIMONT-VICARY, P,
Activite electrique de muscles ocnlaires extrinseques
au cours du eycle vielle-sommeil. C.R. Soc. Biol. 1964,
1552 106-109.

MiIxITEN, T. M., N1esyL, P. H,, and HexpLey. C. D. EEG
desynchronization during bebavioral sleep associated
with spike discharges from the thalamus of the cat.
Fed. Proc., 1960, 20 327.

Miurer, N. E. Chemical coding of bebavior in the brain.
Scicncee, 1003, 148 : 328-338.

MirskY, A. F.. and KonNetrskY, C. On the dissinular ef-
fects of drugs on the digit symbol substitution and con-
tinuous performance tcsts: A review and preliminary
integration of behavioral snd physlologieal evidence.
Psychopharmacologia, 1964, 5: 161-137.

MoxxN1er, M. Moderating brain stem systems iuducing
synchronization of the neocortex and sleep. EEG Clin.
Neurophysiol,, 1062, 1 42G.

MoxNiER, M., and Hos13, L. Dialysig of sleep r1d waking
factors in blood of the rabbit. S ‘znec 1964, 146: 796
Y07,

Moxnor, L. J. Psychological and physiological differences
between good and poor sleepers. APSS, 1065, Wash-
ington, H.C. Unpublisbad doctoral dissertation, Uni-
versity of Chicage, 1005,

Moxgot. I,. J., REch1sciIAfFEN, A, FovLFes, D, and JEX-
€eN, Jumta. The discriminability of REM rnd NREM
reporta. J. Pers. Soc. Psychol. In press.

Moonr, G. I'., Secuxno, J. 1", and Perxer, D H. Stability
patterns in interneuronal paccmaker regulation.  San
biczo &ymposium for Biomoedical Lnineering, 1963,

Mogris, G, 0, anl Si1xcer, M. T. Sleep deprivation.
Arch. Gen, Papckial., 1061, 51 4033,

Montzz1, G. Active processes 'n the brain stem during
sleep. The Hareey Leclure Scrice, BR. New York: Ac-
ademic Press, 1062,

126

\)‘)

RIC

Aruitoxt provided by Eic:



Moruzzt, G, The physiolngy of slcep. Endearvour, 1003,
22: 31-36.

Morvuzzr, G. Reticular influences on the EEG.
Clin. Neurophysiol., 1064, 16: 2-17.

MoureT, J. Les Mouvements Oculaires au cours du som-
meil paradoxical. J. Tixler & IMils, 1004.

Mugawskr, B. J, and Cragpg, J. Effect of sleep depriva-
tion on piasma 17-hydroxycorticostervids. J. Appl.
Physiol., 1060, 15 : 250282,

MuRgAY, B. Sleep, Dreams end Arousal. New York: Ap-
pleton Century Crofts. In jress.

MureAY, K. J., §oueiy, E. H, Erikson, K. T, Hitn, W.
I, and ConeN, M. The effects of sleep deprivation on
social behavior. J. Soc. Psych,, 1939, 40: 229,

Murzay, B. J., wirianms, H. L. and Lusiy, A, Body
temperature and Dsychological ratings during sleep
deprivation. J. Brp. Psych., 19358, 56.

Mvuzio, J., Rorrwage, H, and Kavesay, It Alteration in
tle young adult hwwan sleep BEG coufiguration resait-
ing from d-I.SD-23. AP'SS, 1964, Palo Alto.

O'CoNNELL, T . N, and O#NE, M. T. Bioelectrie correlates

EEG

of hypuosis: an experimental reevaluation. Psychial.
Res., 1062, 1: 201-213.
OFFENKRANTZ, W, «nd RECHTSCHAFFEN, A. Clinieal

studies of sexquential dreams. 1. A patient in psycho-
therapy. Arch. Gen. Psychiat., 1063, 8: 497-508.

OFFENKRANTZ, W, and WorPear. BE. The detectlon of
dreaming in a congenitally blind subject. J. Nerv.
Ment. Dis., 1963, 136: SS-00.

ONUFIBER, PuyLirs, Wurrte, I'., DEMYER, MaRIAT K, and
Or11INGER, D. Preliminary observations on the sleep
and dreaming patterns of childhood schizophrenles.
ADSS, 1564, I'alo Alto,

Oswalp, 1. Siceping and Waking. New York: Elsevier,
1962.

OswaLp, I, BERGER, R. J., Jarasirro, R. A, Keoore, K.
M. G., Oy, I". D, and PLUNKETT, G. B. Melancho-
Iia and barbiturates: a controtled EEQ, body, and eye-
movement study of sleep, Brit. J, Psychiat, 10063 100:
66-78.

