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Introduction

There were scveral reasons for inves-
tigating the effects of sleep deprivation in
man. One was simply a curiosity about the
unusual conscquences of prolonged insomnia
described by earlier investigators. Kleit-
man! and Tyler? cited in detail the
hallucinations and “psychotic-like” symp-
toms that occur under these circumstances
and also described subjects who developed
short-lived “schizophrenic” psychoses. DPsy-
chological alterations, such as inattention,
apathy, illusions, and hallucinations, which
commonly appear after 36 to 50 hours of
wakefulness, have been noted to coincide
with an incrcase in high-frequency, low-
amplitude waves on the electroencephalogo-
gram.®® In contrast to such spontaneous
psychological disturbances, sleep-deprived
subjects have been able to perform normally
on specific tests designed to measure work
capacity, psychomotor performance, intel-
lectual acumen, and personality structure, *#
Measurements of the basal metabolic rate,
blood sugar, alkaline reserve, blood and
urinary adrenal steroids, etc,, have not been

found to change significantly with sleep
deprivation.'®
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A more pertinent reason for our interest
was the hypothesis that sleep deprivation
had greater clinical significance in the pre-
cipitation of a few schizophrenic reactions
than had previously been suspected. It is
common knowledge that fatigued children
and adults tend to be irritable and unrea-
sonable, It is less commonly emphasized
that many agilated persons on the brink
of a psychotic break suffer fromi severe
insomnia and that a few pass through a
prolonged period of wakefulness as the
schizophrenic process unfolds, Two such
patients have becn studied and will be re-
ported. They have prompted us to inquire
whether a prolonged loss of slecp might
have a decleterious effect upon the per-
sonality of an individual already on the
verge of a psychosis. It was hoped that
these studies might clarify the importance
of this possibility.

Experimental Design, Subjects, and
Methods of Observation

In designing the studies, major emphasis
was placed upon the measurement of the
psychological effects of sleep deprivation.
The tests employed were not entirely satis-
factory, despite their numbers, since precise
psychological tools to appraise the highest
and most refined cortical functions are not
available. As a reflection of our interest in
psychoendocrinology, studies were made also
of the concentrations and the diurnal pat-
tern of the blood and urinary adrenal
steroids. In a second series of experiments,
the cffect of d-lysergic acid diethylamide
(LSD-25) on sleep-deprived subjects was
studied 1o determine the influence of pro-
longed wakefulness on sensitivity to this



SLEEP DEPRIVATION--SCHIZOPHRENIA

hallucinogenic agent, Finally, one subject
was studied on a metabolic ward to deter-
mine the cffect of sleep deprivation on pro-
tein and electrolyte metabolism.

Seven medical students, motivated by a
progressive pay scale, remained without
sleep for 72 consecutive hours. During this
time, they stayed In rooms on an open
psychiatric ward, took their mcals in the
hospital cafeteria, and were free to stimulate
wakefulness by whatever diversions they
might choose. To ensure wakefulness, the
subjects were constantly attended by relays
of monitors, who were also responsible for
carrying out behavioral observations and
administering the various psychological tests.

In terms of interpersonal relationships be-
tween subjects and invesligators, the ex-
perimental  setting was permissive and
anxiety-sparing. No efforts were made fo
irritate, challenge, or otherwise deliberately
stress the subjects. The various observa-
tions and tests carried out and their timing
during the 72-hour experimental period are
sumniarized in Table 1.

The effects of LSD-25 were studied in
four subjects who remained awake for 48
hours before receiving the drug. The one
subject who was carefully studied metaboli-
cally was placed on a constant diet, and,
after seven days, when he was in nitrogen,
sodium, potassium, phosphate, chloride, and

TaBLE 1.—Observations and Tests During Seventy-Two Hour Experimental Perind

T'rocedure

Behavioral ratings by observers
Estimates of behavior *

Estimates of degree of sleep-
iness

Pgychological tests
Estimate of time
Introspective questionnalre *

Adjective check list *

Drive preference *

Rorachach test

Bubjects' estimate of degree
of sleapiness
Fantasy formation

Rate of assoclation to graded
nongénse syllables *

Percoption of muthated
words (Thurstone's Test)
Learning test-spatial con-
cept formation tegt !+
Introspective description of
experience by subjects

Endoerinology

- Plasma  i7-hydroxycortl-
costerolds
Urinary
costeroids
Urinary 17-ketosteroids

17-hydroxycorti-

Deserlption

25 deseriptive ltems were rated on 4-point scaly; these were
clustered into 15 categories

‘Subjects were  rated on 8 10-polnt wakefulnesg-sleepiness

scale

Subjects estimated !4- and 2-min. intervals

A B7.ltem questionnaire was administered, modified from
that developed by Jarvik et al.7 for study of LSD-25 effects;
this was clustered into 9 categories

The list was composed of 106 adjectives descriptive of mental
states; these were clustered into 7 categories

Drive preference tests sampled desice for food, sleep, activity,
sex, intellectual and hostile hehavior: One test was self-rating
procedure on & 4-point scale; the other was a forced-cholee
questionnsire

This was a modification of the test designed to ldentify *'psy-
chotle” thinking

Subjects rated themselves on n 10-polnt wakelulness-sleep-
iness scale

(a) Bubjects visualized scenes an blank white cards

(b) Subjects remained alone facing wall for 5 min. und then re-
lated thelr thoughts

Subjects associated to nonsense syllables; speed and ability to
perform were measured; the 3 lists were equivalent, but the
syllables were different

The capacity to pereelve fragmented words was measured

This was a test designed to measure the eapacity to orgunize
symbols

Bubjects described retrospectively, after the experiment was
terminatod, their recollection of the experience

20 ml. of blood was draswn and analyzed by 8 madification 1
of Nelson and Bamuels’ technlgue 22

Urines were analyzed by s modification 't of technique of
Reddy et al. 14

Urines were analygad by the Lechnique of Callow ot al. 19

Time Administered Daily

12m., fprm., ]am.,6am.

