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Vor. I1I.  No. 5. SEPTEMBER, 18g6.

THE PSYCHOLOGICAL REVIEW.

STUDIES FROM THE PSYCHOLOGICAL LABORA-
TORY OF THE UNIVERSITY OF IOWA.

ON TuE ErrFecTs orF Loss oF SLEEep.!
BY PROFESSOR G. T. W. PATRICK AND DR. J. ALLEN GILBERT.

The object of the following experiments was to determine
some of the physiological and mental effects of enforced absti-
nence from sleep. In an address before the International Medi-
cal Congress at Rome in 1894, M. de Manacéine reported some
experiments upon young dogs on the effects of absolute insom-
nia. The animals were kept from sleeping, and died at the end
of the fourth or fifth day. (Arck. Jtal. Biol. XXI, 2. PsvcHo-
rogicAL Review II, 1, p. 81.) So far as is known to the
present writers, no experiments upon human subjects have
hitherto been made on enforced insomnia for psychological
purposes. The plan of our experiments was as follows: It
was proposed to keep the subjects awake continuously for about
90 hours, to make a series of physiological and psychological
tests upon them at intervals of 6 hours in respect to reaction-
time, discrimination-time, motor ability, memory, attention,
etc. ; to observe secondly, the general effects of insomnia, and
finally to observe the depth, character and amount of sleep fol-
lowing the period of waking. This plan was successfully car-
ried out with three subjects, the depth of sleep being ascer-
tained, however, in the case of only one. The subjects were
in each case constantly attended by either one or two watchers.

10ne of the three experiments described in this article was reported in a

paper by Professor Patrick at the December meeting of the American Psycho-
logical Association at Philadelphia.

The content is in the public domain.

previous next >
page page

return to the
table of contents

\



),

retum to the
main menu

470 G. T W PATRICK ANLD J. ALLEN GILBERT.

They took their regular meals at 7 a. m., 12.30 p. m., and 6
p- m., the food being normal in character and amount. In
addition they ate a very light lunch at 12.30 a. m. The days
were spent in occupations conforming as nearly as possible to
the usual daily work of the subject. The nights were spent at
first in reading or playing light games, and toward the end of
the experiments in any way best adapted to keep the subjects
awake, such as walking, working upon apparatus, or playing
active games. FEach set of experiments, however, took nearly
two hours, so that this occupation consumed almost one-third of
the time both day and night.

We give first a general account of the subjects and experi-
ments. ‘The first subject, J. A. G., is a young man of 28 years,
assistant professor in the University. He js unmarried, of per-
fect health, of nervous temperament, of very great vitality and
activity. e is accustomed to about 8 hours of sound sleep
from 10 p. m. to 6 a. m. He awoke at his usual time Wed-
nesday morning, November 27, and remained awake until 12
o'clock Saturday night. The second night he did not feel well
and suffered severely from sleepiness. The third night he sui-
fered less. The fourth day and the evening following he felt
well and was able to pass his time in his usual occupations.
During the last 50 hours, however, he had to be watched
closely, and could not be allowed to sit down unoccupied, as he
showed a tendency to fall asleep immediately, his own will to
keep awake being of no avail. The daily rhythm was well
marked. During the afterncon and evening the subject was
less troubled with sleepiness. The sleepy period was from
midnight until noon, of which the worst part was about dawn.

The most marked effect of the abstinence from sleep with
this subject was the presence of hallucinations of sight. These
were persistent after the second night. The subject complained
that the floor was covered with a greasy-looking, molecular
layer of rapidly moving or oscillating particles. Often this
layer was a foot above the floor and parallel with it and caused
the subject trouble in walking, as he would try to step up on it.
Later the air was full of these dancing particles which devel-
oped into swarms of little bodies like gnats, but colored red,

previous next »
page page

return to the
table of contents

@



),

retum to the
main menu

TOWA PSYCHOLOGICAL LABORATORY. 471

purple, or black. The subject would climb upon a chair to
brush them from about the gas jet or stealthily try to touch
an imaginary fly on the table with his finger. These phenom-
ena did not move with movements of the eye and appeared to
be true hallncinations, centrally caused, but due no doubt to the
long and umusual strain put upon the eyes. Meanwhile the
subject’s sharpness of vision was not impaired. At no other
time has he had hallucinations of sight and they entirely disap-
peared after sleep.

The period of 9o hours being completed at 12 o’clock Satur-
day night, the subject was allowed to go to sleep, which he did
immediately. He was awakened at intervals of one hour to as-
certain the depth of sleep, but fell asleep again at once after each
awakening, and slept until half past ten Sunday morning. He
awoke then spontaneously, wholly refreshed, felt quite as well
as ever, and did not feel sleepy the following evening. He
slept, however, two hours later than usual Monday morning.

The special tests made upon this subject, 14 in number, are
shown with the results in Table I. They were all repeated
every 6 hours throughout the whole period, and repeated again
finally after the subject had slept. The results of the latter tests
are shown in the last column. In reaction-time ard discrimina-
tion-time, the effects of practice were eliminated as far as pos-
sible by preparatory training preliminary to the experiment. A
few words of explanation of methods and apparatus are neces-
sary. The pulse was taken at the beginning of each set of
tests and then again at the end immediately after the subject
was fatigued by tapping with the forefinger as rapidly as possi-
ble for 60 seconds. The subject was weighed the same time
after each meal and in the same clothing. Grip was taken with
an ordinary hand dynamometer. Pull was taken with the same
instrument, the subject using the second finger of each hand.

For reaction-time the stimulus was a telephone click, with
signal, the reaction being the release of 2 key, the subject be-
ing in the dark room, away from the recording drum. Each
reaction-time given represents the mean value of from ro to 15
reactions. For discrimination a medification of the same appa-
ratus was used, the subject reacting only to the loud stimulus.
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Dec. 1.
Alter

November 27. November 238. November 9. Nevember 30. a
mep.

oam |3pm. |gp.m.|3a.m. gam. [3p.m.j9pm.izam.|gam. [3p.m.|gp.m.|3am |gam |3p.m. |gpan. |2 m.

. Pulse . . .. ... ... 88 85 68 62 81 72 74 74 63 65 63 63 61 72 61 o

2, Temperature (Centlgrade)| 36.72 | 36.39 | 36.17 | 35.78 | 36.56 | 36.67 | 36.56 | 35.67 | 36.44 | 36.56 | 36.11 | 36.28 | 36.00 | 36.50 | 36.39 | 36.17

3. Welght (Kilograms) . . 67.70 | 67.75 | 68.30 | 67.78 | 68.19 | 68.04 | 6B.52 | 68.83 | 68.27 | 67.99 | 68,35 | 68.60 | 68.41 | 68.13 | 68.47 | 67.29

4. Grip (Kllograme} . . .| 48.08 | 46.95 | 57.94 { 47.86 | 47.17 | 44.45 | 40.83 44.91 | 4B.08 | 47.17 | 45.36 | 43.99 | 49.67 | 43.77 | 50.35

5. Pull  (Kilograms) . . .| 27.22 | 27.67 | 28.12 | 26.31 | 26,76 | 25.86 | 22.68 | 22,68 | 26.31 | 25.86 | 24.95 | 23.59 | 22.68 | 26.99 | 23.13 | 27.67

&. Reaction- Mean (Sec.} . . 122 a3z rzgl  J149]  .133|  J129  .x39]  .143] L1460 L1300 .144] .146] .139| .165] (1481 .128
tme.  Mean Verlation. ¢ 26 28 20 1o 16 24 25 21 10 %0 a1 at 26 20 3

%. Discrimina- Mean (Sec,) . 258 .240| .24z .253| 22§ 2150 .=2x .27r) 207 .2@0| .21 .21y 2060 20K 158|205
ton-thne- pean Varintionj 50 [s6  [sr |48 [38 (32 (43 |67 |63 |63 [40 165 (62 |36 |az |s2

8, Sensibility Lowerthreshold 3250 | qooo | 3100 | 2750 | 3100 | 2650 | 2800 | 3150 | 2800 | 2950 ) 28350 | 3300 | 3150 | 3280 | 3200
to pain, Upper threshold 4450 | 4350 | 4550 | qoso | 4650 | 4450 | 4300 | 4500 | 4250 | 4200 | 4300 | 4550 | 4830 | 4400 | 4800
9. Acuteness of Vislon {cm.){137.2 1321 [139.7 [134.6 [142.2 (156.2 [150.5 |120.6 |137.2 |143.5 {137.2 [152.4 |148.6 [(156.8 [171.4 |[125.%
10. Memory (Sec.) . . . .. 540 |20 |15 (290 330 [200 105 240 0 {262 290 123 190|545 125
1. Addition of Figures, . . 228 254 248 238 249 223 215 205 216 196 210 200 250 224 277

12. Voluntory Motor Ability . | 42.2 | 42.2 | 401 {390 [ 400 |4L2 | 386 | 355 [39.5 | 390 | 350 1389 {41.0 (390 | 397 |413
13. Fatigue. Per cent. of Lose| 24,1 | 246 | 226 {205 | 18.0 | 240 | 139 |122 |[17.0 | 139 | 11.4 j 208 | 17.6 | 17.9 | 12.6 | 177
14. Pulse after Fatlgue . . .| B9 81 92 82 75 76 58 59 62 62 54 58 63 59 52 82
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fOWA PSYCHOLOGICAL LABORATORY. 473

Sensibility to pain was tested by a specially prepared algometer,
arranged to bring any desired pressure upon the middle of the
fingernail of the first finger, the finger being inserted between
two horizontal bars, the one pressing upon the fingernail being
a very dull wooden knife edge. The figures record the pres-
sure in grams, the lower threshold representing the first feeling
of pain, the upper threshold the point at which the pain could o
longer be endured. Acuteness of vision wastested in the dark
room by finding the greatest distance at which the subject could
read a section of a page from Wundt’s Siwdien by the light of
one standard candle at a distance of 25 cm, The memory test
consisted in committing to memory 10 of the Ebbinghaus non-
sense syllables. These were used in the ordinary way, but we
consider this test of very slight value, for it is impossible not to
learn these lists by association, and impossible 1o get different
lists which offer equal ease or difficulty in associadon. The ef-
fects of loss of sleep upon attention and association we at-
tempted also to ascertain by determining the greatest number of
figures in prepared columns that could be added in three
minutes. Voluntary motor ability was tested by having the
subject tap with the forefinger as rapidly as possible upon a key
for 5 seconds, using the recording drum and graphic chronom-
eter. He then continued tapping for 60 seconds to fatigue
the muscles. The number of taps during the last 5 seconds
was then recorded. In the table is given first the number
of taps in the first 5 seconds, then the percenmtage of loss
in the last 5 seconds due to fatigue. The results of the
special tests may best be studied from the table. Attention is
called, however, especially to the following. The steady in-
crease in the subject’s weight during the experiment and the
sudden decrease in weight after sleep are noteworthy, and appar-
ently not to be accounted for by accidental circumstances. His
average weight during the last 24 hours was 18 ounces greater
than the average during the first 24 hours, and at 9 oclock
Saturday night the subject weighed 27 ounces more than at g
o’clock Wednesday morning. During the 103 hours’ sleep,
however, which followed the experiment, the subject lost 38
ounces, being 11 ounces more than he had gained during the
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474 G. T. W. PATRICK AND J. ALLEN GILBERT.

experiment, In the tests with the dynamometer the subject
lost slightly and gradually in strength of both grip and pull, re-
gaining all after sleep. On Saturday afternoon, however, the
subject made what appeared to be a spurt, in view, perhaps, of
the approaching end, and gripped and pulled nearly as much as
at the beginning. The reaction-time beginning with 1220
increased somewhat regularly, reaching its maximum, 1650
Saturday afternoon, after 81 hours without sleep, and dropped
back to the normal immediately after sleep. The discrimina-
tion-time appears to decrease, but as it does not increase after
sleep the result cannot in this case be attributed to loss of sleep,
The acuteness of vision uniformly #rereased throughout the ex-
periment, falling below the normal after sleep. The slight re-
tardation in the increase in the second night corresponds with
the period of slight sickness at that time. There is a significant
decrease in voluntary motor ability. The decrease in this sub-
ject’s pulse-beat after fatigue by tapping is abnormal and ap-
parently a result of loss of sleep.

The above experiment upon J. A. G. was regarded as some-
what preliminary. It was, therefore, decided to repeat the ex-
periment upon two other subjects, making such modifications in
the special tests and apparatus as seemed to be desirable. The
second subject, A. G. 5., was a young man of 27 years, in-
structor in the University, unmarried, quiet and of excellent
health. The third subject, G. N. B., was a young man of 24
years, instructor in the University, unmarried, of German
parentage, stout and perfectly healthy. At the time of the ex-
periment, A. G. 8. was accustomed to ¢ hours of sound and
regular sleep; G. N. B. to 8 hours. These two subjects en-
tered upon their sleep fast at 7 o’clock, Tuesday morning,
March 17, 1896. 9o hours was again the period determined
upon. Cn Friday night, March 20, at 11.15, the last set of
experiments being completed, they were allowed to retire, so
that their waking period was actually 881/ hours, In the case
of these two subjects there was no illness, no hallucinations of
sight, and no serious suffering or discomfort. A.G. S. became
very sleepy during the last 24 hours and had to be watched
constantly.  On Friday, at g p. m., after a brisk walk in
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FOWA PSYCHOLOGICAL LABORATORY. 475

the cool air, his temperature sank to 35.3° Cent. (95.6° F.),
but in 15 minutes rose to 36.3° Cent. (97.3° F.). Of the three
subjects he was the only one who apparently could not have
proionged the experiment beyond the period of go hours with-
out danger. G. N. B. had less trouble in keeping awake and
showed outwardly but slight effects of the abstinence from sleep.
Both subjects slept immediately upon retiring at 11.15 p. m.,
Friday. They both slept uninterruptedly until 10.30 a, m.,
Saturday. They both awoke then for a few moments and slept
again, A. G. S. until 11.15 a. m., G. N. B. untl 2.40 p. m.
They both felt wholly refreshed upon awaking, required no
further extra sleep, and felt no ill effects from the experiment.

The special tests made upon these two subjects are shown
with the results in Table II. and Table I1I., and exhibited, in
part, in graphic form in the subjoined curves, They were
as before, repeated every 6 hours. To eliminate, as far as
possible, the effects of practice, the tests were begun two
or three days before the beginning of the sleep fast. The
first three sets of results in the tables, being taken the first
day before any loss of sleep, should represent the normal
reaction of the subject. These, taken together with the
results of the tests made after awaking shown in the last
column oi the tables, make a fairly adequate standard for
comparison with the results obtained during the sleep fast.
The tests in respect to pulse, temperature, weight, grip, re-
action-time, discrimination-time, sharpness of vision, voluntary
motor ability, and fatigue, were the same as described above
for the first subject. The strength of pull was taken with
an ordinary lift dynamometer, the subject, standing upon a
small platform with bent knees and straightened back, lifting
his utmost by means of two handles connected by ropes with a
large spring balance. In the memory test, the nonsense sylia-
bles were discarded and 18 figures substituted. 18 small
squares of cardboard were provided upon which were printed
the ¢ figures, each figure thus appearing twice. For each ex-
periment a random order of these figures was made, and then
modified, if necessary, to prevent adjacence of same figure and
suggestive combinations., The subject, timed with a stop
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476 G. T. W. PATRICK AND J. ALLEN GILBERT.

watch, committed to memory the list, the watch being stopped
when the subject announced his readiness to recite the list.
Each experiment consisted in committing to memory three such
lists. The tables show in seconds the average of these three
trials in each case. No. 11 was a testin adding numbers. The
sheets of figures used by Miss Holmes in studying fatigue in
school children and described in the Pedagogical Seminary,
Vol. II1., No. 2, were used. The subject was required to add
each set of 40 figures by twos, seiting down the results., He
then added the results and then added the original figures in a
different order. Any variation recorded in the two results in-
dicated errors. The tables give the time required for the whole
process. Test No. 12 was designed to determine the subject’s
facility in seeing and naming letters. A page from THe Psycao-
LocicaL REVIEW was used ; the subject reading the lines back-
ward merely named the letters as fast as possible. The tables
record the number of letters, average of two trials, named in one
minute. Test No. 9 was designed to show the acuteness of hear-
ing by discrimination of the intensity of two sounds. The sounds
were vibrations of a tuning fork heard in a telephone in the silent
room, the intensity being varied by a resistance board, only one
telephone being used. The results in the tables have only rela-
tive value, indicating the number of divisions upon the resist-
ance board by which the resistance had to be increased to en-
able the subject to detect the difference in the intensity of the
sounds.

We may call special attention to a few of the results, In
both subjects we again observe an increase in weight through-
out the experiment with decrease after sleep. But with these
subjects the decrease is less than the increase. In strength of
lift both subjects lose quite regularly and seriously, but regain
nearly all after sleep. In the memory tests, the results are very
marked, especially with G. N. B. His average time in normal
condition for committing the 18 figures was 134 seconds, No
remarkable increase in this time was observed until the expira-
tion of 72 hours, At 9 a. m. Friday the subject required
960 seconds to commit the first set of figures and failed entirely
to commit the third set, working at it for 20 minutes. At 9
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ALG. S TaprLe 11.
March 17. March 18. March 19, March zo. MR
Sleep.
ga. m.| 3p.m.|op.m|3amfgam|3ipm|gpm|3emn.|oam)jp.migp.m|3am.|oam. |3p.m, |gp.m.|Ip.m-
LPulse . . ... .. | V4 68 75 61 73 73 w2 71 79 62 67 61 74 68 63 76
2. Temperature (Centigrade)| a7.11 | 36.39 | 36.78 | 37.11 | 37.00 | 37.22 | 36.89 236.89 | 3644 | 3656 | 36.33 | 37.06 | 36.67 | 35.33 | 37.22
3- Welght {Kilograms) . . .| 67.02 | 67.47 | 67.47 | 67.24 | 66.68 | 67.24 | 67.13 | 66.68 | 67.02 | 67.36 | 67.47 | 67.59 | 67.02 | 67,36 | 67.509 | 67.24
4 Grip  (Kilograms). . .| 33.56 | 39.92 | 30.39 | 33.17 | 33.56 | 2903 | 24.04 | 24.04 | 28.12 | 20.48 | 26 31 | 26.756 | 29.03 { 30.39 | 27.22 | 33.56
5. Pull {(Kilograms) . . |153.58 |163.30 |140.62 [T17.94 [150.60 113,40 [127.00 | 81.65 {107.0% | 89.36 | 68.45 | 49.44 | 49.44 | 95.26 | 92.99 {131.54
6. Renction- Meart . . J21 a34] 138 L1zl 47 L138]  .ra3l  .154| 147 150  .rg4if 146  .143)  .148| .103] .160
time. Menn Variation | o.6 I.5 o8 0.9 2.2 1.2 7.1 1.5 1.7 1.9 2.4 L5 1.9 2.5 4.0 2.9
7. Reaction-time with Mean| ,158{ .200] .370] .1v5/ .202| .201 J82] .16z 188 280 .rBgl .17o] L2272 L5763t .233
discrimination
and choice. Mean Var.| 5.9 4-2 7.4 4.1 1.5 4.5 2.9 3.6 4.1 8.3 4.7 39 5.3 4.3 8.0 6.0
8. Acuteness of Vision (C.M.) 103.8 |ro3.8 j113.6 |rz2.3 (1128 | ¢6.r {ro5.1 |115.4 [116.6 l119.2 liego [109.7 {0iB.0 1233 |119.7
g. Discrimination of Sound . | B0 | I25 [100 |1r.2 {106 | 130 |125 | 310 | 125 | 220 [2r0 (Lo |230 | 587 | 180 | 365
10, Memory (Sec.) . . . . . 11§ 1o 112 £43 129 145 102 159 120 152 217 202 139 100 570 88
11. Addition of Figures. . ., 85 11g 118 105 103 130 192 I11 108 135 610 113 {:] 245 09
12. Naming of Letters , . . . [165 1650 155 154 162 155 134 3 154 144 127 91 147 135 117 171
13. Voluntery Motor Ability , | 38 kL:] 33 37 41 36 30 34 36 36 37 28 39 38 34 42
14. Fatigue. Per cent. of Loss| 29.0 |} 13.9 | 15.1 | 13.5 | 293 | 166 | 133 | 265 | 194 | 250 | 2L7 0,00 | 20.5 | 23.7 | 26.5 | 21.4
15. Puise after Fatigue. . .| 80 6g 64 66 79 71 77 65 72 75 64 62 70 64 61 B3
477
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G.N.B TasLe 1IT.
Mar, 1y
March 17, March 18. March 19. March 20, 32:;
ga.m. |3p-m, [gp.m.|zam |(gam | 3p.m (9p.m.{3auan. [gam. | Jp.me | gp.m. ] Ja.m. | ga.m. | 3p.m. |9gp.m, | gp.n,
LPulse . oo e e 63 |64 |[63 |68 |68 67 6 |69 |70 |62 64 |68 |74 |65 73| %
2. Temperature (Centigrade)| 36.22 | 36.42 | 36.33 | 37.17 | 36.78 | 37.22 | 36.56 | 36.67 | 36.33 | 36.61 | 36.56 | 36.80 | 37.06 ] 35.78 | 36.56 | 37.22
3. Weight (Kilograms) . . .| 68.40 | 69.20 | 60.29 | 69.17 | 69.51 | 69.74 | 65.85 | 60.99 69.85 | 60.99 | 70.08 | 70.08 | 66.40 | 69.74 | 50.85 | 60.39
4 Grip  (Kilograms) . . .| 42.64 | 34.47 | 38.10 | 33.11 | 39.36 | 43.09 | 37.65 | 34.01 | 37.19 | 37.65 | 42.64 | 43.09 | 44.45 | 47.63 | 44.00 | 41.73
5. Pul  (Kilograms) . . . |138.84 [120.28 }146.15 [138.35 |125.19 [137.94 110660 [11X.13 |120.20 (F13.40 [113.40 |113.40 (113.40 IIL13 | 05.36 [117.94
6. Reaction- Mean. . . .. a4 -148)  L1sy| 130l .142) 43| 134) a8y 136 137 c1arp a3 La3gl  LI4I] .142] 124
time.  Mean Variation| 1.8 | 1.3 1.4 | o8 | L1 .y | 1.8 § 29 | 37 | Lo L7 1.5 LI 29 | 32 | 16
7. Reactiontime with  Mean| 167 .t700 200 .1400 .18g| .177| .214| .¥y0] 178} .147] .158| .133] .153] 143 .175] 166
discrimination
and cthoice. Mean Var.| 3.6 7.2 5.6 1.4 37 1.6 5.5 3.6 6.8 1.8 2.7 37 2.3 1.2 2.3 4.0
8. Acuteness of Vision . . . 110.3 |rt5.4 |14t |i32.1 |134.6 (1274 |120.5 |134.6 |119.2 {137.2 (1269 |[130.9 J12B.7 |135.9 {134.6
¢. Discrimination of Sound . | 12.8 | 200 | 125 | 248 | 140 | 150 |205 | 175 |24.5 | 300 {230 |200 |4225 |2L0O (320 |25
f0. Memory. . . . . . « v W |i70 133 128 200 10 135 2713 143 152 353 169 201 Bzo4- 645 goot 106
t1. Additlon of Figures . . . 120 125 141 135 122 140 141 13% i20 1§ 115 118 123 130 109
12. Naming of Letters . . . . [177 180 16g 165 183 163 158 159 156 [165 I54 156 157 148 17 188
13, Yoluntary Motor Abllity . { 41 37 38 39 a1 42 34 39 a9 39 49 44 42 42 40 40
14. Fatigne. Per ceat. of Loss| 19.5 | 16.2 26,3 282 | 293 |286 | 147 {202 | 256 | 33.3 25.0 | 341 [ 262 | 26.2 | 35.0 | 22.5
5. Pulee after Fatigue. . . .| 70 &y 60 6y 79 63 64 6g 79 64 55 64 v 6y 70 96
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p- m. he could not commit the figures, and having made no
progress after 15 minutes he desisted. The attention could
not be held upon the work. A kind of mental lapse would
constantly undo the work done. With both subjects an ener-
getic ¢ waking up’ by means of brisk walking and fresh air was
often necessary during the lafter time in order to address them-
selves to these mental tasks. Adter sleep, A. G. S. easily com-
mitted the figures in 88 seconds, and G. N. B. in 106 seconds,
this being in both cases the shortest time in which the work was
done. In respect to the number of letters named in one minute,
there is with both subjects a steady decrease with the progress
of the insomnia, with immediate return to the normal after
sleep. In adding numbers similar results appear in a marked
form in the case of A. G. 8., but with G. N. B. adding time
was affected but slightly. Reaction-time increases with A, G.
S., as with J. A. G., but the reaction-time of G. N. B. is not
lengthened., In respect to reaction with discrimination and
choice the results are irregular and unsatisfactory. There is
an irregular increase with A. G. S., but an actual shortening
of time with the other two subjects.

Attention should be called to the length of sleep following
the sleep fast and iis relation to the whole amount of sleep lost.
A. G. 8. found it necessary to make up but 16 % of the lost
sleep, as measured by time; J. A. G.25 % ; G.N.B. 35.3 %
As restoration was in each case apparently complete, explana-
tion must be sought in one of two hypotheses or in both. The
first is that, owing to the greater ¢ depth’ of sleep after the sleep
fast, the anabolism accompanying restoration was more rapid.
The second is that the partial restoration which normally ac-
companies the waking period was, in the case of this long wak-
ing, greater than usual; that the subjects, in other words, al-
though apparently awake and, indeed, as wide awake as they
could be kept, were nevertheless at times partially asleep.
There are reasons to believe that the results depend upon both
of these causes. Our subjects well illustrated the fact that sleep
is 2 matter of degree. All that could be done both by objective
diligence and subjective effort to keep the subjects wide awake
was done. If the subject, contrary to his own intention, closed
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480 G. T. W. PATRICK AND J. ALLEN GILBERT.

his eyes, although he immediately opened them in response to
his watcher’s cornmand, still there was time for a short and, per-
haps, refreshing ¢ nap.’ Again, one of our subjects, who was
kept jogging about the streets during a sleepy period at 5 a. m.,
afterwards could remember little about the walk. Another sub-
ject, standing with eyes open, reflectively gazing at a piece of ap-
paratus upon which there were some pieces of rope, suddenly re-
ported that he had had a dream about a man being hung. With
our first subject we undertook to test the delicacy of the muscle
sense by means of lifting weights. These weights were small
tin pails loaded with graded weights and lifted by a detachable
handle. Lifting these pails was found to be very monotonous
and sleepy work. The subject was not permitted to let his at-
tention wander, and yet he reported at least four dreams. For
instance, he lifted two pails, carefully judged their relative
weight, and as he set the second one down, instead of saying
that No. 1 or No. 2 was the heavier, he said ¢ trimmings,’ evi-
dently having fallen asleep as he was lifting or seting down
the pails and dreamed that they contained trimmings. It must
be understood that these dreams were instantaneous and the
subject as wide awake as he could be kept, but these facts reveal
a cerebral condition related to sleep. This hypothesis alone,
however, would not seem to account fully for the small propor-
tion of sleep made up. And, indeed, a study of our special
tests shows that restoration took place chiefly during the pro-
found sleep following the sleep fast, and took place rapidly.
That this sleep was actually more profound and that the pro-
found part of it was longer than usual was shown by our ex-
periments in depth of sleep in the case of J. A. G. reported be-
low.

The depth of normal sleep for the consecutive hours of the
night has been studied by Michelsen and by Kohlschiitter, and
the results presented in the so-called sleep curves. The depth
of sleep was determined by these observers by the intensity of
sound necessary to awaken the sleeper. Their resuits show the
greatest depth of sleep at the end of the first hour, After the
first hour the curve drops abruptly and rapidly. Already at
the end of the second hour sleep is light and continues slowly
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to become lighter until morning. In the case of our first sub-
ject, J. A. G., we attempted to ascertain the relative depth of
sleep for the consecutive hours of the profound sleep following
the sleep fast, for the sake of comparing our results with the
normal sleep curve. As a sound stimulus would not be practi-
cable, for the reason that, the experiments all being made in the
same period of sleep the sleeper would soon become accus-
tomed to it, we substituted a pain stimulus. An electric garter,
to which the subject had become accustomed by wearing it
for some nights preceding the sleep fast, was attached to the
sleeper’s ankle and connected with an induction coil in an ad-
joining room, and so arranged that the current could be closed
for a constant time, viz., .334 sec., by means of a pendulum,
and that the strength of the current could be varied by means
of a resistance tube. It was agreed that the sleeper should an-
nounce his awaking by means of an electric button at his bed-
side. The current was turned on at intervals of one hour.
Unfortunately the least resistance that could be arranged with
the resistance tube failed to awaken the sleeper at the first three
periods, so that it was necessary to cut out the tube and the pen-
dulum and apply the direct current and measure it roughly by
the time the circuit had to be closed. Qur results, therefore,
lack the exactness necessary for the construction of a curve or
table, but still show plainly the relative depth of sleep for the
consecutive hours. The deepest sleep was found at the end of
the second hour, when the subject could not be aroused suffi-
ciently to ring the bell, but responded by a cry of pain. The
next deepest sleep was found at the end of the first hour and
the next at the third hour, The current used at these three
times was one which it was altogether out of the question for
the subject to endure when awake. At the end of the second
hour, just after the experiment, we entered the sleeper’s room
and attempted to awaken him by speaking to him in a loud
voice without avail. At the fourth hour the sleep was less
deep, and continued to become lighter regularly until awaking,
but the decrease in depth was very much less rapid than in the
normal sleep curves reported above. At 10 a. m. a very
slight current awakened the sleeper, and at 10:30 he awoke
spontaneously as stated.
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The tendency of our subjects to have short semi-waking
dreams suggested to us that in enforced insomnia there would
be offered a good opporturity for a stody of dreams, This, of
course, was incompatible with our purpose, but in the cases of
A. G. 8. and G. N. B., at the end of the sleep fast and before
allowing the subjects to retire, we undertook a few experi-
ments in dreams., We allowed the subjects to sit with head
supported behind, and to sleep for periods of 30 seconds, one

TasLe IV.
- G > : . ¥ : o | Gw
HEE IR
] AC 7 L 8 k] B T 0% 2 k]
Hours . . . .. .. .. 24 24 24 14 | 113 | 24
Total amount urine{ccm. ) 1475 | 1370 | 1270 | Bos | 400 | 950
Grams N. per hour. . . 0.901 [0.929 |0.067 l0.723 l0.490 |o.723
Grams P, O per hour . 0.1327]0.1438.0.1Y05 0.1304i0.0564 0.0888
Relation P, O to N. .. . x: 6.8 |1: 6.5 |1: 6.0{1: 5.5 11: 8.9 |1: 81
A.G.S.
!
Hours . . .. ... .. { 38 24 24 24 |13 123 | 24 24
Total amount urine {cem.) 1208 1510 | 1700 | I420( 750 | 525 { 1000 | 1240
Grams N, per hour. . .| o0.655 0.66F l0.628 Jo.745 [0.6651 lo.414 '0.6175/0.761
Grams P, O, per hour. .| 0.0765 0.0708,0.0791}0. [0 10. 1000 0.0674(0.0907 0.1023
Relation P, Ogto N. . ., . 1: 8.6 103|176 ]1172.4]1:6.6 1161 J1: 6.8 |11 4.5
G.N. B,
Hours . .. .. .. .|l24% 24 24 23 | 1384 | 168 | 283 | 24
Total amount urine {ccm.)] g20 1240 | 1205 | I730]| 650 | 165 | 705 | 708
Greme N. per hour. . . [0.4853 0.7094l0,6270/0.6123 0.5195(0.3390/0.5020:0.4 765
Grams P, Oy per hour . , [0.0574 0.0802,0,0031 0.0826|o.0815 0.0435 0.0616'0.0613
Relation P, O, to N. ., . |1: 8.5 1:581:67|1: 7.4 |1: 6.4 1: 7.8 [1: 8.1 |1: 2.8
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minute, three minutes, etc., then awakening them and asking
for their dreams. No dreams were obtained in any case. If
the period was less than one minute the subject sometimes had
a hazy memory of something like a dream which could not be
put into words. If the sleep was longer it was apparently pro-
found and dreamless. These rough experiments confirm, of
course, the generally accepted opinion that dreams are the prod-
uct of light sleep, representing indeed the reinstatement of
consciousness after the early and profound sleep.

Through the kindness of Dr. E. W, Rockwood, of the Uni-
versity, a chemical analysis of the urine was made throughout
the experiments in the case of each of the subjects. 'The object
of the analysis was to determine the influence of continued
waking upon the relative amounts of nitrogen and phosphoric
acid respectively excreted. The results are fully exhibited in
Table IV. as compiled by Dr. Rockwood. Considered in rela-
tion to the fact that each subject increased in weight during the
insomnia, the results are significant. They show not merely
that there was an increase in the excretion of both nitrogen and
phosphoric acid during the period of insomnia, but that
relatively more phosphoric acid was excreted than nitrogen. A
certain amount of support is thus given to the theory of a special
connection between mental activity and the katabolism of the
phosphorized bodies of the nervous system.
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STUDIES ON THE PHYSIOLOGY OF SLEEP

1. Tar BrrECTS OF PROLONGED SLEBPLESSNESS oN MAN

NATHANIEL ELEITMAN
Prom the Hull Physiological Laboratory of the Uriversity of Chicage

Received for publication May 28 1928

. Most mvestlga.tors of the physiology of sleep, in reporting their
ﬁndmgs, remind their readers, by way of apology, of the tremendous
importance of the subject for the advancement of our knowledge of
physiology as a science, as well as for the rational treatment of insommnis.
They also like to record the fact that the average individual spends more
than a ‘third of his life in sleep, has been doing this from time im-
m_emonafl and raise the question whether eight hours or more of sleep
& day really constitutes the minimum penalty for keeping awake the
rest of the time. It seems reasonable to suspect that as in the case of
protein consumption, there is a large “factor of safety” in the amount of
sleep we are getting, and that it could be considerably reduced without
impairment of health or loss of efficieney. This and other questions
related to industrial physiclogy, especially physiology of fatigue, can
be answered only by a thorough systematic study of the subject. But
curiously enough, there are gcarcely a dozen investigators engaged at
any one time in the study of this great physiological mystery, and most
of these workers are psychologists. It seems that because animals
are not very well adapted for this work and the human beings that are

available cennot be dissected, physiclogists have allowed . the psy-

chologists to tackle this problem as best they could. Present day text-
books of physiclogy contain but a few short references to the subjeet,
usually antiquated, and some texts (Starling’s, for example) ignore the
subject antirely. Luciani’s four-volume work is the only textbook that
treats the subjeet adequately, but unfortunately it is not in general use
asa manual.  Thus most medical students first encounter sleep in their
study of pharmacology, and there they lesrn several easy ways of
putting g person “to sleep.” In this manner the “‘practical” aspect of
the problem for them at least is sclved. If we recall that textbook
writers generally do not peruse psychologieal literature in bringing out
their new editions, it will be réadily understood why the work of many
able investigators has not been brought to the attention of our students.
67
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i1 . NATHANIEL KLEITMAN

In this peper references will be mads to hoth physiologicsl and psycho-
logical literature. One of the best books ever written on the subject of
sleep is Pifron’s Le Probléme FPhysiologigue du Somsmeid (13}, which
" besides ambodying the results of original resenveh on sleep from the
histolopioal, biochemical and physiologieal stendpoints (ihis by a
psychologiat!) containg a valusble and exhaustive bibliography brought
up fo 1912, To save space references will be given only to those papers
which appeared after 1912, or have not been included im Pidron’s

hibliography; others referred to as (F} will be found in Pidron’s -

hibliography. .

Fleep shauld be sindisd not oni:;r in man, but in srimals as 'Well
Little work hag been done on the comperative physiology of sleep, and
a} present we have no pood eriterion for determining whather an animal
is agleep or not. 'Thus some people endow even plants with the ehbility
to sleep, while others restrict sleep to animals with & nervous system,
“no matter how rudimentary” (). In these studies expem:nmts ware
made on men and dogs, and this, the first paper of the series; containg a
report of the resulis obtained on the human subject.

METHODS, The method of experimental insominia appesred to be
best euited 8 a beginning, for two reasons.  In the first place, it should
enable us to study the hehavior and reactions of a subjeot deprived of
sleep for & namber of days, the eoncomitants of prolonged wakefulness

and, if possible, to see whether sll the changes that the varicus theories -

of sleep postulate actually occur; and in the second place, it should

permit us to oheerve the ¢oneomitants of deep dreamless sleep, auch aa”

we could expect the subject to lapse into 2t the end of the period of

axperimental insommia. The first to use this method om man were -

Patrick and Gilbert (P) who in 1896 képt three persons awake for a
period of 90 howrs. They performed = number of psychological and
physiclogical tests during the experiment and on the day following the

completion of the experiment, but had ne normal control with which to’

aompare their results. The test was made only once, and the individual
firdings will be referred fo in various plaees in the eourse of this and
following papers. In 1916 Smith (3) performed a number of peycho-
logieal tests upon herself, studying primarily the effects of fatigue. On
some oceasions she studied the effects of the loss of one night's sleep,
Mlore recently Robingon and Herrmann (4) reported resulte obtained
on three subjects who had been subjected 1o a period of experimental
nsormuis [esting 656 hours, They tested the subjects’ musedlar strength
(Bmedley’s hand dynamometer), steadiness, aiming, ability to name
letters and to do mental arithmetic. Tn this case the period of eleap-
lessness wus preceded and followed by normal periods of ehservation of

some daye’ duration (I1 to 28 before and 4 to 5 after the test). They

likewige performed the ingemmnia experiment oniy onee.

ﬁFPl!‘-CI‘S ¢F PROLONGED RLEEPLESSNESS QN MAN 69

- Inthis study we employed gix subjects, all young adulis, male students

- st the University of Chicsgo. Each of these went through oxe or more -
" sleepless periods. The duration of the experimentel insomnia waried -
‘in different tests from 40 t0 115 howrs. Thus as regards the number of

‘subjeets used, the mumber of periods of inscmnia and the maximum -

" duration of slesplessness, this method has been considerably extended -

by our experiments. Most of the work tin_a.t. involved long periods of
normsl control testing was dona on the writer, who weat through more -

~. than & dozen sleepless periods himself. The other ‘subjects were used:
1o check the regults obtained on him.

The original intention was to keep sonditions as s uniform as posmble ’
and to have only one variable—shgence of sleep. The subject waa .
supposed to undress rnd go to bed st the usual hour, to relax his muacles,
‘and keep awake throughout the nighd. This waa found impossible of
ancomplishment, because the subject always fell asleep some time during

- the night. Attémpis to keep awake by sitéing in a reclining chair ware.
likewize unsuecessful. Thie onty method that was found to work con-

sisted in having the subject. keep moving throughout the night, with
short -periods of rest sitting down. Even in that case he would fall
asleap shortly aftar he sat down, and he therefore had to be walched
continuglly throughout the period of ingomnia, espeeially at night-time,

On some oceasions even thiz method woes only partially successful,
~ because the subject would fall asleep as aoom 28 he was awakened, and’

unless the observer made him walk it was impoesible to keep ‘him awake.