OswaLp, I, TAYLOR, A. M, and TrEISMAN, M. Discrimina-
tive responses to stlmulatlon doring human sleep.
Brain, 1060, 82: 4140453,

OswaLp, 1., Ta¥Lor, A, M, and TrersMmax, M. Cortical
funciion during human sleep. In The Naturc of Slccp.
DBoston: Little, Brown, 1061, 343-348.

PAaMPIGLIONE, B, and AckNER, B. Thbe eflects of repeat-
ed stimulation upon EEG and vasomotor activity dur-
ing sleep in man. Brein, 1638 §1:61-75.

ParMEGGIaN, . L., Uippocaumpal theta rhythim and neo-
cortlerl responses to rhotle stimml.  Jclv. Physiol.
Pharm, Acta, 1062, 20: 71,

ParMFGeIANT, 1 [ Sineronizzazione dell “attivita bio.
clectrica dell” “Ippmcampo e res; -t dell” area core-
brale primarie gl profezicte acustiea. Arch. Sei. biol,
1062, 46: 121.

P’ARMEGGIANT, I L., and ZaNeceo, G, A study on the bio-
electrical rhythms of cortie. 1 and sybevrtical structures
during avtivated steep. Arch, Ital, oL, 1063, 10,3 3X5,

788 027 65 -

ERIC

Aruitoxt provided by Eic:

DPARMELER, A. . Sleep patterns in infancy, A study of
one infant from birth to 8 months of age. Acta Pacdi-
atrica, 1061, 50 : 160-170.

DAxMELEE, A, JI,, AKIvama, Y., WENNER, W, and FLEs-
CcHER, JEXNY. Activated sleep in prematur~ infants.
AUSR, 1964, 'alo Alto.

ParMerEr, A, H., Scnorz, 10 R, and Dissrow, M. A,
Sleep patterns of the newborn, J. Pediat., 1961, 5S: 241.

Panaereg, A, 1L, and Wex~ER, W. 1L Sleep states in pre-
mature aud fuil terir newborn infauts. AI'SS, 1965,
Washinglon, D.C.

ParvEereg, A M., Wexxer, W, 1, and Scuurz, . R.
Infunt sleep patterns: from birth to 16 wecks of age.
J. Pedint., 1068, 651 5T,

Passry, G, 10, Auevrsy, B AL and Curnces, W, D Use of
the experimental method for evaluations of performance
in mullisuan systeina  Acrospaee Medieal Research
Laboratories Mcaworandum, p. 67, 1964,

PPassouvane, 1%, and Caninirac, J. Les rhythwes theta hip.
pocampigue au cours ¢u sommeil.  In P, Passouant
(ed.y, Mlysiologic do Thippocampe. Paris: Fditions du
CNILR, 1062, 107 331-347.

I'eaRLMAYN, O, aud GrrENserg, I, M. Relation of dream.
ing to formation of the memory trace. AI'SS, 1965,
Washingtan, D.C.

Perscue, 1, Stumer, ¢, and Gocorax, @, The slgnid-
cance of the rabbit's septum as a relay slation between
the midbrain and the hippocampms. EEQG. Clin, Ncuro-
plysiol., 1062, 14: 202,

Pierce, C. M., Maruis, J. 1., and Jaspovr, J. T. Dream
patterns in narcoleptic and hydranencephaiic patieats,
Awer. Pepchiat, Jaxn., New York, 1065,

Pierce, C. M., Wuirsax, I R, Maasg, J. W, and Gay,
M. I. FEuuresis and deeaming.  drch. Gen, Psychiat,
1061, 4: 156-170.

Iierce, C. M., Wurrsax, B It Mass, J. W, and Qay,
M. 1. Erperimentul Studies,
1063,

I'tzzavFrro, D, J., Issax, D, Civs, K. B, and Ruysr,
AL L. Cireadian rhy thmieity in the gensitivity of two
strains of miee to whole-body radiation. Seicnee, 1964,
115: 256 201

I'orrack, ., WEITZaay, 1, and Kriexe, D., Behavloral
arousal (Lesholds during different gleep stages of the
macaca mulatta, MUSS, IOG4, Palo Allo.

I'oxn, A, Nareolepsy @ A brief critical review and study
of eighit cusea. J. Mont. N¥oi, 1952, 081 DOG-604.