Every 2 hr., & a.m. to 12 a.mn.
Every bour, 12 a.m. 10 8 a.m.

% p.m, 3 nan,
12m., 6 pm, 1am.,6am.
2m.,6pm., lam,6am.

§am,4pm,lam, 6am,

2a.m. (st and 34 days)

Every 2 hr, 8 am. to 12 a.m.;
every hr. 12s8.n. to 8 a.m.

8 p.m,

4 a.m. (1st anr 3d days)

12 p.m.

13 p.a, (1st and 3d days)

3 2.m. (3d day)

8 a.an., 0 p.., 4 8.m.
Every 6 hr,

Every 6 hr.

* The results of these tests ure expressed numerically in Tables 2, 4, 5, and 6. A scoring system based upon aggreginte mean responses
for the group of subjects was devised for ench procedurs. These were inexact measurements but dld offer a rough quantitative estimate
of the varlations in psychologlesl state that occurred «uring the period of sleop deprivation,

Bliss et al.
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calciwn balance, was deprived of sleep for
72 hours and then kept on the same dietary
regimen for another five days.

Clinical Observation

Although many patients suffer some de-
gree of insomnia prior to and during an
acute psychotic attack, only a few seem to
experience prolonged sleep deprivation. The
two patients who are briefly described ap-
pear to have been cases of this situation,
Neither had experienced a previous schizo-
phrenic episode; both were in their middle
years, and cach had a short-lived psychotic
episode that responded rapidly to treatment.

The first patient was a 44-vear-old woman who
decompensated after the accidental death of her
16-year-old son. While driving the family car,
he struck a cow and was fatally injured. For the
next 27 hours he lingered in coma and then died.
During this time his motler stayed at his side. She
cried, remained sleepless, and complained of pains
in the region of all her son's injuries. Thereaiter
she became emotionally more controlled but could
not sleep. By Tuesday her insommia had lasted
almost three days, and at that time further evi-
dences of irrationality were present. The next
tay, after close to 90 hours of sleep deprivation,
self-recriminations, and excruciating psychic dis-
tress, she became grossly psychotic. She railed
against the atomic bomb, expressed religious de-
lusions, refused to wear clothing, screamed, and
lapsed into an incomprehensible gibberish.  She
was taken to the hospital and seven days later, after
three electroshock treatments, reverted to normal
behavior. Thereafter she received two more electro-
shock treatments, her behavior remained rational,
and she was discharged.

Eight months later, at the time her son would
have graduated from high school, a series of events
reactivated her psychotic grief reaction. Again
she hecame depressed, ruminative, and intensely
miserable; failed to sleep for three days, and re-
lapsed into a psychotic state. She was rehospital-
ized, was treated with chlorpromazine {Thorazine)
and perphenazine (Trilafor) and in six days
recovered.

The second patient was a 3l-year-old man, a
successful cattle and dairy rancher, who had a
schizophrenic sister, two vears his semior. The
previous year he had been elected to the local
school board and found himself deeply involved
in a dispute as fo where a new school should be
placed. He represented a minority position and,
very much a ncophyte to politics, found himself
battling the board unsuccessfully. Under the stress
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of this bitter conflict, he began to smoke and drink
coffee excessively and was so disturbed that he
slept no more than two or three hours a night.
Finally, after three weeks of turmoil, culminating
in four days of rtotal sleeplessness, he became
psychotic. He felt that he was being watched, that
his telephone was monitored, and became convinced
that God had given him special powers. Acting on
his newly acquired divine authority, he descended
upon the local school and abruptly dismissed the
school clerk, superintendent, and janitor. His
physician made the diugnosis of schizophrenia and
referred him to the hospital. He was placed on a
regimen of chlorpromazine, began to sleep again,
reduced his consumption of cigarettes and coffee,
resolved to leave politics to more skilled and
experienced neighbors, and within a few days re-
covered.

Since patients often unwittingly exag-
gerate the extent of their insomnia, every
effort was made to verify the history in
both cases. In the first instance the patient’s
husband was able to confirm the accuracy
of the story, and there seemed little doubt
that she had experienced total or near-total
prolonged sleep deprivation on both occa-
sions. The second patient had been sleeping
in a room by himself, and his wife could
not contribute any useful information about
disturbances in his pattern of sleep, since
she was not present to observe it. There
was no way to check his story, except to
note that he was an impeccably honest and
factual person, ordinarily a good observer,
who was convinced that his insomnia had
been prolonged and severe.