- For these reasons the experiments were not: sfriefly insomnia tests; but

insomnia ples & certain amount of muscular activity during the night,

- aotivity that a person would not engage in if asleep. The results

abiained and reported below may be partly at lesst due to this increased -
mugzenlar work. But from the standpoint of intoxication theories of

! sleep this could not be considered a drawhack. On the contrary, the

intoxieation, if present, should only be accentuated by the products of
muscuiar activity. On the other hand, the perpetual falling asleep

_during eartain hours of the night might be looked upon as short aimost.
‘momentsry “neaps,’” and it might be argured that they would have some -
. restorative power, and would enable the subject to go without sleep

longer than he eould otherwise. The methed then is not perfect, but. it

is the best we could devise at this tima. :
For the determinations of the pulse, temperature, respirztory rate and.-

hlood presaurs, the sub;ect was allowed to lie completely relazed for at

" least 15 mindtes, and in measuring basal metabolism, for at lesst 30 )

minutes. Only in one series of tests were the messurements taken
with the subjeet in the sitting position, and this for purpoges of com-

parison. All these determinations were made daily 8% 7 .  The
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pulse was counted by ordinary palpation of the radial artery, the count
being made after the subject’s hand had been held for over one minute.
Resplretory rate was determined by observing the movements of the
pointer on the cylinder of the spirometer at & time unknown to the
subject. Temperature was measred by a orle-minute certified clinical
themmometer, which was kepf under the tongue for at least five mintes.
For blood pressure we used the Tycoz ephyemomanemeter, making all
determinations in duplicate. Basal meatabolism waa megsured by means
of the Benediet portable respiration calorimeter {5), using as a basis
oxygen consumaption only. Amalysis of the blood was usually made

late in the afternoon. For the red and white blood count we used the

Neubaner counting chamber. Hemoglohin was determined by means
of Sahli's hemoglobinometer, vsing Dare’a hemeglobinoreter as & check.
For blood supar determinations the Folin-Wu method was used, and
the alkaline reserve of the blood or the plasma was determined by the
Van Slyke method, The percentage of corpuscles was determined by
the hematoerit method.

In our urine work we pwuhancd the 24-hour sample ol two parts.
What we call the day urine is 2 16-hour sample from 6 s.m. to 10 p.m.;
the night urine, an 8-hour sample from 10 pom. to 6 an., the period
devoted to sleep, All previous workers divided the 24-heur wrine into
two 12-hour samples, their “night urine” imcluding not only the urine
exgreted during the eight hours of sleep, bui also that of four hours of
wekefulness. Thus the data we present show the aetivity of the kidney
during wakefulpess and during aleep, normally and during the hours
vzually devoted to sleep in our perfods of experimental insomnia. We
also studied the activity of the kidney during periods of “reversed
routine,” that is, sleap during the day and walkefulness at night. . Camp-
bell and Webster (6} have revently reported similar experiments on the
secretory metivity of the kiduey on a reversed routine, but they allowed
their subjects to eat at night, thus introducing new factors. Ie our
experiments in which two subjects were used for many weeks, the meal
howrs were fived at 8 pm., 12 m. and 9:30 p.m.,, so that the subject on
‘“reversed routine,” sleeping from 1 pam. to 9 p.m, did not have to change
his meal bours. No sttempi was made to keap the diet abaolutely
uniform, and thege ara to be regarded not as metaboliam experiments,
but as & test of the secretory rhythm of the kidney and its possible
pergistence or change during changed conditions. In the wrine analysis,

for total mitropen the modified Kjeldahl method waa employed, for .

creatinine the Folin method, using pure creatinine solution as 3 standard ;

chlorides were determined by the ordinary Vollhard method; phosphaf.ea
by the uranium acetate method; and total acidity by the Folin fiteation
method. . .

EFFECTE OF FROLONGED BLERPLESSNESS 0N M.m 71

" In the tests made during the slesp following insoninia the heart rate,

‘regpiratory rate, temperature and blood pressurs were determined ag

‘abows.  The pupillary reflex and the position of the syes were examined
by gently spreading the eyelids with the fngers, and flashing a light from:
o pooket Aashlisht. The skin of the face was stimulated by touching it
with sharp pieces of paper, and the reflex movements of the arms and

“hinds on both sides were obaerved. The plantar reflex was defer-.

‘ined by passing & pencil along the inside and cutside aspects of the
soles; the foot being lluminated by » fashlight. The subjects very

“rerely. woke during these tests, and their general reflex behavior was

obaewed during the several determinations.

. Resunms: Subjeckive observations during insomnia. While t-here were
chEarem:es in the subjective observations of the subjects in the coursa
‘of the experimental insommie, they were so slight that a common de-

- geription for them all will suffice. During the first night, the subject did
_hot feel very tired or sleepy. He could study or read or do labora.tory
-work, but felt an aitack of drowsiness between 3 and 5 o'clock in the

‘morning. There were some itching or burning sensations in the eyelids

.daing the might. Ie the morning the subjeet felt as usual, except for a

slight indiapositi[m which alwaya appeared when the subjeot rat down
to rest. * As long as he kept moving, and especially if he engaged in
laboratery work, he did not feel any urgen$ desire to glaep. On ths
gecond night he felt sleapier much earlier, or else felt a peculiar “buzzing
"in the head,”” or else & sensation of empiinese, not only in the head but
in the enf.:re body. Bimilar sensations were described by the subjects.

of Patrick and Gifbert and of Robinson and Herrmarn, It was more
difficul to keep awake during the second pight, snd the dryness of the

éyes offen became Yery unplossant. If was found impossible to read
‘or to study, becauge sitfing would cause the subject to fall asteep.

-However, even during the second night work requiring manipulstions

and movement irom place to place conld be carried on with great case

“and had the effect of baniching the desire for sleep. On the day follow-
ing he longing for slesp subsided sgain, and the person could perform
ipoutine work as usual. He had great difieulty, however, in keeping
-iwake at lecturca.  Even if he did ot fall aaleep while listening to the
-monotone of the lecturer, he had dificulties in taking notes. After a
“tew words had been writiben in the correet faghion, hia hand would begin
“to:slip in executing the delicate moverents of writing, would slide aeross
“the paper, snd instead of words there was unintelligible seribbling,
Anew effort wounld male the hand write properly, but only for a shert

fime. The leeture hour was a trying one for every one of our subjeets.

Qﬁ= the thivd night the desire for sleep was atill more aggentuated, but
on- the day following the subjeet agsin feit much better, On this day
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taking Jecture notes was entirely impossible, as the penei! would fall
out of the subject’s hands after he had been sitting for a ghorf while.
Laboratory. work was poasible, sg on previous days. Abttempts to-
oot one's own pulse were abmost always unsuccessful, becsuse the
subject would Iose irend of the count after he had redched twenty or.
thereabouts, or else would becamns extremaly drowsy. Only one sub-
jeot (N, K.} kept awake for a fourth might, snd he reported momentary
dresma during the night, whether walking, standing or sitting. Ne
hallucinations had been experienced by any of our subjects. The sub-
jective feeling of drowsiness was not any worse afier 115 than after 60
hours of walefuluess, and if the subject was engaged inan intercsting
conversation, he felt no desire for sieap at any time during the experi-
ment. Likewise, a trip to an “all-night” eafé proved to a number of our
subjects that interest in their surrounding had a powerful effeet in
dispelling all the subjestive gymptoms of drowsiness and depression.
Lying down hed the effect of inducing immediate sleep, This was
obgerved on the subject whose basal metabolismn was measured avery
morning during the period of ingemnia, and whe had to relax completely
for this purpose. The obeerver had to keep & very close watch over him,
and even 30 he managed to fall asleep while his companion determined
his blood pressure (this may partially account for some of the Jow blood
pressure valuea obtained). Tsually on lying down for & minute or so
the eyelids drooped without ¢losing (relaxation of the levator pelpebrae
super.), and the subject saw double beeause of the divergence of the
eyeballa. Shortly after that the eyes olosed, umlese the subject-was
disturbed. If the subject was aroused as he waa falling asleép in the
horizontal position, it was & matter of seconds before he was nslesp
again. - 'We may suwm up by stating that subjectively all the individuals
tested felt sleepier during the night than during the day following; that
drowsiness could be dispelled by any form of museular activity and
sleepiness accentuated by inactivity; that 3 was more diffteult to stay
awoke while siiting than while standing and entirely impossiblé whila
lying; that at times the subjent felt a greater need fo =it down or lie
down and rest than to gleep, None of the subjeets employed experi-
enced any loss or even dlmmut;wn of appetite during the period- of
ingomnia.

Objective obearvations during insomnda. In appesrance the viekm of
experimental bwsomnia did not differ from his fellows. In fa¢t no
observer eculd tell & person who had not slept for several nights from &
normg)] individual. This was frize, however, only of tha subject who
waz engaged in some kind of activity, When he aat down, one could
ace that he was extremely sleepy, even in the daytime. At night the
observer had to wateh the subject very closely. It was amusing to-
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- Aok that some subjests used ruses to escape the watehful eye of the
-obgervér, After being roused many times they pretended to get up for

8. etroll in he corridors of the building, bt would actaally walk over to.
some corner, sit down aond fall asleep slmogt immediately. Omn other.
oceasions the subjects would become irritable and resent being aroused
-every. few minutes, They would pretend thot they were mot falling

_aglean, would roundly deny the fact. However, in all case 8 ghort walk

would restore the subjeet’s good dispesition and banish his drowsiness.
‘The mental power of the subjeet was normal ao far aa eould be deter-.
mined, We parformed a few tests on Jetter naming and on mental
srithmeatio, but our results were negative, confirminrg Robinson snd.
Herrmann (4).  Only in the subject who was kept awake for more than
four dsys eould some deficiency in mental power be observed, This
consisted in temporary semi-dreaming states. In onecase, early in the
‘morning of the fifth day of insomnia, the subjeet wes looking up

- logerithms of some numbers as they were called off by the observer.

After some time the latter notised that the subject’s movements became -

"mechanical and began fo waich him as he looked up the various

logarithms, He found that the subject invarisbly located the Joga- -
rithmg and called them off correctly, but once in response to 2 number
whose logarithm he had located, instead of eslling off the latter; said:
“I% is because they are against the system.” On being questioned the

“subject admitted thet all the time he was looking op the logarithms

he had been under the impression that he was ha.vmg 2 heated argument
with the observer on the subject of Jabor umions. Tt js interesting to

“note that one of Patrick and Gilbert's gubjeets went through s similar

expetience during s weight lifting experiment, when instead of saying.
“mymber one,” said “iriomings,’”’ and afterwards admitted to hava

" dreamt during the experiment.

Our quantitative results will be found summarized in three tables,
Patrick and Gilbert found a propressive incresse in weight of their

_sthjects during insommnia. We could not eonfirm this. Blood sugai

snd whole blood and plasma €O determinatione were made on-two-
subjects (N. K. and M. P.), No variations that did not fafl within the
diurmal curve could be detested. Likewise, erythrogyie and leucoeyte

- ounts, percentage of hemoglobin and percentage of corpoedles, studied:
“in one subject during several slespless periods, showed no devistion
, fram the normal. The absence of any change in the alkaline reserve
“of the blood is significant fn that it shows that no togic acid produst.
_sccumulated in the blood during sleeplessness. The values for the heart -

rate, reapiratory rate, temperafure, blood pressure and basal me-

taholic rate, all obtained on subject M. K., are given in table 1. “The
'_mrmal days include the period preceding and following sleeplessness
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tests, and the figures constttute the sverage of all the daily cbeervations
made. Besides the several periods of slseplessness thers was one 5-day
period of somplete fasting (4 observations) which was introdneed mafoly
as & eheck on the aseuraoy of the basal metabolism determiinations.
In series 1, with the subject in the horisoral position, the average
heart rate at 7 aam. for 83 days was 74 per minute. The average ob-
tained during three periods of insomnia (7 observatione) was 62. In
series 8, with 14 normal days and one period of fusomnia of 4 days, the
values are 75 and 62, The heart 1ate during insomniz was 17 per cent

Showing the efect of insomnia and fasting on the average kegrt rate, respiratory
rebe, lomparature, systolic ond dioslolic blood pressure and

_TABLEI

bagal metabolism
NUMpER | CONDITTON AEABT | DEWMEA- | vEMemma- | OROOD PRAREORD eyt
OF DAYS | OF SUMIECT e |Towrmars|  roex W Ferr
Series 1 : '
8 colorics
. g3 Normal T4 13 36.18 7| 110 72 148
7 Ynsomuia 62 14 36.07 105 67.5 1500
4 Fasting - 30 14 36.20 114 i 1843
‘Series 2
14 Normal 75 14 28.50 w07 3.8 1827
4 Fnsomnia 62 12 36.43 101 [ 1569
Beories 3
15 Normal 1] 15 36.83 119 83
4 Iraomnia (i 13 36,80 116 38

Subject N. K.; observations made daily at 7 o.m. Fo series 1 and 2 subiect
wugin the kying position, in series 3 subjost was seated. )

lower than normal, and individual eounts were as low ag 86 per minute.
In geries 3, comprising 14 nommal days and one 4-day insomnia peried,
with the subject iz the sitting position, the deérease In heart rate reqult-
ing from slecplessness was 6 beate per minute, or 7 per cené, During,
the fasting period the heart rate incressed sbout 8 per cent. -Respira~
tory zate showed no change in geries 1, and a decrease of two raspirstions
per minute inseries 2and 3.  The temperature showed no change either
during dleeplessness or during fasting. An interesting obhservation as
regards the temperature varistion, when it was recorded every two or
three hours in several subjects during s nwmber of tests, was the notice-

A rhed

-5 g
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 able “damping” of the dinrral temperature wave. "A good exazaple of

this is shqwn m fignre 1, which respresents the temperature curve during
2 116-hour peripd of ingomnia.  The reader will note that the difference
between the temperatures taken at 1 p.m: and I a.mn. following was 1.88

+ degrees-on the firat day, 1.12 on the second, 1.00 on the third, 0.85 on

the foirth and 0,68 on the fifth. Whils not all cur temperature cwrves
kre a3 nearly disgrammatic as the.one plotied, they all show the same
tendeney” for the temperature to be equalized, indicating that the -
diurngl temperaturs rhythn is dependent upon sleep for itg persistence.

e ﬁr“——“w—'&ﬁ—im—[“—t..,—‘m—‘a.—‘—{m
e L Yoy Fs L L
Fig. 1. Diurnal tewnperature curvs during & 115-hour insonmia, period. Cirales

Y the- curve indioate temperatures st 1 p.m. and 1 a.m, Tt will be noted that
L. the difference betwesn the temperstures taken at 1 pam, and 1 e.m. becomes
. progressively smaller. o ) .

- The blood pressure, .both systolic and disstolic, was lower during the-
- ihsomnia periods, when it was taken with the subjeet in the horizontal.
pqgsitic_m; with the subjest seated, it showed a rise. It also rose during

- fasting. The basal metaholic rate did mot very with lack of aleep. -
- This may be only apparent, beosuse the subject would continually fall

~agleep during the determination, and be continuelly awakened by the

=.pr'_oductian of sharp metallic sounds. - Fhe momentary spells of sleep
_-»,J‘cmght lizve lowered the consumption of oxygen, while the awakeninpg
© involving as they do incrensed muscular tension, might have tended to
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inerease ib. Comparstive respiration ctirves on normal days and on
sleepless days are shown in figure 2. On the whole there was a slight
rigg in basal metabollsm during insomunia in both series 1and 2. During

Fig, 2, Respiration tracings seoured by means of the Benadiet portabls respi-
ration celorimeter. Tpgper trasing taken on & day preceding the:period of in-
wornin. Tho middle two tracings were talen on the third and fourth days of
insomnin. The lowermoat tracing was talew on the moraing following the tarmi-
nation of the inpomnia text. Reduced fwice.

fasting the basal metabolic rate was markedly inereased, which is in

agreement with the results obtamed by Kunde (7} u_nder aimilar
conditions.

EFFRCTS OF PEHOLONGED SLEEPLESSNESS ON MAN T

Obzervations during sleep following insomnéia. The subject of the

: ingominia experiment, at the end of the period, usually retired at 10 or
~11-o'clock in the evening. The observer vidgited his hed-chamber af
about I amn. and apain at 4 am,. Tt was the invarigble impression of
“the observers (as judged from genersl reflex irritability) that their.
‘subjecte slept more deeply on the second visit than on-the first. The
"valuez of the heart rate, respiratory rate, systolic and disstolie blood

pressure and temperature taken during the first sleep following the |

: pemd of I :msomma in cne subyeut are given in table 2, They show that. :

(I

‘l‘.&BLE 2

f'Gbsmmm on the kaan-t m.ts respiratory vole, temparature anrd blood 3 pmaure

. ) &ﬂﬂﬂg sleep following peripd of invomnin

- _ mowrxmlms
vata smas mern| SOy sy | | von o] Tt =i
First calk—1.5.m, ’

- . . @, ] ’ <o, Rewmn .
13- 3-22 71 12 3560 | 9T 82 . | .6
12-13-22 "3 13 3550 % 86 . 20
1-27-25 68 12 36.20 o 82 115
- 2-13-23 66 12 | 3600 | 1es s o
3—24.—\23_ ™ 14 36.00 a8 Fii] 116

"o Averege....| @9 125 | 3585 | 98 58

- . Becond sall—t a.m.

T3 60 [-n | 3570 .95 4.
121308 8 14 3560 | 98 B8
iz 63 - 12 .| 3.3 | 5 85
ST = I 12 26,00 | 103 7%
22423 7 2 | 0| 10 g

" Average.....| - 648 | 12 300 | 8 | 885

“the respiratory Tate was about, the seme at both hours, but that the

heart rate wag lower at 4 o’cdlock. In other subjeets the reepivatory
and heart rates varied, sometimeg being lower on the second chservation,
sometimes higher,  ‘The {emperaturs did not vary from 1to4 am. The
blood pressure was low, but not much lower than the pressure shown

In the morning during the nsomnia periods. 'The gemeral bebavior of

the subject varied with the amount of sleep lost snd. with the usual

‘depth of the person's glesp. Thus the sleep of one subject (IN. F.)

was normally mueh desper than that of other subjects after two or three

sleepless nights. Bub as a rule the sleep was deeper the greater the loss
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of gléep during the preceding period of insorinia, The unsvoidable
sounds mhde by the chaerver ravely aroused the sleeper, but occasionally
geemned fo disturb himi, ‘The eyes were always found rolled up and out,
but sometimes returned to their norma) position wher the eyalids were
spréad apart. The pupils were frequently but not always found
markedly -congtricted, but-in one subject (8. L.) they were widely
dilated. Every ome of our subjects showed a positive pupillary reflex,
it the response wes very slow, it sometimes taking several sesonds for
the pupil to eontreet. There was no resibtance to the'insertion 6f the,
thermometer into the subject’s mouth. The gleepar never closad his
mouth tight enough to break the thermometer. The applieation of the
sbhiygmomanometer cuff in some dazeg aroussd the subject, bub he
always fell asleep hefore the reading wes taken, as was evidenead by
resumed snoring. Brushing the cheek with a rolled pieee of tissue paper
froma the ear to the corner of the mouth often elicited a facial grimace
and a movement of the hand, intended to geratch the stinmulated spot.
There was no girict homolsterality about this responge. As a ruls,
the right hand would respond when the right “check was stimulated,
buf if this band was under eover and the left hand exposed, the latter
would respond ingtead. In a few cases both a direct and n crossed
reflex were elicited by this method. Plantar stimulstion inveriably
elicited 2. positive Babinski in every one of our subjeats during the sleep
following insomnis, and in the deep sleeper referred to above (N. F.)
during sa ordinary night's slesp. Not only was there an extension
but also a epreading of all the foes, This reflex could be obtained any
number of times, provided a suitable interval (15 to 20 ssconds) was
allowed between successive stimulations. If the sole was seratehed at.
shorler intervals, several extensor responses were followed by an exten-
sion-and-flexdon, later by fiexion of the toes, and either an aftempt fo
rub the sole with the other foot or a flexion of the leg upoa the thigh,
On several occasions a crossed a8 well as direct Babingki was obeervad.
Stroking the surface of the posterior tibiel region from the tenda Achilles
to the fossa of the knee usually resulted in & prompt flexion of the knee.
All thess tests were made without waking the sleeper, and if they did
not follow each other too closely, without disturbieg him. The duration
of sleep following a period of insomnia was not mwmek greater then
nermal.

Analysis of wrine. In our wrine work we first studied the exoration
of total nitrogen in one subject (N. K.). The period eovered 45 days
of normal routine which preceded and followed two sleepless periods
of 65 hours each, and one fasting period of 5 days, The normsl average
excretion of nitrogen was 14477 grams in 24 hours, 9.911 grams for the
day (16 hours) and 5.068 for the night (8 houvs), or 0.61% gram and
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'(] 633 gram per hour r&spectwely During the insomnia period the
“‘avernge wag 15323 grams in 24 hours, 10.538 grams for the day and

4785 grams for the night, or 0.65¢ gram snd 0.508 gram per hour.
There was then & slightly greater excretjon of nitrogen in the daytime
during insormmia, bmt the difference is not great enough to make it
siglﬁﬁea.n’t During the fasting period 11.805 grams of nitrogen were

‘exereted in 24 hours, 7.730 prams for the dsy and 4.075 for the night

{0.483 gram and 0.509 gram per hour respectively). o
In & second series of experiments we used two subjects, N. K. and

"M.P. The results obfained are summarized in table 3. Both subjects
ha.d suppasedly mormal kidneys, and their urines showed neither

afbumen per sugar. Bul when they were tested by mesns of the

' phenolsulphonephthalein excretion imethod, MP.’s kidney function
“was found to be perfectly normal, whereas W.E.’s kidneys seemed some-

what below per. We are presenting the resulis obtained in botk

-gubjects, but 28 N.E. appeara to be slightly nephropathic, mors weight
" will be given to the figures obtained on MP, From the table it will

be geen that N.E. secreles more urine at night thar in the daytine,
That thie inereased seerstion is dependent wpon sleep can be seen from

-the fact thet on & reversed routine he secreted more in the daytime
"than st night. BLP. secretes much more urine during the waking
*houts than while asleep, and the rate of the hourdy secretion during the
‘dey was decreased on & reversed routine. During ingomnis N.K.

secreted lesa uring. at night, further indicating that the increased night’
secretion under normal eonditions wag due to sleep.  From these resulte

-it-will be.seen thai the excess night secretion of urine by the nephritic
“or nephropathie kidney is conneeted not with the time of day, bat with
“the ¢ondition of slesp. The phosphate exeretion per 24 hours was
"almost twice as great in N.K, as in M.P. In either case, however, thare

waa o slight diminution of phosphates on a reversed routine, and a

alight fncrease during insomnia. N.I exoreted slightly lesz ¥ at night
" than in-the daytime, but this difference is greatly magnified (from 3.5
-to 13.5mgrm. per hour) on a reversed routins, M.P. normally excretes.
_ieh mere P during the night, and this condition is etrikingly changed
0B & reversed routing. The results obtained on hoth subjects show that

& gertain amonnt of the phosphate excreted besrs a direct Telation to

.Heep. The excretion of phosphates during the slespless nights is less
.4hen normal in both gubjects, confirming this econchusion. The same-

results were obiained by Campbell and Webster (6) on their 3-and 4-day
perioda of reversed routine, but, as stated above, in pur experiinents

“sleep was the only variable. Practioally the same relations hold tre

for total acidity s for phosphstes, copfirming e’ observation of

" Camphell and Webster on 'shg parallelism betsveen the excretion of
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TABLE & : pheaphates and the total acidity of the urine. Chlorides were excreted
The asoretory activity of the bidney on ¢ normal routine, '‘ravarsed” routine, and i greater quantities in the daytime than at might in both subjests
during experimental insomnia tested. This rhythm persisted during insomris, but there was 2 tond=
1 wonmgg | Avemsex | AvERLGEPOR “DAT" | AvERAGEPOR " Mlaw" - engy towerd reversal on the changed routine, This eould not be dua to
SURIECY | YRR OTTSE L ormaws | g hoious 16 bours I 1how | 8hows | 1bour ‘& change in the ingestion of ehlorides, as all meals were taken &t fixed
- - " hours whether the subject slept at night or during the day, The figures
L, Volame of urise in gubic tentimetera - for creatinine excreiion are significant in thet they show that mors
W K. | Normal % 1062 a0 | & 33 | 48 -ereatinine was excreted per hour in the daytime then at night, on the
Reversed 4 W05 749 47 5 E nortnal routine, reversed routine and during insomnnia, It is the only
Insomnia. | 8 1009 00| 4 300 30 ‘substance of those we studied in reference to which the kidney showa &
. . 1. . " more or less fived diurnal rhythm.
M.P. ﬁ;‘v’f,ﬂi a i’g ﬁg'; - i;g ;: ﬁ i; ’ Bffects of muscular relazation. A number of tests were made on the
. * effects of complete muscular relaxation. The subjects were asked to
2. Fhogphates, in milligrams of P : * Jie down and to relax their muscles. They were blindfolded and their
: " ears were plugped with cotion.  As a ruls, after 30 minutes in this con-
HEPumdl 8 | B 0| B2 " dition, the subject was found asleep. The observer did not return before
Ingsomnis g 1121 2 N 11 300 7.5 _" 30 minutes g0 as not to unduly disturb the subject who eould still hear
" somewhat with his ears plugped. Sidis (P) and Coriat (8) have reported
M.P. | Normal % 581 W2 sz | 80 " pimilar experiments on children and adults respectively, and our resulis
Reversed 12 528 433 27 o5 - 12 - N : I . Y
Insomnia " s 418 B 229 2 confirm theira, although we are inclined to agree with Corlat's rather.
: i - than Bidis’ mterp.te’oauon. But this will be taken up in the next
8. Totel anidity in cubic cantimetars of N /10 acid . seutl.on
i ; i " . DISCUSSION AND THEORY. What is sleep? - We must ficst agree ag to
N-E. %T::J:r:id 4: ' i;: g g; i‘:'g f: ; th_e facts, or the so-called convomitants. of sleep, and only then attempt
Ingomnis, 8 530 a8y 23 w | A - 0 interpret them. The definitions given by most workers agree with
S ' : each other pretty cosely, and the one proposed by Pidron {1) seoms-
M. 2. | Normal 3 268 168} 10 04 13 " t0 be.the best. Aceording to this investizator, sleep is a suspension of
Tovomed | 1) B3| o M- I * the mengori-motor setivitios that bring the living being iato relation
. - with its envirerrnent. Tt is characterized by ¢, marked diminution of
) 4. Chlorides, in grams of CL : ‘muscular fonus in gerersl {with the exception of sphincters and a few
] ‘other mnseles) and the loss of the power of equilibrium; b, almost:
Rl ket A B A ool g ol e * bomplete abolition of “spontaneous” activity; ¢, raisitig of the threshold
Ingomnla, 8 492 135 | o= | 137 | 0an s-of reflex irritability and general semsibility; and most important, o,
. . ‘‘nomplete ebsence of critizal reactivity, which normally involves analysis
M. F. | Normsl 35 6.57 6.0 | 037 [ 1.50 § 018 " of sensations. All other rest states seen in animals, whether dinrnal
Reversed 12 4 85 B.19 0.200 1.46 0.188 e j .
Incomnin 2 658 g 0,350 o | o128 “or: seas_onal_, eould not ke loo.ked upon as sleep, but, together with
- - hypnosis, coma, ote., a8 sleap-like eonditions. .
5. Creatining, in milligrams ' "~ Piron divides the mumerous theories of sleep into “partial” and
* Y“complete” theories, By a partial theory he means one that attempts
B (it B sl (ol I Il o explain the meshanism of going to sleep, or of the dusat of sloep, with-
o ) -out atéempling to explain the hiclogical necessity of sleep in higher
M.P. | Normal | 25 1862 | - 1276 80 5686 T® anfmals; complete theories “explain” not only how we fall asteep, but
Raversed | 12 w34 | 1878 | & 6| T “also why wa sleep at all, This division is not very appropriate, becauss
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a theory that explains quite adequately why we steep, may not have a
Tensonable explanation of the meghanism of the onaet of sleep. Be-
gides, since aleep involves loss of conaciousnesa anfl of critical reactivity
to our surroundings, it would seem that until we know everything con-
cerning the nhysielogy of consciousness as sontrasted with its peychology,
i.6., the chemical and nerveus mechanism wa shall not know
what the loss of conssiotsness is. TPor this reason those parts
of our present so-called “complete” theories whick explain the
sauge of slesp are not suseeptible of experimental confirmation
or refutstion, and the main coocern of sn author of such &
theory is that it should be in harmony with as many known faets about
sleep as possible, and not in glaring contradiction with the rest. On the
other hand, “partial” theories, or those parts of the compleie theories
dealing only with the mechanizm of the caset of sleep, ean be easily
challenged experimentally, These theories are of immediate practieal
importance in the solution of that type of ingomnis which is charac-
terized by the patient’s inability to fall aslesp. A pood “partial”
theory should slzo explein the meshanism of ewakening. :

Of the theories of the meebanism of the onzes of sleep Piéron d:acumea_
and eriticizes half a dosen groups, and we shall merely fouch upon
‘the vascmotor theories of which Howell (P) is a proponent in this
coumiry, These theories assome that at the end of the day’s activities
the vasomotor center hecomes fatigued, and thie pericdie loss of fone
of the eenter is responsible for the inadequate eirculation through the
brain, This theory is partly based on Mosso's statement (P) that the
brain is anemic during sleep.
evidence to show that during sleep there is a plethora of the brain (9},
In our experiments we could not detect any loss of tone of the vasomotor
center even after 115 hours of wakefulness, or 7 timea the normal 16-hour
period. Thelowblood pressure obtained during theinsomnia peviods waa
partly due to & slowed heart, and both the alowed heart and low blood
pressure were due to musculsr relaxation in the lying position, and were
shsent when the subjoct was seated. The facts that it was impossible
to keap awake while lying down, in which position the demands oo the
vesomotor center are smell, and that it was essy to keep awake while
very active are against this theory. As Shepard says, the vasomotor
changes, be it anemis or plethora, may just as well he considersd a
conzequence ag o cause of sleep. We dwelt on this theory at some
fength because it is so “popular.”

Anpther outstanding theory is thal of auto-intoxicstion with the
products of wakefulness. Piéron reports a number of remarkable
experiments on dogs, which we will discuss in a subgequent paper. He
discorered a substanse, “kypnotoxin,” which can be found in the
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'em'ebm»spmal fuid of dega kepf. awake for a nnmber of da.}rs or weeks

and which, when injected into the fourth ventricle of a normal dog will.
produce: aomnoleme and Iater sfaep., FPiéron does nob clsim, as text-
boeks maintain, that at the end.of 2 normal day enough “bypnotoxin®
accurnulates to caaise the animal io fall asleep. At best, ke thinks,
this' substanee developed during the intemsive setivity of the nervons
centers-which preside over the extremely complex sensorimotor funs-
tions brings on sleep by reflex inhibition of these senters and not by

“dirack toxic action on she cellular el¢ments. The briskness of tha

onseh and cessaiion of sleep led him to adopt Brown.—Séquard 8 view
(P)-of the onset of .sleop ag an inhibitory reflex. This is & very reason-
sble pupposition because the onset of sleep which involves fitm closing

‘of the eyslids, & rolling of the eyes up and out and a number of other

motor. adjustments could not be considered a purely megaiive phe-
nomenon, merely a lack of conscicusness.  But he does not suggest hovw

“this reflex is liberated. It is well known that certain conditions such
‘a3 deliberate preparation for sleep, absence of noise, horizontal pusture,
-wolimtary closing of the eyes, and so on, help to induce sleep, but they

connof be considered the astual lft:era.tors of the reflex, but aa con-

‘tributory elements onby. As to the actusl exaiting esuse of this reflex,

opinicns vary. Claparéde in his “‘biclogical” theory of sleep first
proposed in 1905 (P) and amplified in 1912 (10) declares that the onset
of gleab is due'to a reaction of momentary disintersst in one’s surround-
ings. - We fall asleep because we are not interested in what is going o
around us, but thie is facilitated by fatigue and the poasible presence
of toxic subatences in the bleod, Claparéds did not de any experi-

inental work. According to Shepard (9), “as we go to sleep, we become
“#becrbed in a miass or complex of fatigue sensations. These tend
-gtrongly to fohibit other processes, especially motor setivity and

tonsciousness of strain sensations from the museles.” 'While it is true

- that fatigue will accelerate the onset of sleep, & person can fall asleep
‘when not {atigued at all, and idlers have ne diffieulty in falling asleep
-t thie usaal hour, or at any hour. Pavlov and his ro-workers, in their
:study of the sonditioned reflexes, fornd thet their animals frequently

fell asleep during the expeviment (11}, (12)., They found that 25 a

-result of prolonged action of & uniform exeitant their animals invaziably
“fell agleep. The complete data of their experiments have not been
‘published 83 yet, but in a persoral ecxmmunication $o the writer Pavlow
-gtetes that their results indicate that sleep and the so-called internal
:inhibition of & conditioned reflax are identieal phenomena, the former

being -diffzse and the latter localised. Another propoment of the

Juniform or mohotonous stimulus effeet is Sidis (P) who adds to this
Jlimitation of veluntary movements. This is nearer the truth because
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an arimal usually ceases all voluntary movements when it is going to
sleep, and lael of noise or & monotonous sound does help to precipitate
sleep. Corint (8) challenged the work of Bidis, and performed experi-
ments to show that neither Dmitation of vohmtary movement nor a
rnonctontus stimulus are puffisient to induee sleep. He holds that
when the aubjeot did not relax his musculature he did not fall aslesp
under these condifions, . Our experiments, while not contradicting
Sidis’ findingy, tend to confirm Coriat’s in that relaxation will usually
induce sleep under ordinary conditions, but will invariably do so under
conditions of prolonged loss of gleep, In our stndy of basal metaboliam
wunder normal sonditions the daily determinations were mads at 7 a.m.
within one hour after the subject got up, and he often fell agleep while
lying completely relaxed for 30 mimutes. Bimilar obeervations were
made by Benediet (5} who in deseribing his new respiration ealorimeter
warned the prospective users of a tendency of the patient fo fall asleep
during the teat: (although instructed to keep awake), and advised gentle
tapping on the metal pipe to wake him-up; This powerful influence of
muscular relaxation was capecially striking dering our insomnia expert-
mente. AR our subjects could keep awake while working or walking

‘or standing, but when under the same external conditions they, et down

),

in a comfortable chair, and espesislly if they lay down, they fell asleep
fmrnedietely, Various discordant noises could not prevent the onset of
sleep under these conditions, but quiet favored it.

It iz now commenly coneeded that conssionsness is maintained by
incoming afforent stimuli. As early as 1876 Heubel (P} werking op
lower animals canoe to the conclusion that “mental activity depends on
the incoming peripheral semsory stmulations; where such peripheral
sensory stimulations are abeent, mental activity ig in cheyance and
gleep Tesnlts.”” While we are all awnre of visusel, suditory and tactile
stimuli, few of us are conseions of muscle sense. Indeed, jt waa not iill
1832 that Sir Charles Bell discovered this “sixth®’ sense, and it was not
aceepted wniversally 4l the end of the 19th century. Due tothe
numerical prspondesranca of proprioceptive fikers, the majority of
stimuli pouring into the brain come from the muscles, tendons and
joints. ‘When & person lies down, the visusl sensations =oon becomne
monotonous, and museular relaxation, removing the greater part of the
propricesptive impulses, precipitates what we call sleep. Fatigue
favors the relazation of the nore mugeulature, and it indusss sleepiness
by lowering the stream of proprioceptive impulses. Extreme fatigue ie
known o prevent the onset of eleep, and this will be readily understood
if we recall that such fatigue is painful, and painful stimuli pouring into
conscicusness tend to keep the person sweke. Pain is one of the com-
monest causes of insomnia. All the eriticisms advanced against the
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“vesomator and intoxication theones, namely, the effeet of. dm'lcmese

‘gilentce; horizontal posture, the ability to postpone the onset of sl-eep .
.in interesting surroundings,—Jail in the case of the musenlar relaxation
-théory. This theory algo explaine the. eomperatively long sleep of .

young animals and children, and helps us to understand why people
o]l adleep amid lond din and racket, if they are so tired that thay have
to relax their musculature. No one fell salesp during the recent
“daneing Marathons.” It would be very imteresting to study the
hahn.vmr of blind and deaf persons.

+There is one point which all theories of sleep fail to explmn Grant.ed

:t.hat. there is a raising of the threshold for sensory stimulation, how is
‘this brought ebout? In 1800 Mautboer (P) developed the conception

of 8, blocking of sensory impulges in steep. Up to date there is no expori-
mental evidence of such blocking, although the idea of increased

‘synsptie reslstange ia sound. There is some evidence, however, of suck
“an increaded synaptic resistance on the motor side. We refar to the
.positive Babinald mign.  An extension of the toes on plantar stianlation

‘during sleep was observed long before the Babinski sign was diseovered
by Rosezbach, in’ 1878; quoted from Pifron). It was subseguently

_codfirmed by Goldfiam {P) and Bickel (P). The latter observer found

that the reflex became negative on awskening. He also saw a positive

. Babinski during.the early stages of chloroform anesthesis {befare all

réflexes disappear). - The positive Babinski sign, although its nature

'_W‘_S'nct understood, is elinically found in adultg only in case of organie
‘pyramidal legions, In paralysis of hysteria the reflex is negative. I

is safe to mesume that in the majority of cases itindicates an interrup-
tion “between the cerebral corfex and the lower motor neurons.