PosiNorF, U, BAEKLAND, Y., GoobExovelr, DL R, Karacay,
1., and Suarivo, A, The ¢ffeet of sleep on retentlon.
ADSS, 1063, Wastington, D.C,

Raxsp, W, Cranpatt, D1, Avey, W R, Wartegr, R. D,
and MarkpaM, O, 1L Electrophysiologie investigations
in Iarkinson’s Qizease sud other dyskinesias In nan,
Nowrology, IR2, 120 T51-T70.

1tAsMUsshN, T and I NFrert, W, Movement of head and
cxer arom slitvlation of the human frontal cortex.
Ave Do nere, Dis. Proe., 1048, 27 3406,

RAY, J. 1. Mariy, O, B and Arrvisy, B A, Human per-
formance 1< a funeticn of the work-rest cycle, Natlonai
Aciadony of Sefenees-Nationmil Rescareh Council, 1001,
Noo N2

Snuresis and dreming,

12’/ 1)



Recnrsonarrey, Ao Discussion of De, Wilitim Dement's
paper “Experinental dreeant studies™ Nelenee and
papehaanalysls: Neienfific procecdings of the Acadcwy
of Paypeliowvatysiz, vol, VI, New York, Grune & Strat-
ton, 161 P 162-170.

ReECTITSCNAEEN, A, CorNwsLL, 1%, and ZIMMERMAN, W,
Bridu temperatire vaeiations withe paradoxical sleep
Inthe eol. NDPSS, 1965, Washivgton, DL

Recurscirat - x, A aud Fovrkes, D, Che offect of sisual
stimnll on dreann coutont, Pereept, Mat, Skifls, 10065,
20 140-1100,

RECHTSCHAYFEN, \., GoopgNotvait 1L Ry, or:d Swraviio, A
Patterns of sieen talking.  Arcke Gea, Psyellat,, 1962,
T 418424,

RECITSCHAFFEN,
amplietamaine ou the sleep eyele.
iol, 190E 16 433-445,

RECHTROHAVFEN, A, Scnvesizeenr, B, oand MenNiwer, S
Schizophrenia and physiologi Tudices of dreaming.
Arek, Gen Prygeliiat,, 161, 100 88-03,

ReEcursenarrey, A, and Verbong, I'. Amount of dream-
g Effect of incentive, adaptation to lahoratory, and
fudavidnal differences,  Poreept, Mot Skills, 1064, 10
047-

Recmrrsetarrey, AL Vigbosy, 1%,
Reports of wmental activity during sleep.
chial, coesn J 109G, S 400 -1,

RECHITSCHAFEREN, N, Voukl, o amd Rpraakiey, G, Inler-
relatedness of moental activity during sleep, 4rel, Gen,
Psyelint., 1963, 0 536517,

RecnTscuarres, A, Wobbert, 13 A, DeMENT W. C, MiT-
cuern, 80 A, and Fisner, O Nocturnal sleen of narco-
leptios, KEG Cling Mewrvoplpsiol, 3963, 15 599-609,

Revine, G. R, Resent, W, C, Recnrsenarery, A, and
DaNieLs, R 8, Sleep pattern of tooth-gr »ling: {ts
relatlonship to dreaming. Nelonee, 1908, 1131 725-T260,

e, M, Aney, W, R, Kavay, Eva and Ruooes, J.,
Electrophy=iotogical correlates of steep In the monkey,
AR, 1964, Paio Allo.

Ruonks, J. M. Kleep in e ehimprnzee,
1ado Alto,

Ruovrs, J. M., RenE, L L, Browy, Dy oand Aoky, WL R,
Cortienl anl subeortical relationships In the chimpanzee
daring diff ~ent phases of sleep. Newrephysiologle o
efafy de sopncil, Fditdons du Centre Nuational de Ta
Rechierche Seleattfique, aris, 19035,

Ruesrre e, U1 Bintoyical Clocks in Mcdicine and Pay-
o7 e Charles C'Thomas, 1985,

[ Kees, WO L A phivstological stidy of sleep in the im-
mwadure elmpanaee, APPSR, TS, Vishington, 110,

Lirkkk, Ly, and Livky, ., et al. Influcnce de T seretouton
ct du O TP e de sommeil experimental en proesenee on
non diprowtazide. Ree. dgrossologio, 1060, 10 4,

Risre, M, Tanovcearmn, Joo De certalns aspeets dQu som-
uamtndisme, Tonjo v Nedo J, 7062, 1 420431

Rovrwsgra, 11 1%, DexeNt, W, C, ard Fisiew, ¢, DPre-
liminary olscrvations on the sleepdream patterns in
siconated, Infants, (hitdren, and adotls, In 3 Barmy
(), Probloms of Staop and Drcams in Childres 1o
don s I'ergamon, 1963,