Experimental Observations on
Sleep-Deprived Subjects

1. Psychological and Behavioral Observa-
tions.—A. TIntellectual Function: 1. At
2:00 a. m. on the morning of the first and '
third slecpless days, all subjects were given
a modification of the Rorschach Test,® de-
signed to distinguish psychotic from non-
psychotic states. It was assumed that if
prolonged slecp deprivation caused a think-
ing disorder, this would be evident on such
a test. All seven subjects scored within the
normal range, and variations from the first
to the third day were insignificant, indicating
that no formal thinking disorder as meas-
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ured by the tests was evident during the
testing procedure.

2. On the early morning of the third day,
four subjects were given a complex learn-
ing test (Spatial Concept TFormation Test)
that lasted three-fourths of an hour. It
called for considerable concentration, the
capacity to order symbols, and the ability to
integrate and solve moderately difficult prob-
lems. As a test, it was the most complex
one administered, and intellectually the most
difficult we could provide. Nevertheless, at
3:00 a. m., when all were glassy-eyed with
fatigue, each subject was able 1o mobilize
his addled senses and concentrate sufficiently
to solve the problems. When these scores
were compared with those of 53 students
who acted as controls, there were no signifi-
cant differences between the two groups.
Al! four sleep-deprived subjects scored with-
in the normal range.

3. Each day subjects were asked to as-
sociate to a list of graded nonsense syllables.
This proved to be much too simple a task,
and it was accomplished rapidly and ef-
ficiently on every occasion. No diffierences
in performance from the first to the third
day could be demonstrated.

4. Subjects were given a ‘‘mutilated”
word test on the first and third days. Again,
they performed as capably on the last day
as they did on the first.

It was concluded from these studies that
subjects deprived of sleep had the capacity
to moebilize their intellectual facilitics when
confronted with these formal tests of rel-
actively short duration. They could perform
in a normal fashion under these conditions,
despite evidences of disorganization under
informal circumstances.

B. Drive States: Subjects were asked to
grade their preference for items involving
sex, food, sleep, exercise, intellectual ac-
tivity, and hostile behavior. They were te-
- quired on a second questionnaire to make
a forced choice of these items, Although
imperfect procedures, these tests revealed
some interesting trends. As might be ex-
pected with prolonged slecplessness, a desire

Bliss et al.

TasLe 2—Drive States

st 3d  1st 3
Dy Day Day Day
P.M.P.M.A M. AM,

Sex 12 21 20 2a
Food M M 14 Helf rating
Bleep 7 2 6 21} (7subjects)
Exercisa 17 5 4 3
Intedectual 20 2 15 i

activity
Spx 7 8 9 71
Food 8 & 10 7
Sleep 4 12 a4 12 Yorced cholce
Exrreise [ 3 5 A (4 subiects)
Intellectual & 2 T 1

activity
Hostllity 2 3 3 1

for sleep became prominent, as an interest
in exercise and intellectual pursuits waned.
Less expected was the persistent and sus-
tained interest in food and sex despite the
uninterrupted insomnia, suggesting either
that medical students arc a hardy breed or
that these interests are strong and not easily
diminished. [eclings of hostility underwent
little change under the conditions of the
experiment (Table 2%,

C. Estimate of Time: Twice a day sub-
jects were asked to estimate the passage of
one-half and two minutes. They were not
told at any time how accurately they per-
former and were asked not to practice, An
unexpected observation was the tendency
of the subjects to reduce their estimates as
sleeplessness progressed, Although one-half-
and  two-minute intervals  were  usually
judged to be longer periods than those early
m the experiment, by the third day most
subjects estimated that one-half and two
minutes had efasped before that amount of
time had passed. This may have been ddue
to the tendency of subjects on the second
and third days to doze, then to awake sud-
denly and feel more time had elasped during
the “blank™ period than really had passed
i "Table 3).

D Fantasy Formation: On cach experi-
mental day subjects were instructed to stare
at a large, white blank card and to visualize
a scene, They described the picture, and

their comments were recorded  verbatin,
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TasLe 3.—Estimation of Time*

Overestimation  Underestimstion

P.M. A.M. P.M. A. M.
Lot day e sac s caran 13 20 13 8
L 8 | 17 2
L Oy 6 3 12 b

* One-balf nad two minutes.

The same procedure was repeated a second
time, with the suggestion that they visualize
another scene. It was noteworthy that these
projections remained pleasant throughout
the three days. Preoccupations with sleep
did not become prominent; scenes did not
become closer or more distant; fantasies
remained specific and well organized; the
number of items stayed virtually constant,
and the ratio of human to nonhuman con-
tent did not significantly fluctuate from day
to day.

In contrast, subjects were asked on the
first and third days to sit alone, facing the
wall, without conversation for five minules.
Afterward they recorded the thoughts that
crossed their minds., This proved to be a
much less structured situation. On the first
day fantasies were quite specific. They re-
lated to thoughts of jobs, girl friends, plans
for parties, fishing, and the like. In every
case fantasics were well organized and had
no obvious reference to the experiment. By
the third day the content appeared to have
changed, Fantasies frequently pertained to
such topics as “cessation of the experiment
and sleep” and “How much energy must be
expended on keeping awake even for this
five minutes of reverie?,” “What do all

DEGREE OF SLEEPINESS I8
T

I

H]

A
As,

—_—
aam |20m 1 yam

8o 12pm 1zom
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these tests mean?” “Why doesn't Russia
conquer Finland?,” “the cycles of sleep-
iness,”” and similar preoccupations. Many
fantasies dealt with the immediate dilemma
of sleeplessness and the problems it pro-
vided. Scveral subjects noted that their
thoughts were jumbled, and that they
“couldn’t think of anything for more than
10 seconds,” or that they “had difficulty con-
centrating.” The two techniques indicated
the dichotomy between performance on a
specific test and mentation during periods
of informal behavior, On the first test re-
sponscs were logical and organized; on the
second procedure, after prolonged wakeful-
ness, thinking tended to be loose and at
times befuddled.