-However, it was oaly a year ago that Haberman (2) in a purely theo-
;tefical paper on sleep firsh interpreted the positive Babinski of - sleep’
“ag does the' present writer. Habermar speaks of a cerebrospinal
‘functional break or a shunticg off of some part of the cortex. But
“the rest of his argument iz very obscure. If such & switehing off of &
“whole cable ean take place on the moior side, why not on the sensory? '
AThiese functional bresks would not only tend to produee complete
“museular rest, but would also prevent impulses from reaching the higher
“genters and thereby waking the slesper. Tins point will be ‘discussed
-below in connestion with the physiology of dreaming. In our experi:
_ments every subject showed a poritive Babinski during the sleep that

followed Inzorania, and with remarkable regularity this reflox would be

“reversed on continued stimulation at very short intervals, confirming
“the asgumption that it was originally due to an increcsed. synaptic
;‘;‘rmsiame, this flaxion reflex of the big toe obeys the rule for summation
<of-subrnintinal shmuh because these stimuli, although sirong enough to
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elicit the positive Babinski, are too wmeak 4o clieit the flexion reflex.
The reversal of the Babinsii was usually obtnined without arousing the
aleepear, indigating that the stimuli had not reached the highest centers,
bt this latter could be accomplished by continued stimvlation. On
allowing the subject to lapse into sluniber after having been awakened,
the pogitive Babinski could be obtained sgain and again,- The sama
applies to subject NF. lmder uormal conditions, becavse he is & deep
sleeper.-

For the further mterprete.tmn of this inding we shall haveto pass over
to the dissussion of the so-called complete theories. 'We shall not stop
to review all the theories based on internsl secretions (hypophysis,
thyroid), dehydration, exhaustion of intramoletular oxygen, and the
various intoxication theories ([actic acid, cholesterol, GOy, leucomaina,
urotoxing, neurotoxins, ete.}. An admirable eriticism of all of them
oan be found in Piéron’s book. We may mention that the intramolee-
wlar oxygen theory was baged mainly on the lowering of the respiratory
quotient during sleep. But in the light, of modern knowledge, it is clear
that thix Is not due to a storage of oxygen, but to a desrensed oxidation
of carbohydrates, brought sbout by muscular relaxation. It is well
known, that severe muscular exercise will bring the quotient up to umity.
The intoxication theoties sre just as ““popular” as are the vasomotor
theories, but have the distinetion of being *'complete” in that they
explain at one siroke the eceuse of sleep, and the mechagism of the onset.
It was mainly to test thege theories that we undertook the experiments
on experimental ipsomnia, and it is our somelusion that there are no
avidences of & general intoxeation. During s prolonged abastinencs
from eloep, there was no chenge in the (0= eapacity of the bleod or the
plasma, in the red or white blood count, blood sugar, heart rate, reapira-
tion, basal metabolic rate and temperature. After 135 hours of wake-
fulness the intoxication, i present, was too mild to produce any change
in the abovs and (ur winary findings were also negative. Could we
then postulate an intoxication at the end of 16 hours of walefulness?
Al the arguments brought forward to refute the intoxication ides in the
discuseion of the partisl theories, hold good here. Pidron himsgelf was
too eautiozs to advoeate such a theory.  'What then is the cause of sleep?
Among other necepted theories is that of the paychologist, Clapersde
(10}. He decided that slesp was an instinet: “Le sommeil est une
fonetion de défense, un instinet qui a pour but, en frappant 'animal
d'inertie, de Pempéecher de parvenir au stads d'épuisement; ce n'est pas
parce qua nous gormes Intoxiqués, ou €puisés, que pous dormons,
mais nous dormons pour ne pas Pétre.”  Buch is the powsr of & phrase
that both Sidis and Coriat readily embraced this docirine in their
search for n complete theory of sleep.  Yet, Coriat himself remarks that

EFFECTS OF PROLONGED SLEEFLESSNESE ON MAN &7

+aay theory of sleep must be hased upon sound physiclogioal data,
-:because sleep s 8 physiclegical phenomenon.”” To say that we sleep
“n because we are intoxieated but in order rot to become intoxicated,
“*is no more i explanation of sleep than is t0 9ay that we breaths in order
inot:to become intoxicated. As a matber of faet, one can 1o more com-
mit sueide by rafusing to fall asleap than by holding his breath: the

‘reflex will break through in either case. Hunger and thirst have long

~ago been taken gut of the category of “instinets,” and put on & gound

-physiclogieal bagis. Nothing will be gained by ealling aleep s defensive

“funetion. Just as explaining the onsel of sleep as-heing advantageous
“for the snimal at o -given moment, Claparéde explains waking by saying

“that it is of greater advantage for it to wake up in the maraing then to
~gontinue to sleep. In short, there is o “complete” theory of sleep that

.. 1s'm agreement with the majority of facts.

:‘The writer does not claim any ongmahty for the complete theory of

.- sleep he is about {6 propose. It is merely an sitempt to synthesize
“the ‘many idess advanced at one time or ancther by verious investi-
-gators. Ag & besis for this theory we zhall adoph the doctrine of

“tovels” -in the central nervous system as first advanced by Hughlings

~Jackson in 1808 (13). He held that “ihe most complex nervous arrange-
~agents, ceners and lovels are the least organized; the simgple, the mog
“organized.” A good example of & low level i3 the respiratory oenter
:whieh is most completely organized and functions in exaetly the same
“mawner from hirth to death. The highest ments] centers are the leagt
erganized and are therefore very modifiabls, and this enables the antmal
7tolearn and esteblish associationg. These highest levels, being the
~Foimgeat phylogenetically, sre much more sanceptible to Istigue, in-
«toxication or any kind of injwry than are the lower levels. Thus a
“gmall dose of aleohol will affect only the highest centers or levels, which
ert an inhibitory influence on the natural tallativeness-of & person.
A laxger dose may mot only interfere with the ability to make after-
: dinner speeches, but with: his facility in welking properly, and a very
Aarge doee is required to paralyze his respiratory center. Likewise in.
- inerénsed intracranial pressure from tumors, granulomata, eic., it is the
" highest centers that suffer firat, and-the initial symptoms are deseribed

by. Osler and MeCraa (14) azfollows. “The patient may aet in an odd

- nonatural menner, or there may be stupor and heaviness. The patient
" may be emotional and silly, and there are symploms resembling hys-
-teris.” In our experiments as well as in thoss of Patriok and Gilbert
:4(F) the only definife effect of ingomnia was the depression of the activity
~of the highest eenters that are coneerned in aualyaing sensations and in
zgolving. problenos. All our subjecls found that they could not study
‘-after one right of wakefulness, although they could do ordinzry routine
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laboratory work fairly suceessfully throughout the entire period of
insomnia. The temporary dissceistion of comsciousmess observed in
subject N_E. and in one of Patrick and Gilbert's subjects points in the
same direciion. It i3 reasonmable to suppoge that continued mental
activity resulting from wakefulness affects those highest centers first,
hecanse they are the least orgenized and because their metabolism. ia
koowa to be very active. Whether this fatigue of the highar levels iz
due to the exhaustion of some nutritive substanse in the nerve eells or
fo an acoumulstion of the products of cell metsholism cannet be
answered st present. On the histologicsl aide Piéron reporta that he
found definitely localized chanpes in the brains of doge killed after pro-
longed pariods of sleepleseness, and this indicates that these higher levels
have definite localizations in the cortex. In the course of evolution
those animals that developed the ability to give thess highest centers 2
rest, eonld uge them to their grestest advantege and won in the struggle
for exigtence. The changes of day and night favored the development
of this funetion. . The savages of Centeal Africa retive withsundown, and
speak of nights ag 50 many “Bleeps.”  When it rains and they are foroed
to remain idle, they sleep. In-other words, the peviodic eessation of
aefivity, due to nightfall (noeturnal animals excepted), coinsiding as it
did with the end of a day's hunting or fishing, when the animal or primi-
tive man were tired and had o lie down to relay their musculature,
pradually developed a switehing off of both the afferent and efferent
conneetions of these higher centers, and the phenomenon of sleep was
theresuls. When this procedurs was repested day after day, something
in the nature of a conditioned reflax could ensily develop, sud sleep
eould thus be set off “precipitously.” The highest centers graduslly
lose their irritebiity after & day's activity, and this irritability is
restored during the night’s sleep.  Just what happens during slasp is at
present unknown, but the results of Camphbell and Webster () as well
as iy own show that there is an incrensed excretion of acids and phos-
phaites in, the urine in connection with sleep, whether night or day sieep.
Fowever, all this applies to the highest cortivsl levels whose funcbion
is to eorrectly analyze snd interpret ihe incoming stimuli, to make new
associations (Jearn), and to react in what we call an intelligent manner.
Buit there are lower centers which may not be po fatigued (becanse of
their gomowhat better organization), and thege may gontinue to func-
tion during sleep, especially ght sleep. They are concerned with
dresming, Sensations that are prevented from vesching the highest
centers by the ineressed synaptic resistanos, mey geb o these lower
centers, and, while rarely correcily interprated, start what iz khown
as the dream procesg. These sensations need not be exterocepiive;
they may originate in the viscern. The main characteristic of a dream
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i¥ lack of eritécal amalysis of events. The dreamer meets people that
should be known to him to be in remote regions of the globe, and he iy
not-at all surprised at seeing them. Koight Dunlap (15} in an interest-
ing paper on sleep &nd dreams speaks of the low intagration of dreams
a5 contrasted with the high integration of someciousness. But he holds
that the law of assuciation of idess applics In cesea of low integration as
‘well, and this 18 ip agreemont with everybody's dreaming experience.,
Builap considers that one of the most cheracteristic symptoms of
‘dispesition to nordual eleep is the abolition-of the learning process, or of
bigh integration. “Momentary impressions may be made; snd & series |
of percepiions produced: bub they do not ‘stick’™  As an example of
the persistence of low integration (our lower “level) he uses 8 violinist
Who "“may piay his part in an orchestra very well, when so sleepy {or
do'drunk) that he has & very confused motion of what is going on;
‘provided, of course, the composition is very familiar, and played as he is
‘gecustomed t0 play it.” This is very much like the behavior of the
‘gubject N.E. who dreamt of engaging in a heated argument while he was
Jecking up and calling off correetty logarithms of numbers. We should
‘o have touched the subject of drexming at all but for the detectior of .
-the reversal of the Babinski sign during sleep which seems to show how
-external or internsl stirnuli by being frequently repeated will overcome
‘the synaptie resistance and reach these lower lavels, producing a dream -
by. low-grade yneritics]l association of idess. Should thess stimuli
;become stronger, they will reach the highest levels as well, waking the -
isleeper. The literature of the subject is full of ascounts of how a trivial.
:external haphening was misinterpreted by the dreamer and a curicus
‘dréam built around it. A hot boftle placed under the sleeper's feet
‘may make him dream of walking on the hot lava of Vesuvivs. In the
‘abeence of externs stimuli, internal sensations, hunger, thiret or sexual
‘stimuli may statt o dream. Distended seminsl vesicles will give rise
1621 erotic dream, but the powerful stimulus of ejaculation i3 neces-
sary - to overcome all symaphic resistances and waken the sleeper.
‘Generally, however, the dreamer may imogine himself walking about,
without actually moving a musele. The "switching off” of the py-
aamidel tracts which gives rise to the positive Babioski prevents the
;efferent impulses from reaching the museles and thereby protects the
“Bleeper from being aronsed by the powerful proprioceptive impulses that
would in such event be sent up from the muacles, Hleepwalkers
-apparently lack the ability to completely shunt off the pyramidal
tracts, espedially after an exciting evening, and their draams give rise 4o
-dotuel moveménts. Why these movemente do not wake the sleeper
t;hrough propriaceptive impulses from the muscles cannot be explained,
‘but fu normal individuals this iz undoubtedly the case (walling during -
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5 nightmeare). This theory also explains adequately » phenomenon
which no other theory hes been able to elucidate, namely, why the
subjeet, onoce having faller asleep, wakes up. I# is well known that
even in-the absenes of sll external stimull the sleeper will wake up
eventually. Our theory exzplains this on the basis of internal stimuli
of thirst, hunger contractions of sbomach, distention of the bladder or
regtum, which may hecome so powerful after some hours of sleep that
they overcome all symaptic resisiances and resch the highest levels,
waking the sleeper..

In this eonnection & word may be said concerning the periodicity of
gleep. 'Why is i} easier to sleep at night than in the daytime, and why
will a pergon accustomed to get up at, say, & a.m., wake up at the usual
hour, whether he gaes to bed early or lete? This is a part of the general
problem of physiclogical rhythms which are at present not very well
understend, but which are possibly conditioned reflexes. Thus the
hunger asensation is periedio; yet it does not appear, in man at least, at
definite equal intervals of time, but rather at certain hours, the usual
meal hours, Some divrnal rhytlime are established early in life, as
shown by the aetivity of the lachrymal glands which cesses a6 the usnal
bedtime bour in children (“the advent of the sandman’™). Masny of the
so-called diuenal rhythms are dependent upon sleep for their estab-
liskment and maintenance. A good example of this is the tempersture
rhythm, Benedict {18} found a more or less inverted diurnal tem-
perature corve I A night watchmean, but was unable to acoomplish this

_experimentally during an 11 to 12 day period of reversed routine.
Toulousse and Piéron (1), however, did suceted in inverting the tem-
perature curve by continuing the reversed routine for 5 or 6 weeks,
showing that it was due to sleep, or to the inactivity brought about by
divrnal sleep.  Our experiments alzo tend to show (fig. 1) that complete
insomnia for several days, invalving continous aetivity, has the effect
of progressively flatiening the diurnal tempereturs curve. Some
diurnsal rhythms can be inverted rouch socner, as shown by the change
in the secretory activity of the kidney on & reversed routine.

In eonelusion the writer wants to state that this theory is provisional
and is to be used only aa a working hypothesls. As Piéron asys: Une
théorie n'est pos la sclution dun probléme, c'est contraire Pénoncé d'un
probiéme d résoudre

BUMMARY

1. Experiments were performed to study the effects of experimental
ingomnia jn man, the duration of complete sleeplessness being from
40 to 115 hours.

EFFECTE OF PROLONGED SLEFPLESSNESS ON MAN | a1

2. Sub]echvel)r tb.e persons employed could easily keep awake th.la :
engaged in some sort of sctivity, but felt very droway when sitting, and
feﬂ agleep immediately on lying down.

+ 8: Museular relaxation induees sleep nndar normal condltmns {con-
ﬁrm::ng Coriat), buk practically precipitates sloep under conditions of
'expe:im-ta.l insemnig,

- 4. Blood sugar, alkaline reserve of the blood and ‘plasmsa, percentage
of hemoglobin, pereentage of corpuscles, red and white blood cell count,
_body weight, basal metabolic rate, appetite, temperature, ability to
‘name letters and to do mental srithmetic, all of these showed no varia-
tions from normal during the period of sleeplaseness.
_ 5. Respitation, heart rate, blood presmire showed a marked decrease
‘in insomnia, but this deerease was mainly due {0 greater muscular
‘relaxa.tm of the sleepy subject.

-'8. Numerous reflexes wore found to be present in sleep following

'msnmma, but the response was somewhat sluggish. Sleep seemed to

be déeper six hows after ita onset than at the end of two hours.

7. A positive Babinski reflex could be e]lmted in every subject tested
dunng the steep that followed insomnie. It ig interpreted as mdma.tmg
s. funetionsl block of the pyramidsl system of fibers.

" 8.. Thig reflex could be reversed by rapidly repested stimulation of the
‘gole. The depth of the sleep decressed st the same time. This

-indicates that a number of subminimal sticoubi overcome the aynaptic
._rmistame and produce a flexion of the grest toe.

8. There is a greater excretion of phosphates and acids at might;

_but on reversed routine, with the subject eleeping in the daytime, this

condition is reversed, indicating that the incressed exeretion iz due o

_‘sleap {confirming Caropbell and Webster),

10. There is a grester excretion of chlorides in the dayiime; the same
is true in insemnis; but there is a tendency to revcraal i the subject

._that sleape during the day.

11. The exoretion of fotel nitrogen and of crestiine shows littls
divmal warigtion, and is unaffested by either insommia or reversed

_ routme

"12. ‘There i some evidence that the diurnal temperatyre variation

s due to the alternation of sleep and wakefviness, and the temperature
. mve tends to be effaced during prolonged insomnig.

¢+ 13. The onset of sleep is probably due to completa museu]m- relaxa-

~tion, voluatary or inveluntary,

14, A. provisicnal theory is propesed based on the conceptmn of
“lwa]s” in the central nervous system, as first elaborated by Fughlings
Jackson. Sleep may be due to fatipue of the highest centers of con-.
sciousnesy, and dreaming to the persistence of the activity of the lower

.eenim's.
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~

surtout pur D'ensemble de la sympilomatologie elinique ¢l plus
parliculiérement des lésions cutano-muqueuses (y compris les
lésivms oculaives) (g7 qu'il est apte & produire,

(Institut d'hygidne el de baclériologie de I'Universilé de U'Elal,
i Gand.)

CERVEAT « ISOLE » BT PUYSIQOLOGIE DU SOMMEIL,
par Frépinri; BREVER.

Les recherches faisanl Pobjet de la présente nofe sont parties
«le Phypothése de travail que le sommeil chez les Mammiféres,
qu’il s’agisse du somumecil naturel, toxique (barbiturique) ou pa-
thologigue (narcolepsie), comporte dans son délerminisme im-
médial Ja déafférentation plus ou moins compléle du 1élencé-
phale.

Si eelic hypolhdse est exacle, la déconnexion du 18lencéphale
par une section interrompant 'afflux incessant de lous les mes-
siges sensilifs someatigues et viscéraux, doil déierminer un &tat
tonetionnel de cerveau trés semblable, sinon identique a celui
(qui caraclérise le sommeil, C'est, elfectivement, ce que je crois
pouvoir démontrer dans cetie communication préliminairve.

L'expérience, qui a 6té répdtée déjd une vingtaine de fois avec
un résullat conslant, consiste esseniielfermnent a faire, chez Ia
chai &lhérisd, Ia lranssection du lrone cérébral au nivean de
I'union du mésencéphale oL du pont, en laissanl en place le
1élencéphale pourva de son irrigation normale par le irone basi-
laire, respeclé grice 4 I'emploi d'un instrument mousse. et par
les carolides ; celles—ci, de méme que les vertébrales ne sont com-
primées qu'aw moment méme de la iramsseclion, La lechnique
sl en principe trés simple : une large trépanation découvrant le
péle postérieur du lobe occipital permet, aprés incision én étoile

~dle la dure-mire, d'introduive le long de la fente osseuse du cer-

velet mne spatule diroite jusqu’an trone cérébral, 1 hémostose,
déjd naturellement bonne chez le chal, est accélérée par Lappli-
cation locale d'un exlrait de plaquettes, Awvssitdt la lransscetion
faite, la compression des veriébrales est relachde el la marcose i
I'éther définitivement supprimde. Quelques minutes plus kard
les carotides sont libérdes a levwr towr.

Lorsque l'expérience réussil, ce qui est actuellement le cas le
plus fréquent, I'aspect du cortex déeouverl ne differe en rien

(g} C. R. de la Soc. de biol., 1429, L. #2, p. g5,
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{icrigation, saillie, Latlements) de son uspeci davanl la trans-
seclicn,

Le iélencéphale ainsi sépard du reste du névraxe gards un
moyen d’expression nalurel de son étai fonctionnel : Ies veux,
par les fibres ccoulo- et pupille-motrices de Ta HI* paive, dont les
noyaux ct les racines sont sifuds en avani du plan de section.
Daulre payl, an pen! enregistrer oseillographiquement son acti-
vité Eleetrique ¢l Is comparer { celle du somneil bacbilurique.
Ces deux fémoignuges concerdent : ils indiguent nettement que
le télencéphale isolé est lo sivge d'une aclivité considérable of
que cellr aclivité, absolumenl spontande "¢ aulemalique. pst
celle du sammeil,

Aspect de Peril. — Tmmddiatemen! aprds In franssection fes
pupilles commencent 3 sa rétréeir. TLa coniraciion irienne s’ac-
edlere lorsque. quelques minwes plus lard, cesse la compression
des earntides. Flle devient bientdl exlréme. Au benl dune demi-
heure & une heuaee, les pupitles sund littéealement filiformes. Teur
cuverture n'est plus que vivinelle, En mhue lemps que s'accom-
plil ce véiréeissemeni pupilluive, les globes eculaires exéeuient
un mouvemen! de bascule progressif vers le bas, La conlraclion
des orbiculaires palpébraux de méne que le yeldchemen! de la
membrane nictitanle gont évidemment Jonetion de Valot du
segment caudal du névreaxe sectionné el, pas plus fque les antlres
manilestalions réfleses et (oniques (rigidilé d'vxtensiont. ils ne
difftrent de ce ¢que I'an observe snr la peéparalion décérdbree
classique.

Cet aspect de la pupille et cefle attitude du globe oculaire seat
tout & fail semblables & cenux du sommeil profond. nalurel ow
barbiturigue. 1s se mainliennent indéfininsent. Je Ivs ai abservés
pendant trojs jours conséeulifs.

Le myosis ost Vexpression du déficlt dune aciivilé cortico-nu-
¢léaire pupitlo-dilalalrice, car il persisle inchangé aprés §'ablation
des hémisphires eérébraux; el Pexcitation éleciriqne en des
poinls délerminés du diencéphale ainsi {s0lé proveque une my-

Légende de I figure ci-contre.

Fig. r. — Polenliels d'uclion du cortes cérébral du chat, envegistrés &
Poseillographe de Matihews. De haul en bas - oscillogrmme (t0 mm. = 5o micra-
volls sur V'original}, preumogramme, (nspiration vors le haul’, tenips en se-
condes ; réduit de 1/,

A. Cerveau intact, fhier. norcose brés ligdre, — B, Aléme animal, narcose
plus profonde. — €. Cerveau « isol » (autre animaly, — D, Méme peéparalion

gqu'en G : inlalation d'acélone marguée pav la perlurbation de la respiration,.
— E. Mdme préparation qu'en G @ vilesse plus grande de Ju plagure, Aubees
explications dans le iexie,
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drinse, vui ne peul se produire que par inhibition du tonus cons~

tricicur.
I exisle d'avtres symptomes d'inerlie fonctionnelle corticale,

N O T 1 T T O I I )

N P SN S T [ T T TR DU O |

i ] 1 i |

Aréflerie corticele opligue ef olfective, — Tant que la con-
{ractionr pupillaire n'est pas maximale, le réflexe consiricteur
pholomoteur est en général trés net, ce qui témeigne de l'inté-
grilé des mécanismes réflexes diencéphalo-mésencéphaliques. Par

Biaiar. Coveres rexoue. — rghd. T, OXVIH, 83
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contre, I'animal ne présenle aucune réaction opto-cinélique. ot
tes stimuli olfaclils qni délerminent upe dilatation pupilinize
<hez Panimal norial ou-légéremenl narcotisé sont sans effet snr
F'eeil. .

Inexcitabilité électrigue Jdu corlep isold. — Des slimult Tara-
diques qui. appliqués sar les régions oculo-motrices frontales ot
occipitales sont efficaces e¢hez Panimal légbrement éthérisé, n'rn
auctine aclion visible lorsqu'on les appligoe, méme avec nne
inlensilé notablement plus forte, sur les mémes régions du cortex
isold.

delivli€ dleclrique sponionde dg corier isoléd. — Le cortex isnli,
en apparente inerle, esl en réalité le sidge dvne activité ¢re-
trique rythmique intense, d'une surprenante végnlarilé, et cofin
activilé est indislinguable de celie que prdsenie le cortex de ani-
mal en ¢lak de sommeil harbHurique,

Les fipures 1. A of B et n. A, montrent ce qu'est Factlivite da
cortex dn ehal, zoumis & une nareose dthéviqe, d'intensité Iris
Hgere en 1 A, mayenne en 1, Boel oo A osuccession irvégulibre
de pulsalions hrives & Ta fréquence de ab & 3o par seconde. ne
préscnlant pas de fendapce neite & une variation périodigue
régulitre de leur amplitude. Cette périodicité ne s'observe, ainsi
que I'avaient déja indiqué Bartley et Bishop (1*) et Adrian et
Matthews (a*3, ure lorsque ta naveose dhérique (oun chloroforme-
éthérique) est si profonde que la respiration est prés de s'arrdler,
et alors les oscillations bréves sent forl diminuses d'amplitude,

Les oseillogrammes du cortex isolé (fig. 1, C, D, E et figures
de Ja nole snivanie) oni un aspeel ris différent des précédents
et toul & [ail caracléristique ef constant : les escillafions brives
sont beaucanp plus amples, leur fréquence est plus lente (e i
16 par sec.y, et surtont clles présenient des alternances parfaite-
men{ régulitres de croissance of e déerofesance, réalisant es

(1%} Bartloy e Bishop. dwmer. Jonen. of Physiot,, 1633, 1. 103, pp. 373 ¢ wod.
{(2*] Adcian o Mallhews, Journ. of Physial.. 1934, t. 87, p. 4do.

Legende de I fgnre cl-cantre,

Fig. 2. — Tolenticls d'uetion dn cortex eférébral (olaet) du chal, Méme
technigue que pour los ascillogrammes de Ta figare 15 réduil de 173,

A, Ether, vareore dlinlensité movenne. — B. Méme animal aprés 1ajection
intraveinense, en plusicurs fois, de § cgv, de « Diad » par kge, (iher mpprimé):
Pascillogramme vreavilli aprés 1.5 cgr. du w Dinl » ssulement ftnit pratiquement
idenlique. — .. Mdme animal, aprés Uinjeclion inteaveineuse de 1,5 mgr. de
sulfale de siryehnine: spasmes aw moindro eboe sans sympldmes de réveil, —
D. Méme animal, 3 h. 1f2 plus tacd, quelques ovinules aprés Vinjection dons
fe diencéphale, de 0.4 megr. de sultule de sieyehnine) symplémes de réveil.
Anlres explications dans le lexle.
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périodes d'aciivité maximales sépavées por des périodes de repos
relafif. Le rythmo de celle allernance est lent r a2 périnde est
. a 3 secondes,

de 2 4 3 second

| N RO N O Y O T O |

Or, cetle allure {onctionnelle du cortex isolé esi remarquable-
ment samblable & Paclivilé dlectrique du cortex du chat en som
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meil barbilurique. ainsi que le monlrent les oscilogrammes des
fig. ». B et G, qui ont €té enregisirés pes de lemps apris celui
de lu lig. 2 A, sur le méme animal avant recu 4 cgr. de « dial »
par kgr. en injection infraveinewse. En €, T'aclivité corficale esl
inlensifiée pae rapport 4 B, en raison da fait gue 1'animal a requ
.5 mgr. de sulfate de strychnine, en irois injections intravei-
neuses successives, 1] présentait alors des spasmes sfrychnique:
au nmoindre choc el, cependant. ces spasmes N'avaient pas la
notndre inflience perturbalrice sur Uactivité éecirique du cor-
lex, Ces fails démontrent, d'ane parl que le liew d'action des
barbiluriques ¢st Dien infra-corticel comme le soutient depuis
longlemps Pick (3"}, d’autre part, gue, dans le sommeil barbi-
turipie profond, lo coriex céeébral est fonclionnellomen! déaffé-
eonic ¢! présente une activilé sponlaneée inlanze, La figuee 2, T
fenrvegisivéde qualre Leuces aprés {33, donl on notera analogie
a¥er a A, manire, en ce gui concerne laclivité flectrigue corli-
cale, I'effel de réveil déterminé par une injection de 0,5 mgr.
de sulfiate de stryehnine dans le diencéphete; ce réveil se mani-
festuil par un redressement de Ia tdle el des veux. de la dilata-
tion des pupilles. des grognements. des mouvemnents des paties,
io =optie dos grilles.

11 et & remarauer, d'avlze part, goe Papparition d'ane acli-
vilé anlomalinue péviodique dane e eorlex déafférenié est en
parfuit wecord ovee les observations de Berger (4} 6t eclles 1nules
wieenies d'Adrian el Matthews (5*), qui montrent ¢ue la sup-
pression da o slimulos Jumineuy fait apparallre e méme type
d'activite dans Ie cortex visue! de 1'Homme.

Enfln. si le sommeil est la conséquence de Ia suppression de
Farvivde au cortex des influx de toutes les sensibililds somaliyues,
le maintien d'une partie de cot afflux corticipdte par Dinclusio:,
dans le bioc iélencéphalique déconmectd. des racines et dune
parlie dn Vappareil nuciéatre du frijumenn. doit maintenir w
dlet vigite plus ont moins complel i cervean. Clest eifectiveinent
e rme pavaissent indiquer des explriences en cours.

En résumé. la déaflérentation cemplite (nerfs ollaclifs et ap-
fiques exceplés) du vervean chez le chat., par une lranssection
du lrone cérébral en arvritve de la TU® paire, iranssection Jnis-
sunt en plice le téleneéphale normalement irrignd, déleymine
immeédiatement un élat fonctionnel de cchui-ci trés semblable,
sinen idenligue. a4 eelui do sopvneil naluret et barbituriqire.

(3% B..P. Pick. Dewlsehe Zeflsetie, {0 Xorrenhoilbundo, ygoR, 1 4005, p, 238,

(") T Berger, Apch. o Psyclieteie, 1935, 10 99, 1, 53 00 nomtheeox fraioeg
précédonts).

(&™) Adrian el Malthews. Brein. 1934, I &7, p. 355,
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et diai. gui persiste indéfiniment, est caraclérisé par un myosis
extréme, et une aréflexia corticale olfactive et optigue contras-
tant avee une aclivité éleclrique spontande inlense, réguliére-
ment périodique, trés différente de celle du cortex de I’animal
soumis & un narcotique volatil, ou non narcolisé,

L’¢tde oscillographique du cortex du chat en état de sommeil
barbiturique démonire que ce cortex est fonclionnellement déal-
férenlé.

Laboratoire de pathologie générale de U'Universit¢ de Bruaelles.)

QUELQUEs PROPRIETES PE L'ACTIVITE ¥LECTRIQUE
Bl CORTEX CEREBRAL # JSOLE n,

par Frepiric BreMen.

La méthode du cerveau « isolé » décrile dans la note précé-
dente, permet d'éludier dans des conditions particulidrement
favorables T'activité €lecirique sponlande du cortex, puisque ce-
Jui-ci, nen influencd par nn narcotigue, est, par ailleurs, sous-
trait & inferférence des infllux sensitifs, L'ipymobilité de 1'ani-
mal facilite d'autre part I'enregistrement oscillographique,

Les potentiels d’action corlicanx cot 416 dérivés au moven
Jélectrades d'argent chleruré, prolongdes par des pinceaux
d’ouate imbilde de Ringer tidde, dislantes d'enviren 5 mm. Fune
de V'autre et posdes en général sur la pertie supérieure de la
circonvohuien suprasylviennc; ils ont $1é enregistrés sur pla-
ques phelographigues an moyen d'un oseillographe de Matthews

el d'un wmptificaleur 3 5 dlages, constitué de trois élages 4 cou-
plage divecl aver conire-balteries, suivis de deux élages & cou-

plage par capaciléz. La conslante de temps de ces denx derniers

dtages Clait tefle gu'elle permeliaii Venregistrement simnltané

fidéle de phénomines lents ef rapides. La respiration a presque
tanjours ¢d inserite simultanément.

L'aclion des facteurs suivants a é1é éndide.

Vasculerisation du coriexr, — L'ischéinie corticale incomplite
‘produite par la compression des carotides (fig. ¥ A) ou par Pexei-
tation dn beu! périphérique du vague, détermine presque ins-
tantanémenl un alfaiblissement 1rés margué des polentiels d’ac-
tons corlicaux. Lorsque la compression des carolides esl pro-
longée pendant plus d'une minute, on voit réapparatire partiel-

lemenl Vaelivité corticale, paralltlement eu rélablisscment de la
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SPECIAL ARTICLES

[ATENTIAL RHYTHMS OF THE CEREBRAL
CORTEX DURING SLEEP
OENT interest in brain potentials has indusced us
nt on record the results of experiments earried out
he Loomis Lahoratory, Tuxedo Park, in which a
phenomencn in this fascinating field has appeared
b elearly—namely, the very definite oecurrense of
of thythmie potential changes as a result of
;}nds hesrd by a human subjeet during sleep. Since
work of previous investigators® has emphasized
rhythme which spontaneously appear in a pergon
rost with eyes closed disappear when an chject iz
ed or the attention concenirated, we believe the
ite demonstration of a means of indueing rhythmie
n discharges to be of considerable interest. At
same time the method of comtinuous study and
elation with ofher body changes over periods of
en honrs, deseribed herein, greatly facilitates intar-
ation of resulie where many faetors, diffeult to
itrol, are undoubtedly involved. Sleep was selected
condition during which hrain gctivity is at a
mutn and physiological conditions most constant.
The records are made on paper wrapped on a hori-
tal drom 8 fest long and 44 inches in eireumference
lving onee a minute, Two high-speed dymamie
tohon Yecorders deseribe a pair of spiral lines one
ifth ineh apart, as they move horizonially paraliel to
"-fg' drum at the ra{-.e of one foot per hour. Each heart

-8 synchronons motor, asts ag ity own clock, and
imupli may be sent fo the sleeper each minute by
testric eontact on the drvum, thereby placing a series
it responses near together on the record and allowing
comparison with the condition where no stimuli

¢ gent in. The amplituds of the brain potentials.

T ascerts.med regularly by calibration with sinnsoidal

dtentials of from 2 to 30 per gecond frequency and

bm 10 to 50 mierovolts amplitnde. The siphon
rorder records have heen checked from time to time
 the cathode ray oseillograph.

@rThe finished record is & sheet of paper 44 inches

zl Literature in paper by Adrian and Mathews, Brain,
i 355, 1934; slso Jasper and Uarmichacl, Scrence, 81:
I, 1935, See I, Barger in Aroh, f. Psychist., 1929-35.

high and 8 feet long with vertical red and green lmes,
ench pair representing a minute of time. Changes in
the processes recorded can be geen af a glance, Either
the Ted or the green lines can be rendered invisible by
viewing the record through a red or green glass and
inspection thereby eimplifled. The single sheet of
paper, ever though large, is & great improvement over
the mse of paper tape, which was abandoned because
examination of the one half mile of {ape necessary for
an eight-hour yun was too time-conswming.

The aubjeet sleeps in a guiet, electrieally soreened
room, coptaining a very sensitive mierophone and a
photo-elestrie bed movement recorder. Electrodes for
deteeting the various physiologieal processes are at-
tached to the subject and the amplified impulses sent
thromgh shiclded cables to the confrol room 66 feet
away. Details of the apparatus will he deseribed in
a later paper. Facial movements, swallowing, elench-
ing the jaws, efe., give rise {o musele potentizls which
appear on the record, but which ars quite charaeteristic
and easily distinguishable from brain potentials, as
are alzo disturbances due to passive movements of the
scalp.

Qmy investigation of the brain pomnhal rthythms
during night slesp (brain clectrodes on high forehead
and crown of head) has led us to the following con-
elusions:

(1) They &re undoubiedly of cortical origin and
distinet from musele potentials and movement axti-
facts. Different persons show quite d].ﬂ?erent potential
records.

(2) In & mghf; record eertain hours of sleep show

‘many “spontaneous” bursts of waves, while other hours

show relatively fow. )

(3) They often appear in trains lasting 5 o 12
seconds, at intervala of 3 to 2 minntes.

(4) The frequency is on the average an irregular 10
per second, but frequently very regular bursis lasting
1 to 1% seconds of 14 per second frequeney sppear.
The amplitude builds regularly to a mazimunm and
then falls regulerly so that we have designated these
“gpindles,” because of their appearance in the record.
Shorter spindles or “balls” of -3 second duration
occasionslly appear. Five other types can alsa ha
distingnished.

{6) They are not corvelated with heart beat nor
necessarily with respiration, but at iimes a definife
characteristic potential change has accompanied eaeh
raspivation,

(6) Regular enoring does not neceasarily imitiate

From Loomis AL, Harvey EN, Hobart G. Potential Rhythms of the Cerebral Cortex during Sleep. Science. Jun 14 1935;81(2111):597-598. Reprinted with permission from AAAS.
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brain rhythms, but an oscasionsl isolated snore may
start a train, _ .

 (7) When ssleep sounds of s cerfain character,
such as rustling paper or soughing by = person in the
‘bedroom, closing a door some distance frora the sub-
ject or low conversation, which does not wake the
sleeper, will quits regularly initiate a train of waves
which may Iast for from 5 to 8 seconds (frequemey
B to 10/eeconds) and then die out. Fig., 1A illus-
trates this effect from the repeaied closing of a door
at one-minufs Intervals and allows comparison with

SCIENCE

Vor. 81, No. 2113

living orgsnisms, sinee they are 1 to 3 microns ig
width, The achromstic figure and the manner in
which it arises from the centrioles also wmay be geeg

_very clesxly in living eells, Thess protozos, then,

furnish ideal eytological material. Unfortunately,
however, there appears to be z fendency among some
eytologists to disregard eytologieal observations om
protozos, although there is nio justification for sueh -
a tendency, heeguse protozoa are ocells, and observa-
tions made on them furmish as valuable z hagis for
gonsralizations as fhose made on Asearis eges, grass-

. TFms. 1. Sections of brain potential records each taken one minute apart,
mark sound stimuli pent to mubjeet. Wots marked traing of brain rhythms in A when subject aslesp bub none inB
when pubject awske, slthough stimulated by same sound. Time in seeonds given by dots at top.

regions where no sound stimuli were sent in. The
depth of sleep and the noiss level in the room determine
whether this “sound response” will appear. One deep
glesper gave no response on ologing the deor but
responded regularly on slamming the deor.

(8) When awake, the same sounds that during sleep
initigte a frain of waves no longer give vise to them.
Fig. 1 B clearly shows this. : .

{9) During sleep trains of waves appear which can
not he eorrelatad with any detectable external atimalus,
but which may be connected with internal diztnrbances
of unknown origin. The eauss of these very regular
bursts is now under investigation.

' ArmmEp L. Loomry
E. Ngwrow Harvey
GarrEr HoBART
Loouts LABORATORY
TUZEN PARK

THE CENTRIQLE AND ITS ROLE IN MITOSIS
AS SEEN IN LIVING CELLS

THE ceniricles in the varions geners and families

of hypermastigote flagellates’ range in length from 2

or 3 mierons to 80 or more and msy be seen easily in

1 The names of the 89 genars, and B {nmilies need not
Lo given here, pince they are given in a racont wuhlication

previous
page

Bead from left to right. At vertiesl

hopper tostes or ofher types of classiesl material. In-
deed, most of the Hypermastigina show mueh more
clearly than any other known celly the centrioles, the
manner of their duplication, the formation of the
achromatia figure from them and the rdle of the achro-
matie figurs in ehromosome movement, Furthermore,
observations on living materia] of these organisus
show beyond anestion that the observations on figed
and stained msferial deal with realities, not artifacts
produced by fxation. And ihe close similarity be-
tween the behavior of these hypermastigote centrioles
and the centrioles of other sells leaves mo room ¥
doubt the general application of the observations OB

these flagellates to mitosis in both animals and plants-

In some geners, particularly those with ghort eet”
trioles as in Joenia, Besojosnia and other generd &
the Lophomonadidse, the achromatic figure
from the gresier portion of the centriole; ofher
genera, with longer centrioles, it arises only from the
distal half or third 6f the centriole; and in thos®
genera with elongate centrioles, it avises from only B
small portion of the centriole, the distal poriion-
certain genera, the distal portion of the centriole from
which the achromatic fignre arises is su%w

%o which the reader intevested in them is referred (Mé%
Amer. Acad. Avis and Soienves, Vol. 17, No. 2, 1634).
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ELECTRICAL REACTIONS OF THE HUMAN BRAIN TO
'AUDITORY STIMULATION DURING SLEEP

H. DAVIS, P. A. DAVIS, A. L. LOOMIS, E. N. HARVEY, anp G. HOBART
From the Department of Physiology, Harvard Medical School, Boston, Mass,, and
The Loomis Laboratory, Tuxedo, N. Y. _

{(Received for publication April 28, 1939)

INTRODUCTION

THE SPONTANEOUS electrical activity of the human brain hag been descxibed
both for the waking state and for sleep by many investigators (see Jasper,
1937, Davis, H., 1939, for references). The medifications of electrical activ-
ity as a result of peripheral sensory stimulation in the waking state are slight
and have received muach less attention. A conspicuous effect in many sub-
jects iz the “check,” or inhibition, of the 10-cycle “alpha’ rhythm which
occurs when the eyes are opened. Definite “on-effects,” partwularly in re-
sponse to sounds, have been mentioned casually by several investigators and
described systematically by one of us (Davis, P. A., 1939, ¢.v. for references).