Rorkware, FL P, DEMENT, WL 0L Muzin, 1N 20dd Frsirs,
Co Dream foagers : reladionshipc te raphd eye niene-

ERIC

Aruitoxt provided by Eic:

A, and Magon, Lorvise, The effect of
ERG Clin. Ncurophys.

and WiiraToNn, Joy,
Coriad, Psy-

APRY, 1964,

wents of sleen,  Areh, Gend Psyelint., 1962, 70 285 208,
Rorrwane, 1L I, Muzio, 3. Nooand Desssr, W, U Oue-
togetitic Develapment of the Moman Sleep-Dream Cycle,
Keicnee, in press

Rowax, F, Weiws, 1%, awl Frvkovy, 1
clianges during the siecp eyele of the rat,
Newrophyyviol, TOG3, 150 T73-T85.

Roszer, B X, Gore, W. R Mnrsox, "I Cerebral elee-
trical vesponses ta externad stispuli, In DR tnd Be-
haeioe, 110 110 Glisser (ed.), 1963, New York DBasic
Boaks,

Koss, . Nowrologieal finding: arfer proloetiged <tfeep dep-
vivation, APSS 1034, Palo Alto.

Rosar, (1, F,  Sleep-indueiug wechanuisms in tles Liain
stenr, FEG Cling Nowvophpsiol,, 1962, 11§28,

Rosse, G 1L, Canory, Oy, aud Mavorr, Koo Fyperimental
fLaditgs on the avatowical loeation of e rain seee-
tures responsible for the deepest stage of <leep in the
eat. APRN, 1963, New Yorl,

Ros<r, €, 1, Favae, K, Taes, 1., Giessann AL, and
Raveo, Gy Rescarelies on the nervous mechanisis wo-
derlying deep sleep in the eat, Areh, JHal, Biol, 1T,
G 230-202,

Horin B0 The elinteal and theoretival flapertanee of BEG
thy s corvespotding (o sates of loweral vigilanee,

EEG Clin, Nowrophpsiol, 1961, 130 395 -309,
Sarxr-TavreNt, ., Taonsg, Co BROVGHON, 1%, and Gase

rart, He A pelygraphic study of nocturnal enaresis in
the epileptic ¢hild,  EEG Clin, Nowropl ysiol, 1963, 15
LN

Saaresoy, 13,
Ington, 1.0,

Nanmesox, L Iwprividion of dreianing
methieds, ADPNSD 1G5 Washington, 1300

Sawrkk, (Ul None effects of sex hormones o hraia
function.  Procecdings of Third Worid Congress of
Pereliatry, University of Terouto I'ress, 1661, 118120,

S[awykg, ¢ 11 MecLanisms by which drags ol hov-
mones activate amd Dlock release of pitwitary gowudo.
troping, Irocesdings of Firet Internstional Phiavanieo-
Togieal Mecting, vol, T, Pergmon 1ress, 163, 27- 16,

Nawvenr, COTE, and Kawakasrn M. Clharacteristios of bes
lavioral and ddectro-enesphalogeaphic after-reactions to
copulation aud vaginal stimulation fo (i femate rale-
Lit. Bleerinology, 1O50, G22-630,

Nawarrn, 1L, ond Kawagasrn Mo Interactions hedween
(he contral pervous sy~tei and hormones fnthieneing
saulation, En 40N Villee (¢, Ceiteot of OQenlaling,
Perdamear Peess, TG,

Kawyrnw UM Kouowaraar, Mo Maeke, 301 and kg
i, 1, ML Physiologieal stadies on some inferactions
Ietween (he brain and the pitwiiary-gonad axis tn the
rabbit,  Pedocrinology, 1950, 631 GLE GSS,

Reurinry, Mamek I, and Senvmvr, AL B, Koo stenes
turo-functional correlates of developaent in young cats,
EEG Chne Noneophu<dol, 1963, supp. 29, 23405,

Nenkmke, Maoer BEooamd Yenkmre, A Bl Rome penral
substrates of postnatal development, Firsf Annnal Re-
ticis ng CWW Dor lopmient, M. Hefiea (ed), In
press,

SeurIN, B The ¢ffedts of vep deprivation an per.
fortvmee inoa stnimlafed commmfeation tas!. S, Appl
Pepch. 1057, 11,

"

Lixcitahility
EUG Clin,

The Liboratory dreant. APSS, 1965, Wish-

sleep by fwa

A Fe



Noepwariz, Brory AL, Gengsare, G, oand Yisencorn, 1
Ningle and multiple spikes in the night sleep of epllep-
ties. BB Clin, Newrophysiol, 1061 16, 50-61.