E. Periodicity of Sleepiness: A char-
acteristic of prolonged wakefulness which
has been noted by others, and that was
clearly demonstrated, as well as reported,
by our subjects, was the rhythm of sleep-
iness. There were two general patterns.
One was the usual diurnal pattern of alert-
ness during the day and early evening, fol-
lowed by somnolence at night. The other
involved short periods of an hour or two,
usually during the earlier hours of the
morning, when fatigue became virtually in-
tolerable.

The broad pattern is illustrated in Figure
1, where the consolidated estimates by sub-
jects of the depth of sleepiness during the
vigil are plotted. Estimates by the observers
followed the same general pattern. General-
ly, subjects tended to be less sleepy during
the hours they were accustomed to be awake
and more somnolent late in the evening and

Fig. 1—Average de-
gree of somnolence as
estimated by the six sub-
jects during the three
days of wakefulness.

|
Clad HOm
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early in the morning, when they habitually
slept. Although they were quite alert dur-
ing the first day, with each succeeding day,
as well as night, there was increasing fa-
tigue, so that on the third day they were
sleepier than on the second day. Most had
little trouble during the first 24 hours. It
was only the last two days that vigilance
and activity were necessary to forestall
sleep.

Interpolated throughout were waves of
sleepiness. One subject described them as
lasting for one and one-half to two hours at
a time. Between them he would feel fairly
normal. His worst periods would occur
at 5:00 or 6:00 o'clock in the early morning.
Another subject experienced his first wave
at 10 p. m. on the second day. This lasted
only 45 minutes, and he remained alert until
4 a. m. that morning, when he was over-
whelmed by a period of painful somnolence,
which lasted two and one-half hours. At
10 p. m. on the evening of the third day,
and also from 2 to 7 a. m. the same day, he
had similar experiences. A third subject
felt a little sleepy around his usual bedtime
at midnight the first day. At 4 a. m. to 5
a. m. the first morning he had his first strong
wave of sleepiness, which lasted two hours.
He then became awake and felt almost as
though he had had a night's sleep. From
2 to 6 a. m. the second day he again found
it difficult to remain awake, but by 7 a. m.
he was again alert. At 2 a. m. on the third
day his drowsiness became severe, He
stated: “I was very tired-—this was not the
tired feeling after a long day’s work at
physical labor, but the tired, nagging,
feverish feeling of being just all run down.
I was very drowsy, and nothing but very
active play or moving about kept me from
nodding away.” The state of extreme
drowsiness persisted until 7:30 a. m., when
it began to lift.

The other subjects had similar experi-
ences. It was surprising to observe how the
psychobiological pattern of the sleep-wake-
fulness cycle persisted despite the unre-
mitting, abnormal 72 hours of sleep

Bliss et al.

deprivation. During the early hours of the
morning, when sleep was habitual, sleepi-
ness was most intense and the difficulty of
remaining awake was severest. By 8 or 9
a.m., when all were accustomed to being
awake, all felt considerably more alert, and
there was a marked diminution in somno-
lence, even after three days of sustained
wakefulness.

I'. Visual Changes: All subjects experi-
enced some visual distortions, ranging from
minor disturbances to hallucinations. Dur-
ing the early morning of the third day, one
subject felt that the men’s room seemed
larger and the floor higher. The dark
squares of the floor tile seemed to pulsate
and would become darker, as well as larger,
with every pulsation. A little later, he re-
ported that the floor of the laboratory
“scemed to be covered by a layer of shim-
mering water. I knew the hallway doors
should be familiar but they looked strange.”
It looked as though the room were on a
second story, and it appeared to him that it
was necessary to climb a step to get to it
from the hall. He conunented that late the
second evening “as | walked down the hall,
I thought T saw an old lady sticking her
head out from the room. She seemed to
have gray hair, which was rather ‘frizzy.’
I stopped to look again. She still had her
head showing, and it did not move. It
wasn’t until about 10 yards from her that
I realized it was a fire alarm box.” He
also saw a fine smoke coming from the lino-
leum floor cover as he was finishing his
breakfast. The smoke then began to rise
from the floor in a very fine stream. This
became misty and faded into a fine spray
of water, so that as he stared at the floor
more closcly, fine jets of water appeared to
be rising.