In sleep one reactiox to sensory stimulation is a return of the waking
pattern; but three of us have described (Loomis, Harvey, and Hobart, 1938)
a more specific disturbance pattern which we designated as the “K-com-
plex.” The K-complex and the waking oni-effects are of considerable theoreii-
cal importance because of the possibility of identifying them with similar
responses of the brains of animals, and thereby codrdinating the separate
fields of human’ and of animal investigation. We therefore undertook fur-
ther mvestlgatlon of the human K-complex in an endeavor to analyze it
into its components, and to compare the components with other electrical
phenomena in the brains of both man and animals.

METHOD

Twenty-five experiments on sleep were carried out at the Loomis Laboratory in 1988
utilizing the siz-channel, ink-writing electroencephalograph and its accessories, described
in a previous paper (Lomms Harvey, and Hobart, 1938). The subjects went to bed either
for an afternoon nap or for a full night’s sleep. Various types of electrodes (Davis, Davis,
Loomie, Harve F and -Hobart, 1989) wers employed, including silver, solder, and zinc,
Qur standard placements were: frontal (at the usnal hair-line, 6 em, to right and left of the .
midline), central (in the frontal plane of the auditory meatuses, & cm. to right and left),
occipital (2 cm. above the inion and 5 cm. fo right and left}, temporal (1 cm. abovae the tn

pinna of the external ear), In all cases, recording was by the so-called “monopo
method. Heference electrodes were placed on one or both ear-lobes or on the mastmd
region immedmtely behind the ears.- _

REBUI.TS
On-effects to so:mds in'the waking stote

. An earlier series of observations by one of us on the waking on-eﬂ'ect
are reported separately (Davis, P. A,, 1939). The findings were confirmed
in the present experiments. In response to the onset of a steady tone, there
is usually a definite dlphaslc response beginning with a negatlve wave

Reproduced with permission from The Am. Physiol Soc.
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(latency 50 to 100 msec.) followed by a slower positive wave (see Fig. 1),
in addition to the momentary checking of the aipha rhythm (Fig. 41). The
diphasic response appears to be a true on-effect. It is widely generalized
throughout the cortex and has greater voltage in the central and precentral
regions than in the occipital or temporal areas. -

'OM-EFFECTS _ SAME SUBJECT, AWAKE,EYES CLOSED
TONE LIGHT - ELECTRIG SHOCKS

Qe CiPITAL .
mwﬁ‘—-—“‘-‘v—

CENTRAL

Frg. 1. Waking on-effects to tone of 500 cycles at 70 db above threshold, to indirect
illumination of room by a 100-watt incandescent lamp, and to electric shocke delivered to
left fourth finger. The sabject iz a 37-yr.-old man, lying in bed awake, with eyes closed
throughout. Noise-level in Yoom &t position of sleeper’s head, principally from ventilator
fan, was 36 to 40 db. Intensity of stimulating tone measured also a8 a noise-level. Reference
electrode on right magtoid region. Scalp electrodes alsa on xight side of head. In this and
all subeequent figurés an upward deflection yepresents increasing elactrical negativity of
the scalp relative to the reference electrode on eatr or mastoid yegion.

It is unnecessary to repeat the detailed description of the auditory on-
effect or the conditions favoring its appearance (see Davis, P.A., 1939), but
it is significant that neither the check of the alpha rhythm nor the diphasic
on-effect is specific for anditory stimulation. Very similar responses have
been obtained from visuzl and also from electrical stimulation, Figure 1
shows clear on-effects from a subject whose interim record was unusuaily
flat, The minor differences in the shape and latency of the on-effects to
light (diffuse illimination from a 100-watt bulb seen through closed eye-lids},
tone, and electricity (induction shocks to left fourth finger) tended to be
characteristic of the particular form of stimulation, but the distribution over
the cortex was the same for all three.

The diphasic on-effect and the modification of the alpha rhythm are
obviously both of them generalized secondary reactions of the cortex which
may be observed under favorable conditions. They should not be interpreted
as equivalent to the immediate and localized responses in a particular sen-
sory area which are seen in experiments on the exposed cortex of animals.

The K-complex in sleep’ :

The response which usually follows auditory stimulation during sleep
is much larger and much less variable than the waking on-effect. The
response is complex, and its characteristics vary systematically with the
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. stage of sleep. Figure 2 illustrates the K-co:mplex ag it appears in the C

gtage, recorded simultaneously from six different cortical areas. Shorily
after the beginning of the stimulating tone, the scalp becomes electrically-
negative with respect to the ears by 50 to 100 V. At about 0.75 sec, the
scalp abruptly becomes more positive by 1004V or more (S in Fig. 2). This

major positive wave is followed by a slower return to the original electrical

lovel. Fast waves, often sharp and lrregular sometimes in clear and regular
14-per-sec. rhythm and sometimes in slower 8-per-sec. rhythm (as at ¥ in

|R,Occ|m'rm.- . & M

. F1c. 2. T'ypical K- cbmplexes mresponse to tone during B-C atage of aleep Afternoon

_nap, 21-yr.-0ld man. ‘Tone, 500 cycles at 70 db above threshold. Noise-level as for Fig. 1.

Condenser across terminals of loud.speaker to eliminate click at onset of tone in this and
subaequent experiments. Reference electrode just above left mastoid. Dotted lines show
reaponge at 3 elecirodes to a similar stimulus 1.5 min. after tha response shown by solid
lines, The fast component (F) is prominent and is characteristically 8 per sec. in this subject

“until deep is reached. Note the artifcial flatiening of the tops and bottoms of the slow

waves (8) by the current-limiting tube in the output circuit (X.0omis, Harvey, and Hobart,
1938). . : - .

Fig.-2) are superimposed on the slow waves and may persist for several

seconds afterward. The abrupt swing from negative o positive usually ac-.

curs at about 0.75 sec., but it may be delayed until more than 1 sec. after

the onset of the tone. The first slow negative swing is usually preceded in -

this subject by waves of medium, that is, 6- to 10-per-gec. frequency. The
major features of the pattern are usually closely reproduced in successive
trials on the same subject, as illustrated by the dotted lines in Fig. 2.
Figure 2 algo illustrates a definite tendency of the slow-wave sequence to
become rhythmic (note parncula.tly the frontal records). A rhythmic ac-
tivity of the slow component is }:nghly characteristic of deep sleep (cf also
Flg' 35,5
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ELECTRICAL RESPONSES IN SLEEP 503

The distribution of the K-complex over the head foliows clogely the dis-
tribution of the waking on-effect. The voltage is regularly greatést in the
central and precentral regions, and nearly as great in the frontal. The dis-
turbance is definitely smalier at the oceiput and siill smaller in the temporal
region, The temporal region, however, always gives a low-voltage record for
al] features (K-complexes, on-effects, waking alpha rhythm, ete.), perhaps.

~-becauseé of the shunting effect of the soft tissues, notably the temporal mus-
cles, external to the scalp. The K-complex may be of higher voltage in the
{rontal than in the ceniral region, particularly when the major waves are
stow and rounded, as in Fig. 4. Very ranely the K-complex is most prominent
at the occiput.

A characteristie K-complex is usually produced by even a rather faint
tone (20 db above the noise-level of the room) if the sleeper is in the B or
C stage. The responses are larger and failures of response are fewer if the
tone is loud. The pitch of the tone within the range employed (200 to 3000
cycles) is nnimportant except that after a series of tests at one pitch, a shift
to a new pitch ia rather likely to awaken the sleeper. It is possible to initiate

" typical K-complexes by tuining on a light in the experimental room or by
‘applying mild electrie shocks to the subject’s finger, but neither of these
stimuli are nearly as effective in evoking K-complexes as are sounds.

- In one experiment, an effort was made to condition the K-complex to
electrical stimulation. Electrical stimulation and sound were combined for
a number of trials and then the tone was omitted. The response to the elec-
‘trical stimulation was not clearly greater than it had heen previously.
“There seemed to be some additive effect between the two types of stimula--
tion, as tone plus electrical stimulation gave a somewhat greater proportion
of positive responses than did the tone alone. It is difficult to perform satis-
factory experimerits of this sort, as the responses vary considerably with
the depth of sleep and it is difficult to hold the sleeper in a steady state for
& long enough time, Usualiy he either goes too deeply asleep or else, if stimu-
lated too vigorously or iwo frequently, he awakens.

Spontaneous K-complexes are common. Sometimes definite causes can
be found for them, the commonest being the sleeper’s own breath sounds.
It iz quite amusing to observe the regular appearance of electrical dlstm'b-‘
ances with each snore, but it interferes seriously with systematic experi-
mentation. For many K-complexes, however, we have found no assignable
-external cause.

Relation of the K-complex io the stage of sleep
The description of the K-complex thus far has been based on the re-
sponses of sleepers in the C stage of sleep. It is in this stage that the K-com-
plex appears most clearly. The genesis of the typical K-complex with the
onset and progress. of sleep is illustrated in Fig. 3. In this experiment the
-subject (a 14-year-old boy) was instructed to turn off the tone whenever
he heard it, by squeezing a rubber bulb placed in his hand. The waking
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Fie. 8. Responses to toneof 500 ¢ycles during the drowsy state and in sleep. Intensity
of tona 70 db in 1, reduced to 55.for 2, 8, 4, 5, and 8. Ndise-level about 25 db. u!:]e_ct isa
14-yr.-old boy, who went to sleep for an afternoon ﬁatP. The stages of sleep are indicated:
by the lines in the upper right-hand corners. (See text for details.) Reference electrode on -
right mastoid region, Dotted lines indicate the probable approximate course of the.po-
tential-changes which are obscured by the current.limiting tube in the output stage.
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record shows a strong alpha rhythm, which is almoet continuously active
(Fig. 8.}, and the alpha waves are unusually responsive to auditory signals.

Perhaps-the responsiveness is dependent upon the psychological conditions

of the experiment, but this subject invariably showed a transient checking
of his alpha rhythm whenever the tone was turned on, irrespective of
whether he was instructed to turn it off or £o pay no attention to it. As the
subject became drowsy in this experiment his alpha rhythm became inter-
mittent and returned abriptly when the subject turned off the tone. This
reaction corresponds clogely to the return from a “float” described in a
previous paper (Davis, Davis, Loomis, Harvey, and Hobart, 1938).

The subject then passed into the low-voltage B stage of sleep. In this
stage (Fig. 3;) he continued to turn off the tone, although less prompily,

‘but without any return of his alpha waves. The next modification (Fig. 8;)

was the appearance, following the tone, of fast waves at the central region.
It should be clear from the central distribution and varied frequencies of
these waves that they are not the usnal alpha waves. They clearly represent
the fast component of theé typical K-complex. Fig. 3; also shows the first

‘beginnings of the slow component, *S,” during the. stimulation. It is rémark-

able that the subject’s EEG is now definitely in the “slesp”” category, yet
he continued to turn off the tone. From the beginning of the experiment the
tone had been turned on autoratically every half minute, and up to this
point the subject had not once failed to turn it off. In Fig. 8, the record

before stimulation is even more clearly a sleep record, with qu.lte well--

developed delta waves, and the K-complex following the stimulus is stilt
better developed, but the subject still squeezed the bulb. The subject’s

reaction-time hecame progressively longer, as illustrated in Fig. 3125,
The prolongation correlated well with the changes in electrical pattern, but

only when the subject reaclied the C stage (Fig. 3;), identified by the
spontaneous train of 14-per-sec. waves appearing at the central region, did
the subject fail to~ squeeze the bulh. The K—complex was then fully
developed. -

Fig. 3, shows the further development of the K-complex in the D stage

“of sleep. The fast-wave component has become less conspicuous. Tts waves

are slower and rounded and can scarcely be identified because of the high-

‘voltage waves of the slow component, on which the fast waves are super-

imposed. In this D stage the slow (delta) actlmty becomes go rhythmic and

‘g0 nearly continuous between stimuli that it is often difficult to determme
‘whethier there is or is not a response following a stimulus.

In the E stage, _wh:ch was not reached in this expenmeﬁt there is no_

indication of any modifieation of the electrical: record following even a very

strong stimulus. It will be recalled that in the & stage the spontaneous delta
activity jg continuous at high voltage and at frequencies of 1-per sec. or

less (cf. Fig. 6) and that in the £ stage the trains of 14-per-sec, waves are.

absent.
The partmular expenment :Jlustrated in F:lg 3is somewhat unugual in
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fhe'persistenee of the motor reaction, apparently well into sleep. The pro-
gressive developmenti of the K-complex is fairly typical, however, if we make

' allowance for individual characteristics of the K-complexes of various sub-

jects. (For example, the prominent 6- to 8-per-sec. waves in Fig. 2 are char-

. acteristic of one particular gubject and are quite well developed in two

others.) A general rule secems to be perfectly clear. The slow and the fast
components of the K-complexes both resemble closely the delta waves and the
fast waves which are characteristic of the spontoneous activity of the particular

. - stage of sleep. In fact, it now seems clear that most of the charactexistics
originally selected for the identification of the stages of sleep actually are

the characteristics of the spontaneous K-waves, although the fasi com-
ponent of an evoked K-complex corresponds to the stage to which the sub-
ject is aroused rather than to the stage in which he was before being stimu-
lated. The low-voltage B stage shows little delta activity, and the slow com-

ponent of the K-complex is relatively small and fast (Fig. 3, 3,, and Fig. 5).
The fast-wave component is alse relatively fast or may be represented by -
. @ rnore or less complete return of the waking pattern. The C stage of sleep
" has well-defined delta activity and prominent trains of 14-per-sec. waves.
These trains obviously correspond closely to the fasi component of the .

K éomplex. The D stage is characterized by rhythmic delta waves which

obviously resembie the rhythmic slow coraponent of the K-complex.

Analj;.éis of the K-complex X

~ We have spoken throughout of the K “complex.” We may obviously
ideutify two main components—the slow-wave (delta) component (“S” in
Fig. 2, 3, end 5) and the fast-wave component. Either the fast or the slow

" component may appear alone, or one may be well developed while the other
' is rudimentary. The two components may be separated experimentally by

stimulation at brief intervals (Fig. 4). A gecond stimulus delivered within
4 or b sec. after a previous stimulus rarely evokes the slow component. If
the slow component does appear, it is almest always reduced in size, faster

in frequency, and often shows an unusually long latency, The fast-wave.

component, on the other hand, regularly appears following the second
stimulus and merges with the fast-wave sequence of the first K-vomplex,
asin Fig. 4. = - ‘ I ' : :

-If a tone is timed to fall 2 or 3 sec. after the major positive swing of a
“gpontaneous” K-complex, it usually fails to-evoke a second slow com-
ponent. The situation is the same whether the first K-complex is evoked by
a known stimulus or is “spontaneous.” It appears as if some part of the
mechanism necessary for the generation of the slow component were refrac-
tory for several seconds after o previous response. The situation in regard
to the fast component is quite different. Mot only is its appearance not hin-
dered by a previous K-complex, but it is often actually enhanced by it.
Also a stimulus may fall in any relation to a “spontaneous’’ train of 14-per-
sec, waves without hindering the appearance of either the slow or fast com-
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ponent of the ensuing K-complex. The fast compohent alone does not leave

- the méchaniem refractory for either thé fast or the slow component. If there

is a refractory period involved, it is 50 short'as to be of quite another order
of magnitude than that following the slow component.

If repeated stimuli are given at intervals of 3 or 4 sec. or less, the fast-
wave activity tends to become fagter and less regular, the waves gharper in
contour but lower in voltage. The subject often stirs or awakens. Only if
the subject is so deeply asleep that the fast waves of his K-response are

A

Occpi TAL

CENTAAL

F16. 4. Response to two brief tones at 2000 cyclea at 45 db above threslwld during
B-C stage of . Noise-level 35 to 40 db. Subject 18 a 41-year-old woman. The slow com-
ponent, 8, 18 e frontal type. Notfe alinost complete abssnce of slow components follow-
ing the aecond tone, but the greatly incressed fast component, Fs, Heference electrodes on
right earlohaforhnesl 3, andE eftea.rlobefor 2, 4 and 6.

inconspicuous or are slower than 14 per sec. does such repetltmn of the

stimulus fail to shift him to a hghtm' stage of sleep. .

Varities of the slow-wave componenis

The K- ~complexes of many individuals in light sleep are both character-

istic and reproducible. In Fig. 5 the fast-wave component is present, al-

though poorly developed, and the slow rhiythm is typical. The sequence .

begins with a small negative wave whose foot beging about 100 msec¢. after
the stimulus. Successive waves are higher in voltage and longer in duration,
g0 that no definite frequency cau be assigned to them. The diagram in Fig. 5
is drawn'from the average measurements of voltages and times of 13 K-com-
plexes from the same individual. The 13 complexes were selected from' 25
regponses in approximately the same stage of sleep, because it was evident

‘from actval superposition of the original records that they all resembled,
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one another quite closely. In a few cases, one or both ofithe first two small
waves were absent, and in several the fourth and fifth waves were poorly
developed, but all 13 clearly conformed to the same general pattern. The
remaining 12 responses showed one, and usuaily more, of the diagrammatic
waves at their appropriate intervals, but they were superimposed on and
partially replaced by a somewhat slower sequence of rounder waves of ap-
" proximately the same voltage (cf. Fig. 4, central and frontal, and Fig. 3:}.
The pattern illusirated in Fig, 5 was always most prominent, i.e., highest
voltage, 'at the central region, while the slower, rounder waves of Fig. 4
were best developed in the frontal region. We therefore tentatively designate
these two types of slow wave appearing in the K-complex as “‘central” and

L1 SEC DIAGRAM OF AVERAGE OF TIMES
\fm\_ “’M"AM' TO PEAKS OF MAJOR WAVES
- ' C OF I3 CENTRAL K-~ COMPLEXES
' ' Imq,u.v_ FROM THE SAME SUBJECT.
L "I‘:ugven.u.

aa
. l\"CE"TH_“' . OW - CeNTRAL
P §Wf\,mw*-~ |
Lt
S

_¥16, 5. A, Typical E-complex in responze to a brief tone of 1000 cycles of 70 db ebove
threshold from a 35-yr.-old man in the B stage of sleep. This response was selected as most
typical of the “'central” type of slow component. Reference electrodes on left mastoid re-
-giom for three upper lines, on right mastoid for lowest. o :
B. A disgram of the composite of 13 “eentral” K-complexes from this subject.

“frontal,” respectively. Some subjects gave a large proportion of pure
“central” responses. Others tended to give more of the frontal variety, but
-more often the responses were mixed in character. In the “mixed’ variety,
both “‘central” and “frontal” waves appear both in the central and frontal
areas, but the fast are more conspicuous in the record from the central
region, and the slower, rounded waves are more prominent in the frontal
area. :
Intermitient auditory stimuli | _ :
. The rather prominent 6- to 8-per-sec. ““central”” rhythm which appeared.
- in some subjects’ (cf. esp. Fig. 2) and the apparent absence of refractory
period for the fast-wave component led us to wonder whether the 6-per-sec.
rhythm could be enhanced by stimulating with intermittent sounds (clicks
or knocks) at a frequency of 8 per sec. It scemed possible that we might be
able to “drive” the waves at frequencies determined by the frequency of
stimulation, as Adrian and others have done with the occipital waves in the
waking state (Adrian and Matthews, 1934; Loomis, Harvey, and Hobart,
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1936). We were unable to produce a corresponding effect in sleep hy auditory
“flicker.” Even rather loud knocks at frequencies near 6 per sec. produced
no different response from what we regularly observed with steady tones.
Knocking had, however, a much stronger tendency to awaken the sleeper,
perhaps because of its intermittent character or becanse of its psychologmal
associations.

Possible dimct—current components of the K. -comp&ex
The time-course of the slowest waves and rhythms which appeared in
the frontal region raised the question whether our amplifiers, with a time-
constant of approximately 0.5 sec., were adequate to record all of the

L.FRoNTAL - L.MasTOID ' Iloo P E

A
7, L A M I
B Y . Y I, -‘_:' | i L RECONSTRUCTED
V LY P 7 ,-4:' ! ; ", ; . ’.c""-.‘ ; Ay Py
'a ot [
.‘.\.‘..‘ o .‘,.‘"-‘ 2 o \.‘ H \..v_ ol .,.r" 1 W
-
R.FRONTAL = RMasToin =%, :

HIRECT REGO&H’\M’TH INTERRUFTER

¥1c. 8, Comparison of D.C. record of potentwl changes (line B) with a simultaneous
record from the opposite side taken by the usual condenser-coupled amplifier. Large delta
waves, E stage of sleep. A and C were recorded eimultaneously. The input leads of line
were short,-c:.rm.uted automatlcal]y 8.5 times pex sec. (see Davis, Davis, Loo:ms, Harvey,

and Hobart, 1839). Line B is subsequent reconstruction from C. Distance of dots in B from "

2 reference line (oot shown) is pmpor:t)onal to the excurgions in € on opening and closing
of the short-circuit.

electrical response. It seemed possible that there might be a slow compo-
nent,~—a shift of the base-line,—as part of the K-complex which was not
being revealed by our condenser-coupled amplifiers. We therefore employed

' the method of interrapting the input to one of our amplifiers (Davis, Davis,

Loomis, Harvey, and Hobart, 1939) to determine whether such slow changes
existed or not. Figure 6 shows how the potential appearing between the

input electrodes when the short-circuiting switch is opened is revealed by -

the height of the square-topped “waves.” The course of the potential-change
is reconstructed in line B on a scale of sensitivity comparable with that of
the usual record. Comparison between A, taken from the left side of the

head, and line B, reconstructed from the record taken from the right side,

shows that the usual method records with considerable fidelity the slow
changes of voltage of the E stage of sleep.

Interrupted records taken during stimulation by tones couid not follow
the details of the K-complex, but showed conclusively that there was no
slow shift of as much as 50 ;N in the electrma.l base-line associated with
the K-complex. - _ :
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o . DiscussioN _ .

In the light of the forégoing experimental facts, the K-complex, or “dis-
turbance pattern,” of sleep appears as a muliiple, diffuse, non-specific, de-
layed electric response of the brain to external sensory stimulation. It is
‘clearly related to the on-effects seen in the waking state and also to the
background of electrical activity characteristic of the stage of sleep in which
it occurs. Auditory stimuli have so far proved most effective in evoking it.
The effectiveness of auditory stimuli during sleep may be no accident if we
consider the general biological function of hearing in the rdle of watchman
constantly on guard to signal danger. In sleep the eyes are covered hy the
eyelids, and vision is in abeyance, but hearing remains active, ready to
rouse the sleeper. The electric responss is not confined to the auditory pro-
jection-area of the temporal region. On the contrary, it appears to be rela-
tively weak over the temporal lobe, and best developed over sensorimotor
and frontal areas. Its latency may be considerable, from 0.1 to a full second
OF even more. o .- :

The K-cormplex consists of at least two components,—the fast and the

- slow. In deep sleep the “‘fast” waves may be as slow as 10 or even B per sec.
‘and resemble a smooth alpha rhythm, As the sleeper becomes more and more
aroused, the ‘‘fast’> waves become faster and less regular, with no clear 10-
per-sec. thythm. They appear to be more closely related to quick or beta
waves than te the waking alpha waves (cf. Davis, Davis, Loomis, Harvey,
and Hobart, 1938, p. 34). It seems reasonable to interpret the appearance
of thé fast component as an indication, and possibly even a measure, of the
degtee to which the subject has been aroused toward the waking state by
the stimulus. Repesated stimuli at short intervals cause an increased (sum-
mated) fast component, and the subject is quite likely to awake. In deep
sleep {stages D and E), the subject cannot easily be aroused, and the fast
component of the K-compiex is not at all prominent. : :

The slow component appears to be a definite response, often reproducible
in considerable detail, clearly related to the waking on-effect. Its first waves
correspond in latency, polarity, and duration fo the waking on-eifect. It
seems reasonable to interpret the slow component as the waking on-effect.
modified and prolonged by sleep. Even before the subject goes to sleep, the
on-effect becomes more prominent as the subject becomes drowsy. This in-
crease in amplitude is broadly similar to the appearance in-the animal brain
‘of a-delayed secondary discharge in stimulation of the sciatic nerve under -
.deepening barbiturate anesthesia (Derbyshire, Rempel, Forbes, and Lam-
‘bert, 1936; Forbes and Morison, 1939).

- The slow component of the K-complex is rhythmic. If the same cells re-
spond in the successive waves, we may be sure that their refractory period
is shorter than 1 cycle of the thythm. The slow-rhythm component as a whdle,
however, shows a refractory period to a second auditory stimulus, although
the second stimulus may fall as much as 3 or 4 sec. after the original stimu-
lus. This refractory period is much longer than 1 cycle of the rhythm. We -
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may infer that it is the avenue of approach to the cortex which is refractory,
and not the responding elements themselves (cf. Forbes and Morison, 1939,
for & theoretical discussion of the problem of the refraciory state in a closely
analogous situation). The refraciory state may represent a true refractory
period, like the long refractory period under dial anesthesia of the pathways
of cutaneous sensitivity (Marshall, 1938), or possibly it is a secondary result
of partial rousing of the subject, a shift in the general level of activity of the
brain, which renders the brain less prone to this particular form of rhythmie
activity. The effect might then be compared to the checking of the alpha
rhythm by visual stimulation, attention, or an emotional state.

The slow component of the K-complex shows many similarities fo the
secondary discharge described by Forbes and Morison (1939} in the brain
of the cat under barbiturate anesthesia. The resemblance is so close that
it seems reasonable to attribute both phenomena to the same type of mech-
anism and to explain the guantitative differences as due to differences
between the brains of the human being and of the cat, between sleep and
barbiturate narcosis, and between sound and electrical stimulation of a

' peripheral nerve. Both phenomena are delayed cortical responses to sensory
stimulation. Neither of them appears clearly in the waking state but they
become prominent under conditions of depressed cortical activity (sleep and
anesthesia) and both increase in size as the depréssion deepens. Both are
generalized responses of the corfex. The latency is considerable in each case.
Derbyshire, Rempel, Forbes, and Lambert (1936) state that the usual la-
tency of their secondary discharge is 40 to 80 msec, We have not attempted
to measure precisely the latency of the K-complex, because the first wave
is often small and indefinite, but it is of the order of 100 msec. If ether anes-
thesia is given to an animal already deeply anesthetized by pentobarbital
sodium (nembutal), the latency of the secondary discharge may be as great
a8 160 msec. (Forbes and Morison, 1939). The secondary discharge and the
slow component of the K-complex both show a long refractory period in the
sense that a response appears only after the first of a series of stimuli re-
peated at a rate of 4 per sec, The secondary discharge is reduced in amplitude
unless the interval between stimuli is considerably more than 1 aec. The cor-
responding refractory period of the K-complex may lagt for as long as 4 or 5
see. “Spontaneous” K-complexes, or secondary discharges, render the brain
incapable of a second response just as effectively as do responses evoked by
sensory stimulation. Forbes and Morison.(1939) arrived at a similar conclu-
sion concerning their secondary discharge. Bremer (1937) has emphasized
the similarity of the electrical -activity of the cat’s brain in sleep to that
under harbiturate anesthesia, in contrast to its activity under ether anes-
thesia. If our identification of our slow K-component with Forbes’s second-
ary discharge is correct, it represents an important unification of observa-
tions on normal man with data froem animal experimentation.

Forbes and Morison suggest that their secondary discharge may he
analogous to the third (slowest and latest) component of the complex re-

retum to the previous next » return to the
main menu page page table of contents \



- B12 - H. DAVIS et ol.

sponse to stimulation described by Bishop and his collaborators (Bartley,
('Leary, and Bishop, 1937; Bishop and (’Leary, 1938). On the basis of the
time relationships of the waves which he observed, Bishop suggested that

- his slowest waves represent activation of the mechanism which generates
alpha waves in the waking state. Our-evidence shows that the slow com-

~ ponent of the K-complex is probably identical with Forbes’s secondary
discharge and also with the human waking “on-effect,” but that it is clearly
distinct from the human slpha waves. It appears therefore that one or
another of the various comparisons is at fault. The situation is not disturb-
ing, however, since some of the comparisons rest almost entirely upon simi-.
1arity in time-relations and it is by no means a necessary concinsion that ail
electrical waves of similar frequencies represent activity of the same neural
mechanism, For example, the *“‘alpha” rhythm at 10 to 12 waves per sec.
recorded by Grinker and Serota (1938) from the brains of cats under nem-
butal anesthesia is probably analogous to the human l4-pér-sec. rhythm
of sleep and fo the “fast” component of the K-complex and not to the
waking occipital 10-per-gec. alpha rhythm. Incidentally, Grinker and Serota
report (loc. cit., p. 575)-a combination of slow and faster waves from the
hypothalamus of the narcotized cat which corresponds clogely to our cortical
‘K-complex of sleep. - B '

"~ The appearance of K-complexes with two recognizable types of slow
component, the “central” and the “frontal,” suggest that two more or less
distinct, but similar, neural systems may be set into action by the sensory
stimulus, One system apparently tends to dctivate primarily the central,
‘the other the frontal cortex, but sometimes the two systems ssem to share
the control of a given region, and we see the “‘mixed” type of response. The
gpread of *‘cenfral’” waves into the frontal region, and vice verse, is not a
mere electrical artefact. Successive responses which are nearly identical in
the precentral region often vary widely in their degree of spread into other
regions. The cortical systems which. generate the fwo types of waves appar-
ently interdigitate to a considerable degree, and the extent of the response
of each-system varies from one test to another. Qur experiments offer no
indication whether a given neuron always participates in one, and only one,
system or whether it may respond now in one and now in another pattern.
The problem is exactly similer to the one raised by the alpha waves in the
waking state in the precentral region, Sometimes they are 10-per-gec. waves
in phage with similar waves at the occiput. At other times there are larger
8- or 9-per-sec. waves which are small or absent at the occiput (cf. Jasper
and Andrews, 1938). Sometimes the 8-per-sec. precentral waves are coingi-
dent with low-voltage 10-per-sec. occipital waves, and the combination
gives a confused record in which neither rhythm appears clearly, but in
which both may be identified by careful ingpection. Both in the waking and
in the sleeping state we encounter a tendency of differént regions of the cor-
tex to react in rather similer ways, somefimes closely codrdinated, yet at -
other {imes independently. When the reactions are independent, the indi-
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vidual features. characteristic of different vegions may be recognized. The
idea of independently reacting neural systems occupying the same cortical
areas is not new. On-effects and secondary reactions have long been recog-
nized (see Davis, 1939, for references), and in particular Bartley, O'Leary,
and Bishop (1937) and Bishop and O'Leary (1938) have clearly distin-
guished two neural systems in the optic and also in the sensorimotor cortex
of the cat (cf. also Adrian, 1936). The present evidence merely emphasizes
once more the complexity of the organization and activity of the brain.

SUMMARY

The eleciric response of the human brain to auditory stimuli during
gleep, previously described and designated as the “K-complex,” has been
investigated in more detail. 1t id a multiple, diffuse, delayed, non-specific
response to external sensory stimulation. Usually a fast component, con-
gisting of a series of more or less regular waves at frequencies of 8 to 16 per
sec., is superimposed on & series of slow (delta) waves (Figs. 2, 3, and £), but
either component may appear independently of the other. No shift of elec-
trical basge-line (*D.C. component”) is associated with the K-complex
(p. 501). o ‘ - o

Light and electric shocks may elicit K-complexes, but less effectively
than do sounds (p.’503). Typical K-complexes may appear “spontaneously”
without assignable external canse.

The latency of the K-complex is usually of the order of 100 msec. and
may be half a second or more. Both fast and slow components are more
prominent in the central and frontal than in the occipital and temporal
regions (Figs. 2 and 5). The patterns are simultaneous and broadly similar
over all these regions, but characteristic differences between central and
frontal types of the slow component are described (p. 507). -

‘The fast component is offen identical with the trains (“spindles’) of
14-per-sec. waves which are characteristic of the C and D stages of sleep.
The appearance of the fast component seems to represent a partial arousal
of the sleeper. The slow component develops progressively from the waking
“on-effect” (Fig. 1) and increases in amplitude and duration as the subject
becomes drowsy and goes to slesp. Both components vary systematically
with the stage of sleep (Fig. 3). The waves become slower as sleep deepens,
and do not appear in the E stage of sleep. The characteristics of the spon-
taneous K-complexes are the chief criferia by which the B, C, and D stages
were originslly identified. . o

A sound within $ or 4 gec. after a previous stimulus usually fails to
evoke & second slow component, If it succeeds, the second response is de-
layed and reduced in amplitude. The fast component, on the contrary,
appears full sized at all intervals of stimulation and merges with the fast
component of the previous complex (Fig. 4). : '

Forbes and his collaborators have described a “‘secondary discharge”
which appears in the cerebral cortex of the cat under baibiturate anesthesia
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following electrical stimulation of the sciatic nerve. The slow component of
the K-complex shows the same characteristics as, and is probably strlctly
analogous to, this secondary discharge (p. 512).
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INTRODUCTION

THE ESSENTIAL role of the nervous sysiem in the regulation of the sleep-
waking rhythm of higher animals is now widely recognized. No less a per-
son than von Economo, however, drew attention to the fact that the phe-
nomenon of sleep cannot be accounted for by a mere functional change of the
central nervous system from its condition during the waking state. It is
indeed an important fact that the function of sleep, instead of being charac-
teristic of higher animals, is also observed in organisms which do not possess
& central nervous system, and even in several vegetable species. It is there-
fore impossible to attribute this mysterious function to any special organ.
Since all experimental work on sleep has hitherto been confined to mammals,
chiefly to cats and monkeys, practically no data concerning the compara-
tive physiology of this phenomenon are available, Nevertheless, it seems
probable that during the phylogenetic development the function ‘of sleep,
together with many other mechanisms, was progressively centralized into
the nervous gystem from which organ all changes, characteristic of sieep,
were ultimately effected. This centralization proceeded so far that the al-
ternation of wake and sleep seems to be governed in mammals by a circum-
- scribed area of the central nervous system, capable of determining physical
and psychical activities. The existence of this “centre’ for the regulation
of sleep is generally accepted by students of this subject. It has, however,
given rise to & number of problems, concerned in the first place with the
-make-up of the centre, and secondly with its mode of action. Is there one
single centre for the regulation of the sleep-and-waking rhythm, or must 1t
be thought of as composed of two antagonistic parts, vie., a sleep and a.
waking centre? And next, on what structures and along what paths does it
primarily exert its influence? These questions have been so divergently
answered by various investigators that a brief review. of the current opruions
Seems esgential. - ' i : _ .

- The-first {0 recognize a central representation of sleep was the Viennese
‘ophthalmologist Mauthner:(32), who from his observations of many cases
‘of Wernicke’s disease- and of “nona” (which was probably identical with von
Economo’s lethargic encephalitis) concludéd that the area surrounding the
oculomotor nuclews was of specisl importance for the regulation of sleep.
In later years evidence in favour of a central regulation of sleep was put
forward by many clinicians, of whom von Economo in particular dxa—
guished himself by his classical study of the Vienna epidemic of encephalitic
lethargica (11). The localisation given by Mauthner has been little changed.

Reproduced with permission from The Am. Physiol Soc.
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Thus von Economo considered a rather extensive area in the posterior and
lateral walls of the third ventricle as the site of the regulating mechanism.
A number of observations of cases in which this area was destroyed by
tumour seemed to confirm the importance for sleep and waking, ascribed by
von Economo to the walls of the third ventricle.

This view could be gained only by careful comparison of many clinical eases in which
often very extensive lesions of the central nervous syetem existed. 1t is, therefore, not sur-
m!g] $hat many investigators were, by less critical observation, led to other conclusions.

Smner (46) concluded from a case of narcolepsy, in which autopsy revealed an extensive
ahseess of the left thalamua, that the regulation of slesp was a function of the thalamus.
In later years Spiegel and Inaba (43) adopted the same view on the basis of their experi-
mental work on rabbita and dogs. The ozperiments of Ranson on monkeys (36), however,
clearly indicate that the thelamus is of no special importance for the alternation of wake
and ai;ep, as even extensive destruction of both thalami did not reeult in any sbaormality

of this function. On the other hand, bilateral lesions in the area of the memmillary bodies

coused the seme marked somnolence which is such an outstanding feature of epidemic

mha]itis. These results are in accordance with the clinical view that the vicinity of the
ird ventricle plays a specific role in the regulation of sleep. :

How dves the central ares (whatever its localisation) sc strongly affect the state of
our physical and peychical activities? This question has been very differently answered.
According to Mauthner (32), the firet to accept a central regulation of sleep, an inflamma-

- tory edema eround the eculomotor mucleus would exert a pressure on the important sensory
pathways paasing through the midbrain, thereby intenrupting the corticopetel flow of jm-
pulses and thus causing sleep. From this conception it is evident that the special importance
ascribed by Mauthner to the environment of the oculomotor nucleus, was atixibuted by
hirz only to the topographical relations of this area to the main sensory systems. Moreover,
sleep, according to Mauthner, would result from an isolation of the coxtex from the
outer world, and this opinion has received support from warious suthorities imciuding
Spiegel and Inaba {43), who based their conecept on cases of somnolenve which they
obtained by inflicting lesions to the thalamus. The same stand iz taken by Kieitman
.and Camille (30}, whe, for instance, claim that imperfect relazation of the skeletal muscula-
ture may canse insomnia by keeping up a continuous stresm of proprioceptive impulses to
the cortex. An essentiglly similar opihion waa expressed by Trémper in 1912. Whereas
Mauthper and others apparently considered various unspecific factors (edema, exhaustion,
eic.) the cause of the sensory intervuption, Tromner accepted the concept of a nervous cen-
ire capable of blocking the sensory re{‘aying centres of the thalamus,

The idea of a nervons centre exerting an active influence on the sleep-and-waking
rhg::m, thereby formulated for the first time, haz since received considerable support,
although the details of Tromner’s concept of this centre, viz., its localisation in the thala-
mous and its action via sensibility, have been effectively criticized by all the most competent
investigators.

In 2918 von Economo published his yeport on encephalitis lethargica. In those cases
of this disease in which somnolence and ophthalmoplegy were the main symptoms, in-
flammatory lesions were regularly found in the posterior wall of the third ventricle, exténd-
ing backward to the level of the oculomotor nucleuvs. In other eages insorunia was ob-
served, together with chorea. These symptoms von Econmomo saseribed to inflammation
of a more rostrally situated part of the hyputhslamus, the tubersl region, and of the ad-
jacent portion of the striate body. The objection that theae disorders of sleep might be the
result of some toxic influsnce of the inflammation was rejected by von Economo as the
encephalitic sleep was promptly reversible and its interruption did not leava any signs of
defective mental lucidity, as would have heen the case with intoxication. Therefore von
Economo is convinced that the ‘affected aress constitute a epecific centre as postulated
by Trémner, From the contrasts between the somnolent and the aleepless form of epidemic
encephalitis, he concluded that the “Schiafeteuerungszentritm” consists of at least two
parts (Fig. 1). The conception lay near at hand that the caudal part (inflaxmmation of
which caused somnolence) is essentislly & waking centre, while the rostral part must far an
analogous reason be supposed to act as a slecp centre. )

Sleap, according to von Econome, woulg result frotz inhibition of thalamus and cor-
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tex by the “Schlafstenerungszentrum.” However, von Economo does not agree with previ-
ous workers that slesp is brought about by neutralization of sensory stimuli, because his

gtients suffering from encephalitis lethargica did not show any decresse of sensibility,
The most immportant siement of von Economo’s opinion, shared with Trtmner, is bis belief
that sle?his caused by active nervous inhibition of different parts of the central nervous
gysterm. is view, however, iz contradicted by Ranson and his collaborators.