Neorr, J, Blood plasmn free fatty aeid levels during
sloep. ADPSS, 1964, Pato Alto.

Kcorr, T, Sleed patterns in normal and enurctic ehildren
E-10 years) . ADPSKS 190G E 1alo Alte,

J. Sleeping and dreaming in enuretic children,

8, 1064, Uato Alto.

Npetseo, Jo 1 A hypothesis corcerning the sharn nitch
dizerinnination obxervod in the slecpimg cat,  Erperl-
cndia., 1964, 20: 415,

RuGesno, Lo 1Y, Moows, G, ', STEssaas, Lo J, and Live-
10K, T T Senxitivity of neuronss in Aplypsit to ten-
poral pattern of arciving impulses, o, Eop. Disl, 1063,
402 G13-66T,

SeMACIN, V. N, Sleep in the Arctie, Fiziol, 2, ssr, Scoh-
cunr., 1061, 47 8-11.

Nppariko, A, A comparixon of the clectrical activity re.
cordad from the sealp with that recorded from varions
peirts of the brain daring spontaneaus noctarne] sleepy
ha o human sulject, ADPNS, 19628, Clieago,

Sisrie, A, GeepeExovatr, 1Y I, Bieperyazx, I, and
Serakg, I Tream reeall anud the physiology of sleep.
JoApp, Pheiol, 196110,

Niarmo, AL GrepkEsovair, D R, oand Geyner, R,OIL
Deeant recall as o functlon of nethed f awakening,
Pxppehoxont, Med, 1963, 250 171-180,

SprvkiN, 1L and Luporsky, 1. The measurement of
precorscieiis preception fnodreams and jmages: An in-
vestigation of the Pocts] phenomenen,  J. Abnorit, Soe,
Pagich., 1003, T 285204,

NHUNEIRMAN, o X,

Snfelde, sleep, ot death: some pos-

sikle jnterrelations among ce

vontinuation phenomenn,  Keeicr, 1963,

o, 0 W Repetitive verhal  stinmlation during

drowsy states ws a teelinigne for leaening and problein

solving, and the moedification of himan behavior and

aflitudes, Hughcos Aireraft, 1001,

SroN, VW, Some frnnedinte effeets of drowstness aud
sleep on nornad o perfortace,
1061, 3,

SivoN, CoWaand Fusions, WL Taarning during sleep,
Poageehod, Bull, 1D05, 320 32N 312,

NivoN, COW, nud Beyvoss, W, 1L BEG, cousciomnsness,
o sleeps Sejenee, Tanh 120 To66 1669,

Sivoxe GO Wooand Fuvons, Wl Responses {a -
terial presented during variovs levels of stecpe o Erp,
Daprchol, 1056, 311 8597,

Suenig, I G oand Sawvie, 0 H Pffects of inplanta-
tien of cartlaed inte the brain stem of pittitary gland
an the adreral tospoiise 1o stress in the rablit,  Aeta
Endacrivol, 1962, 812 H61-570.

Sargn, Fooand Harn, €0 S0 An investigation of repres
ston oA tong dream serfes, 4 Sorontal, 1961,

Sxypbr. Koo Dream reeall, pespiocatory variability o
dejdh of sicep. Aeddress, 8ywpos™ un on Dieams, Awer,
Payeliint, Axey, VIR,

ation, Interru; tion, and

Y

himan Factuix,

SxypER, ¥ Autonomic conecomitants ¢f REM and NREM
sleep. ADSE, 1962, bl ago.

SxypvER, F. The new biology of dreaming.
Payehiat, 1963, S: R81-301,

SNYpER, I The REM stote in a living fossil.
1064, Palo Alto.

S~NypER, F. Progress in the new biolegy of dreaming.
Ant, Psyehial. dssn., 1963, New York,

NXypeR, F. The organismic state associated with dream-
ing. In N. 8. Greenfield and W, . Lewis (eds.),
Peyenoanalysis and Current Rintagicnl Thought., Unle
versity of Wi-consla Uress, 1065, 275-315,

SNvoiR, P Hossox, J, A, aud Gorberask, Foo Blood pres:
sure chapges during lpnan sleep. Sefcaer, 1963, 112
1513-1314.