One subject occasionally had the sensa-
tion of tunnel vision, and another one saw
things shimmering and oscillating. He per-
ceived the “coke” machine as moving up
and down. Another subject on the second
night spent considerable time pacing the
hall. Momentartly, he saw a roll of luminous

103/353




A M A

chicken wire on the floor, and, as he walked
through it, the wire disappeared and did
not return, IFor a period, the base of the
shufficboard stick scemed 10 follow an un
dulating, twisting motion, although it was
well lighted and only a few vards away.
The legs of a table alse occasionally
quivered. Onc subject reported that during
the third night the “coke” machine became
distorted, as though he were looking at it
through a piece of gluss wirth tlaws in it
He also saw black spots in the periphery of
his visual fields,

G. Auditory Changes: Subjects reported
that loud sounds seemed harsh and disrupt-
ing or that people’s voices scemed distant,
One noticed that he could watch his com-
panions’ mouths as they talked next to him,
yet feel their voices were coming from the
next room. Another described it as though
“their voices seemed to come from some-
where else.” During periods of somuolence,
all found it difficult to concentrate on con-
versations and to listen intelligently. They
might talk or listen and then be unable to
remember the content of the conversation.
None experienced frank auditory hallucina-
tions. One commented that the radio was
on nearly all the time: yet occasionally, he
would notice that he had not heard the music
for an hour or more,

H. Paresthesias:  All subjects reported
some varicty of altered sensation. Like so
many other experiences during the pro-
cedure, these sensations also were usually
transient. One fclt his body was numb and
insulated ; his eyes smarted, and his muscles
felt stiff and sluggish. He compared the
sensation of numbness and fecling of in-
sulation with that of a mild alcoholic in-
toxication. Another was walking down the
hall when his left heel seemed to raisc by
itself, and a “funny,” electrical, cold sensa-
tion shot up the back of his leg. Ile ex-
perienced, also, a peculiar numb feeling in
his knee, a flecting flush over his skin, and
peculiar feclings in his hands.

Another subject felt a tight sensation
over his face, similar to those he had ex-
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perienced  previously with aleohol and
lysergic acid diethylamide, One reported
that his hands scemed to be larger, and an-
other had a warm, tired feching in his arms
and legs. Onuly one subject had persistent
sensory  disturbances, ITe had a “creepy”
hypersensitivity all over his skin, except for
his palms and soles, that was constant and
lasted throughout the final 48 hours of sleep
deprivation,

1. Mood Changes: The setting of the
experiment was uncritical and friendly.
Everything was done to minimize anxiety
and reduce irritations. The investigators
were casual and amicable, and the cntire
procedure was an informal one. In this
specific setting disturbances in mood, par-
ticularly unpleasant reactions, were infre-
quent. Two subjects reported periods of
anxiety—one because he was concerned
about his ability to stay awake during the
second day, and the other, due to his concern
about feclings of depersonalization and a
progressive sense of loss of self-control.
Several passcd through periods of giddiness
and silly laughter, like addled drunks, when
their  behavior became uninhibited.  One
moved through several stages. Until 45
hours had elapsed, he was happy and silly.
Thereafter he felt rather depressed, enough
so that a slight irritation could have pro-
voked an argument or fight.

J. Impaired Cerebration: Although the
subjects  could mobilize their befuddled
faculties for specific, formal psychological
tests and perform normally under pressure,
their informal behavior reflected intellectual
deterioration.  They bLehaved and felt im-
paired, particularly during the later portion
of the experiment.

One expressed it: “There was extreme
difficulty keeping my thoughts coherent. On
one occasion 1 remember writing out a
profound statement and ending the state-
ment with the irrelevant comment, ‘owes
$R.00."" Some had difficulty in forming
their thoughts, in finding the proper words,
or in composing a scatence. They forgot
their fellow-participants’ names, and one
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had the nagging conviction that Ronald's
(another subject) name was really not
Ronald but Robert. There was confusion
as to what they had said in casual conversa-
tion and what others had said to them. (ne
recalled that they had played Scrabble and
said: that “An 8year-old boy could have
doubled my score. Most of the words T
put down were iwo letters, such as ‘at, do,
it’”"  Most periodically felt confused.
Thoughts were often jumbled, and certainly
during the last evening, thinking was frag-
mented during periods of inactivity. One
subject recalled trying to discuss women
with a fellow subject. It must have been
a fascinating conversation, since neither
was able to follow the thread of the dis-
cussion.

K. Miscellaneous  Observations:  One
subject who had a mild cold noticed it

TasLe 4—Adjective Check List

First Third First Thied
Day Day Day Day
(Categories P. M. P.M. A M, AL M.
Alertness 53 1 20 5
Feeling of well.belng 7 2 a5 5
Emotional disiress 1 h 2 10
Hostillty and 1 - h} 3
irritability
Dizotrganizatlon in b4 | 5 n
function
Bleepiness and fatipoe
Mild 3 4 35
Severe 1 19 7 15
Incrensed motlor activity 10 30 30 20
becume worse during the period of sleep
deprivation. Two others developed  colds
during the experimental period. Tn ail three
cases the wupper respiratory ditheulties

cleared after the subjects finished the mara-
thon and bhad ample steep.

Two subjects noticed sume motor in-
coordination, unsteadiness, and ataxia, com-
parable to the feeling of heing intoxicated,
Several reported “waking” dreamis, when
they might stand or sit with eyes open and
vet be completely out of contact, experienc-
ing sensations like hypnogogic reveries.