In the course of Ranson, Barris and Ingram’s experiments on cats (27, 37)

. and Ranson’z on monkeys (36), in which they inflicted lesions of great di-
versity to the hypothalamus, they
observed many cazes of somne-
lence following lesions of a well-
defined hypothalamic area (which ~°
has been.referred to on p. 304),
but never were able to produce
slesplessness. In their 1939 review
of the hypothalamus Ranson and
Magoun make the following state-
ment, which fllustrates their point
of view: “There i3 no good reason to
believe that there is a subcortical
centre, which, when active, in-
hibits the cerebral cortex -and
causes sleep; but there iz abundant
evidence that some structure or
structures in the region of the third

- ) ; Frg. 1. Von Economo’s conception (11)
ventricle or aqueduct play an im-  of the localisation of the “Schlafstenerungs.

portant part in maintaining the zentram” and its eomposition in two parts,

akin : . viz., one (vertically striped) in which inflam-
w g state, because lesions in matory lesions cause somnolemce, and one

this region cause sommnolence.” By  (uorizontslly striped) in which similar le-
theoretical deductions Salmon (42) sions cause sleeplesaness. :
arrived at the same opinion. : -

The experiments of Hess (23) have often been brought forward in favour
of the existence of a sleep centre. By means of a special technique this ob-
server was able to induee sleep in cats by stimulation of points in fore-,
tween- and midbrain. These points lay widely scattered over 8o large an area
that it is scarcely beliovable that Hess invariably stimulated one single
centre, Nevertheless, the fact that sleep was obtained by stimulation, i..,
by activation of central nervous tissue, is deserving of -our interest. Hess’
-method of stimulation, however, et with serious criticism from Hartison

“{21), 'who ‘claims that it gives rise to electrolytic lesions of the stimulated
“point he altered it 50 as to avoid destraction of nervous tissue, he
- mever was able to induce sleep. He therefore concludes that sleep in Hess
experiments produced not by stimulation but by lesion. This opinion, how-
ever, does not harmonize with the relatively short duration of sleep in Heas’
éxperiments, Whereas the lethargy exhibited by the experimental animals of
Ranson and his collaborators persisted for days and weeks, Hess' cats only

abl
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slept for a few hours. Probably this discrepancy should not be attributed 1,
differences in the amount of nervous tissue destroyed, as even enormouy
legions of fore- and tweenbrain fail to interfere with the regulation of slegp
if only a circurnscribed area of the hypothalamus is left intact. Neverthelegg
Harrison’s criticism warms us to be reserved in our appreciation of Hewy'
early findings. Another reason is that in later years Hess seems to have
charged his initial apinion. In 1936, for instance, he stated that sleep could
never be brought about by stimulation of the hypothalamus, but constantly
appeared when the zone of transition between thalamus and subthalamys

-was stimnulated. In 1944 he published some cases of “adynamia” in cats afer

hypothalamic stirmulation, a condition which he distinguished from the sleep
referred to in his previous papers by a concomitant plasticity of the animals,
Hess® views on the diencephalic regulation. of activity have been expressed

. in a recent review of his resuits (26), but his conception that sleep may result

from activity from some central area still needs confirmation.

We shall not go into the experiments in which disorders of sleep wers
‘caused by the introduction of various chemical substances into the brain.
stem, as their interpretation is too ambiguous to bring us any nearer to a
satisfactory concept of sleep. .

Looking back on the various cpinions about the central regulation of
sleep, a considerable amount of agreement now seems to have been reached
a2 to the localisation of the centre of regnlation. About its mode of action,
however, some fundamental differences of opinion exist. Whereas von
Economo agrees with Trémmner’s original view that sleep results from ac-
tivity of the regulating centre, which can therefore be thought of as a sleep-
Ing centre, Ranson and his school are by their experiments led to the view
that the regulating apparatus essentially serves for the maintenance of the
waking state, and that sleep appears when it is reduced to inactivity. In an
experimental study described below, we hope to reach some conclusions
which may contribute to the solution of the problems mentioned in the previ-
ous account. .

' MATRRIAL AND METHODS

Only adult albino rats were nged in this study. In these animals the effects of experi-
mental Yesions of the hypothalamus and adjacent parts of the brain on the regulation of
sleep were observed. The choice of the rat ag an experimental animal was forced upon us by
war conditions and more especiaily by the imposathility of feeding larger animals during &
sufficiently long period. Because of ite smell size, it was certainly not the most suitable
animal for our purpose. :

The various functions of the hypothalamus have hitherto chiefly been investigated
either by the method of elactrical stimulation or by causing extensive destruction of this
pert of the brain. Much of our knowledge comcerning the lower parta of the brainstem has
been obtained by a different miethod, viz., the infliction of sharply incised wounds, and it 82
striking faet that this procedure has scarcely ever been used in the study of hypothalamic
functions. It has been £llomd only in the research of descending hypothalarsic connections
by Beattie, Brow and Long (3), and, mere recently, by Magoun, Ranson and Hetherington
(81), The mathod was considered a desirable addition to those procedures by which gross
lesions of nervous tissues are brought about. It is probably the most suitable method

for the tracing of pathwaye involved in the funetion under consideration, the damage 0

the brein baing chiefly confined to interruption of fbre connections,
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Unfortunately, however, it is still an o question whether the results of any de-
gtruetion of brain tissue should be attributed to the exclusion of the destroyed or isolated
grea oF to irritation of adjacent parts. Both co ions can be and have been defended.
The fact that many results of lesions of the central mervous system tend to subside in the
cowse of time is offen advanced in favour of irrifation. It should be stressed, however,
that the remarkable recuperative power which is exhibited by autonomic functions aiter
Jesion of the brainstem or spinal cozd should in all probability be ascribed sither to com.

“auiomatisme étags”’) or to the formation of new centres in adjacent regions. As far as the
hypothalamus is concerned, there is another reason to doubt the irritative nature of in-
cised wounds, Whereas unilateral electrical stimulation of this part of the brain is sufficient
o cause widespread effects, which are sventually markedly bilateral (e.g., pupillary dilata-
tion), incisions in the hypothalmus proved to be effective in our sxperiments only when bi-
jateral. The sola stimulatory effect observed was a bilateral pupillary dilatation which
cecurred regularly during the unilateral imiroduction of the cutting instrument in the

csterior part of the hypothalamus, and persisted for a few minutes after it had been with-

wn. Since the pupillary dilatation would, from various observations (38), seem to be a

¢onstant reaction to hypothalamic stimulation, we could nof escape the impression

that the irritative action of an incision in the hypothalamus, if it exista, is of short duration.

All postoperative effects were therefore interpreted as the results of exclusion of certain
of the brain and not to irritation of the area surrounding the lesion.

Far o;ﬁrative purpogses the hy'{)othalamus can be reached in several ways, the most
msual of which are the subtemporal and the parapharyngsal approaches, Because of the
bilaterality of the legions which are required to obtain disturbances in the regulation of
gleep, the subtemporal approach was unsuitable for our purpose. The parapharyngeal
method, by which the hypothalamus is reached through the base of the skull, was greaily
interfored with by the flat, expanded hypophysis and its encircling blood vessels. In the
experiments described in the following paragraphs, transverse lesions of the hypothalamus
wore inflicted via perforation of the comvexzity of the brain, Natwrally this primitive method,
apart from the important advantage of a better general postoperative conditiom, has a
number of disadvantages, the most important of which is the fact that it gives rise to con-
giderable damage to structures which are situated dorsal to the hypothalamus, In fact,
this damage is such that the incisions, instead of heing resiricted to the hypothalamus,
extend throughout the dorsoventral diameter of the braim, s6 thai many sagittal fibre
connections in neccortex, archicortex and thalamus are interropted as well as the longi-
tudinal systers of fibres within the hypothalamus, The objection that many postoperative

mptome might be the result of this additional damsge is therefore not unreazonable.

onsequently, a number of controls was needed to decide whether or not the stractures
overlying the hypothalamus are involved in ihe regulation of sleep. These experiments
will now be deseribed briefly.

I(;ensatory activity of those centres which subserve the same functions on a lower level.

REesuLTs

In a number of animals an incision was made in one of various frontal
planes between the anterior and posterior commissures, measuring from
2% mm. on the right to 23 mm. on the left side of the median plane, and not
extending beyond the ventral border of the thalamus, These wounds corre-
sponded with the most serious sccidental lesions encountered (Fig. 2).
Animals treated in this way did not develop any disturbances of the sleep-

- weking vhythm; they rapidly recovered from the operation. It is proved

by -this cbservation that a normal alteration of wake and sleep is kept up so
long as the ironsverse incigions leave the hypothalamus inicct. It dees not,
however, exclude the poassibility that the relevant dorsal structures play
some part in the regulation of sleep. : _
In another group of animals identical lesions were made, but on one side
the incision was prolonged to the base of the brain. Consequently only the
opposite hypothalamus was left intact (Fig. 8). Although the postoperative
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mortality among these animals exceeded that of the first group, most of the
rats made a rapid recovery. None of them displayed any disorder of sleep,
Obviously one intact hypothalamus is sufficient for maintenance of normal
sleep rhythm. The reverse experiment was carried out on 2 third group of
rats. In these animals a combination of bilateral section of the hypothatamus
and unilateral section of the dorsal structures was obtained by the introdue.

falo
Fic. 2. Bilaterpl transectiop
.y {indieated by interrupted lines) of
the structures dverlying the hy.
439: pothalamus. C.A., cornu amme-
o win; C.C., corpus callosum; .1,
g internal capsule; F.D,, fascia den.
" tata; Fx., fornix; M.F.B., medial
74, farebrain bundle; Th., thalamus;
T.0., optic tract.
MEB;
FX:
hx+)

tion with a “tour de maitre” of a small hoolc-shaped knife, into the hy-
pothalamus depicted in Figure 4. All animals treated in this way developed
marked distorbances of the sleep-waking rhythm, which were identical

F1c. 3. Bilateral transection of
dorsel etructures and unilateral
fransection of hypothalamus. The

legion i indicated by interrupted
iines, Abbreviations: see Fig. 2.

with those observed in cases in which bilateral lesions of the structures over-
lying the hypothalamus were inflicted. -

.~ From thess observations it iz evident that the dorsal structures (neacortex,
archicortex and thalamus) of one side are unable to keep up the normal regulo-
tion of sleep. The disorders of sleep observed after transverse hypothalamic

“incisions from above may therefore safely be attributed to the lesions of the
hypothalamus and not to the damage to more dorsally situated structures.

_ As t0 the opér’aﬁve technique, the operations were all carried out under ether anaes-
thesia and with aseptic precautions. After median incisions of the skin and pericsteum,
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the latter was pushed aside, and a uni- or hilateral {rephine hole of about 4 mm, diameter
wae made jusi lateral to the median line, in order to avoid the superior longitudinat sinus,
The dura mater was left in situ, In those cases in which the incision was intended to extend
to one single lesion through hoth hypothalami, the small knife, depicted in Figure 4, was
used Eo a8 to restric the additicnal damage to one side. In cases in which it was essenital
to leave & medial hypothalamic zone intact—in ofther words, to restrict the lesions to both
lateral ll:gipothalamic areag—two separate incisions were required, and consequently the
additional damage to the dorsal structures was inflicted on-both sjdes. In the foregoing

Frc. 4. Unilateral lesion to doresl siructures and bilatsral irensection of the hypo-
thalamus (intexrupted lines). The instrument with which the lesion was infficted has been
indicated with S. For ablreviations see Fig. 2. i o

‘aecount it has already heen pointed ont that these uni- or bilateral lesions to the structures
-averlying the hypothalamus hed no appsrent influence on the regulation of sleep.
: - :After the lesions had been placed and the usuel slight hemorrhage had stopped, the
- e o ‘was ‘stitched over the trephine holes and the skin was carefully. closed. No
~dresaing ‘was applied. Throughout the operation 8 per cent hydrogen peroxide was used
a3 an aptiseptic. The anetomical investigation of the lesions was usually cerried out after
the animals had died from the results of the operation. When recovery took place the ani-
ma] was pacrificed some time sfter the condition had become stationary, After their re-
moval the brains were, a8 a rule, fixed in 86 per cent alcohol for three days and prepared
according to ona of CajalPs methods. Sagittal sectiona were found to be most suitable for the
{racing of the transverse incisions. In the following account the disorders of sleep are
grouped under two headings, vis., disburbances of the waking. capacifty and those of the
function of sleeping. : :
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Disorders of waking
. Certain bilateral lesions of the hypothalamus were found to cause a de-
crease in the waking capacity. The extent of this decrease varied in different
cases.

() Eight animals slept uninterruptedly so long as they were not roused
by external stimuli. They lay curled up on one side, breathing regulaﬂy,
and could promptly be awakened by sufficiently strong stimuli, i.e., by
pinching the tail or bandling. When they were left alone afterwards, they
would yawn and stretch and seitle down in a comfortable position to go to
sleep again. To strong stimuli the animals reacted vigorously, exhibiting all
signs of intense amotion. There were no motor digturbanees. Apart from the
apparent inability to maintain the waking state, the animals displayed other
autonomie disorders, which is not surprising in view of the many regulatory
functions of the hypothalamus. All sleeping animals developed a marked
hypothermia, which often was such that a rectal temperature of 25°C. was
found after a stay of 24 hours in an environmental temperature of 18°C,
The condition of sleep evidently did not depend on this hypothermia, as it
was not less conspicuous in animals which were kept in an incubator of about

- 80°C. end consequenily had rectal temperatures ranging between 35° and

40°C. Details of the temperature regulation cannot be given as a continuous
regisiration of the femperature was not carried out.
The general condition of all hypothermic animals rapidly deteriorated;

_they constantly contracted a purulent conjunctivitis and rhinitis, To avoid

these undesirable complications it was necessary to nurse the animale in a
hot box. Moreover, exira attention had to be paid to their feeding. As many
of the operated rats, especially the sleeping animals, did not take any food
or drink of their own accord, it was essential to feed them artificislly. For
this purpose about & cc. of lukewarm, diluted skimmed milk was adminis-
tered by tube (a soft catheter with a diameter of two to three millimetres)
three times a day. n spite of all these precautions the animals never survived
the operation for a long petiod. Only once was it possible to keep a rat (no.
55) alive during eleven postoperative days, the other animals dying after
four to eight days. In rat 55 after the eighth day there were short periods
during which the animal no longer lay curled up iu its characteristic sleeping
attitude, but sat huddied up with ha]f—opened eyes, without, however, show-
ing any spontaneous activity. It is an open question whether or not the
capacity of waking is capable of a complete recavery in these sleeping rats.
‘The animals could not be kept alive long encugh and even the period of
eleven days was too short to allow of an answer. From the results of the
experimenis of Ingram, Barris and Ranson (27) on cats and those of Ranson
(36) on monkeys, it would seem that the capacity of maintaining the waking
state does not completely return in these animals after optmual lesions of the
hypothalamus, It is, however, improbable that the lesions in these animals
wers equivalent to those in ours. Future work on animals, better suited to
this purpose than the rat, will have to solve the problem whether the total
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loss of the hypothalamic regulation of sleep can be as satisfactorily com-
pensated as, for instance, the thermoregulation after exclusion of the hy-

thalamus.

(ii) Another group of animals, instead of developmg a complete condi-

tion of sleep, exhibited various de-

of drowsiness. They were
inactive, and during the first days
pat hnddled up all the time, with
eyes shut to slits. Like the other
smimals these rats could be roused
promptly. After a period which
lasted from one to three days, the
sommnolence tended to decline
gradually, but in these animals also
the general condition rapidly de-
teriorated and death resulted with-
in a week so that the waking ca-
pacity was never observed to
restore itself completely. Only oc-
casional periods were observed in .
which the animals were in a some-
what more sctive condition, the
eyes, for instance, being opened
wider. It is of interest that these
drowsy rats were never found to be
in a typical sleeping state. Their
condition was intermediate between
waking and sleeping whenever they
were observed. Like the sleeping
rats they ofien developed a hypo-
thermia and purulent infections of
the mucous membranes and did not
show any tendency to take food or
drink of their own accord so that
they too had to be nursed with tube
feeding and kot box.

(iii) In a third group of rats the
operation failed to produce any dis-
order - of : ‘the -waking - capacity;
neither - did ‘most of these animals

V. A

Fic. 6. Key figure to Tables 1-5. The
diagram has been composed of two horizontal
sections, of which one (golid lines) passes
through the dorsal humnp of the optic chiasma
and through the mammillary bodies. - The
course of the optic tracts has been indicated
by broken linee. The second section {outlines
given in hroken lines) lies on a more dorsal
level and passes through the cerebral and
mammillary peduncles (broken lines) and
through the suhatant:a nigra, the interpedun-
cular nucleus and the subthalamic nuclens,
sutlines of which are siippled. For Tables 15
only the basal section hss been used. C.M.,
mammillary. body; C.0., chiasma optlcum,
fx., formix column; N. I P., interpeduncu-
lm: nuclens: N.5.Th., subtha]amlc nucleus

(Luys);- NIII omulomoter mucleus; PE., .
cerebral peduncle; P.C. M., mamrmllary pe— :

duncle; S.N., substantia nigra; T.O,,
tract; V. L la'berai wventticle; VIIL thud
ventncle

develop any other serious disturbances of the general condlt]on. In order to
facilitate a survey of our material we abstained from verbal description of
each case. Instead the lesions which were found in every single case were re-
corded into a diagrammatic horizontal section of the hypothalamus (Fig. 3).
The dlagrama obtained in this way have been collected in three tables,
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viz;, Table 1, on which the findings in the compleiely sleeping rate are de-
picted; Table 2, showing the cases of drowsiness in as much of a descending
order of intensity as was practically possible; and Table 3, which containg
those cases in which the operation did not affect the waking capacity. The
following points concerning the figures are of special interest, '

(a) Yu all cases of characteristic sleep (Table 1) bilateral lesions were found which ex.

Table 1. Anatomicel findings in five rats exhibiting o typical condition of sleep.
) For an explanation of the diagram, see Fig. 5.

Tuble 2. Anatomical findings in fen cases of somnolence, See Fig. 5.

tended through the entire—or almost the entire (rat 4B}—iransverse diameter of both
hypothalami. All these lesions were gituated in the immediate vicinity of the mammillary
bodies. In two of the animals the mammillary bodies themselves were involved in the
leziona, in rat 67 these nuclear groups were Iargely destroyed by hemorrhage, In rats 48
and 84 the lesions were situated on the rostral border of the mammillary bodies; in three
other cages, of which only rat 120 is shown, they were found slightly candal to these cell-
groups. :

{b) Lesions of the mammillary region were also met with in some of the drowsy ani-
mals, collected in ‘Table 2. These transections, however, differed from those found in the
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frgt group in being incompleie. The region medial o tbe fornix column-—comprising the
pe,iventricu!a.r and the medial hypothalamic areas according to Crosby and Woodburne
{cited from 8)—had been laft intact om both sides in rate 52 and 56, and on'the left sids in
cat 51. In rat §4 the hypothalamic lesion on the left was confined to the lateral half of the
lzteral hypothalamic avea, leaving the remainder of this area and both inner areas un-

damz;g:t this second. group also contains a few cagses in which a complete transection of
both hypothalami was found. In these cases (rats 68 and 41), however, the lesion was
gituated farther rostrally than in the animals belonging to the first group. Tn rat 68, for
sjnstance, which was very drowsy, a complete transsction of hoth hypothalami was found

Touble 3. Fight cases in which the operation failed to produce a
decrease of the waking capocity. See Fig. 5.

about T mm, antericr to the ma bodies. Only a slight sormolence was displayed
by rat 41; in this animal a complete bilateral lesion ezisted about 2 mm. in front of the.
mammillary bodies. As an identical lesion was found only 0.2 mm. farther ahead jn rat 83
{Table 8} which showed no signs of sommnolencs, it wonld seem thai the ares in which
hypothalamic lesions must be situnted to cause a decrease in the capacity of waking has ifs
rostral limit in a transverse plane about 2 min, anterior te the mammillary bodiea.

It has not baen possible to ascertain the eandal limit of the area under consideration,
The most posterior lesion which was found to distarb the waking ca]ﬁcity wag situated
alightly caudal to the mammillary hodies, i.e.,in the tegmental region. More candal lesions
resulied in a loss of consciousness which waa too little reveriible to enable ua to make amy .
statements concerning the regulation of sleep in these animals.

(c} The third group (Table 8), containing a number of animals without any apparent
disturbance of the waking capacity, is distinguished -from the previcus groups in various
respects. In some of the animals {rats 42 and 49) unilateral lesions of the hypothalamuas

- were found to-sxist. It has already been pointed out that unilateral hﬁpoththic_lemona,
Irrespective of their location, are unable to affect the regulation of slesp. Apparently the
“same holds good for bilateral lesions which ave.confined to the medial part of the hypo-
thalamus; viz.,; the'zone medial to the fornic column. Thisis sShown by rats 71 and 80, in
which only the inner hypothalamic aress (the medial and the periventricular area) were
damaged. It would seem to indicate that the medial pari of the hypoihalamus is of no
gpacial importance for the maintenance of the waking state. In the discussion of the second
group it was mentioned, however, that the decrenss of the waking capacity wag less in
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animals in which the lesions were limited to the lateral area of both hypothalami than i,
those in which, on the same level, the whele hypothalamus was bilaterally sectioned. Thi,
indicates that the irmer hypothalamic arens do play a certain role in the maintenance of
the waking stete, We ghall vevert to this fact in one of the following sections.

The pzeponderance of the lateral azea in the function of waking, already observed by
Rangon (36} in monkeys, is clearly demonstrated by rat 98. No drowsiness was observeg
in this animsl in spite of a transverse lesion in the mammillary region which was complete
on the left and had been confined to the inner hypothalamic areas on the right. The laters)
aren of the right side was the only part of the hypothalamus intact, and it proved capable
of maintaining the waking capacity. Evidently one lateral area of the hypothalamus is
sufficient for maintaining this fonetion. A lesion of exceptional location was encountered
in rat 104. In this animal a2 medisn incision was found to exist, which reached the bage
of the brain bétween left and right mammillary body. Naturally it had severed the supra-
mamwillary commissure, which eontains the crossing fibres of the hypothalamo-.tegments)
diviston of the medisl forebrain bundle, in addition to crossing tegmental connections of
the fornix column. The animal exhibited a glight drowsiness which entirely disappeared in
the course of the first postoperative day. Incidentally, rat 83 was mentioned in the dis.
cussion of the second group. The complete bilateral tramsection of the hypothalarmus,
found in this case, was apperently situated too far rostrally to interfere with the waking
capacity. Tt will again be reverted to in one of the next sections. A number of supple.
mentary experiments have not been inserted in Table 3. In four rats extensive destructions
of both thalami were brought about without causing the animals to show any decreass of
the walking capacity. This does not harmonize with the findings of Spiegel and Inaba (43),
mentioned in the ntroduction, and it offexs confirmation of Ranson’s observations (36).

In addition it should be stressed that bilateral transverse incisions on a
level with the mammillary bodies only caused disorders of the function of
waking if they involved the basal part of the brainstem, as, for instance, was
the case in rat 120 (Table 1), If not extending ventrally- beyond the central
grey substance around the Sylvian aqueduct, these lesions, infermediate
beiween diencephalon and mesencephalon, fail to interfere with the waking
capacity. On this point our findings are in line with the results of Ingram,
Barris and Ranson (27). From their experiments, in which somnolence was
produced in cats by small bilateral lesions in the basal part of the tegmental
" area adjacent to the mammillary bodies, we may conclude that the function

of waking, as far as it is performed by the midbrain, is localised in the basal
part of this structure, i.e., the tegmentum, The conclusions arrived at in the
previous account indicate a specific imaportance of a certain area of the brain-
stem for the maintenance of the waking state. Certain lesions of this area
cause a total loss of this function, In view of the arguments, advanced in the
discnsgsion of the operative method pursuved in this study, we are inclined
to consider this disorder to be a result of the exclusion of a certain centre,
which therefore may be termed a waking centre.

Connectiéns of the region of the waking centre

. It was pointed out in the preceding section that the region formed by
the posterior part of the hypothalamus and a hitherto undefined portion of
the adjoining tegmentum mesencepheli is likely to contain a waking centre.
It is an important fact that the same region of the brainstem, according to
the results of Beattie (2), Ranson, Kabat and Magoun (38) and others, i
the site of the highest orthosympathetic centre. Its stimulation is followed
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by a rise of blood pressure, an increase in rate.and depth of respiration,
pupillary dilatation, pilo-erection, ete., which give an appearance of intense
emotional activity.
It has long been recognized that the autonomic balance lies relatively
on the orthosympathetic side during the waking atate and shifts to the
agympathetm side during sleep. If one combines this fact with the afore-
mennoned results of stimulation, it does not seem impossible that there
exists at least a partlal identity between the waking centre and the ortho-
sympathetic centre in the hypothalamus, and that the waking state is
merely one of the manifestations of orthosympathetic activity. All ortho-
sympathetic phenomena which result from stimulation of the hypothalamus
can be brought about onlty by a descent of hypothalamic impulses to lower
levels of the central orthosympathetic system, from where they are con-
ducted along the peripheral orthosympathetic pathways to the vanoua
end-organs concerned.

Those somatic phenomena which indicate the shift to the arthosym-
pathetic side during the waking state are certainly effected along this way.
The most striking difference between wake and sleep, however, lies in the
degree of consciousness. The question lies near at hand—if perhaps thein-
crease of consciousness cansed by the activity of the waking centre is
brought about by a conduction of impulses via the same lower centres and
the same peripberal pathways to the cerebral cortex. Moreover, there is still
another possibility for the hypothalamus to stimulate the cerebral cortex, as
stimulation of the hypothalamus brings about a production of adrenslin by
the suprarenal gland, which tends to raise the level of consciousness.

Experimential evidence, however, seems to indicate that the peripheral
autonomic system is not involved in the maintenance of the waking state.
The observations of Cannon and his associates on cats in which practically
‘the entire peripheral sympathetic system, including the medulla of both
suprarenals, had been removed (8), have proved that under these circum-
stances & fairly normal condition can be kept up, so long as the exigencies of

the outer world are held within certain Limits. They apparently did not

observe any change of the sleep-waking rhythm in sympathectomized

animals. These facts render it highly probable that the waking centre does

not_affect the «cerebral cortex .along. peripheral pathways but influences
cerebral funetions. along central: corticopetal connections, © .
- At this, pomt the. quest.mn arises as to what ascending connsctaons may account for the

-actum ‘of the wa}kmg ‘cemitre on the cerebral cortex, As mo data concsrning this problem

: 't&rature ‘we decided ‘tv_study. the fibre degenerahon following lesion
'_kmg centre is probably cated: For this purpose the mammlnary
 sharply .cut acrogs in ‘rat 66. The operdtion wascarried out in the
wsual way, the wo! extendmgﬁ'omthedorsalsm'facetothabsseofthebram,andoon-
Eequsntly the structures overlying the hyp othalamus were also damaged. :

As could be expected in view of the um'laterahty of the lesion, the animal did not de-
velop any disorder of the sleeping rhyihm. It made a rapid recovery, and was killed ten
days after the operation, Its brain was treated according to the prescription given for the
Marchi technigue by Romeis (40), and was embedded in paraffin via the graded alcohols
and cedar oil, after which it wes serially sectioned in the sagittal plane,
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On miscroscopic investigation the location of the leslon was found to be as follow,
The dorsal surface of the brainstem weza reached at the habenula; after fraversing thig
ganglion the instrument had apparently followad the rostral side of the habenulo-peduy.
cular tract for some distence, but on a more ventral level the wound diverged from thiy
bundle in a roztral direction go that it reached the hase of the brain through the caudal one.
third of the mammillary body (Fig. 6). In a transverse direction it extended from aboyt
0.2 mum. to so far outside the median plane that it had severed the most medial fibres of the
cerebral peduncle as its laterat end. Consequently, the whole transverse diameter of the
hypothalamus had been eut, with the exception of a narrow medial zone of about 200, i
width. As s result of this lesion a large part of the fibre connections bstween the hypothala.
mus and lower parts of the nervous system had been interrupted. Only those fibres running
in the undamaged paramedian zone and including the megal pari: of the periventricular’
fibre aystem of Schiitz had been left intact.

As could be anticipated in view of the damage to the mammillary body, degeneration
was found in some of the fibre aystems connected with this cell group. Vicq d’Azyry

Fic. 6. Sagittel sections through the brain stem of rat 66, Marchi methad, ten days
after operation. Section A is situsted 0.6 mm., section B 1.5 mm., lateral to the median
plane. lesicn is indicated with a thick line. Descending (A} and ascending (B) de-
generation of the medial forebrain bundle, c.a., antertor cornmissure; ¢.f., fornix colommn;
¢.G., Ganser’s commissure; ¢.0., opiic chisama; funt., bundle of Vieq d’Azyr; fau.tegm.,
megmmillo-tegmental faseicle; 1, lemniscus medialis; m.f.b., medial forebrain bundle;
n.r., red nuclens; th.p., habanulo-peduneular tract; tit., incerto-{egmental fibres; z.i.,
zong Incerta. :

mammilio-tegmental tract was heavily degenerated. Some degeneration was also found in
the mammillary peduncle, indicating the occmrrence of mammillo-fugal fibres in this bun-
dle, which conflicts with Papez’ conception that the system is entirely mammillopetal in
nature (34). b
Dorsolateral to the mammillary body, in the space between this cell group and the
substantia nigra, the lateral hypothalamic¢ area continues into the midbrain tegmentum.
Maony fibree belonging to this hypothalamic area, chiefly constituents of the so-called me-
dial forebrain bundle, run through this space and connect with tegmental centres, Pre-
sumably these fibres, originating in di- and telencephalon, form the flvst link of & much
ini:errupted pathway to bulbar and spinal auwtonomic centres. Magoun, Ranson and
Hetherington (31) have offered proof that these connections are not arranged into circum-
scribed bundles in the midbrain but are distribuied over almost the entire cross section
-of its tégmentum. Previously Beattie, Brow and Long (3), working with the Marchi
- technique, had claimed that.the chief Sescending connections of the hypothalamus course
in or near the central grey substence surrounding the Sylvian aqueduct, a position which
conforms o that of the periventricular syster of Schiitz. Probably Beattie ef al, observed

degeneration of this s which connects with the inner part of the hypotbalamus, véz.,
with the periventri and medial areas, This is in line with the faet that the {ransverse

cut which they inflicted te the hypothalamus was confined o these aveas and did not in-
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golve the lateral axea. They ¢ uently did not observe degeneration of the fibres de-
scending from the lateral hypothalamic area, which are more numerous ihan those of
Schiitz’s systern and, from the results of Magoun, Ranson and Hetherington, would seem
4o be the cbief transmitiers of orthosympathetic impulses from the hypothalamus. In
our experiment: thege Aibres had been interrupted. By virtue of their degeneration a Jarge
putnber of therm could be traced in a caudal direction. Figure BA shows g rather condensed
Jorsocaudsl direction inta the tegmentum. A considerable number, not shown in Figure &,
spreads over more ventral lavels of the tegmentum,. None of these fibres could be traced
jnto peris lower than the midbrain. A fair number of degenerated fibres ran from the
hypothalamus through the supramemmillary decussation into the opposite side of the
idbzain. :
- In accordance with the observation of Beattie, Brow and Long (3}, # number of osmo-
philic granules was found in the dorsal longitudinal bundle, i.e., the caudal contimration
of the periventricular hypothalamic system of Schiitz. As only the lateral part of this sys-
4om bad been damaged, it slso contained meny normal fibres. Apart from this descanding
degenerafion, a number of degenerated iventricular fibres could be traced in a rostral
Jivection. This proves the occinrence of hypothalamopetal fibres in the system of Schiitz,
which therefore should not be regarded as completely efferent with regard to the hypo-
thalamus. Identieal findings were reported in the opossum by Bodian (7). :
A much more extensive ascending degeneration was found in the lateral hypothalamic
area. From. the lesion a great number of degensrated fibres could be traced rostralwsrd,
chiefly occupying the lateral part of the lateral area and obyiously belonging o the medial
forebrain bundle. On passing forward through the leteral hypothalamic area their number
contihuondly decreased, which suggests a digtribution of this ascending syatem in the
hypothalamus. Only a few of the fibres were found to extend farther rostralward, into the
septal region, and none could be traced to still higher lovels. This ascending system in the
mediel forebrain bundle conceivably originates in the mammillary region, and farther
caudally, in the midbrain tegmentum.! '

By way of summary we are able to state that our Marchi experiment
seerns to prove the existence of ascending fibres in several bundles connected
with the mammillary body and its adjoining stractures, viz., in the mam-
millo-thalamic bundle of Vieq d’Azyr and in the medial forebrain bundle.
The degeneration found in the fornix column cannot give any information
concerning the direction in which the fibres of this bundle lead, because both
of its terminations—the bippocampal formation and the mammillary body—
had been damaged. .

In his careful study of the diencephalon of the opossum Bodian (7) did
not obgexve any mammillopetal degeneration in Vieq d’Azyr’s fascicle after
lesion of this bundle. In contrast to Le Gros Clark and Boggon (%), he con-
cluded that this systemn is entirely efferent with regard to the mammillary
bedy, & conclusion which seems to be substantiated by Droogleever Fortuyn

- (16), who in a developmental study of the thalamus observed an outgrowth

of fibyes only from the memmillary body towards the thalamus and not in

‘the opposite direction. The occurrence of “hypothalamo- and septopetal
“fibres in the medial forebrain bundle has so far not been degeribed.

! Although it bas no apparent bearing on our problem, it is interesting to note that
degeneration was found in Ganser's commissure. Fibres of this heavily myelinated system
were found to pess rostralwards through Forel's field, whence they curved downwards to
cross wnderneath the third ventricle to the loft lentiform puclous. This finding is in
accordance with the recent observation of Glees (19) that Ganser's commissure con-
teins fibres connecting the medial fillet with the opposite globus pallidus.
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In coneclusion it seems probable that the region in which lesions mnst .

be situated to cause a maximal loss of the waking capacity has efferent
connections with the anterior nuclei of the thalamus, the lateral hypo.
thalamic area and the septal region.

The next step to take is to decide which of these connections may trans.
mit the impulsss from the waking centre to the cortex. None of the afore.
named ascending connections can be traced to the cortex itself. If a cortico.
petal syatem originates in the waking centre, it must be supposed to relay
in the thalamus, hypothalamus or septum-—perhaps in two or all of these
structures. It has been pointed out that destruction of the thalamus, despite
the conceptions of Trdmuner and of Spiegel and Inaba and others, is not

followed by any decrease of the waking

WC capacity. Bilateral lesions of the septum
also fail to bring about alterations of the

sleep-waking rhythm, as is shown by rat
114 (Table 5). Moreover, in one rat, which
did not show any tendency to somnolence,

: autopsy revealed a large abscess, which
[ Y H )+ Wl had destroyed the septal region and the
s “Tt) gnterior half of the thalamus on hoth

4

o sides. Naturally these observations do not
T : T exclude the possibility that the sepium
2 7 and the thalamus do play a certain role in

Fic. 7. Disgrammatic re _ the corticopqtal transmission of stimauli
tation of the influence of the waking rom the waking centre. At most it proves
centre on the cortex, as suggested in that these structures are not the only re-
g&%;pﬁh:ﬂfﬁﬁeﬁ?-ﬁﬁ Iayiilg centres involved in this function.
ing centre. t seems reasonable to accept an inten-

' sive relay of impulses from the waking
centre in the lateral hypothalam\c area. The majority of the ascending
fibres in the medial forebrain bundle ends here, and it is striking that the
degree of somnolence is more or less proportional to the extent to which
these ascending fibres have been interrupted, the most effective lesions
being situated in the caudalmost part of the hypothalamus and involving
its lateral area in which the fibres are contained. If the lateral area of one or
both sides partly or completely escapes injury, somnolence is either slight or
lacking (cases 64, Table 2; and 43, 80, 99, Table 3). Moreover, the number
of ascending fibres severed naturally becomes smaller with more forward

localisation of the lesiong, and as was pointed out in one of the foregoing
. sections, the- effect of the legions decreases accordmgly (Cf. Table 1 with
- cases'68 and 41; Table 2. )

‘From the fact that & maximal loss of the waking capacity is as well
brought about by lesiong just in front of the mammillary body as by those
closely behind it, it seams probable that the waking centre itself les in the
region caudal to the mammillary body, viz., in the midbrain tegmentum.
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‘Wo are inclined to auppose that it gives origin to a number of fibres which

ascend through the narrow space between mammﬂlary body and substantia

nigra which should in this part of

sheir course be considered to be the
initial common path of the “wak-
ng"’ stimuli, Rostral to the mam-
millary body the termination of
this system in the hypothalamus—
chiefly in the lateral area of this
gtructure—begins, and some fibres
even extend farther forward into
the septal region, as iz demon-
gtrated by our Marchi experiment.
Our results seem to indicate that
the fibres wunder considseration
gynapse in the hypothalamus,

'whence their stimuli are led off by

gecondary neurons sideways fo-
wards the cerebral cortex. It should,
however, be stressed that hypo-
thalamocortical comnections, as
suggested here, have never been
morphologically demonstrated, and
that consequently no statements

. concerning the course of this hy-

pothetic system can at present be
made.
Our concept ig illustrated by

. Figure 7, which offers an explana-

tion of the fact that a transection

on a level with the mammillary
‘bodies (arrow 1), interrupting the

“initial common path,” results in

‘greater Joss of- wakmg capacity

than a similar lesion in a more ros-

tral -plane (arrow: 2). With more
forward location of the lesion a
- larger mumber of fibres from the.
'_'wakmg centre escapes “injury.
_ 'to ‘the mamnn]la.ty bod:es, their -

number already ended is sufficient

Fic. 8. A diagram of the longitudinal
fibre systems in the hypothalamns, a5 seen
in & horizontal section. Note the ezchanga of
fibres between the lateral and the periven-

tricular areas in the premamm.ﬂ]ary region,

Ant.,, nucleus anterior; Are., mucleus arcua-
tus,CM corpus maromillave; C.8.M., com-
migsure supmmammﬂam Lat., nucleus
lateralis; L.T., lamina. terminalis;- M.F.B,,

medial forebrain bundle; N.D.B., pucleus of
diagonal band; P.D., nuclens praems.mmﬂ
laris dorsalis;- PreM nucleys praeopticus
mediakis; Pre.L., nucleua ‘ptasopticus  lat-
eraliz; P.v., :nucleus praemal i

drelis; p.vas., . peuvenmcula.r fibres; SO
. nucleus’ supraopticus;. T.0., tractus- opt:mus,

T.D.B., diagonal band ‘of Broca, yentr.IIT,

~third vent.ncla V.M., nucleus ventromedxahs

to maintain a normal waking capacity, as is suggested by the absence of
gomnolence after transections on more rostral levels.
It has already been mentioned in the preceding section that the inmer
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part of the hypothalamus, although certainly of much less importance for
the waking eapacity than the lateral area, does seem to play & certain role
in this function. Presumably a smali number of fibres from the waking
centre course in this part, which is formed by the periventricular and media}
areas. It is true that no degeneration was found in these areas in rat 66, but
it is possible that the fibres under consideration are unmyelinated. There
certainly ¢ exists an extensive exchange of fibres between the lateral and the
two inner areas, especmﬂy (Fig. 8) in the region just in front of the mam-
millary body, and it is possible that a number of ascending fibres deviate
from the latersl area to continue their course in more medial parts of the
hypothalamus. Possibly these fibres account for what remains of the waking
capacity after lesions restricted to the lateral area.