Oxyper, B, Honson, J. A, Morrison, 1), R, and Goip-
FRaNK, P, Changes in respiration, heart rate, and
systolie blood pressure in human sleeps J, A ppl. Phoygiol,,
1064, 10 417422,

Srenvax, M. B, and Cresmesig, C, D Forebrain inbib-
itory mechoniss: Cortical synchronization likdneed
by Dbasul forebrain stimulation,  Eep, Newrol, 1062,
G 01-102,

S1EaMaN, M, Kyavss, T, LEnwasy, 1y, aud CLEMESTE,
G, Steep and waking in the isolated eat: Lffects of
basial forebrain lestons.  APSS, 1964, Ialo Alto.

Stovva, J. The cffect of snggested dreams on the length
of rapla e;'e movement periods, AD'SS, 1962, Chieago.

Srovvy, J, Kaxiya, J., aud Foxsyrn, R, Olservations of
blood pressure and heart rate {n the sleeping macaca
mulatta,  ADPSE, 1965, Washington, D.(,

Searky, Io Effects of fpsufficient sleep on serum choles-
terol andg blood reduced rutathtone level. Rodo Magaka,
1063, 371 166,

Tawr, ¢ Fregneney of reane recall and sowe per-
sonality measures.  J, Copsall, Papchol, 1062, 26:
167470,

Farr, C. 1. Effects nf posthypuotic suggestion on thas
process of dreamitng, Unpublished doctoral disseria-
thon, University of North Carolina, 1£.63.

Tawr, COF A comparison of supgested dreams occurting
in hypnosts and sleep,  futers . Cline Eep. Hppnosis,
1004, 12 263380,

Trosvtan, 1 REcHIsCiarkey A, OFrENKRAN1Z, W, and
Woervrar Mo Studles in paychophy stology of dreams,
IV Rebtions among dreams in sequience,
Papelinl 1960, 35 602 607,

Tyarr, FOM, Mreos, G, Fiorex oy, AL AL and Savifre,
Lo T The dinrnal svariatlon of 17-hydroayeartico-
sorefd devels fn pdasma, WO Endeerinat, 1051, 14 ;
Tl

Vs, W e Jovven, D, and Jorven, Mo Evolution elee-
trovieephalogeaphique des differents extats de sommeil
chez le chaton, E&G Clin. Newpophpeiol, 204 173
21R-233,

Vartears, I'y and Bvares, 2000 The temporal relaiion
af unit diseharee in visnal corlex and activity of ihe
extraocutar moples during sleep. ARS8, 1065, Wash-
fngton, D,

Arch, Gen.

ADSS,

Arel, Gen,

124

O

RIC

Aruitoxt provided by Eic:

123



vavann, C. J. The developuent snd use of an operant
tachnique to provide evidence for visual fwagery iu the
rulesus monkey unler “sensory deprivation” Doctoral
dissertation, Unlversity of Eittsburgh, 1964,

YELLUTI, R., und HerNaNvEZ-Prox, R, Atropine blocknde
within a cholinergic byjpmogenic circuit. Ewrp. Nevrol,
1963, 8: 20-20.

Vervong, P. P. Yariables rclated to the temporal ref-
erence of manifest dream content.  Percept. Mot, Skills,
1065, 20: 1253-1268,

Vocer, G.  Studies in psychophysfology of dreams. IIL
The dream or rarcolepsy. Arch. Gen. Psychiat, 1900,
3: 421428,

VoxEuLER, C, and GRreeN, J. D, kxcitation, inhibition
and rhythmical activity in hippocampal pyramldal cells
in rabbit. Acta Paysiol. Seand., 1960, 48: 110.

WeBB, Witse B.  Aatecedents of sleep.  J. Eap. Paychiol,
1957, 63: 162-1G6.

WELB, WILsE B.  An overview of sleep ag an experimental
variable (1040-59), Relcnee, 1961, 134 3421,

Webs, WiLee B. Sleop deprivaiion: Age and exhaustion
time in therat. Scicnee, 1962, 136: 1122,

WeEss, WIrse B. Souwe effects of protonged sleep depriva.
tlon on the hoodl rat. J. Physiol. Comp. Psychol.,
1062, 55: 791~703.

Wesn, WiLsg B, ond Avnes, I, Sleep tendencies: Effects
of barometric pressure. Sciciee, 1064, 132 263-2G41.
WeBB, WiLse I3, and Acxew, IL W. Reaction thne and
soclal 1esponse efficieney on arousal from sleep. Per-

cept. Mot. Skilts, 19Gi, 18: 783-7T84.

WEeBp, WILsE B, and AoNew, 11 W,
tinued partlal sleep deprivation.
fugton, D.C.

\YesB, Witse B, and JEANNeReT, I It Strength of grip
on arousal from full night's sleep.  Poreept. Mol. Skille,
1063, 17: 7159-761.