Time secmed to several to be a “hodge-
podge” One felt the hours passed rapidiy
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TavLe 5S—Introspective Questionnaire
First Third First Third
Day Duy Day Day
Calegorics P. M, P.M, A M. A M.
Motor incoordInation 0 10 o tu
Feeling of weakness 3 Biy px LY
Sleepiness 20 o0 )] RE
Blurring of vision i} 45 1} mn
Tllusions & baliucinations 9 13 1] 10
Paresthesiaz 8] 20 5 o
Emotional lability 1] 7 10 30
Impalred coneeatration W 110 20 10
Feelings of estrunge- a 20 0 1]
ment
bur that the days were interminable. An-

uther stated that Detween activities time
seemed to stand still,

A varlety of sensativns that could be
subsumed under the heading of depersonal-
ized and derealistic states were reported.
There were reports of feeling “separated
from others,” One subject stated that for
about five minutes he pondered whether the
whole cxperiment were a dream, Most felt
moments of estrangement, distance from
others, and disturbances in their habitual
voncept of their persan,

Much of the preceding descriptive ma-
terial is summarized in Tables 4, 5, and 6.
These represent quantitative estimates of
behavior, affect und thinking during the
three days of the experiment and are anal-
vses of the adjective check list, mtrospec-
tive guestiounaire, and the observations by
the monitors,

Tarre

O —Cbsrroationy by Montlar

¥First Second Thlrd

Day Dy Day
Dieseription of Subjecty Pa. A, 1A M. T A M.
Sad 1y 0 ]
Asncial ] o Q
Emotionally disturbed u 1] 0
Withdrawn - [ 0
Angry 1l [ 2
HHappy & tiiendly - 7 ¥
Anylous o 1] 2
Apathetie i Q9 v
Alert 4 7 2
Soctal 1 L 3
Qeepy 1 A #
Restless & moving a 4 [
Thlnking clearly Y 8 2
Thicking ¢ fuzzily'” Q 2 o
Acting dragged A [
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TapLe 7.-—Plusma Advenal Steroids—
Hudracortisone *

8 A M. 10 P. M. A M,
s SR 80 i e g
13 15l 0.5 22 03 4.6
1.8 17.8 3.0 08 9.2 .4
Dauy 1 12.8 124 1.2 3.0 i1 4.2
164 1.7 7.0
Average=141 Average=18  Average-=4.7
Y.h 1.3 L4 2.2 6.4 5.2
11.3 21.4 2.8 13 X1} 5.2
Day 2 10.6 18.8 1.8 24 4.4 3.2
10.8 4.0 T8
Average=13.3 Avrrage=23 Average=58
1.3 15,8 1.2 23 4.6 T8
11.8 14,2 3.1 2.2 11.0 4.0
Day 3 10.0 18.3 1.8 3.6 1.0 8.6
114 4.3 0.0
Aversge=13.0 Average=25  Average=08
10.3 13.9
118
Doy 4 4.2 8.0
11.2
Average=12.9

* Micrograms per 100 ml. of plasma,

II. Adrenal Steroid Studics.—In agree-
ment with the observations of previous
investigators,}®1® we found no significant
alterations in adrenocortical activity despite
72 hours of wakefulness. Both the concen-
trations and the diurnal rhythm of hydro-
cortisone { 17-hydroxycorticosterone] in the
blood remained remarkably stable
normal from day to day (Table 7).

Similarly, the 24-hour urinary excrotion
of the 17-hydroxycorticosteroids and the 17-
ketosteroids remained relatively constant
from day to day, and the normal urinary
divrnal rhythm of the [7-hyvdroxveorti-

and

“costeroids persisted  (Fig, 2).

TABLE 8.—Dosage

109mg. 20mg. 8.Bmg.

v
T 1

oT

mg /iT- HYIROXYIORTICOSTERS

F 1GImg

Doy~1

Fig. 2-—Urinary excretion of 17-hydrocorticos-
teroids. In all subjects, during the period of sleep
deprivation, urinary collections were made every
six hours. These aliquots were analvzed, in three
subjects, for 17-hydroxycorticosteroids, and dem-
onstrated the persistence of a normal diurnal
rhythnt,

This con-
stancy appeared to be a tribute to the body's
capacity to maintain 15 normal biological
patterns despite a radical departure from
accustomed routines,

I, LSD-25 Experiment—TFour subjects
were chosen for this experiment. All had
received lysergic acid diethylamide (1.SD-
23} without sleep deprivation on at least
four previous occasions, so that their re-
sponses to the drug and tolerance for it
were well known, Fach had taken 0.5pg.
of LSD-25 per kilogram of body weight

0.5ug/Kg. LED-25

Sub- lug/ K, LSD-23 0.5/ Kg- L8D-25 with 48 hr. Sleep
ject Lpg/Ke. LED-2 with Other Drugs 0.50g/Kg. 1.5D-25 with Other Drugs Deprivation
B Hallueinations Tallucinations (mesra- No hallucinations No hallucinations Hallueinations
Hoe .1 ) (amabarbital sodiuin
0.3 goe)
8 Hullncinations No hallucinations No hallueinations Tlallucinations
{amobuarbltal 0.3 gm.) itropine 1.2 mg.)
M Hallucinations No hallietnations Hullueinations Hullucinations
(ROL 2 my.} (mescaline §.1 gm.}
R 11aliucinations No halincinations No halluelnations Tlalluclnations

* BOL 148 is 2-hromnmo-d-dysergie acid Jdiethylamide.
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alone or in combination with another com-
pound on two or three previous oceasions
and had not devcloped perceptual disturb-
ances (LSD-25 hallucinations) except in
one instance, when 0.5pg, of I.SD-25 had
been combined with 0.1 gm. of mesculine.
In contrast, all subjects had hallucination:
after taking 1pg. of L.SD-25 per kilogram
of body weight 17 (Table R).