Sleeplessness

In comparison to the vast clinical and experimental literature concerning
somnolence, astonishingly little is known about the opposite phenomenon:
sleeplessness. It seems that only von Economo (11) has dealt with this sub-
ject in extenso. According to bis obsexvations inflammation of a rostral part
of the hypothalamus, adjacent to the striate body, may result in insomnia.
It would thus seem that the exclusion of the relevant hypothalamic area
interferes with the function of sleep.

As far as we know, the only experimentally founded conception of in-
somnia is that of Ranson and Magoun (39) who in the course of many ex-
pernnents on cats and monkeys never observed any influence of hypothala-
mic lesions on the capacity of sleeping. Their opinion about the regulating .
mechanism is sufficiently illustrated by the statement quoted in our in-
troduction, from which it is evident that they deny the existence of a centre
subserving the function of sleep in a restricted sense. '

In the course of our own experiments we arrived at a different opinion.

(a) In a number of ratg the legion of tha hypothalamus was followed by a condition
of sleeplessness. Afier regaining consciousness some of these animals were restless and
irritable, J'Bactmg vigorously to minor etimuli. Their condition closely resembled the sham
rage observed by Fulton and Ingraham ({18) in cats after prechissmatic lesions, and de-
scribed by B&rﬁy (1) as a result of decerebrations through the rosiral part of the dien-
cephalon. In a numhber of operated rats no such change of charscter was observed, the
animals remaining as quiet 25 before the operation.

In both groups the normal alternation of weke and sleep had completely vanished.
Naturally this fact could only be ascertzined by means of & continuous observation of the
animals. The normal diference in activity between day and night—established for the
rat b Szymanskl (44) who in a space of 24{101113 registered an average of 14 hours of sleep,
djstn.buted over 10 periods, which were longer and more frequent during the day $han dur-
ing the night—was mt'hJs way found to have disappeared completely, the rats being aweke

.whenever they were o . The animals showed a normal interestin their environment.
Their. Seneral condition was excellent at first and they spontaneously took food and drink.
-Soon,; howsver, their state detenorated ‘which ‘is not ‘surprising ‘considering the large
‘amount of sleep 1o ‘which the rat is accustomed. After a period of 24 hours the sleepless
rats usually began to show symptoms of fatigue. They did not eat or drink of their own
accord and theirinterest in the surroundings decreased. Symptoms of sham rage, if present,
persisted. In spite of the fatigue and even of the succas(g:ng exhaustion, during which the
gait became unsteady, aleep was not forthcoming, the opened eyes and the apontaneous
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activity proving that the animals were awake, After & period averaging three days the ex-

havsted animals fell into a state of coma which soon ended in death. A return of the sleeping
capacity was never cbserved in any of the animals, '

We did not observe hypothermia in sleepless rafs, nor did these animals develop

urulent infections of mucous membranes, In a previcus section we incidentally mentioned

the disappearance of chaxacteristic periods of sleep in drowsy animals. In these cases both

the waking and the sleeping capacity seemed to have been disturbed by lesions, situated in
the hypothalamic region batween the mammillary bodies and a transverse plane about two

Table 4. Anatomical findings in five rais exhibiting

sleeplessness. See Fig. 5.

millimetres in front of these cell g:foups. Tlﬁe apimeals referred te in this section, however,
showed a loss of the sleeping capacity which was not complicated by any apparent dis-

- turbance of the funetion of walking. In all these cases of uncomplicated asormnia the lesions
were found to be situated in the rosiral half of the hypothalamus, in contrast to the cases

Table 5. Anatomicel findings in four rats whick did net
develop sleeplessness. See Feg. 5.

of sleep or sﬁmnolence in which the lesiona reguluﬂy occupied the candal half of thiv part
of the brainstern. The border between the two regions lies approximately 2 mm. in front of

. the mammillary :bodies and roughly separates the infundibular and mammillary regions

from the more rostrally situated suprachiasmatic and preaptic regions.

. Have, also, a long seriea of verbal descriptions has been omitted. Tnstead a table is

- given” "able 4}, in which the lesions found in each case are marked in a simple diagram.

. It will be noticed that in ell cases complete bilateral transections were found on various

levels in the R _
(b} In aeecond group of animaly lesions were found in approximately the same region

gtxal half of the hypothalamus. -

of the brain. These rats, however, did not develop any apparént disturbance of the sleep--

walking rhythm, Four cases of this group are given in Table 5. In one of the animals (rat
114) a trensverse section was found in the septal region, slightly rostral to the lamina
terminglia. In another rat (no. 125) the paramedian region of the brain, including both
hypothalami, had been left intact, while in rat 116 only one of both hypothelami had been
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cut across, The latter case indicates that the function of sleeping, like that of waking, can
be sustained by one hypothalamba. '

(¢} We observed only one rat in which the operation resulied in a partial loss of the
sleaping capacity. This animal (rat 149, Fig. 9) was sleepless during the first postoperative
day, bnt agier that tbme short peviods of asleep oceurred with highly irregular intervalg,
The animal’s condition failed only slowly; it could be kept alive for nine days.

The lesions found in this rat are in a sense the reverse of those encount.-
ered in rat 127 (Table 5), in which the sleep-waking rhythm was not affecteq
by the operation. Whereas in the latter animal only the medial part of the

hypothalamus has been transected, the
lesions had been confined to the latersl
hypothalamic area in raf 149. Compari-
son of both cases indicates that the im-
portance of the lateral area of the hypo-
thalamus for the sleeping capacity exceeds
that of the inner areas, the latter not being
without any significance for this function.
It will be noticed that a similar conclusion
was veached with relation to the waking
‘capacity. Evidently the rostral balf of the

" hypothalamus, roughly conforming to the
suprachiasmatic and preoptic areas, is the
site of a nervous structure which is of spe-
cific importance for the capacity of sleep-
ing. In the following sectione this structure
will be referred to as “sleep centre.”

_ Thig conclusion is in agreement with
the conception of von Economo (11} who
likéwise postulated a rostral hypothalamic

¥ic. 9. Lesious in rat 148. Only - centre, to0 be regarded as the effector of
the lateral area of the suprachiss- 8ieep, as proved by the appearance of
matic part of the hypothalamus has  gleeplessness after its exclusion. In the
been interrupted on both sides. contradictory opinion of Ranson and

. ‘Magoun (39); this sleeplessness would not
result from destruction of any part of the hypothalamus but from an irritat-

" ing influence exerted by the inflammation on the adjacent waking centre.
‘Our results, however, do not produce much evidence in support of the latier
- view. If the sharp transections which we inflicted to the hypothalamus really

caused insomnia only by way of irritation of the waking centre, a unilatersl
lesion of the rostral part of the hypothalamue would already be sufficient to

- evokethis phenomenon because one hypothalamus is able to produce diffuse
-and sventually bilateral reactions on stimulation. As, on the contrary, uni-

lateral lesions fail to cause any appreciable change in the alternation of wake

-and sleep, we are inclined to ascribe the insomnia to the exclusion of a certain

function rather than to irritation of the waking centre. -
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Action of the sleep centre

The question which was discussed in a previous section with regard to
the action of the waking centre also applies to the sleep centre: in what way
does it act? For the time being we shall confine this problem to the cerebral
manifestations of sleep.

The occurrence of somnolence after exclusion of the waking centre is
open to two different interpretations. In the first place, it would seem pos-
sible that it results from an unopposed direct action of the sleep centre—the
only part of the regulating apparatus left intact—on the cortex. As pointed
out in the introduetion, this theory was advanced by von Economo. Another
posaibility 18 an inhibitory action of the sleep centre on the waking centre,
and in this case sleep would result from inactivity of the latter, a concept
which fits into the theory of Ranson and his co-workers, If sleep is really
brought about by an inbibitory action of the sleep centre on the cortex, the

" exelusion of this centre would tend to abolish or decresse the somnolence

which follows on exclusion of the waking eentre. If, on the other hand, this
somnolence is essentially the result of the abolition of a certain stimulatory
action exerted on the cortex by the waking centre, it would not be affected
by exclusion of the sleep centre.

Tn the preceding sections evidence was presented that exclusion of the
waking centre can be obtained by transection of the mammillary part of the
hypotha.lamus, whereas the sleep centre seems to be put out of action by a

similar lesion in the B’upracmaamanc region. The above-mentioned problem’

can thus be put in a more practical way ae follows: is the somnolence which
follows on transection of the mammillary region affected by similar lesion
in the suprachiasmatic region?

The experiment which can answer this questlon wauld seem to be a
simple one. Unfortunately, however, all operations in which a suprachias-
matic lesion was inflicted to a rat previously made somnolent by operation
ended in the animal’s death during or shortly after the operation. It will be

remembered that transections of the mammillary region are not, as a ruls,

survived for more than 4-8 days, and consequently the lapse of time between
the two operations is of necessity too short to allow of sufficient recovery,
which explains the unfavourable outcome of this experiment. We were there-
fore compelled to simplify our method, which could only be attained by

performing both opérations in one session. With this procedure transverse.
-lesions were inflicted to the mammillary and to the suprachiasmatic region
mmultaneously It in clear that the outcome of this experiment depended on
. the degree in which the somnolence resulted from active inhibition of -the

cortex by the sleep centre. If the additional suprachlasrnat]c ‘lesion |
fall to produce any- differences between these rats and those in wi ch nly-:_'

lesions were present, it would be plausible fo. exclu

de.any -
direct action of the sleep centre on the cortex and other major parts of the
hervous system, In this case the slesp centre might be supposed to exert its
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depressing action on the cortex only via inhibition of the waking centre.

The results of some of our experiments will now be described. In rat 138
the operation resulted in a typical condition of sleep. After waking the
animal, which was easily done by pinching its tail, it yawned and made
stretching movements, and was soon asleep again. In all respects its be.
haviour resembled that of the animals shown in Table 1. This conditipy
remained unaltered for seven days, after which the animal unexpectedly
died. Antopsy revealed a complete transection of the hypothalamus on 3
level with the middle of the optie chiasma, and a similar lesion at the rostrs]
border of the mammillary body (Fig. 10). It would appear from this experi-
ment that a transection of the suprachiasmatic region, which in itself is able
to cause sleeplessness, fails to interfere with the sommnolence resulting from
lesion of the mammillary region. Similar obgervations were made in rat 151,
in which identical lesions were found.

Rat 136.. This animal did not deveiop & complets condition of sleep. Instead it ex-
hibited a conetant drowsiness, from which it could
ensily be roused and which persisted up to its death
four days later. In this rat also transverse legions
were found, one in the suprachiasmatie and one in
the mammillsry region (Fig. 11). The latter lesion,
however, was imcomplete, leaving a small part of
the right lateral hypothalamic area intact, and, as
was mentioned in the discussion of ths somnolent
animals, incomplete transections of the mammillary
rogion may cause drowsiness, The suprachiasmatic
lesion had apparently fatled {o prevent this decrease
of the waking capacity.

Rar 140. During the first two postoperalive
{days this animsl displayved a heavy scmmnolence
which in the following pericd of ten days gradually
deciined. On the thirteenth day after the operation
the animal was completely awake. There were, how-
ever, no normal periods of sleep, so that a condition
of sleeplessness developed which was comparable {o
that of the animals of Table 4, and which resulted in
death two days later. T'wo complete tranaverse le-
sions of the hypothalamus were found on autopgg.
One was situsted in the suprachiasmatic region, the
. other Iay abogt 1 1om. in front of thé mammillary

F1a. 10. Hypothalamic lesions bodies (Fig. 12), Thig case is instructive in various

: in rat 138, rg)ects It has already been mentioned that a par-

: tial return of the capacity of waking wes obaervedin

most of the lethergic animals, but that thiz return was invariably interrupted by the ani-
mal’s death. In rat 140, however, the period of survival was longer than ususl and, for the
first time in this experimental series, itted us to observe a complete return of the eapac-
ity of maintaining the waking atate. This observation seems to indicate that the function of
~waking may completely racover from the disorders which follow on lesions of the infundibu-
lar region; ‘We do not ses any essential difference between this ease and those of the previ-
- gualy. deseribed ‘group of somnolent rats, and ‘we are disinclined to ascribe the complete
zeturniof ita capacity of waking fo factors other than its longer survival. In cur opinion this
casa offers & confirmation of the conclusion suggested by our findings in rats 138, 151 and
136, viz,, that suprachinsmatic lesions are unable o prevent the results of lesions in the
mammijllary region. It seems that the results of exclusion of the sleep centre depend on the
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| condition of the waking centre, and that it causes sleeplessness only if the latter is intact. If
the waking centre is simultaneously put out of action, no aleeplesaness resulis; instead a
condition of slesp develops, These facts seem fo exclude any direct action of the sleep centre
on the cortex snd aother meajor nervous structures. I't is therefore highly probable that the
sleep centre may cause sleep only by inhibition of the waking centre,
It is striking that the survival period of animals in which both tran-
sections had been made was longer than that of rats in which only a supra-
chissmatic lesion was present. In the first case sleeplessness either does not
develop at all, or (rat 140) does not immediately develop; in the second
group it does. Apparently the vital importance of sleeping is such that even

Frc. 11. Hypothnlamic lesions Fic. 12. Hypothalamic lesions
in rat 136. inrat 140, .

the gross suppression of sleeplessness by means of a second transection of the
‘hypothalamus is able to prolong life. _

- Alarge number of fibres which are known to connect the suprachissmatic
with the mammillary region might acconnt for the transmission of impulses.
-from the sleep .centre to the waking centre. It would seem from our experi-
‘ments that these impulses are chiefly conducted through the latersl hypo-
thalamic s i.e., through the medial forebrain bundle. In one-of the
‘preceding the possibility was-discussed that the impulses from the
wal ntre are carried in the opposite direction by the same bundle. Tt
thus seems possible ‘that the medial forebrain bundle is sexving-a double
purpose in the regulation of sleep. Our concept is illustrated by Figure 13
which takes into consideration the facts that (i) a transverse lesion on the
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level of arrow 3 (the suprachiasmatic region) causes sleeplessness; (ii) that
a shmilar lesion in the infundibular region (arrow 2) results in drowsiness
combined with fewer periods of normal sleep; while (iii) a transection of the
mammillary region (arrow 1) is followed by a complete loss of the capacity
of maintaining the waking state, which masks the simultaneous exclusion

- of the sleep centre.

If Hess was right when claiming that a stimulation of the diencephalon
with weak galvanic currents may cause sleep, it is possible that he observed
the result of direct or indirect activation of the sleep centre. It should, how-

ever, again be stressed that it is not
: ' yet clear how Hess’ findings should
i \f \ C  beinterpreted.

Lastly, von Economo’s observa-
tion that an initial sleeplessness of
patients suffering from epidemic
encephalitis usnally fends to de-
cline and is gradually replaced by

., somnolence can be explained on

\
. L H \ b 1 % W) the lines of our concept. Probably

the sleeplessness results from in-

i >~ == flammation of the sleep centre,
' T T T ‘and the transition to gomnolence
seems fo indicate a spreading of the

K ) 2 7 process to more caudal hypothala-

. : : mic parts, finally involving the avea
the . E&i&mumﬁ?xﬁuzﬁ o of the waking centre. Here, as well
centre and waking centre. Compare with agin our experiments, simultaneous
f‘ljﬂ - dﬁ;’c:;:ﬁ @g&;ﬁpﬁ?‘& Ofl_’i:: exclusion of both centres would re-
cerebri; H., lateral hypothalamic area; 8., sult in somnolence. As far as we
sleap centre; W., waking centre. know, a reverse development of the

disease has never been recorded,
and this seems to offer a support for our coneeption that it is the condition
of the waking centre which, as far as the regulation of sleep is concerned,
determines the manifestations of inflammatory processes of the hypo-
thalamus.
~ OQur point of view with regard to the difference in opinion between the

“schools of von Economo and Ranson may be summarized as follows. We

agree with von Economo that a certain structure in the rostral part of the
hypothalamus can be supposed to be of specific importance for the capacity
of sleeping, We do not, however, as von Fconomo. did, believe that this
structure may-cause sleep by active inhibition of the cortex and other parts
of the brain..In this respect we fully agree with the American schiol that
sleap results from functional exclusion of the waking centre. Whereas Ranson
and his collaborators hold that periods of sleep aré caused by more or less
intrinsic periodic decreasea in activity of the waking centre, we are in-
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Jined to atiribute these decreases to the inbibitory influence of a sleep
centre.

Hypothalamic localisation of ortho- and parasympathetic cenires
and their relation to sleep regulation

The localisation of the centres involved in the regulation of sleep suggests
a certain antagonism between rostral and caudal part of the hypothalamus.
Tt is interesting to note that certain analogies with the hypothalamic repre-
gentation of other functions seem to exist. For this purpose we shall turn our
attention to the part which is played by the hypothalamus in the regulation
of the autonomic balance. :

Nearly all investigations of this problem date from the last forty years.
After Winkler's observation (47) that stimulation of the hypothalamus of
cats gives rise to a production of sweat on the enimal’s footpads, Karplus
and Kreidl (29) started an extensive investigation of the relation between
“(Gehirn und Sympathicus,” which led them to the assumption of an ortho-
sympathetic centre in the lateral hypothalamic area, close to the medial
side of the subthalamic nucleus of Luys. In later years this conception re-
ceived support from a number of investigators of whom Beattie et al. (2),
Ectors (13), Crouch and Elliott (10), Morison and Rioch (33) and Ranson,
Kabat and Magoun (39) should be mentioned. From the studies of Ranson
and his co-workers it would appear that the orthosympathetic. area is
chiefly confined to the infundibular and mammillary regions, Stimulation of

 these arers generally resulis in a rise of blood pressure, an increase in rate
and depth of respiration, and pupillary dilatation. The same symptoms ap-
pear on stimulation of points in the midbrain tegmenturn, which suggests an
extension of the sympathetic area into the mesencephalon. - :

Concerning the existence of a parasympathetic hypothalamic centre
divergent opinions exist. Positive findings have been recorded by Beattie
(2) and Beattie and Sheehan (4), who observed a number of parasympathetic
phenomena on stimulation of the rostral part of the hypothalamus, viz.,
augmentation of intestinal peristalsis, gastric secretion, decrease of heart
rate and of blood pressure, and pupillary constriction. Like Rauson ef af.,
they were able to produce sympathetic symptoms by stimulating the eandal
part of the hypothalamus. On the basis of these findings they divide the
hypothalamus into a rostral parasympathetic and a caudal sympathetic
part., : _ :

.. Later gtudies offered little confirmation of their concept. Ectors, Brookens and Gerard
(14), and also Crouch ‘and Ellioctt (10), were unable to evoke cther than sympathetic
Phenomena from both, parts of the hypothalamus. Morison and Rioch (33) observed a fow

-parasympathetic phenomena only on stirmnlation. of ths rostral pole of the amygdaloid

:nuclous, the basal :of the septum and the lamina terminalis, viz., a relaxation of the
nictitating membrane énd a decrease of blood pressure. They were led to the conclusion
that these parts of the brain coniain & mechanism for inhibition of sympathetic activity.
In their admirable investigation of the problem, Ranson, Kabat and Magoun (38) cbeerved

some parasympathetic phenomena on stimulation of an area which, although it helongs
to the surroundings of the third ventricle, is not regarded as a part of the hypothalemas
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by Ranson, i.e., the preoptic region. Stimulation of this aresn resulied in contraction of the
bladder and in-decrease of blood pressure and of rate and depth of respiration, but wag
never followed by miosis and intestinal peristalsis, as claimed by Beaftie. The depresaor
reactions. could also be slicited by stimulation of several parts of the medial hemispherj,
wall such as the septuis and the genual gyrus. By their results Rangon et ol. are led 1o the -
conclusion that the caudal hypothalamic region conteins 8 complete sympathetic centre,
but slthough some parasympathetic functions seem. to be localised in the preoptic region
and in adjacent pars of the medial wall of the hemisphere, they are disinclined to regard
this area as a complete parasympathetic centra. They further accept the existence of 4
separate centre in the septal vegion for contraction of the bladder. _

The appearance of parasympathetic phenomena on stimulation of the relevant hy.

-pothalamic area is open to two different interpretations. In the first place, one could
Imagine a conduction of ita etimuli to lower parasympathetic centres and from there to the
end-organs concerned. Although thix mechanism may be involved, it is doubtful whether
it offers sufficient ezplanation for the results of anterior hypothalamic stimulation. There
would be little doubt if the parasympathetic picture were more or less complete, but, sg
pointed out above, intestinal peristalsis, for instance, is lacking. Apart from the contraction
of ths bladder which seems to have & separate repregentation in the endbrain, the main re-
suliz of stimulation of the parasympathetic hypothalamie ares are depressor in nature, and
this suggests an inhibitory action on the sympathetic centrs in the caudal hypothalamic
region. It does not seem imprebable that the parasympatbetic area of the forebrain is es-
sentially a regulator of gympathetic activity. It will be remembered that a similar view ig
held by Morison and Rioch. '

When comparxing this concept with that displayed in previous sscfions, a eonspicuous
analogy between the regulations of sleep and of autonomic balence is met with. In both
functions the rostral part of the hypothalamus seems to exert a depressing action on the
candal part. By this striking congruity in hypothalamic representation one is led to ask
what relation ezists between the cyclic changes of activity and the autonomic balance,
It has already been mentioned that the waking centre and the sympathetic hypothalamic
cerire are topographically related and perhaps even identical. Moreover, it has long been
recognized that the transition from the waking io the sleeping siate corresponds to o shift
of the autonomic balance from the sympathetic to the parxesympathetic side, while the
process of awakening is accompanied by a counterchange of autonomic activity, Hess (22)
even claims that sleep resulta from a preponderance of the parasympathetic systera, and
that the waking state is established by an increase of sympathetic aetivity. The enhancing
influence of adrenalin and related drugs (benzedrine, etc.) on econsciousness is in tune with
hiz conception that the weking stats is dominated by the sympaibetic. system, hut al-
though it is certain that the autonomic balance lies on the parasympethetic side during
sleep, there is little resson o regerd sleep as a result of iaraaymgathétic pre}aonderance,
because those drugs which are able to imitate parasympathetic activity (acetylcholine and
its relatives) fail to produce slesp. Ranson and Magoun (39) are therefore inclined to regard -
the preponderance of the parasympathetic system during sleep as a resuli of a decreass
of sympathetic activity. This conception is in accordance with our observation that sleep
resuits from inhibition of the caudﬂf hypothalamie area, which contains the highest sym-
pathetic centre. . s

- By way of summary it seems possible to accept a certain topographical
and functional congruity between the centres involved in the regulation of
sleep and those subserving the regulation of the aufonomic balance. Prob-
ably both functions are manifestations of one diencephalic mechanism. So

- far we have dealt only with cerebral symptoms of the cyclic changes of
activity. All phenomena belonging to the somatic sphere have been omitted
in order to avoid a premature complication of our display, all efforts to ex-
plain the somatic manifestations of sleep meeting with considerable difficul-

It is highty probable that many functions of lower parts of the central

nervous system are actively inhibited during sleep. According to Magnus
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(7, 18), for instance, the maintenance of the recumbent position during
sleep can be explained only by accepting an. inhibition of the red nucleus, An
jmportant indication of active inhibition of lower centres was recorded by
Tarchanow (cited from 35), who demonstrated that the normal inhibition
of spinal reflexes during sleep was missing in the distal part of the spinal
cord after complete transection in the thoracic region. Apparently the nor-
mal suppression of the spinal cord during sleep had been abolished for the.
segments below the level of the lesion. One is led to ask in which part of the
central nervous system this inhibiting mechanism is localised.

According to Gamper (17, 18), no intrinsic changes in intensity are dis-
cernible in the decerebrate rigidity which appears after transection below
the red nucleus, This would mean '
that the cyclic changes in muscle
tone, which are characteristic of the
sleep-waking rhythm, are abolished
by decerebration. Gamper arrives
at the following conclusion: *"Wir
kisnnen also in den Abschnitten des
Zentralorgans, die distal vom Ge-
biefe des roten Kerns liegen, keine

i
KN

den phasischen Ablauf der Lebens-
vorgénge regulierende Zentralstelle
vermuten.’’

In a child in which the endbrain
had not been developed, Gamper
observed irregular periods of sleep. -
On autopsy the hypothalamus

F1q. 14. Diagrammatic illustration of the
mechanism of dlsep, as proposed ik ext. C,,
cortex cerebri; H., latera] hypothalamic ares;
L., “centre for body ”; N.R., nucleus
ruber; 5., sleep cenire: W., waking centre.
Fibres conductirig “waking’ stirguli are in-
dieated by solid lines; broken lines’ nt
fibres involved in the production of slsep.

turned out to be poorly developed, _
but the transitional zone between fore- and mid-brain and the whole neural
tube caudal to this region were fairly normal. From these facts Gamper con-
cludes that the nervous apparaius for the regulation of sleep must be
localised in the rostral part of the midbrain or in the hypothalamus.

It would seem reasonable to suppose that the inhibition of the lower parts
of the brain during sleep is a function of the sleep centre in the rostral part
of the hypothalamus, Many difficulties, however, arise on trying to answer
the question as to along what ways its impulses descepd. There is reason to
believe that the influence of the sleep centre is not mediated to lower centres
by one uninterrupted pathway, because certain lesions in a lower part of the
braingtem, viz., the mammillary region, instead of preventing all somatic
wanifestations of sleep, result in a typical condition of sleep. Clinical ob-.
servations indicate that the regulating mechanisms of somatic and cerebral
sleep are to a certain extent separate. It is, for instance, a well known fact
that soldiers on a lotig march may finally show unmistakable symptoms of
cerebral sleep while walking perfectly, which suggests a certain mutnal in-
dependence of the centres for somatic and cerebral sleep. Cataplexy is per-
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haps an opposite condition, Norma!ly, however, both manifestations of sleep
make a simultaneous appearance, which indicates the existence of a Supenm
correlative mechanism, So long as exact data are lacking, no statements gy,
be made concerning the pattern on which the complete phenomenon of sleep
is effected. A mechanism which at present seems conceivable is diagram.
matically illustrated by Figure 14. We have accepted the existence of 4
separate centre for somatic sleep (L), situated caudal to the waking centys
and inhibited by it via the lateral hypothalamic area during the waking
condition. Under normal conditions it would be able to exert its depressing
influence only on lower centres (exemplified in our diagram by the red
nucleus) after being freed from the action of the waking centre. As discusseq
in a previous section, this liberation may result from activity of the sleep
ceutre S.

Our diagram offers an explanation of the facts: (i) that a transection
slightly caudal to the sleep centre (arrow 2) causes sleeplessness; (i) that
a similar lesion on the level of arrow 1 (the mammi]lary region) gives rise

.10 2 complete condition of sleep; (iii) that transections below the level of the

red nucleus (decerebration arrow 3) are followed by a condition in which all
somatic symptoms of sleep are lacking.

No experimental data on dissociation of cerebral and somatic sleep can
be found in literaturs. If our conception of a spatial separation of the sleep
centre L from other parts of the regulating apparatus is correct, it would not

- seem jmpossible that certain lesions are able to produce isolated dlsturbancea

in the regulation of either cerebral or somatic sleep.

DiscussIon

In the foregoing account the expressions “‘waking centre” and “sleep
centre”” have been repeatedly used. In order to avoid misunderstanding it
should be emphasized that the existence is uncertain of smaller or larger
groups of specific cells subserving the regulation of sleep only. The function
of each of the separate hypothalamic cell groups—with the exception of the
supraoptic nucleus, of which the essential role in the regulation of the salt
and water balance has been demonstrated by Fisher ef al. and others—is
still unknown. So long as more exaet data are lacking, we are able to state
only that some structure in the caudal half of the hypothalamus and in the
adjacent part of the tegmentum mesencephali is of specific 1mportance for
the maintenance of the waking state, whils the preoptic region is likely to
contain a structure subserving the function of sleeping. For the sake of
brevity these structures may be referred to as “waking centre’” and - “'sleep

centre” respectively, but these terms should not give the impregsion that
anythmg more than what has heen siated above can be said concernmg them.
For instance, the possibility that the regulation of sleep is only cne of
multiple functions of one single nervous apparatus cannot be excluded since
there seems to exist a topographical identity between the hypothalamic
regions involved in the regulation of sleep and those regulatmg the autonomic
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" palance. The current conception of ‘‘centres” has been criticised by Bethe
“{5), whe, by the extrems plasticity of the nervous system of invertebrates
and of the more centralized nervous gystem of higher animals, was led to
reject the thought that nervous functions are carried out by specific centres.

- Nevertheless, one is forced to the conclusion that the nervous structures

normally involved in the regulation of gleep occupy a small area, only

legions of a circumscript location being able to interfere with this regulation,

Therefore, if the above restrictions are taken into consideration, the term

“egntre” would not ssem to be inappropriate for indicating these structures.

In the experiments of Ranson ef al., as well as in ours, “plasticity” was
observed in the function of main{aining the waking state. It is still uncertain
whether such recoveries from injuries of nervous tissue must be ascribed to
compensatory activity of secondary centres already involved in the function
under consideration—a conception which is well illustrated by Ch. Foix’s
term “automatisme étagé” (45)— or to the formation of a new regulating ap-
paratus in a part of the brain which has afferent and efferent connections
gimilar to those of the destroyed area but is situated outside the shortest
route in normal animals, or to some other compensating mechanism. It is
a striking fact that no return of the capacity of sleeping could be observed in
any of our sleepless raty, not even in rat 140 who survived for 13 days.

Cyclic changes in activity were observed in decorticated dogs by Goliz
(20) and Rothmann (41}, and by Gamper (17, 18) in an acerebral child. Al-
though it is well known that cortical processes have an important influence
on the sleep-waking riyythm, we are justified in denying the existence of a
dominating autonemic cortical mechanism for the regulation of sleep. It
should be stressed that in animals in which a maximal decrease of the waking
capacity had been obtained a normal waking condition could still be evoked
by sufficiently strong external stimuli. Only the capacity of mainiaining this
condition had apparently been lost. The concepts of sleep being caused by
eholition of sensory stimuli seem to apply to these cages only. It is probable
that the waking centre endows the cerebral cortex with a power of maintain-
ing & certain functional “‘tone™ in the absence of external stimuli, and that
only sensory stimulation of sufficient strength is able to prevent the onset
of sleep when the waking centre is reduced to inactivity. -

It searcely needs to be emphasized that our knowledge concerning the .
course of the impulses from the waking cenire to the cerebral cortex is in-
complete, If our concept of an ascending flow of these impulses through the
medial forsbrain bundle is correct, what connections may account for their
further transmission is still obseure, It seems improbable that the thalamus
is involved in this iransmission to any important extent, which, in conjunc-
tion with von Economo’s observations.on the sensibility of his encephalitic
patients, renders it highly probable that the waking centre does not es- -
sentially act via sensibility, Of what ite influence consists is a guestion open
to further investigation. : :

Our conception eoncerning the existence of a sleep centre is based solely
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on the observation that no periods of sleep could be observed after compiet,
trangections in the suprachiasmatic region of the hypothalamus. Kapey
Anson, Magoun and Ranson (28), however, do not mention sleep among the
results of stimulation of this region in waking cats, and Ranson et al. did not
observe sleeplessness after its partial destruction (39). The disagreement
between our findings and those of Ranson ef al. may lie in the difference jy
techniques. Tt seems necessary to repeat our experiments in other animals iy
order to ascertain whether sleeplessness is a general result of anterior hypo.
thalamic transection. '
' SUMMARY

1. In the rat complete bilateral transection of the hypothalamus, jr.
respective of location, interferes with the normal regulation of slesp.

2. The location of lesions which cause disturbances of the fanction of
waking indicates the existence of a structure-in the caudal hypothalamic
region and in the adjacent part of the midbrain tegmentum, which is of
specific importance for the capacity of maintaining the waking state during
the absence of external stimuli (“waking centre”). - .

3. There is reason to accept a structure in the preoptic region, which is
of specific importance for the capacity of sleeping (“sleep centre”).

4. Evidence is offered that sleep is caused by an inhibitory action of the
sleep centre on the waking centre. : Co _

5. The lateral hypothalamic area seems to be of more importance for
the regulation of sleep and waking than the inner areas. It seers probable
that the medial forebrain bundle, which occupies this area, is implicated in
the transmission of impulses determining the sleep-waking rhythm.

8. The hypothalamic centres involved in the regulation of sleep are topo-
graphicelly identical with those determining the autonomic balance.
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BRAIN METABOLISM IN EMOTIONAL EXCITEMENT
: AND IN SLEEP

D. RICHTER avp R. M. C. DAWSON
From the Neurapsychiairic Research Contra, Whitchurch Hospilal

CARIMEF, SOUTH WALES

creased in convulsions, trauma, 4noxia and shock. This is indicated by the
rige in lactic acid and decrease in high-energy phosphorus compounds found
in the brains of animals Lkilled under these conditions. Conversely, there is a fall in
thie lactic acid in the brain and an increase in labile phosphate in animals killed under
anesthesia (1—3). The present investigation was carried out to test if evidence could
be found of similar biochemical changes in the brain in sleep and in emotional excite-

EVIDENCE has been obtained that the metabolic activity of the brain is in-

- ment under normal physiological conditions.

METHODS

Lactic acid estimations were carried ouf on the whole brains of young Wistar
albino rats of 30 t0 40 gm. The animals were killed by imumersion in liquid air, which
produced a Tapid fization of any biochemical changes in. the tissues and limited the
formation of lactic acid in the brain by post-mortem glycolysis.

Method of fixing with ligwid air. Stone (1) found it took 2 te 3 seconds to freeze
the brain of a mouse, but Le Page (3) found it took about 40 seconds to freeze com-
pletely with liquid air the abdominal organs of a 3oo-gm. rat. In view of the rapidity
of post-mortem changes in: the brain, the rate of freezing was reinvestigated with
rats of the size used in the present work. Experiments with a calibmated thermo-
couple inserted into the cranial cavity of 35-gm. rats shawed that the surface of the
cortex fell to 0°C. in 4 to 5 seconds on immersion of the whole animal in liquid air.
With the thermocouple in the deeper parts of the brain the temperature remained
practically stationary at 37°C. until a sudden drop in temperature occurred, bringing
it below ¢°C. in g, 20, g and 16 seconds in four consecutive experiments. While it
clearly took several seconds for the wave of freezing to spread from the surface to the
interior of the brain, it is unlikely that the circulation of the central parts of the brain
stopped immediately or that true post-mortem changes occutred in the interior of the
brain throughout the whole of this period. This view is supported by the work of
Eerr (1), who found that satisfactory phosphagen figures can be obtained by applying
Yquid air to the skulls of young cats, in which the process of freezing the brain must
take much longer. The observed lowering of the brain lactic acid in sleep, which was
found in the present investigation, gave further evidence that post-mortem changes
d;u'ing the process of freezing were probably not extensive with the technique em-
Ployed.
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In obtaining norimal values the rats were transferred rapidly from their cages:
into the liquid air, 28 any delay in this procedure tended to frighten them and caused:
the brain lactic acid level to be raised. Killing by decapitation and subsequent freez

. ing of the heads was found to be less satisfactory as it gave much higher lactic acid:

figures for normal animals: in three experiments the brain lactic acid figures obtained

by this method were 43, 37 and 47 mg. per cent when the heads were transferred to.

liquid air in 2, 3, and 15 seconds respectively after decapitation. Kerr also found

autolytic changes move marked after decapitation than when the brain was frozen’
in the whole animal. The reason may be that with the circulation cut off the brain

rapidly becomes anoxic and glycolysis proceeds in the interior during the period of
freezing through from the surface. :

Lactic acid esétmation. After careful dissection the frozen brains were powdered
in a previcusly cooled crusher and the powder was transferred to weighed centnfuge,
tubes containing 4 ml. zine sulphate solution at o°C. as described by Blatherwxck,
¢ al. (5). The method of -estimation was that of Friedemann, Cotonic and Shaffer
{6), with the modifications and improvements introduced by Friedemann and Gra.eser
(7), Edwards (8) and Stone (z), Although more laborious, this method was found
to give more accurate and more reliable figures than the colorimetric methods ol
Miller and Muntz (g) and Barker and Summerson (10). The distillation a.ppa.ra.tu‘
was similar to that used by Stone (1), but made all in one piece and therefore conta.m
ing no joints, tap-grease or rubber connections. Talc powder was found more sa.tls
factory than glass beads to prevent Bumping. The use of the copper hydroxide pre
cipitation made the method very specific for lactic acid and recovery tests with
standard solation of recrysta]hzed lithium lactate, which were repeated with eact
expenmental series, gave recoveries within 3 per cent of the theoretical with quantl

ties down to o.1 mg. lactic acid.

tubur i H

RESULTS

Normal series. In a preliminary series of 1o normal rats taken in the r%tml
state the brain lactic acid level ranged from 13.4 to 24.4 mg. per cent with a meang
18.8 (tabla 1), This figure agreed with the mean of 18.9 mg. per cent for mouse brau
found by Stone (1), who also found a wide range of individual values ranging from. 1&“
to 23 mg. per cent. ...czs

Brain lagtic acid in sleep. The animals oomprlsmg the normal series were m
littermates of almost identical size and weight and in looking for an explanation for tII
wide individual variation in the brain lactic acid level, it was noted that lower valu
wete generally given by animals which were dozing at the time when they were tran}
ferred to the liquid air, while higher values were obtained with animals which el
wide awake. The investigation of the brain lactic acid in sleeping animals met wit
considerable difficulty until it was found that deep sleep could be induced by leavl
the rats for a time in strong suclight. Artificial sunlight was equally effectf
Dozing animals opened their eyes at once when touched, but animals in deep natul
sleep did not open their eyes or appear to wake up in the brief period of less tha!
second required to transfer them from their cages into liquid air. This was thezel
taken as the criterion of sleep. A series of 6 rats taken in the sleeping state sho¥
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Jess individual va,ria.ﬁc_in in the brain lactic acid and a mean level of 12.2 mg. per
cent, which was considerably lower than that of the normal series. The difference was
statistically significant (P <o.o1) when tested by Fisher’s ‘¢’ test (table 2). The
miean for sleeping animals approached the mean of 9.8 mg. per cent lactic acid found

for a group of rats lightly anesthetized for a peried of 8 to 30 minutes with nembutal.