Wees, WiLse B., and Sroxg S.
sponges of young college adults,
1003, 16: 162,

WEINBERGER, N. M, and Ya~yvscey, . B, Beliavioral and
eloctroencephalographle aronsal to contrasting novel
stimulation. Sclence, 19C4, 148 13051357,

Weiss, T. Sleep ¢ycle in rodants, AU'SS, 1064, l'alo
Alto.

WErtzMAN, E. 1. A note on the EEG and ¢y e movenents
during behavloral steep in monkeya,  KEG Clin, Newrn-
physint, 1061, 13: T00-T04,

WEITeMAYN, B. I, FisitpeiN, W, and Graziany, . Audl
tory evoked cesponses obfained from sealp of the fuil
term new-born hrman during sleep.  Pediatrics, 1963,
35: 458462,

WeitzMaN, E. D, and Kremey, I Awditory evoked re-
sponsed during dufferent stages of sleep In man. KEG
Clin, Neurcphysiol.,, 10654, 18: 65-70.

WEerrzMAN, . D, Kxriegr, D, and Porrax, C. Cydlie
activity in slecp of macica mnlatta, Arch. of Nouraol,
1965, 12: 463-467.

WEerrzMAS, E. D, Scuauvmere, H., and Fispeen, W,
Piasma 17-hydroxycorticosteroini Tevela diring steep fu

The results of con-
APNS, 1065, Wash-

A note on the sleep re-
Perecpt. stot, Skiils,

West, I. J.  United States Alr force prisoners of Chinese
Comamunists, In Methoeds of furceful indoctrivation:
cbscrvations and intervicws. Group for Advancement
of I'sychiatry Symposium, 1957, 4: 270284,

WEest, L. J. A general theory of hallucinations and
dreams. In I. J. West (ed,), Hallucinations. New
York: Grune & Stratton, 1952.

\YEesT, L. T., Janszen, H, 1., LEsTER, B, K., and CorXELI-
500N, F. 8. The psychosis of sleep deprivation. Ann.
N.Y. Acad. Sci, 1962, 9G: 66-70.

Wiirsan, R. M. Drugs, dreams, and the experimeutal
subject. Canad. Peychiat. Asan., J., 1963, 8: 303--390.
Wmrsman, R, M. Kemembering and forgetting dreams
in psychornalysis, J. dmer. Psychoanal. Assn., 1963,

T 152-it7L

Warrsax, R, M., OrxstEIN, I, KRAMEP, M., aud Baro-
nipge, B. Iypnotlic conflict implarcation and dreamn
formation. ADPSS, 1963, New Yeuk,

Wiiraan, R M, Piercg, C. M., nnd Maas, J. Drugs and
dreams, In L. Uhr and J. G. Miller {cds.), Drugs
and Brdavior., New Yeok: Wiley, 1960,

Wititaan, R, M, Pieree, C. M., Maas, J., and BALORIDGE,
B. Drugs and dreams. 11, Imipramine and prochlor-
perazine. Comrn, Psyckiat,, 1961, 2: 219-226.

Winiman, R, Vierce, C, Mass, J.,, and Barpringe, B.
The dreaws of the experiluental subject.  J. Nerv. Ment,
Dis., 1962 134: 431-439.

WiekiNsor, R. T. Muscle tension durlog mertal work
under eleep deprivation. J. Erp. Psychol, 1062, ¢4
D03-H71.

WitkiNsoy, R, T.  Interaction of nLoise with knowledge of
resulis and sleep deprivation, J. Fep, Feychol, 1963,
GG 332-337.

Waxissen, It T, After cifect of sleep denrlvation, J.
Eop, Psychol, 1003, 68: 430514,

WiLkiNsoN, R.T. Effacts of up to 60 hours of slrep depri-
vation on different types of work. KErgoncw rs, 1964,
7 175-188.

WiLkiNsoN, RR. T. A review of sleep deprivation, In

Jdlilme and Backarach, (eds.), The Physiology of Hu-
man Surefvel, New York, Academwde Press. In press.

Winirams, H. L, Graxos, A, M, Jones, R. C, LUBIN, A,
and ArmiNcion, J, C. EEQ frequency and finger pulse
volume as predlctors of reaction rime dnring stecp loss.
FEGCin, Newrophpsiod, 1062, 141 H1-70,

Wirianms, 11 Ly, ILssyack, J. T, Davy, R, L, DEMSENT,
W O, and Trmse A, Respo.ses to anditory stimmla-
ton, sleep losg, and the EEG Jages of sleep. EEG Clin,
Ncwrophprtol, 1064, 16: 200270,

Wittiang, IL L, Leeiy, A, and Gooozow, J. §.  Impaired
perfurmance with acute sleeploss.  Payck. Monngraphe,
73, No. M.