After being deprived of sleep for 48
hours, each subject received 0.5ug. nf 1.80)-
25 per kilogram of body weight. In striking
contrast to previous responses, all four wi-
der the combined influence of sleeplessness
and drug, developed thallucinations. [t
should be reemphasized that this amount of
drug had not previously been hallucinogenic,
Furthermore, the total response 1o 0.5u.
of LSD-25 per kilogram combined with
sleep deprivation was in other particulars
as severe as or severer than the reaction to
tug. of drug per kilogram in the rested
state.

It would appear fron these observations
that sleep deprivation enhances the discup-
tive effects of [.SD-25 upon ego function.
Presumably, this may have been due to an
alteration in ccrebral metabolism consequent
to prolonged sleeplessness. which made the
brain  more  susceptible to  the  “psy-
chotomimetic” etfects of LSD-23.

117, Metabolic Study.—The one suliject
who was studied on a metabolic ward showel
no significant changes i the urinary excre-
tion of chloride, sodivo, potassium, cal-
cium, phosphate, or nitrogen during the 72
hours he remained awake, as compared with
the seven-day control period preceding the
sleep deprivation and the five-day control
period which followed, The only unusual
obscrvation was a polyuria of 5000 1o 6000
ml. during the test period. Tt seemed un-
likely that this might have been due to a
posterior  pitwitary  inhibition, since our
other subjects did not have high 24-hour
urinary volumes. The study did indicate
that sleep deprivation of this magnitude
neither increased protein catabolism nor dis.
turbed electrolyte metabolism, and the results

Llss ¢t al

were consistent with our observation of a.
lack of variation :n adrenucortical activity.

Comment

It has long been recognized by experienced
nquisitors in “police” states that sleep de
privation can induce personality disorganiza-
tion. ‘They have heen well aware that
enforced wakefuluess, when combined with
emotional turmoil and  physical  isolation,
way lead to psychotic behavior in suscepti-
ble subjects.®™ These are observations that
have generally overlookeid by the
psychiatrist,

been

[t 3s our impression that these uncon-
scionable techniques arc unwittingly re-
duplicated by certain psychinlric patients
who intolerable  psvehological
distress and then suffer emotional isolation
and prolonged sleeplessness. Tn a few sus-
ceptible persons the combination of these
forces may precipitate some schizophrenic
illesses. Two examples were cited of pa-
tients who illustrated this situation. Tloth
were racked with intense psychological pain
and - overwhelnnd by seemingly insoluble
problems. Both failed to sleep for several
days, emotionally isolated themselves, and
became psychatic. Tn cach case the schizo-
phrenic episode  was  brief  and rapidly
reversible. Lither might have be:ome seliiz-
ophrenie: without the additional insult of
sleep deprivation, bt it seans plausible that
the iusonmia may have heen a critical factor
in the process. Siuce these clinieal situations
combined a viriety of noxious influences and
did not allow an accurate estimate of the
mpntet or importance of the individual fac-
tors, ane of the disturbances. . the Toss of
sleep  was isolated and mvestigated in exe
perimenta!  subjects.  The setting of the
expertinent was a social one, in which com-
munication was free and congenial, This
climinated in part the factor of isalation.
Furthermore, every  effort was made to
create and matntain an anxiety-free situa-
tion so that emotional disturbances could
be minimized or excluded. This left a rel-
atively controfled situation, where the prin-

vxperience
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cipal variable was prolonged wakefulness.
In this setting subjects remained awake for
72 hours, and series of observations and
studics were performed.

After prolonged sleeplessness  subjects
were able 1o handle relatively briei psycho-
logical tests adequately, but developed a
variety of ego disturbances during the
intervening periods. These disturbances in-
cluded feelings of depersonalization, con-
fusion, hallucinations, paresthesiag, motor
incoordination, aud other subtle psychologi-
cal changes. All of these characteristically
were inconstant and came in waves, coin-
ciding with periods of intense sommolence.
They probably  represented  hypnogogic
states when the subjects were “asleep on
their feet.” No subject became psychotic,
One can only infer that if these changes
were to occur in someone who was also pro-
foundly anxious and deprived of group
support, more scrious psychopathological
sequelae might result.

A second series of observations in which
LSD-25 was combined with slecp depriva-
tion had further interesting unplications.
The hallucinogenic properties of the drug
were considerably enhanced by sleepdessness.
Amounts of the drug which ordinarly pro-
duced mild changes induced extensive per-
ceptual disturbances in subjects who had
been awake for 48 hours. This suggested
that the loss of sleep may have altered cere-
bral mictabolism so as 1o make the cortex
more susceptible to the hailucinogenic prop-
erties of the drug.

Another general observation was  the
stability of deeply entrenched biological
rhythms. Despite continuous wakefuluess,
both the diurnal sleep-wakefulness pattern
and the adrenal steroidal pattern followed
their normal fluctuations, and protein and
electrolyte metabolism remained unaltered.
None were significantly altered by the ex-
traordinary circumstances of the experiment.