TaBLE 1. LACIIC ACTD CONTENT OF BRAIN IN NORMAL RATS

RAT RO, WT, OF RAT LACTE: ACID REMARKS
i———— -
xat. mg. %
I- ab th.2 Dozing .
2 38 18.7 Dozing
3 40 20. ' Awake; resisted handling
4 48 7.9 Resting; glight movement
5 - 43 24.4 Quiet
6 a1 22.6 Moving
7 3t 22.3 " Awake; resisted handling
B 25 15.5 Duozing
0 23 I3.4 Quiet
o 10 Ig.1 Quiet; resisted handling

Recovery of lithium Jactate standard g8%.

Tasie 2. LACTIC ACED CONTENT OF RAT BRAIN IN SLEE® AND IN ANESTHRSTA

- A. SLEEP B. ANESTEESIA
Bat no. Luactic acid Bat no. Perlod of anesthesia Lectic acid
5. % min, wmg. %
3 2.3 7 8 3.2
2 10.3 8 8 7.7
3 . L1.9 [} 15 .0
4 ra. 8 10 ig 4.8
5 13-9 - 30 5.4
6 4.1
Mean. ... ...... 12.2 . ' 0.8

Recovery of lithinm lactate standard 98%. Brain lactic acid in normal rat included in this
series 17.5 mg. 95 Period of sleep about 30 min, Anesthesie obtrined by intraperitoneal injection
of nembutal 50 mg/kg. :

Effect of emotional excitement. Of the various methods of producing emotional
excitement which were tried, the simplest was that of repeatedly removing their
support by allowing them to drop from side to side in a glass beaker. Thére was a
good deal of individual variation in their response to this treatment and some animals
were less disturbed by it than others. Often there was a latent period of up to half
a minute in which they showed little reaction, but finally they all gave objective
evidence of fear, as by urinating, defecating and locking frightened. A few of them
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made vigorous muscular movements and tried to jump out of the vessel, but mo
often they remained perfectly still and gave up trying to right themselves, so that htﬂ’é
muscular ¢xercise was involved, There was probably an element of anger as well; .
fear in their emotional state, for some of the rats were ready to bite when in this ocn%
dition; but it may be doubted whether the emotionsl reactions of the rat can be ag
curately described in terms which are mainly applicable to man.

Estimations of the lactic acid content of the brains of rats taken after bel
frightened for 13 to 4 minutes by the method described gave consistently higher valuas
than those of normal littermate controls which were examined at the same time. In

i
i

i

TABIE 3. E¥PECT OF EMOTIONAL EXCITEMENT AND EXERCISE ON THE LACIIC ACID
CONTENT OF THE RAT BRALIN

A. FRIGETENED B, PRICETEVED AFTER TUBOTURARINEG C, MOSCHLAR m
Pat zo. Laclicacid || Ratna, Lactic acid . Ratmo. Loctis acid 1
e e % g %
1 47.2 12 34.5 17 13.9
2 4.2 13 . 30.8 18 132
3 45.7 14 29.4 19 13.0
4 ab.y i35 37.4 20 15.0 7
[ 4.2 T 40.7 21 I5.4
6 4.8 o 22 . T3.0 &
? 4.0
B 23.9
9 32.2
1o 50.3
b4 43-3
Mean....... 31.5 - 25.5 . 14.4

¢} Period of frightening 14 to 4 min. §) Rats given tubocurarine and after about § mik. ir]iﬁ
the muscles were relaxed, frightensd for 2 to 3 min. The blood Jactic.acid in 3 rats decap.\ta
after treating them in the same manner was 17.8, 22.8 and 8.8 mg.%. All blood samples we]
talzen from the carotid artery after decapitation. c) Exercise was vngorous tunning for 4 min, Rl
covery of lithium lactate standard go%. 5

the frightened animals the lactic acid content ranged from 24.2 to jo.3 Mg, per cen
with 2 mean level of 37.5 for & series of 11 znimals. The difference was sta.bstxc g
significant (P <c.ot}, (table 3). -

Expemneuts in which the period of emotional excitement was varied showed th
the rise in brain lactic acid in emotional excitement was a rapid process (fig. 1), wbx
must correspond to a relatively high rate of metabolic activity in the brain. th
the excitation was discontinued, the brain lactic acid soon éame hack to normal ag@
and normal values were generally obtained within five minutes after dlsccmtmtﬂf
the stimulus. The rise in the brain lactic acid appeared to be & transient effect a.%
there was a good deal of individual variation in the rateof rise and fall, a5 some 8
mals were more easily frightened and remained frightened longer then others. *‘

‘Effect of muscular evercise. As far as could be judged from simple observaﬂﬂ
the rise in brain lactic acid in the previous experiments corresponded closely w1th ﬁ

: > return to the i
I previous next » return to the
main menu page page table of contents \



),

retum to the
main menu

Tuly 1048 BRATN METABOLISM : 77
degree of emotional excitement and showed no refation to the r:nui.scula.r activ%ty ob-
served in a number of the animals? but since it is known that muscular exercise can
cause & rise in the blood lactic acid level, the effect of muscular exercise on the brain
lactic acid required careful investigation. The blood lactic acid level is 12 to 18
mg. per cent in the normal rat. In 3 rats taken after four minutes of emotional ex-
ojtement the blood lactic acid was found to have risen to 52, 47 and 67 mg. per cent;
put, assuming the blood content of the brain to be approximately s per cent, the blood

stcurmm
5
45
o Fig, 1, SEOWING EFFECT OF EMO-
5 o TIONAL EXCITEMENT on the brain lactic
o acid, The points on the left of the
r 43 : diagram are normal values, the horl-
E =| o ' zontal line at 18.8 mg. % giving the
2 l?? : : normal mean. The paints on the right
0 ) - of the diagram give lactic acid values for
H - | rats sacrificed at the times given on the
@ time scale, The method of frightening
was confinued for 4 min., except for
é animals killed after a shorter period of
E [ frightening.
% T 0]
20| ' Tr
? I R
gl !
1
‘lt‘s‘l‘si'fﬂ"?bﬂllﬂlﬂ-li.

Time ming.

lactic acid could not nearly account for the mean level of 37.5 mg. per cent found in
thebrain, It was unlikely in any case that the brain lactic acid could have come from
the blood, since the blood-brain barrier is relatively impervious to anions and it has
been shown by Dameshek and Myerson {(11) and by Stone (1) that lactic acid in-
jected into the blood stream is mot taken up significantly by the brain. This has
recently been confirmed by Klein and Olsen (12), who showed in addition that the
brain lactic acid is not increased by intravenous glucose, so that it was unlikely that
emotional hyperglycemia had played amy part. It was concluded that thé brain
lactic acid was formed in the brain and had not come from the blood.

The view that the rise in lactic acid in the brain in emotional excitement was not
attributable to muscular activity was confirmed in a series of experiments in which
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78 D. RICHTER AND R. M. C. DAWSON Volume 154

rats were excited after administering tubocurarine, so that muscular activity wasi
practically abolished. The effective dose for this purpose was 6.1 ml. of a solution’
of 0.1 mg/ml. d-tubocurarine chloride per 4o-gm. rat, given intrapetitoneally, With
this dose the respiration was not unduly embarrassed and the animals were not:
cyanosed, but muscular activity was greatly diminished. Emotional excitement pro-:
duced the same rise in brain lactic acid in these aninals, the figures ranging from 2.4
to 40.7 with a mean of 35.5 mg. per cent, although the blood lactic acid remained:
almost in the normal range {table 3). It therefore appeared that the rise in lact:lc
acid in the brain in emotional excifement could not be attributed to the acaompa.nymg
muscular activity.

In 2 series of further expenments designed to test dmactly the effect of muscula.r
exercise alone on the brain lactic acid it was necessary to take special precautions to;
avoid emotionsl excitement, for it is hardly possible to induce untrained animals to}
take vigorous muscular exercise without exciting them. With this object in view a;
series of young rats weighing about 15 gm. were slowly conditioned to running for!
petiods up to four minutes twice daily on an exercising wheel. After training in thls
way for eight days, by which time they weighed about 35 gm. they took their exemlae
without showing any. signs of anxiety and indeed they appeared to enjoy it. Brain
lactic acid estimations on-a geries of 6 trained rats after a period of four mlnutesf‘
vigorous running gave figures ranging from 13.6 to 1%.2 with a mean of 14.4 mg. p
cent. There was thus no evidence of any rise in the brain lactic acid in muscular
exercise: the mean level after exercise was even somewhat below that of the norma?
series. ‘This may be due to the effect of frequent handling in reducing their anxlety:
when handled.

DISCUSSION

Tt has beer shown that the lactic acid content of the rat bram, analyzed . a.fter
rapid fixation by freezing in liquid air, depends on the physiological state of the animal!
at the time. Rats taken in the sleeping state gave a significantly lower brain lactic;
acid content than controls in the normal waking state. Rats taken during emotlcnalh
excitement gave a brain Iactic acid level oonsxderably higher than the normal and 300;
per cent above the mean level for sléeping animals.  Unless it is believed that the
changes occurred in the brief period of freezing with liquid-air, it ‘must be cuncludecfj
that they represent biochemical changes occurrmg in the bram in vivo unde:r nornztzﬂjj
physiological conditions.

Muscuolar exercise appeared to pia.y no part in the rise in 1act1c acnd in the b:am"

in emotion since g) the effect was still observed in ‘animals jmmobilized: by, “tub
curarine and ) no rise in' the brain lactic acid occurred in muscular exercise alone:
without emotional excitement. The 1a.ct1c acid content of the brain is not mc:eased‘ﬁ
by adrenaline injection (1, 12) and the rise in lactic acid in the brain in emotion w:
observed in the absence of any mgmﬁcant rise of lactic acid in the blood. The sim;
plest explanation of these observations is that in emotional excitement the mcreased
functional activity of the brain is associated with increased glycolytic activity, m-ﬁ
volving a breakdown of high energy phosphorus compounds and the liberation of
“lactic acid. The changes in the brain would thus parallel those which occur in func-i
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tional activity in muscle. This view is supported by the work of Stone (1) and Le
Page (3) on the changes in the brain produced by anesthetic and convulsant drugs.
That biochemical changes occur in the brain in emotion is indicated by the changes
in the electroencephalogram as also by the chromatolysis in the nerve-cells in pro-
Jonged emotional excitement.

The results of the present investigation are in general agreement with the obser-
yations of Stone and of Le Page, but they suggest that the rise in brain lactic acid in
ezercise observed by Stone should be attributed rather to the emotional excitement,
which is hardly aveidable when untrained animals are made to take strenuous exer-
cise. Bmotional excitement may contribute to the biochemical changes in the brain
produced in some cases by drugs and in experiments such as those of Le Page on
experimental shock. Gibbs e al. (x4) reported that the brain normally liberates a
amall but significant amount of lactic acid into the blood, as shown by arterio-venous
differences in experiments on man. This gives evidence of the formation of lactic
acid in the brain under normal physiological conditions. The present work suggests
that the rate of formation of lactic acid varies with the functional activity of the
brain, bemg lowered in gleep and mcreased in emotional excitement.

SUMMARY

The lactic acid content of the rat hrain is reduced in sleep and increased in emo-
tional excitement. The rise in lactic acid in the brain in emotion is not due to con-
comitant muscular activity, since the effect was still observed in animals immobilized
by tubocurarine. The brain lactic acid was not raised by muscular exercise in trained
animals. The rise in lactic acid in the brain in emotion is a transient effect, followed
by a rapid retwrn to normal when the stimulus is discontinued. -

The anthors thank the Medical Research Council for a whole time grant to one of us (R, M-
C. D.y and for a grant for expenses; the Rockefeller Foundation and the Royal Society for grants
for equipment; Mrs, V. Bezoa.u for her help in obtaining young rrts; and Mr J. Russzell far valuable
technical assistance.
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THE ELECTRICAL FIELDS AT THE SURFACE OF THE HEAD
DURING SLEEP *

Mary A. B. BrRazier, Ph. D.

Depariment of Ancesthesia, Massachuseits General Hospital and Harvard Medical School,
and the Department of Psychiatry and the Electroencephalographic Laboratory,
Miussachusetts General Hospital, Boston_

. These studies were undertaken as part of
an investigation of the action of sedatives.
Since one of the effects of sedatives is to
induce sleep, some objective test was sought
to determine whether or not a -person
was asleep, A second objective was to search
for information as to the neuronal pathways
carrying the electrical activity of the brain
to the surface duzing sleep. With these aims
a study has been made of the electroen-
cephalogram during the .night throughout
periods when the subject was awake, drows-
ing and sleeping.

That slow potentials appear in the record
when the subject is asleep was one of the
first observations to be established in elec-
troencephalography: and -since Berger's
{1932, 1933, 1935) original demonstration
of this change, it has been plentifully con-
‘lirmed by subsequent workers. In general
thesé workers have not studied the locus at
which these slow waves appear on the skull
but have concerned themselves mostly with
the frequency changes. By inference, the
slow potentials have been regarded by some
s a slowing of the synchronized beat of the
same neuronal systems which are responsible
for the waking alpha rhythm. The waking
alpha rhythm is well-known to be principally
localized to the parieto-occipital region in
man but there is good evidence that there
may be more than one source of these poten-

1 Alded by a grant from . 8. War Department,
Office of the Surgeon General, Research Contract
No‘ W-49-007-MD-371. O. 1. 323-46 MEDCL and

grant from LI 8. Nav’y Department. Q. N, R.
NS ORI1-76. Project 8. .

-and Narikashvili

tials in some individuals since we have con-
firmed Jasper and Andrews’ (1938) obser-
vation of independant foci of alpha waves in
other regions of the head. Only Bakuradze
\ (1945) and Liberson
(1944) (1945) have made at all detailed
studies in man of the locus of the slow waves
seen in sleep, Liberson found several fod of
slow waves and showed that the region of
the vertex was among the first to show loca-
lized 'paroxysmal’ 3 - 6 per sec. waves at
the beginning of sleep but believed that this
selective localization did not persist during
deep sleep; that in deep sleep even slower
waves {14 to 3 cycles per sec.) appeared and
that these waves origisated, not at the vertex
but from the frontal and temporal regions.
Further mention of Liberson’s careful stu-
dies will be made later in this paper when our
data have been reported. Bakuradze and
Narikashvili {1945) found foci in the central
and frontal regious, but not in the temporal
lobes; Gibbs (1933) in an early paper com-
mented on the change in frequency but used
an electrode placement. which was not de-
signed to' give information as to localization.

The earlier studies of Blake and Gerard
(1937 a and b) were made with one ampli-

“fier and were not concerned with locali-

zation. From. their latér work (1939) they
reported maximal amplitude of the slow ac-
tivity at the vertex, but they concluded that
“similar patterns of delta waves are clearly
simultaneous at the parietal, occipital, fron-
tal, and temporal regions”. They did not
relate this finding to a spread of activity
from a single focus:

[195]

Reprinted from Electroencephalogr Clin Neurophysiol. 1(2). Brazier MA. The electrical fields
at the surface of the head during sleep. 195-204. May 1949, with permission from Elsevier.
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Davis, Loomis and ' their co-workers
(1935, 1937, 1938) at first used not more
than 3 or 4 clectrodes which gave them in-
conclusive data as to the origin of the slow
waves, In a later work (1938b) they used
more electrodes and 6 amplifiers, Their pu-
blished records show slow potentials center-
ing at the frontal electrodes. Although they
commented on the fact that the slow acti-
vily was most prominent on the “top’ of the
head and could be recorded elsewhere, they
did not relate this to electrical spread but
emphasized their opinion that the cortex
acted as a whole. Adrian and Yamagiwa,
(1935) surprisingly, did not find the focus

of slow activity in their studies using 5 mid-.

line elecirodes from front to back of the
head. )

. TECHNIQUE
In the present work multichannel Grass

inkwriting oscillographs were used for per-

manent recording, with simn]taneous maoni-
toring by a double-beam cathede ray occil-

loscope. Photographic records of.the cathode . .

ray traces were used to prove the identity
of electrical signals appearing in more than
one pair of leads, since by this method the
waveform could be studied on a much
broader time scale and with greater accura-
¢y, For the same reason many of the ink-
writer records were.tun af a speed of 6 cms.

per second and at ‘a higher amplification

than is standard for clinical electroencephalo-
graphy, In some stages of sleep it was, of
course, found necessary to reduce the am-
plification to avoid blocking of the ampli-
fiers by waves of high voltage. Electrodes
were applied ad hoc in order to surround
and confirm the foci when found. In some
subjects a nasopharyngeal electrode was also
- used,

* All recordings were made with amplifiers
incorporating ‘push-pull’ operation and con-
nected in the standard manner so.that an
electrically negative signal on the imput .of
grid 1 of each amplifying system gave an
upward deflection of the .recording pen,
whereas a negative signal on grid 2 gave a
downward deflection.

previous
page

MARY A, BRAZIER

RESULTS

In all of the 32 experiments on the 16 sub-
jects so far studied there has been alpha
activity localizable to the parieto-occipital re-
gions when they were awake.

In figure 1 two samples of the EEG of an
individual are shown: that on the left taken
while he was awake, and that on the right
while he was asleep. In this particular case
electrode 5 was 2 cms, below the inion, and

‘the distance between each pair of electrodes

was 6 cms. This brought elecirode 2 to a
position just anterior to the vertex on this
head. In the sample shown the spatial phase-
reversals indicate that the alpha activity is
originating in an area in the occiput nearest

AWAKE ASLEEP
. ~N\ | 2
I"_a prY s . .
2-3 | v byt M\'\/-\\’?-3
-4 Y W"\/\'\s_‘
-4 &3 Fl .
I,-amn ;
I PR AA : T\
G5 |[ViA LA oy :
ol MOND )
Fig. 1

EEG of the same individual awake and asieep show—

_ ing the_ shift of focus from the occiput to the frontal

regions.

electrode 4. From this position forward all
the alpha waves are synchronous and - in
phase and show a falling gradient of vol-
tage, mdlcatmg that they have a common
origin at the occiput and that the tracings
recorded from the electrodes anterior to the
occiput are of the electrical spread of this
activity, This is the classical distribution
originally described by Addan (1934)
(1935). A single line of electrodes thus pla-
ced along the midline gives a localization
only in the antérior-posterior direction and

next
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_does not of course give any information as to
the transverse plane or as to whether there

are separate foci in each hemisphere. The.

'work . of Adrian (1934) .(1935), Jasper
(1938) and of Cohn (1948) and others has
firmly established the existence of separate

foci in the two hemispheres so that, since our-

resulés are in general confirmation of their
findings, the evidence will not be restated
here.

THE FIELD of a DIPOLE
| nan
INFINITE CONDUCTOR

prominent of these slow potentials of deep
sleep are in the frontal region. The usnal fo-
cus is somewhat anterior to the vertex on the
part of the skull which, as far 2z one can
tell, probably lies over area 6. This poinf
will be taken up again later. '

With the same electrode placement and
linkages as were used for the waking record
depicted on the left of figure I, the focus of
the slow activity in sleep, shown in the re-

X—e = : X
Voltage distribution along o surface XX, 3cm,

= -

Volfage distribution
along & surface YY,
3cm. from center
of dipole. -

.-Y_

“from center of dipole.

Fig. 2

Fields arcund a- djpole'in" an infinite mediume. Vo]ta)%e gradients oo an axis parallel to the
dipole (YY), and on en axis siormal to' the dipole (XX},

"The well-known slow activity of high
voltage seen during normal sleep has quite
clearly defined foci, not in the occiput, but
in other parts of the head. Contrary to the
suggestion of some workers, these slow po-
tentials are not equally represented all  over
the head. In the present work it has been
found that the principal foci of the most
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cord on the right of the same figure, is
found by spatial phase-reversal to be at the
electrode common to- the top two tracings.
This sleep record is from the same subject
whose EEG when awake is slso seen.in
figure I. This is evidence for the origin of
these waves being in the anterior part of
the head but it gives no information as to
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whether. there is a single focus at' the mid-
line or two synchronously fired foci, one in
each hemisphere.

"We bhave found that the electrical fields
on the surface of the head resemble: those of
a dipole-like fleld such as, for example, the
great average of a double-layer with its axis
orfented perpendicularly to the skull, In
theoretical physics a double-layer can be re-
presented as a plane comsisting of ma-
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When electrodes are placed across the
head in a line through the point where the
A-P focus is found. the type of record ob-

“tained is generally similar to that shown in

figure 3. In this illustration a schematic dia-
gram has been made of the electrical voltage
field which would fit the data at the moment
in time marked. by the arrow on the sleep
record. Such a sketch can be only approxi-
mate for many reasons, among which aze that

ASLEEP

?é% 3=

«——| Second —

' . Fig. 3
Schematic diagram of the flelds suggested by the data in the EEG illuatrated on the right, Precentra]
focus of slow activify (3 ¢/s5-and 6 c/s waves).

ny dipoles of infinitely small lengthq, per-
pendicular to that plané, Figure 2 shows
a standard diagram of the fields of vel-
tage distribution around a dipole with the
voltage on the axis parallel to the dipole
(YY), and on an axis normal to the dipole
{XX). Our data show that it is to a field on
the latter axis that the EEG voltage gra-
dients conform in sleep. - - .
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the curvature of the head is foreshortened in
the drawing and that the number of phase
relationships and. measurements of voltage
gradients that can be made for any one mo-
ment is limited by the number -of chennels
of the electroencephalograph in use. Also

-the fact that in the head the volume con-
ductor is a finite one, producing distortion.

of the ficld at the surface, The effect of the
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boundary on the field is to give a greater
voltage on the surface in the vicinity of the
dipole than would occur in an infinite me-
dium at a similar distance [rom the source.
A more complete mathematical study of the
fields of these potentials is the SL‘Ib]ECt of
another communication.

In figure 3 the field has been plotted to
fulfil the following voltage relationships for

the slow transient marked by the arrow, .

namely: electrode 1 strongly negative fto
electrode 2: 2 rather less negative to 3; 3
and 4 approximately isopotential; 4 positive to
5; and 5 strongly positive to 6. The voltage
lines of the field have been spaced in propor-
tion to the height of the deflection at the point
marked .by the arrow in each channel. The
data from the small sample shown justify

only those parts of the field drawn in sdlid

lines. The broken lines are inserted from in-
ference and by deduction from other parts of
the same EEG record in which other elec-
trode linkages were used. The fields would
in fact be circles only in the theoretically
ideal situation of completé symmetry in an
infinite conductor. This of course is never
the case on the human head so that the
sketch must be regarded as highly schematic,

For using this method of representing
fields it is clearly of the utmost importance
to have the pens in exact alignment and the
channels equally calibrated. It is, of course,
also important that the amplifiers should
not be allowed to block since this would
mask the waveform and hinder the identifi-
cation in different channels of an individual
signal, Phase distortion by the amphfzers is
another hazard.

Such a focus of slow wave activity as is
shown in figure 3 might suggest a single mid~
line focus were it not for the fact that ary
localization found by scalp electrodes is the

recording at a distance (at Jeast the distance

of the skull and scalp) from the elecirical
event presenting at the cortex; the fields
surrounding ‘a generator fall away very

steeply in voltage when recording electrodes’

are close to the source and then more gra~

previous
page

199

dually as the distance is-increased ' (see
figure 2). In the EEG recorder from the
scalp the sharp fall of potential is always
lost since the electrodes never come close
enough to the source. Usually the -curve is
already flattening before ‘the closest posi-
tioning of electrodes can register a.potential
difference. Thus one is always tecording on
the far oufer surfaces of potential fields.

1t follows that if two bilaterally homolo-
gous areas of the cortex are being- triggered
to dischiarge synchronously, and if these lie
very closely together, the scalp leads will
‘usually-be unable to record these two foci as
anything but a plateau, an area of isopo-
tential value. Physiologically, since man de-
velops bilaterally it seems likely that this
is the explanation of the plateau found at
‘the midline in sleep,” and in fact we have in
a few of our subjects, been able to obtain
records of two discrete’ foci, one in each
Hemisphere lying very close to the longitu-
dinal fissure (see figure 4),

L1 SECOND

Fig. 4

Schematic diagram of the fields suggested by the EEG
record on the left. Synchronous Eo ci of slow waves
in the precentral reg:ons of the two hemispheres dur-
ing sleep,

" In the case of the two simultaneous foci
llustrated in figure 4, the data are com-
sistent with two generators each presenting
its field at the surface. At the moment in time
marked by the arrow, electrode I is nega-
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tive to electrode 2, 2 is positive to 3, 3 is
negative to 4. 4 positive to 5 {and the mid-
line electrode 3 is also, but less positive to
5 and is slightly negative to. 1}, Thus two
reversals are clearly seen, one in each heniis-

- phere. These data would suggest a common
triggering of activity reaching the cortex of
each hemisphere in approximately area 6
{Brodmann},

FAN FRONTAL FOCUS VAR SLEER

T & RO (LT G E TASDE)

MBI UL £F DuMmCE e PONINTRA,
e W, 10y EUEET ROOE 3, LNED

'J | |

™ m
tnl‘lmc( m- ¥ WAELS cnrr-nnms

I. DY

L e | Ll S p] Vstoous

Fig. 5
Far-frontal focus of slow transients during sleep. For
explanahcn see fext,

This is not the enly focus of slow activity
we find in: sleep. Anocther focus is often
found farther forward on that part of the
skull which woud appear to be over area 9,
“although to make a definite localization to
this area through the skull would seem un-
justified. An example of this far-frontal
focus is shown in figure 5. In this record 8
electrodes were placed in a line from front
to back of the head at the midline and each
in turn was connected to a distant electrode,
R (shown in the diagram). The amplitude
of the change in poteatial in the time bet-
ween the two vertical lines was measured in
millimeters for each midline electrode referred

- to the distant electrode. This represents the

previous
page

* MARY A. BRAZIER

negative slope of the slow transient maiked
by the artow, These measuremerits are en-
tered on the EEG record and are also plotted
on the ordinate of the graph. On the abs-
cissa is plotted the length in centimeters of
a line from the nasion to the inion and the
placement along this line of the electrodes.
These ‘measurements were made on the arc
of the head and their projeciion onto the
plane of the paper carries the error familiar

‘to map-makers, The peak of the amplitude

difference is seen to be near electrode. 2,
which was 10 cms. from the nasion and 9
cms. forward of the vertex in this individual.

PRECENTRAL FOCUS DURTNG SLEIP

- m

MWD OF Gl M POVENTIN
DEAtH MLINE FLECTIGoN LNEE

TO m CHUMON OVERAT oL e TRCR)

. Fig. 6
Precentral focus of slow waves dunng sleep. For ex-
planaticn see text.

In the schematlc drawmg of the head in
flgure 5, the simplest fields which would fit
these data are skétched diagrammatically.
For demonstration purposes one contour line
has been drawn for each millimeter of pen
excursion measured on the EEG. This is
the same linear relationship as plotted on
the ordinate of .the chart. The head is also

.drawn to the scale of the absclssa of the sane

chart, .
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THE EI;EC.TRICAL EIELDS DURING SLEEP

For purposes of comparison an EEG is
shown in figure 6 which'is frém the same in-
dividual at another moment during the same
period of sleep. This sample has been sub-
jected ta the same method of measurement,
charting and sketching of fields as that in
figure 5. The focus is clearly near electrode
4 which was 17 cms. from the nasion and
2.5 cms. forward of the vertex. This lies ap-
proximately over area 6, and most likely re-
presents the same activity as was previously
illustrated in figures 1, 3 and 4. In our ex-
perience the fac-frontal focus does not only
oceur in the later stages of sleep, as sug-

gested by Liberson, but during the same pe-

riod as the precentral focus, Frequently the
two different fod of slow activity are found
within a few seconds of each other. They
" appear to be the same foci as those suggested
by Davis (1939a) for the non-specitic elec-
trical response of the brain fo external sen-
sory stimulation,

re P NP
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NECIAL SECTION

i

Liskcone |

RECORDINGS WITH A NASAL LEAD DURING SLEEP

Fig. .7 : .

Medial section through the head to show approximate
position of nasopharyngeal électrode. Focus of slow
waveg In the precentrzl region. ,

- In our experience these would appear to
-be the two principal areas giving the most
_prominent waves during sleep. Superimposed
on these slow transients many other types

of faster activity can be seen. In a search -

fc_;r foci at the base of the brain we have in
two subjects recorded from nasopharyngeal
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electrodés; these were electrodes designed
by Dr. Paul MacLean (1949) and the expe-
riments were carried out with his help. As
yet we have bBeen unable to find evidence
for a focus at this site during sleep, The
result of a typical recording with the nasal
electrode is shown in figure 7,

We have been interested also in localiz-
ing the 14 cycle spindies which are as
characteristic of sleep as are the slow waves,
Experiment shows these frequently to have
the same. Feld as the slow activity and to

_ vary in frequency through a range of at least

12 to 19 cycles per second in different in-
dividuals. Because of the faster frequency,
identification of these waves is more difficult
than that of the slow waves. The recording

'fMWM\AW.g.e

N S i 87

N SEOOND

{ -s0uv ._#M].

SOV

PN TV gV
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Locav ] :

7 S SEGOND

Fig. 8

Localization of ‘spindles’ during sleep. Left upper sam-
ple: to show similarity of activity in the two hemia-
rheres. Right upper sample: Cathode ray oscilloscope
record of 5 of these waves to show similarity in the
two hemjspheres. Right lower sample: anterior-poste-
rior localization of ‘spindles’, Head dlagram: Fields
which would fulfll all the data ilustrated.

in figure 8 was made with two of the linkages
run simultaneously on the cathode ray os-
cilloscope to determine whether or not the
waves were indeed identical, This example
shows a focus similar to that which we have
called the precentral focus when describing
the slow activity, This appears to be the
same Jocation for these spindles as that des-
cribed by Jasper and Andrews {(1938) wha
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traced the progressive change in frequency
of the normal beta activity in the precentral
region tc a 14 cycle thythm as the subject
fel} asleep,

We have also found these spindles in the
occiput and have not yet exhausted the pos-

sibility that they may also appear elsewhere,

" These are not the only rhythms found in
sleep. A fast rhythm of approximately 25-28

c/sec. not present in the waking record, has

been prominent in some of our subjects and
is now being studied.

~ DISCUSSION

In the records discussed in this paper two
foci of slow activity have appeared more pro-
minently than others during sleep. These
‘have been referred to descriptively as a pre-

central focus and a far frontal focus: As yet.

we have found no evidence for a major focus

_in the temporal lobe, such as has been des-~

cribed by Liberson (1944) (1945) in schizo~
phrenic patients. Our evidence is contradic~
tory to the opinions of early workers that
the 'cortex acts as a whole'.

‘We have not specifically studied the so-
called 'K’ complex, but our data are in agree-~
ment with Davis (19393) ohsetrvations as to
localization. It may be remarked that these
‘disturbance patterns may be set up by any

-external -sensory stimulus and not solely by

an auditory one, and that they are similar in

waveform, frequency. and - localization to

activity occurring during sleep in the absence

" of any stimulus consciously applied by the

observer, This is of interest in view of Davis”
(1939a) hypothesis that these non-specific
responses to Sensory stimuli are analogous
to the secondary discharge of Forbes and
Morison (1939).: This would suggest that
the electrical activity of the brain during
sleep is not the elactrical concomitant of
‘resting’ cells, or of 'a quiescent brain, but

the signal of activity in certain sub-cortical -

networks, Qur data suggest that the projec-
tion areas involved may possibly be areas 6
and 9. To confirm this suggestion experi-
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ments are in construction for checking these
localizations by animal experimentation,
both by surgical methods and with reversible
deafferentation by drugs. _

Further conjecture is not justifiable from

"experiments on the intact human head and

further identification of the structures in-
volved must await the results of the animal
experiments.

We have found the plotting of our data
in the form of fields an aid to clear localiza-
tion of the electrical activity we are studying.
All our data from experiments on sleep con-

~ form to dipole-like fields oriented perpendi-

cularly to the surface of the head. They are
therefore more in keeping with Adrian's
{1934} {1935) proposal {made for the wak-
ing alpha rhythm) of dipoles with their axes
mainly perpendicular to the scalp, than with
that of Beevers (1944) who suggested a sys-
tem of dipoles with their axes parallel to the
surface of the cortex. It may however be
noted parenthetically that there are some
data from ‘this laboratory (as yet unpub-
lished) indicating that a certain type of elec-
troencephalographic activity can be recorded
from the brain which creates a field con-
sistent with that of a dipole effect parallel
to the scalp. This is the activity to which
Kennedy (1948} first' drew attention and

which he named the kappa rhythm, There
“is also a hint that some sources of alpha

activity may be oriented in this way. In these

cases, where more ‘than one source iz ap-

parent in the records, the concept of dipole
sources and the plotting out of the fields has
helped us to sort them one from the other,

SUMMARY

(1) A method of charting the electrical
fields at the surface of the head has been
described which has pioved useful in the
localizing of EEG activity during sleep. -

'(2) A shift of focus of maximum activity
from the parieto-occipital region when awake
to the frontal Jobes when asleep has been

. described.
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THE ELECTRICAL FIELDS DURING SLEEP

{3} More than one focus, both of slow
potentials and of spindles; have been de-
monstrated,

The author wishes to thank Mz, James
- Casby for technical help .and instruction,
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BRAIN S’I’EM m*zm FORMATIGN AND ACTIVATION
OF THE EEG!

liiir md H W Mmcm, MD.
e Mo ’ m&.“ Uuisrersiw Mﬂ‘lm Sph@ﬁ‘l

it ’tk;e Hmiav-(:iazke vechitan
used for stimulatica of, or pickp
bmlm stem.. Cond&nsez érscharges fmw

Potentials were - recmde
model'. 1 amp11f1er and ink
cortical ‘records were taken
fhe; ma} surface, but gsuall

Reprinted from Electroencephalogr Clin Neurophysiol. 1(4). Moruzzi G, Magoun HW. Brain stem
reticular formation and activation of the EEG. 455-473. Sep 4 1953, with permission from Elsevier
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ted of ca_s_saﬁmtx _@f synehromzed chscha;ge
: e EEG and its replacement with low-
woltage fast activity. The intensity .of the
'alteratmn Tvaried with the degree of back-

mund syﬂchrbny prese‘ht. Conspmmms ef.
: ed, et low-voltage fast .activity was not

._-ehated (ifxg, I C and D)

6. MORUZZ[ sad H. W, MAGOI.IN

5 vere seen t _hes&: advantage when

the unasesthetized brath ‘exhibited some re-

laxation (fig. 2°B and C) ‘g when' light
chloralosane anesthesia had induced syn-

-chronization without greatly impairing neu-

ral excitability (fig. 1 A and B). With
deeper chlpralosgre; slow waves were block-

3 &ees not- appear,-

EF: re:icu]ar stim ation educed to 100/sec
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HRAIN STEM AND EEG-ACTIVATION

(fig. 1)}, where it was often most promounc-
ed, and in the visual {fig. 1 C) and auditory
{fig..2 B, C) cortical areas as well. With
minimal . reticular stimulation, alterations
were:best obtained in the ipsilateral hemi-
sphere and were sometimes limited to it (fig.
1 D).

The response was raadi]y obtained with
low intensities of reticular stimulation; vol-

457

tions between the reticular {ormatlon and
the cerebral hemisphere,

The -distribation .of -the e.xcrtable area is
projectéd upon a reconstruction of the mid-
sagittal plane in figure 3, and includes the
central core of the brain stem, extending
from the bulbar reticular formation forward
through the pontile and mesencephalic teg-
mentum into the caudal diencephalon, At the
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. Effect of reticular

stimulation oo electro-cortical activity of the unapesthetized

em:epha]e fsolé”.

AL, Left bulbo-reticular stimulatioa {3 V, 300/sec.) I3 without effect npon the fully activated cortex (A}
but evokes characteristic low woltage fast activity when spontaneous synchrony is present (B and C).

tages of 1-3 being- usually employed. Brief
shocks, with a falling phase of 1 msec. were
used routinely and were as effective as
longer lasting cnes. Stimlus frequencies of

50/sec. were the lowest at which definite al-

terations could be elicited and the response
was considerably improved by increasing fre-
quencies up to 300/sec., which were.regu-
larly utilized. Thus the EEG  response to
reticular excitation was best obtained with
low voltage, high frequency stimulation. -
These responses were not secondary to
any periphera] effects of brain stem stim-
ulation, By direct test they were inde-
pendent of changes in respirationm, blood
pressure and heart rate. They oceurred in

the isolated brain after full atropinization

and curarization. As will be seen, they were
unquestionably mediated by neural connec-
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- media; OC, optic chiasma; P

I?1g 3
Reconsttuctmn of midsagittal plane of cat's brain
stem upon which iz projected, with cress-lining, the
distribution of . the ascending reticular actlvating

~ system,

Abbreviations are ‘as follows: A, sgueduct; CER,
cercbellum; IC, interior collicutus; MI, massa lter-
. pons; PY, pyramidal
crogsing; SC, superior colliculus; III, third ventricle;
IV, fourth ventricle,
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bulbar level, excitable points were distribut-
éd In the ventromedial reticular formation

“and the area of their distribution coincided

with that from which suppression of motor
activity {Magoun and Rhines, 1946) could
be elicited {fig. 4A). Exploration of the
overlying cerebellum has revealed excitable

G MORUZZI =od H. W. MAGOUN

central grey and extending in a paramedian
pasition beneath it (fig. 4B). In the caudal
diencephalon, . effective points were located
pear the midline in the dorsal hypothalamus
and subthalamus {fig. 4C). From this re-
gion, the excitable system is evidently dis-

tributed to the overlying thalamus, through

Fig. 4 .
{A), mesencephalic {B) and candal diencephalic
. {C) levels, with cross-lining indicating the area from which reticular responses were elicited
with lowest voltage and without complications from exciting other ascending or descending
_ neural connections, ' . o

D. Reconstriiction of midsagittal plane of the midbrain upon which is projected, with stipple,

A-C. Transverse sections through bulbar

the position of tectal and peduncular lesions which fafled to block the EEG response to
bulbo-reticular sttmulation. Cross-lining - warks the pesition of a tegmental lesion which
abolished this response fo bulbar stmulation. ' _ :

B, B, Transverse sections through the midbrain of two cats, showing the extedt of lesions
which interropted the medial and lateral Jemnisci and spinothalamic tracts, but which failed
to impalr the EEG response to bulbo-reticular stimulation, -

Abbreviations are zs followa: A, aqueduct; BIC, bracilum of imferior colliculus; BP, basis

pedunculis CM, centre médjan; IC, inferior colliculus; L, lateral thalamic noeleus; LG, lateral .

geniculate body; . mammillary body; ML, medial lemnpiscus; O, Inferior olive;’ B, pons;
PY, pyramid; RB, restifortn body;' 8, subthalamus; 8C, superior collicolus; ST, spinc-thalamic

tract: VP, posterior part. of ventral thalamic puctens; '3, ocolomotor nucleus; 5, spinal Eith

tract and nucleus; 12, hypoglossal nuclens.

points in its fastigial nuclei, the responses
possibly being mediated by connections of
the roof nuclei with the brain stem reticular
formation (Snider, Magoun and McCulloch,
1949}, In the midbrain. responses were ob-
tained from the tegmentum bordering the
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which its effects are exerted upon the cor-
tex, and some data bearing on its thalamic
mediation will be given later. :
The distribution of this ascending system
within the midbrain was studied Further by
observing the effect of lesions here upon the
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'BRAIN STEM AND EEG . ACTIVATION

EEG response to bulbo-reticular stimmulation,

Such responses were unimpaired following

sections of the cerebral peduncles or tectum,

but were blocked by injury to the mesen-
cephalic tegmentum (fig. 4D). Typical cor-
tical responses to bulbo-reticular stimulation
were still obtained after hilateral destruction
of all laterally placed mesencephalic struc-
tures, including the medial and lateral lem-
nisci and the spinothalamic tracts {Hg. 4 E,
E}, leaving intact only the paramedian re-
gion from which responses were obfained on
direct stimulation (fig. 4B).