Wrrttass, H. L., Moriock, 11 (4, and Mortock, JEAN V.
Discriminative responses fo auditery slgnals durlng
steep.  APA, 1963, Philadelphia,

Wrtriasms, 11 1., Mornis, . O, and Lusiy, A. Iluslons,
hatlueinatfeng, and sleep lose. In L, J. “Vest (el),
MHaltucinatione, Now York: Grune & Ktralton, 1062,

Wirrravs, L L, T%¥rag, . I, and Moxiock, 1L (.
Eaoked responices ta clicks and ¢ledtroencephalogeaphle
stages of sleep fn man,  Seicnce, 1062, 138: 683-656,

man. AUSS, 1965, Washington, D.C.

ERIC?

Aruitoxt provided by Eic:



O

WnLiAMs, R. L., Auxew, 1I. W, and WEBB, WIiLsE 1.
Sle~p patterns n yoang adults: an ERG study. ERY
Clin. Neurophysiol., 1004, 17: 376-351.

WiusoN, W. P, and ZuNg, W. K. Arousal threshold of
males and females during sleep. 10th Annual Con-
ference VA Cooperatlve 8{.adieg in Psychiatry, New Or-
leans, La., March 1065.

WiTkIN, H. A, and Lewis, Herex B. The relation of
experimentally induced pre-sleep experiences o
reams: prellmlnary report. January 1964,

Woreert E. A. Studles in psyctophysiclogy of dreaws.
1I. An electromyographic study of dreaming. dArch.
Qen. Paychiat., 1960, 2: 231-241.

Worrerr, E. A, and Tros»aN, Ii. Studies in psycho-
physinlogy of dreams. I. Experimental evecatlon of
sequentfal dream episodes. Arch. Ncurol. Psychiat.,
1958, 79: 603-606.

WorLsTENHOLME, G. E. W., and O'CoNNoR, M. (edxr.), The
Nature of Sleep. Roston: ¥attl>, Rrown, 1960,

Woons, R. L. The World of Drcams. New York: Ran-
dom House, 1847,

WryrwiIcKA, W, STERMAN, M. B. aud CiemeNte, C. I
Corditioning of induced electroencephalograpble stecp
patterns in tho cat.  Science, 1902, 137: 016-618.

Yoxora, T, and Fraidorn B, Effects of braln-stem stim-
ulation upon hippocampal electrical activity, sometomo-
tor relexes and autonomic functions. The EEG Jour-
nal, 1064, 18; 375,

Yokora, 1., Sato, A., acd FuJinorr, 3. Inhibition of sym-
oathetic acuivity by slimulation of tha limbic system.
Jagan J. Plysiol, 1963, 13: 138,

Yoss, R. B, and Davy, D. D. Criteria for the dlagnosis
of the marcoleptic syndronte. Proc. Staff Mcet. Mayo
Clin., 1057, 32: 320-328.

Yoss, R. E, and Dauvy, I D, Narcolepsy. Arch. Int.
Med., 1960, 106: 168-171.

Yoss, R. E, and Dary, D D. Narcolepsy in children.
Pedintrics, 1960, 23: 1025-1033,

Yoss, R, E,, and DarLy, D, D, Hereditary aspects of nar-
colepsy. Trans. Amor. Neurol. Assn., 1960, 230-210.
ZaNcHETTL,, A. Elcctroencephalographic activation dur-
ing sleep after destruction of midbrain-limbic pathways

in the cat, AD3S, 1063, New York.

zZuxo, W. K., Nayrog, T., Gianturco, D,, and Wr-sox, W,
P. Computer stmulation of sleep EEQ patterns nsing a
Markov chain model, Recent Advances in Biological Psy-
chiatry, vol. V11§, Plenuin Y'ress, New York, 1065,

Zuna, W. K, and WiLson, W. . Auditory stimuli dis-
crimination during sleep. EKEQ Ciin. Neurophysiol,
1961, 13: 313.

Zunoe, W. K, and WiLsoN, Y, P. Response to auditory
stimulation during sleep.  Arch. Gen. Psychiatl., 1901, 4;
548-552.

ZuNa, W. K., WiLsox, W. P, and Dopsox, W, B. Effect of
depressive disorders on sleep EEG arouscl. Arch. Gen.
Psychlat., 1964, 10: 430.

131

ERIC

Aruitoxt provided by Eic:

128

EE BT AT PEINTG PR a0