Uniortunately, the observations to this
point are suggestive but not conclusive, The
facts suggest, however, that prolunged slecp
deprivation may have a pathogenic potential,
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especially when combined with other disrup-
tive psychological processes, and that pro-
longed wakefulness may be a critical factor
in the precipitation of a few schizophrenic
illnesses.

Summary

The ¢hinical observation that a few schiz-
ophrenic episodes are preceded by prolonged
insomnia led us to postulate that sleep dep-
rivation. although a conscquence of the
cmotional turmotl, iight play a critical role
in the precipitation of some psychoses.
Therefore. studies were made of normal
subjects who were kept awake for 72 hours.
The setting was a social one, where anxiety
was kept minimal. Changes on psychological
tests were insignificant, but behavioral and
subjective  alterations  were  considerable.
Feelings of depersonalization, illusions,
hallucinations, disturbances in time percep-
tion, and auditory changes were common.
Despite the long period of wakefulness,
adrenocortical activity remained normal.

In another study subjects were kept awake
for 48 hours and then given small amounts
of L5D-25. Sleep deprivation markedly en-
hanced the ego-disruptive effects of the drug.
It is suggested that sleep deprivation, when
combined with isolation and incapacitating
anxiety, may have a pathogenic potential
that has not been adequately appreciated.

Salt Lake General Hospital, 156-168 Westminster
Ave, (15),

REFERENCES

1. Kleitman, N.: Sleep and Wakefulness, as
Alternating Phases in Cycle of Existence, Chicago,
University of Chicago Press, 1930,

2. Tyler, I3 B.: Psychological Changes During
Experimental Sleep Deprivation, Dis. Nerv. System
16:203, 1955.

3. Rothman, I"; Goodman, R. J., and Tyler,
D. B.: Experimental Insomnia: Flectroencephalo-
graphic Changes Durng 112 Hows of Wakeful-
ness, Tr. Am. Neurol. A, 71:173, 1946.

4. Bjerner, B.: Alpha Depression and Lowered
Pulse Rate During Delayed Actions in a Serial
Reaction Test: Study in Sleep Deprivation, Acta
physiol. scandinav. « Supp. 65) 19:5, 1949,

Iol. 81, March, 1959



SLEEP DEPRIVATION—SCHIZOPHRENIA

5. Tyler, D. B.; Goodman, R. J,, and Rothman,
T.: Effect of Experimental Insomnia on the Rate
of Potential Changes in the Brain, Am. J. Physiol.
149185, 1947.

6. Tyler, D, B.: Effect of Amphetamine Sulfate
arkl Some Barbiturates on the Fatigue Produced by
Prolonged Wakefulness, Am. J. Physiol. 150:253,
1947.

7. Jarvik, M. E.; Abramson, H. A, and Hirsch,
M. W.: Comparative Subjective Effects of 7 Drugs
Including. Lysergic Acid Diethylamide (LLSD-25),
]. Abnorm. & Social Psychol. 51:657, 1935,

8. O'Reilly, P. O.: The Objective Rorschach:
A Suggested Modification of Rorschach Technique,
J. Clin. Psychol. 12:27, 19536.

9. Hilgard, E. R.: Methods and Procedures in
the Stuwdy of Learning, in Handbook of Experi-
mental Psychology, edited by S. S. Stevens, New
York, John Wiley & Soms, 1951, p. 517,

10, ANison, R.: Interrelationships of Lcarning
Curve Parameters and Aptitude Measures, U. S.
Office of Naval Research Techniral Report, Prince-
ton, N. J., Educational Testing Service, 1938,

11. Nelson, D. 1, and Samuels, L. T.; A
Method for the Determination of 17-Hydroxycorti-
costeroids in Blood: 17-Hydroxycorticosterone in
Peripheral Circulation, J. Clin. Endocrinol. 12:
519, 1952,

Bliss et al.

12. Eik-Nes, K.; Nelson, D. H., and Samuels,
.. T.: Determination of 17,21-Hydroxycorticos-
teroids in Plasma, J. Clin. Endocrinol. 13:1280,
1953.

13. Willardson, D. G.; Simons, E. L., and Brown,
H.: Unpublished data,

14. Reddy, W. [J.; Jenkins, D., and Thorn,
G. W, Esumaton of 17-Hydroxycorticosteroids
in Urine, Metabolism 1:511, 1952

15. Tyler, D. B.; Marx, W., and Goodman, J.:
Effect of Prolonged Wakefulness on Urinary Ex-
cretion of 17-Ketosteroids, Proc. Soc. Exper. Biol.
& Med. 62:38, 1946,

16. Rioch, D, M. K.: Experitnental Aspects of
Anxiety, Am. J. Psychiat. 113:435, 1956.

17. Clark, L. D, and Bliss, E. L.: Psycho-
pharmacological Studies of Lysergic Acid Diethyla-
mide (1.SD-25) Intoxication, A. M. A. Arch.
Neurol. & Psychiat. 79:653, 1957,

18. Hinkle, I.. E,, and Wolff, H. G.: Communist
Interrogation and Indoctrination of “Enemies of
the State” A, M. A. Arch. Neurol. & Psychiat.
76:115, 1936

19. Callow, N. H.; Callow, R. K., and Emmens,
C. W,: Colorimetric Determination of Substances
Containing the Grouping—CH:CO—in Urine Ex-
tracts as an Indication of Androgen Content,
Biochem. J. 32:1312, 1938,

109/359