459

(fig: 4 D). Furthermore, single shock sti-
muli to effective reticular sites did not evoke
antidromic potentials in the sensory-motor
cortex (fig. 5 C and E) (fig. 10 A), nor
did direct stimulation of the bulbar pyraniid
reproduce the EEG response to reticular
stimulation, :
B cortico-bulbo-reticular path from area
4-3 is distributed to the excitable reticular
area of the lower brain stem (fig. 4 A)
{(McCulloch, Graf and Magoun, 1946), but
it is similarly impossible to attribute the
EEG responses to its antidromic stimulation.

Fig, 5

Comparison of the effects of stimulating the right posterior column (A, B) and the left
reticular activating system at bwlbar (C, D) aod midbrain (E, F} levels, under full chlorale-
sane anesthesia, Stimulus frequency is 1/sec. in left records (A, C, E} and 300/sec. in
right recerds (B, D, F}; intensity is 3 V throughout. -

Single shock stimuli to the posterlor column evoke sensory potentlals in the cortex (A},
not elicited by similar reticular stimulation (C, E). High frequency stimulation of the
posterior column causes some desynchronization of the EEG (B}, but more propounced
effects are induced by reticular stimulation {D; F). SN ’

A series of ascending reticular relays is
presumed to constitute the seructural sub-
strate of this brain stem activating system.
That responsgs are not.attributdble to the
antidromic excitation of corticifugal paths,
nor to the dromic stimulation of “known
afferent paths, bordering the reticular area,
is indicated by a variety of data. )

As regards the pyramidal -tract; move-
ments referable to its excitation never ac-
crompanied EEG responses-te reticular stim-
ulation, and the latter -were still “obtained
from the bulbar level after section of the
fibers ‘of this ‘tract in'-tiie'_-bg;sfis pedunculi
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This path accompanies the pyramidal tract
in the basis pedunculi (McCulloch, Graf
and Magoun, 1946) section of which, as
noted, left reticaldr responses unimpaired.
The absence of antidromic potentials in’ the
sensory-motor cartex, on single shock stimuli
fo the bulbar reticular formation (fig. 5 'C;
10 A), might be explained by the small size
of the suppressor areas in the cat (Garol,
1942), but a more likely passibility is that
the unmyelinated terminals of this extra-
pyramidal path were never excited with the
low intensities of ‘reticular stimulation em-
ployed in the presest experinients, Reticilas
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responses eligited From . brain stem Igvéls
cephalad to the bulb are, moreover. impos-
sible to explain on the basis of antidromic
stimulation of this extrapyramidal pathway.
It is equivalently impossible to ascribe
reticular responses to the dromic activation
of known afferent pathways ascending to
the cortex through the brain stem. The
medial lemniscus is adjacent to the excitable
reticular area through much of its course,
and high frequency stimulation of the lem-
niscal system, Iike that of the sciatic nerve
{Gellhorn, 1947), exerts a desynchronizing
influence upon the EEG. (fig. 5 B). This
influence is not as prorounced as that of the
reticular formation and higher voltages of
stimulation are required to induce it than
those which yield primary and secondary
cortical sensory responses.
““Three lines of evidence clearly show;
however, that the desynchronizing, influence
of the reticular formation cannot be attribut-

ed to activation of the lemniscal system, .
either through physical spread of stimulating -

current, or by antidromic excitation ‘of pos-
sible lemniscal collaterals to the. brain stem
reticular . formation, First, single shock
stimuli to excitable reticular points at bulbar
{fig. 5 C).or midbrain (fig. 5 E) levels
never evoked potentials.in the sensory-motor

cortex, 28" was - invariably the -case when

such shocks were applied to the lemniscal
system (Fig. 5 A), and.this. simple control
was routinely. applled l:hroughout -ther work.

Second, the distribution of the excitable -
reficular area was distinct from that of the -

course of :the medial lemniscus -through the
brain stem (fig. 4. A-C}., Third and finally,
EEG responses to bulbar stimulation were
unaffected - by .mesencephalic lesions which

bilaterally interrupted the medial and lateral.

lemnisci and the spino-thalamic tracts (ﬁg
4 E, E), ‘.

Elimination of these possnbllme;s and the
distribution. of- excitable points through the
brain stem both indicate that this responsé
is mediated by a paramedian. system of as-
cending reticular connections. :Single shock
stimuli to effective bulbar sites do not-evoke
potentials at effective midbrain or dienceph-
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alic sites, however, suggesting that's fiumbe;
of relays are present and that the synapses
involved are iterative in nature,

Having now described the desynchroniza-
tion of the EEG induced by brain stem stim-
ulation and presented evidence that this al.
teration results from exciting a system of
reticular relays ascending to the diencephs
alon, attention may .next be directed to the
effect of reticular stimulation upon types of
evoked activity in the cortex,

Effect upon evoked sensory poteniials,

In the chloralosane cat, a single afferent

volley, initiated either by natural stimuli or
by shocks to the sciatic nerve or pesterior
column, evokes primary and secondary
cortical potentials and sensory ‘‘after’dis-
charge” succeeding them. . The secondary
response and after-discharge occur generally
in the cortex and are readily observed in the
EEG. -Dusing stimulation of the brain stem
reticular formation, such secondary re-
sponses continued to be evoked by afferent
volleys, usually without alteration (fig.
6 A); but sometimes with reductioh of am-
plitude and simplification of potential form,
particularly in cortical areas outside the
senscri-motor region (fig.'8 B). Pollowing
conclusion of  reticular sumulatxan, tran-~
sient enhancement of the secondary re-
sponse was oceasionally observed {fig. 6 B},
The succeeding high-voltage” slow waves, |
called sensory aftér-discharge, ‘Were in-
variably - abolished during reticular stim-
ulation (fig. 6 A-C). In full anesthesia, the
cortical record then became flat between:
sccondary responses (fig. 6 A, B}, while, if
anesthesia- was light, low-voltage . fast :ac:”
tivity was present in these intervdls (fig.
6C). The aboliion of sensory after-
discharge might thus be simply. another
manifestation of the desynchronization of the
EEG induced by brain stem. stlmuiatlon

*secondary potentials” resemble thcse of
Forbes and Movison {1939) recorded, In deep barbi-
turate anesthesia, in and also outside of the somatic
receiving area and disappearing when: the frequency
of afferent stimuli rose above 5/sec. Since under
chloralosane anesthesia, they are. agsociated with. py-
ramidal discharg, correspond to. the efferent
waves” of Adﬁan { 13}.

1'These *
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BRAIN STEM AND EEG ACTIVATION 461
desynchronization resulting from reticular
stimulation (fig. 5B, D, F) opposed simul-
teneous discharge of a sufficient number of
internenrons connecting the sensory . with

Such - sensory after-discharge was not im-
paired, however, during cortical desyn-
chronization induced by high frequency
stimulation of the sciatic nerve (fig. 8 D).
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Fig. 6
Effect of reticular stJ.muIatmu upon cortical sensory responses,
A. Tepping skin of ankle, B. Make and break shocks to the sclatic nerve, uuder full chloralosane anesthesia
as ir A C. Single shocks to the upper end of the posterior column, in “encéphale isolé” with 7 mgm,
chloralosane/K, In each instance the evoked sensory spike is unaffected, while consequent after-discharge
fs abolished. Nate low voltage fast activity during reticuler sﬂmulation in C, with minimal anesthesia, and

its absence tn A and B, with full anesthesia.

r  Effect upon evoked pyramidal discharge.
"In the ¢hloralosane cat, afferent volleys ar-
riving at the cortex there evoke pyramidal
discharges which are responsible for the
jerky movements characteristic of this anes-~
thesia (Adrian and Moruzzi, 1939). Al-
though afferent volleys continued to reach
the cortex during stimulation of the brain
stem reticular formatiom, such pyramidal

discharge, recorded from the basis pedunculi, -

was reduced or. abolished (fig. 7 A) and
‘contraction of leg muscles, induced by it,
disappeared (fig. 7B; 8 F). This disap-~
pearance of movement was not attribatable
to spinal inhibition, for reflexly induced
contraction of the same muscles was not
affected by such midbrain stimulation (fig.
8 G). The movements induced by this pyra~

midal discharge were not reduced during-

desynchronization of cortical electrical ac-
tivity - by high-frequency sciatic stimulation
(fig.. 8E), and the facilitation observed
might have:been: due to spinal alter: :
Whether:-.¢he more .pronounved. corfital
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Fig. 7

Effect of reticular stimulation ¢ on pyramidal discharges
and chloralosane jerks.

A, Break shocks to sclatc nerve cause semsory cor-
tical responses and corresponding pyramidal dis-
charge, recorded from the basis peduncull (channel
2). The latter and semsory after-discharge are almost
abolished by bulbo-reticular stimylation (3 V., 300/
gec.), which leaves cortical sensory spikes unaffected. :
B. Break shocks to sciatic netve cante chloralosane
jerks, récorded in myograms of the quadriceps and
tiblalts {chennels 3 and #).. Movement was abolish-
ed during stimulation of the midbrain tegmentum:
{3 V, 300/sec.}, although cortical sensory potentials
were still elicifed. Such midbrain stimtﬂ'atlon Ilad Ten
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next »
page



462

the motor cortex to prevent threshold activa-
tion of the cells of origin of the pyramidal
tract, or whether these cells were somehow
rendered incapable of being excited by af-
ferent cortical volleys, during brain stem
stimulation, remains unsettled.
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tion of the diffuse thalamic projection sys-
tem consists of a series of high-voltage slow
waves, one for each shock, which recruit to
a maximum during the initial period of
stimulation (figs. 10, 11, 12, 13) (Morison
and Dempsey, 1942; Dempsey and Morison,
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Fig. & .

Comparison of effect of reticular and sensory stimulation upon spontaneous and evoked
electro-cortical activity. i .

A, C. Abolition of chloralosane waves doring (A) bulbo-reticular stimolation (2 V. 300/sec.)
and {C) sciatic nerve stimulation {3V, 300/sec.). -

B, D. Sensory cortical potentizls evoked by make and break shocks to sciatie nerve are
reduced by bulbo-reticular stimulation at 2V, 300/sec. (B), but not by stimulatton of the
.. contralateral sciafic nerve at 3V, 300/sec. (D}. :
E, F. Chloralosane jerks evoked by break shocks to the sciatic nerve, and recorded in N
‘myograts of the tibialis anticns, were sugmented (E) by contralateral sciatic nerve \
stimulation {3V, 300/sec.) and abolished (F)} by stimulation of the rmidbrain tegmentdm

(3V. 300/sec.}. Such midbrain stimulation did not influence tibialis contraction in the

tpsilateral flexor reflex ().

Effect upon corticel strychniné spikes.
The recurring spikes produced by local
strychninization of the sensori-motor cortex

were not prevented by exciting the brain-

stem reticular formation, nor was conduc~
tion of this discharge to the opposite certex
interfered with (fig. 9B). Synchronized
convulsive waves in a cortical fit, induced by
gipramaximal stimulation of the motor cor-

tex, were similarly unaffected by bulbo-reti--

cular stimtulation. ;

-
o

cortical response to low frequency stintulas.
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T Effect “upon. recruiting sesponse, The

1942; Jasper and Droogleever-Fortuyn, 1946;
Jasper, 1949}. . These waves may be confin-
ed to the ipsilateral hemisphere, but are
usually present, though smaller, 'contrala-
terally as well. Depending upom the site
of; fhalamic stimulation, they may he dis-
tribyted, anteriorly, posteriorly, or generally
in the cortex. B _

In the unanesthetized “encéphaleisolé”, such
a recruiting response, in both sensori-motor
‘cortices and the ipsilateral auditory area
(Hig. 10 D), was either abolished or greatly
rediuced in all xégions during intercurrent
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bulbo-reticular stimulation and

again upon its cessation {fig. 10, E, F). Ex-
«ifing the rostral end of the reticular system
|in the subthalamus had a similar effect (fig.
111 B}, Another instance is shown in figure
’9 A, in which case, strychnine was then
‘applied locally to the cortex. The recruiting
response was transiently abolished follow-
ing strychbnine spikes interspersed in its
course, suggesting that identical cortical
_neurons were involved in these two activities
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Fig.' 9
Effect of reticular stimuplation upon recruiting re-
sponse and costical strychnine spikes.
A, Recruiting response to left thalamic stomulation
{5V, 7.5/sec.} in “encéphale isole,” abolished by
left bulbo-reticular stimuiation (2 'V, 300/sec.).

B. Strychnine spikes in both sensory-motor areas, in- -

duced by local application of strychnine to left motar
cortex, were not decreased by left bulbo-reticular
stimulation {2V, 300/sec.). .

C. Decrease of recruiting regponse ~{evoked as in
A), following interspersed strychaine spikes.

. Recruiting response (evoked as in A} markedly
decreased by left bulbo-reticdler stimulation (2 'V,
300/sec.) which did not affect strychnme spikes.

{fig.. 9C). Subsequent repetition of re-
ticular stimulation again opposed the re-
cruiting response without, as noted above,
altering the spikes induced by strychnine
(fig. 9D). It should be noted that low
frequency stimulation of the ascénding reti-
cular system, even in the subthalamus, did
not itself induce a recrmting response ( Eigs.
108; 11 D).
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Of the different types of evoked cortical
activity upon which the effect of reticular
stimulation was tested, certain ones, then,
secondary sensofy responses and strych-
nine spikes, exhibited little or. no alteration,
while others, sensory after-discharge and
recruiting responses, weére abolished, Of the
twa types of transcortical conduction ob-
served, that from the sensory to the moter
cortex, underlying the pyramidal discharge

-to afferent volleys under chloralosane anes~

thesia, was blocked, while the other, from a
strychninized area of the cortex to the op-
posite cortex, was unaffected. It is not at
present possible to decide ‘whether any com-
mon factors underly these similarities and
differences. :

Thafamrc med:at:on of response.

The

the BEG induced by reticular stlmulatmn
has implications for the manner of its me~
diation by the thalamus, It seems likely that
the reticular formation could exert its in-
fluence upon all parts of the cortex either
by acting generally upon the thalamus or
by influencing its diffuse projection system
alone., At present, each possibility appears
relevant, for there is indication both that the
diffuse . projection system is involved and
that the reticular influence may not operate
exclusively through it.

Evidence for the mediation of the reticular

“effect by the diffuse thalamic projection

system is presented in figure 12. The low-.
frequency stimulation of a portion of this
system, on one side of the midline, induced

' recruiting responses not only in both cortices

but in a corresponding region of the opposite
thalamus as well (fig. 12 A), This evoked
intra-thalamic activity was then abolished
during intercurrent bulbo-reticular stimulation’
and returned again upon its cessation (fig.
12 B, C), thus demonstrating a reticular in-
fluence upon the diffuse projection system

" at the thalamic level, . It is uncertain whether

the corresponding .cortical changes were

secondary to those in the thalamus in these

instances, however, for though. coftical re-
cruiting ' responses were greatly reduced,
small cortical waves were still present dur-
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ing reticular stimulation at a time when all This same preparatlon was next lightly
synchronized activity was absent from the anesthetized with chloralosane, with the
record of this thalamic sample (fig. 12B, D: development. of characteristic high-voltage
compare left cortical and thalamic channels). slow waves both in the cortex and subcor-
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: Fig. 10
Effect of reticular stimulation upon recruiting response. Left bulbo-reticular sthmﬂatlon :
at 3V in “encéphale isclé”. .
A. Single shocks to bulb do not evoke cortical ‘potenttals.
B. Bulbar stimolation at 7.5/sec, does not evoke recruiting response.
‘Bulbar stimulation at 300/sec, actlvates EEG, )
Recruiting - response evoked by left thalamic stimwiatlon (5V, 7. 5/aec]
Recruiting response to left thalafmic stimulation reduced or abolished by left hulhar
stimulafion {3V, 300/zec.), -
" Recruiting response to right thalamic s’cunulation reduced or abolished: by feft bulbar
stimulation (3V, 300/sec.). - :
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o

tically, within and between components of the thalamogram as in the EEG (fig. 12D; E).
diffuse thalamic projection system. Bulbo- Further indication that the reticular in-
reticular stimulation then desynchronized fluence may be mediated by the diffuse
this activity as effectively in the electro- thalamic projection system is provided by
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Reproductlon of ceticulay response by high frequency stimulatlon of d:[fuse thalamm
projection system.

- X and B, Recruiting responses induced by left {A} and right (B) thalamic stimulation
(5V, 7.5/sec.} In “encéphale isolé".
C. Recruiting response to left thalamic stimulation reduced or aba]ished by stlmulating
the ‘same right thalamic site as In B, but witk 5V, 300/sec.’ :
D. Right electrode lowered irito subthalamus, the stlmulatmn of which wlth 5 V 7. 5fsec
fails to induce a recruiting response:.
E. Subthalamic stimulation, with 5V, 300!sec, reduces or abohshes the recrultmg
response to left thalamic siimulation.
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Effect of reticular stl.muladon upon e!ectrothalamogram of diffuse projection system.
A:C. Unanesthetized “encéphale isalé’.

.A. Recrviting response_to right thalamic “stimulation (8 V, 7.5/sec.) 1s vecorded both
fromi corfex and from and between thalamic sites vielding recruiting responses or
respanse on stimulation.

B, C. Recruiting response in cortex and left thalamus, evoked by right thalamlc stim-
%t}on s;s in A, is reduced or sbolished during left bulbo-reticalar stimulation (3V,
sec. :

D, E. Same preperation with 7 mgm. chloralosane/K. Chloralosane waves recorded
from cortex and from left thalamic site (channel 3}, which itself yielded a recrulting
stimulation, are abolished in all ‘areas and replaced by 10w valtage - fast actw.\t!v'
during left bulbo-reticular stimulation (2 V, 300/sec.).
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{comparing its effect upon the EEG with
that of direct, intra-thalamic stimulation of
this systems. Recruiting responses were ob-
tained by successively stimulating pottions of
‘the diffuse system in the left (fig. 11 A) and
right (fig. 11 B) sides of the thalamus. The.

stimulation has the same effect upon the
electrogram of its thalamic components that
it does upon the EEG, and this influence
upen the EEG can be reproduced by the
direct high-frequency stimulation of this sys-
tem within the thalamus,
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Recruiting responses, evoked by le

. . Fig. 13
Abolttion of recruiting responses r senscry and reticular stimulation,
thalamic stimelation {5V, 300/sec.) in an

“encéphale isolé’,

identically reduced or abolished by loud whistling {A), blowing air on head (B}, rubbing nose (C).
blowing air on eyes (D}, stimulating the right pesterior column at 2V, 300/sec. (E} and sHmulating
the left bulbar reticular fonnation at 2V, 30/sec. (B).

recruitmg résponse -to left thalamlc stim-
ulation was then repeated and intercurrent
stimulation of the same right thalamic site at
300//sec. abolished it as effectively (fig. 11 C)

as did subsequent stimulation of the rostral’

end of the reticular system in the subthala-
mus (fig. 11 E). As regards the diffuse
thalamnic projection system, then, reticular
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. Samilar desynchronization, both of spon-
taneous activity and of the recruiting re-
sponse has been observed, however, to result
frem high frequency stimulation of the
discretely projecting, posterior part of the
ventral thalamic nucleus, and the effect was
generalized . in the cortex. It remains for
further study to determine whether such re-
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sponses were mediated by direct cortical

projections or, as seems more likely, through

other subcortical systems.

- After ipsilateral destruction of the intra-
laminar thalamic region, bulbo-reticular stim-~
ulation still desynchronized the EEG bila-
terally and as markedly as in initial controls.
After extending the lesion until the massa
intermedia and intralaminar regions of the
thalamus were destroyed bilaterally, bulbar
stimulation still stéemed to have some effect
upon the EEG, but cortical activity was then
so reduced that it was difficult to draw
conclusions concerning the signmificance of
the results.” These findings only serve to
intreduce the problem of thalamic mediation
of the lower brain stem influence upon_the
EEG, and much added study will be neces-
‘sary to clarify this subject.

The reficular effect and arousal réactions,
In the acute study of arousal reactions, anes-
thesia cannot be employed, for its major
action ig to block them, nor is the unanes-
thetized "encéphale isolé” suitable, for its
EEG is typically activated and only rarely
exhibits spontanecus synchrony. In the latter
preparation. however, recruiting responses
sometimes provide a background of cortical
activity upon which the arousal effect of na-
tural stimuli can be tested. Figure 13 shows
a series of such instances, in which the high-
voltage slow waves of the recruiting response
were abolished and replaced by low-voltage
fast activity, during lotd" whistling (A},
rubbing the nose {B), and blowing air on

the head (C) and eyes (D). Indistinguish-

able from these chanqges to natural stimuli,
except for somewhat faster low-voltage ac-
tivity, were those produced by electrical
stimulation of the posterior column (E) and
bulbar reticular formation (F).. :

Such abolition of recruiting responses by
natural or bulbar stimulation was observed
only when the frequency and intensity of
thalamic stimulation yielding the recruiting
response was just above threshold, and in
some cases reticular stimulation. could- stll
zbolish the recruiting respomse at a time
when natural stimuli were ineffective, Be-
cause of these and other difficulties in se-
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Tcuring stable ‘testing conditions, -attempted
repetition of arousing natural stimuli after
differential interruption of ascending - sen-
sory and reticalar paths in the anterior brain
stem 'was abandoned in favor of chionic pre-
parations. ' o -

DISCUSSION

The evidence. given above points to the
.presence in the brain stem of a system of
ascending reticular relays, whose direct
stimulation activates or desyachronizes the
BEG, replacing high-voltage slow waves
with low-voltage fast activity. This effect
is exerted generally upon the cortex and is
mediated, in- part, at least, by the diffuse
thalamic projection system. Portions of this
activating system, chiefly its representation
in the basal diencephalon, have previously
been identified. '

"In the pioneer studies of Morison and his
associates, in which the foundation for so
much current work upon the EEG was. laid,
hypothalamic, subthalamic and medial tha-
lamic excitation was found, in 1943, to sup-
press intermiitent Dial bursts without af-
fecting other types of cortical activity; such
as responses to sensory stimulation (Mori-
son, Finley and’ Lothrop, 1943:. Dempsey
and Morison, 1943). The effect was con-
sidered to be inhibitory im nature and was
attribyted to the excitation of afferent path-
ways simply passing through this region. "~

Two years later, Murphy and Gellhorn
(1945) found this suppression of Dial bursts,
on hypothalamic - stimulation, to be accom-
.panied by dispersal of strychnine spikes and
by prolonged increase in the frequency and

"amplitude of low-voltage, background, elec-
tro-cortical activity, They pointed out that
these latter alterations were excitatory or fa~
cilitatory in nature, and attributed the disap-
pearance of bursts to an associated lessened
degree of synchrony of firing of cortical
neurons, rather than fo inhibition. Connec-
tions from the hypothalamus to the dorso-
medial and intralaminar thalamie region,
and thence to cortex, were suggested to
provide the channels by way of which these

* effects were produced and, though the study

next
page

|



),

retum to the
main menu

BRAIN STEM AND EEG ACTIVATION

was undertaken principally to elucidate hy-
pothalamic [acilitation of the motor cortex,
the generalized distribution of the EEG
changes was emphasized.

More recently still, Jasper and his asso-

clates (1948) observed a generalized ac-

celeration of spontaneous electracortical ac-
tivity, simulating an arousal or waking re-
action, from stimulation of the periaqueduc-
tal portion of the midbrain, the posterior
hypothalamus and the massa intermedia of
the thalamus; and Ward (1949) obtained a
prolonged generalized increase in both volt-
age .and frequency of the EEG following
stimulation of the bulbar reticular formation.

 ‘While interpretation of these findings has
been varied, their basic similarity can leave

little doubt that each of these investigators
has dealt with manifestations of the same
system as that described above. The present

" work thys.confirms, extends and interrelates

these earlier contributions and, from the
mass of ohservations brought to bear upon
it, the existence of this hrain stem activating
system now seems firmly established,

In discussing the general significance of

‘these findings for electroencephalography,

attention should certainly be focussed upon
the arousal reaction, The breaking up of
sytichronous cortical discharge by afferent
stimulation, first observed by Berger {1930)
as alpha blockade on opening the lids. aad
since found to be 2 common response to any
type of afferent stimulation, is currently at-
tributed to the desynchronizing action of
afferent volleys arriving directly at the re-

‘ceiving areas of the cerebral cortex (Adrian

and Matthews, 1931; Adrian, 1947; Bremer,
1938, 1944; Walter and Walter, 1949). A
aumber ‘of relevant observations are difficult
to explain on this basis, however. -

‘More than a decade ago, Ectors (1936)
and Rheinberger and Jasper {1932)~observ-

‘ed that serially repeated stimulation soon
failed ‘to induce activation, though afferent

volleys presumably continued to reach the
cortex, and it was noted that, in order to
be effective in this regard such stimuli must

‘arouse the subject to alertness or attention,
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In addition, when an activation pattern was

so induced, it was by no means confined to
the receiving area of the afferent system
stimulated {see alsc Bremer, 1943}, nor did
it appear first in this area and radiate from
it. Whether somatic, auditory or, to a lesser
extent, visual stimulation was employed,
when an arousal reaction was evoked, it ap-
peared simultaneously in all parts of the cor-
tex and often continued for considerable
periods in it after afferent stimulation had
ceased.

More recently, Monnier's (1949) anal-

‘ysis of the sequence of EEG events induced

by visual stimulation in man has shown that
alpha blockade is not initiated for a con-
siderable period after the electrocortical
changes evoked by the afferent volley are
completed, amd its prolonged latency might
more easily be explained by invoking a sub-

sidiary mechanism than by accounting for it

through direct cortical action. Furthermore,

the generalized arousal reaction ta vestibular

stimulation has been shown by Gerebtzoff
(1940) to be still elicitable after ablation

of the cortical receiving area for this af-

ferent system, _

In the present experiments, typical EEG
arousal reactions have been reproduced by
stimulating the brain stem reticular form-
ation, without exciting classical sensory
paths, Crucial evidence that the reticular
formation is involved in the arousal reaction
to natural stimuli may not yet be obtained
but, in addition to being suggested by the
data at hand, such a possibility might offer
an explanation for the failure of afferent
stimuli to evoke arousal from somnclence,
lethargy or coma, resulting from injury to
the upper brain stem, which left the major
sensory paths to the cortex intact (Ingram,
Barris and Ranson, 1936: Ranson, 1939;
Magoun, 1948). A conception of the arousal
reaction in “which collaterals from sensory
paths first activated the brain stem reticular
formation and exerted their influence upon
cortical electrical activity indirectly through
jt, seems a logical postulate from.all these

observations, and was, in fact, proposed as

long ago as 1940 by Gerebtzoff to account
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for his obsérvations to which reference was
made .above. . '

The proposed participation of the brain
stem activating system in the arousal reac~
tion, if established, might represent an
aspect of its function concerned with alert-
ing the cortex to abrupt and more or less
proncunced alterations in the external en-
vironment. It may next be proposed that
the presence of. a steady background of less
intense activity within this cephalically
directed brain stem system, contributed to
either by liminal inflows from peripheral
receptors or preserved intrinsically, may be
an important factor contributing to the main-
tenance of the waking state, and that ab-
sence of such activity in it may predispose
to sleep,

Bremer's fundamental discovery (1935,
1938) that the FEG of the unanesthetized
cerebrum, isolated from the rest of the
‘nervous system by mesencephalic transec-
tion, resembled that of an intact brain in

natural sleep or under barbiturate anesthesia,

led him to the conclusion that sleep is the
result of deafferentation of the cerebral
cortex. Afferent impulses from olfactory

and visual receptors are still accessible to

such a '‘cerveau isolé", and more recent work

has indicated that sleep changes. in the EEG .

are best produced by basal diencephalic in-
jury {Lindsley, Bowden and Magoun,
1949). But putting these qualifications
aside, it should be pointed out that at the
time Bremer's discovery was made, classical
sensory paths were the only known con-
nections ascending through the midbrain, to
the interruption of which the ensuing sleep
changes in the “cervean isolé" could be at-
tributed. The present identification of a
second, parallel system of ascending re-

ticular relays, whose direct stimulation in--

duces EEG changes characteristic of wake-
fulness, now raises a possible alternative in-
terpretation of Bremer's observations, for the
nhvious ‘question arises: is the production
of sleep in the cerebrum, following mesen-
cephalic transection, to be attributed to de-
afferentation in the strict sense, or fo the

.elimination of the waking influence of the’
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ascending reticular activating system ? Two
lines of evidence favor this latter possibility,

As regards barbiturate sleep, Forbes et
al {1949) have recently pointed out that the
ready conduction of afferent impulses to the
cortex under deep barbiturate anesthesia is
inconsistent with the view -that the sleep-
inducing properties of these drugs depend
upon. functional deafferentiation.! Conver-
sely, it has been found in the present study
that under barbiturate anesthesia, bulbo-
reticular stimulation is much less effective
in activating the EEG than in a c¢hloralosane
or unanesthetized preparation. The fact that
hypothalamic stimulation is effective under
such anesthesia (Morison, Finley and Lo-
throp, 1943; Murphy and Gellhorn, 1945:
Jasper, Hunter and Knighton, 1948) sug-
gests that the blocking of reticular relays
within the brain stem may be involved in the

production of sleep by barbiturates,

As regards sleep. induced by rostral brain
stem injury, prolonged somnolence has fol-
lowed chronic lesions in the basal dienceph-

alon and anferior midbrain which did not

involve afferent pathways to the cortex, but
which were placed medial and ventral fo
them in the region of distribution of the as-
cending reticular activating system (Ingram,
Barris and Ranson, 1936; Ranson, 1939}, and
similar results have followed imjury to this
region from tumors (Fulton and Bailey,
1929) or encephalitis (von Bconomo, 1918:
Richter and Traut. 1940) in man.

Though scinnolence was incontestable,
EEG studies were not undertaken in the
animals or patients to which reference is
made, but more recently Ingram, Knott and
Wheatley {1949) have studied alterations in
the EEG following chronic, experimental
hypothalamic lesions, and the results of
acute basal diencephalic and lower brain
stem destruction are reported in the suc-
ceeding paper (Lindsley, Bowden and Ma-

1 This argument would appear fo apply oalv to the
ronduction of a single afferent volley, W. H, Marshall
(J. Neurophysicl, 1941, 4 25-43) has observed im-

- pairment of conduction of repeated afferent volleys

to the cortex under nembutal anesthesia, due to great
prolongation of thalamic recovery time. -
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goun, 1949), In the latter investigation,
sleep changes in the EEG, identical with
those of barbiturate anesthesia, resulted from
basal diencephalic and anterior midbrain le-
sions which spared sensory pathways to the
cortex, but interrupted the rostral distribution
of the ascending reticular activating system.
Conversely, extensive deafferentiation of the
cortex, by section of ascending pathways in
the lateral portion of each side of the mid-
brain, together with bilateral interruption
of the optic. and olfactory tracts, fazlecl to
induce such alterations,

The conception of sleep as a functional
deafferentation of the cerebrum is not op-
posed by this evidence if the term “deaf-
ferentation” is broadened to include inter-
ruption of the ascending influence of the
brain stem reticular activating system, the
contribution of which to wakefulness now
seems more important than that conducted
“to the cortex over classical sensory paths.

SUMMARY

1. Stimulation of the reticular formation
of the brain stem evokes changes in the .

EEG, consisting of abolition of synchroniz-
ed discharge and introduction of low voltage
fast activity in its- place, which are not
mediated by any of the known ascending or
descending paths that traverse the brain
stem. The alteration is a generalized one
"but is” most pronotinced in the ipsilateral
bemisphere and, sometlmes, in its anterior
part. .

2. This response can be elicited by stlm—
vlating the medial bulbar reticular forma-
tion, pontile and midbrain tegmentum, and
dorsal hypothalamus and subthalamus. The
bulbar effect is due to ascending impulses
relayed through these more cephalic struc-
tures. . The excitable substrate possesses a
low. threshold and responds best to high fre-
quencies of stimulation.

3. Some background synchrony of electro-
cortical activity is requisite for mamfestatmn
of the response. In the “encephale isolé”,
ticular stimulation has no additional effect

upon the fully activated EEG, With syn~

chrony, in spontaneous drowsiness or light
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chloralosane anesthesia, the effect of reti~
cular stimulation is strikingly like Berger's
alpha wave blockade, or any arousal reac~
tion. In full chloralosane ampesthesia, high
voltage slow waves are blocked but no in-
crease in lower amplitude, fast activity oc~
curs. With barbiturate anesthesia, the re-
ticular response is dszzcult to elicit or is
abolished.

4. In the chloralosane preparation, the
secondary cortical response evoked by a
sensory volley is gemerally unaffected by
reticular stimulation.. Consequent sensory
after-discharge is abolished, however, as is
pyramidal tract discharge and jerky move-
ments referable to it. Outside the sensory
receiving area, -secondary responses them-
selves may be reduced or prevented,

5. The convulsive spikes produced by
local strychnine and those of a fit following'
supramaximal cortical excitation, are mnot.
decreased by stimulating the reticular forima~
tion. _ '

6. The cortical recruiting response indug-
ed by low frequency stimulation of the dif-
fuse thalamic projecticn system is reduced
or abolished by reticular stimulation.

7. There is seme indication that the cor-
tical effect of reticular stimulation may be-
mediated by this diffuse thalamic projection
system, for synchronized activity within it is
similarly prevented by reticular excitation,
and direct high frequency stimulation of this
system, ‘within the thalamus, reproduces the
reticular response. It is possible, however,

that other mechanisms may be involved in its

mediation.
8. The reticular response and the arcusal

‘reaction to natural stimuli have been com-

pared in the “encéphale isolé”, in which
EEG synchrony was present during spon-
taneous relaxation or was produced by rex
cruiting mechanisms, and the two appear
identical, R

9. The possibility that the cortical arousal
reaction to natural stimuli is mediated by
collaterals of afferent pathways to the brain
stem reticular formation, and thence through
the ascending reticular activating system,
rather than by intra-cortical spread follow-
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ing the arrival of afferent impulses at the
sensory receiving areas of the cortex, is un-
der investigation.

10. The possibility is considered that a
background of maintained activity within
this ascending brain stem activating system
may account for wakefulness, while reduc-
tion of its activity either naturally, by bar-
‘biturates, or by experimental injury and

disease, may respectively precipitate normal

sleep, contribute to anesthesia or produce
.pathological somnolence,

- CONCLUSIONS

Experiments on cats have identified a
cephalically directed brain stem. system,
the stimulation of which desyachronizes
and activates - the 'EEG, ~replacing high-
voltage slow waves with low-voltage fast
activity, . ' .

This system is distributed through the
central core of the brain stem and appears
to comprise a series of reticular relays
ascending to the basal diencephalon. Its ef-
fects are-exerted gemerally upon the cortex
and are mediated, in parxt, at least, by the
*diffuse thalamic projection system.

Possible implication of this system in the
arousal reaction to afferent stimulation and
in the maintenance of wakefulness is dis-
cussed. '
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,J and 7Concgrh'itran-t Phenm;mna_,_ _
uring Sleep! -

igene Aserinsky® and Nathaniel Kle.itﬁia'n

ﬁartmﬂst of Physielegy, Umwrs#y of Cbimgo,
icago, !Ikm;s

Blow, rolling or pendular eye movements sueh ag
heen observed in sleeping children or adults by
etrusky {1}, De Toni (£), Fuchs and Wu (3), and
idreev (4), and in s_leep-and snesthesia by Burford
} have alzo been noted by ns. However, this raport
ile with a different type of eye movement—rapid,
ky, =nd bincenlarly symmetricel—whick - was
¥ described elsewhere (6).
he eye movements were recorded quantitetively as
ctmoeulogra,ms by employing one pair of leads on
swperior and inferior orhital ridges of ohe eye to
et changes of the cornec-retinal potfential in a
fical plane, and another pair of leads on the in-
nal and external eanthi of the same eys to piek up
the horizontal component of eye movement,
(] pobentmls wore led info a Grags Eleetroencephal-
doraph with the EOG? channels set at the longest
pidAided by a grant from the Wallaoe O, and Clara. A, Ab-
it Memorlal Fund of the University of Chicapo.

Ei4Public Heelth Service Regsarch Fallow: of the Nationel
natitote of Mental Health. :

T

F.

_-ﬁ««w-‘. o

o 1, Sample reeord exhibttlng rapid eve movaments 1q
2 gleeping aubject. RV = vertical leads on wight eye: RH-
horizontal leads -on right eye; RF =rtight frontsal. (]3']1."('5L

Ca.lihration {238 ::: g‘ﬁ IB‘E &IRH ; paper speed : 10 s
tlma eonata.nt Brain waves, ]_ui and jaw musele a6
tivity, and elecirode movement introduced superfinon
potentials which severely hindered the identificatio
of gye movement potentials, To eliminate this- 4iff
culty, & menopolar recording wag made gimultans
omsly from the frontal area {and-oceasionally from
the anterior temporsl area) to be compared with th
bipolerly recorded electroosulogram, In this way, th
eye movement ‘potential conld be recogmized- easily, a
8 wave in phmae on the monopoley and -bipolar. ye
cordings, but with a potential from 2 to 4 time
greatér on the latter recording, Note that the gain.get
tings (Fig. 1) for the ‘hipolar recording (RV) anc
monojolar recnrd_mg (RF) were adjusted so that ax
equsl excursion of both pens algmﬁed that the b:.pulm
potential was actually 4 times greafer than the mono
polar potentizl. The eriterion for. identification . of
" eya movement wis confirmed by diveet observation of
saveral subjeets under both weak and gradual]y inten
sified illumination. Under the latter. condition, motior
pictures were taken of 2 subjects withoub awalening
them; thereby further confirming the validity of ‘om
racording method and also the synehromm’sy of eyt
movements,

- Twenty normal adult subJects were employed i
goveral series of experiments a,lthough not s}l the gab-
Jjoets were involved in eacls geries. To confirm the con-
jecture that this partienlsr eye aclivity wes .asso
ciated with dreaming, 10 sleeping -individuals in 14
‘experiments were awakenod and interrogated. during
the- ogeurrence of this - eye motilily and zlso. after
period of af least 30 min tp 8 hr of ocular quiescence.
‘The pariod of veular irmckivity was seleeted on the
basis nf the ERG pattern to represeat, as. closely as
possible, a depth of sleep comparable to- thet present
during ceular motility. Of 27 interrogations.during
ocular motility, 20 revesled defailed drearns:usually
mvolwng visual imagery; the replies to the remaining
7 queries ineluded eomplete failure. of recall; or lag;

“the feeling of having dreamed,” hut mth ma.bﬂlt- tb

- s Heetrooculegram. -

. grs

From Aserinsky E, Kleitman N. Regularly occurring periods of eye motility, and concomitant
phenomena, during sleep. Science.;118(3062):273-274. Reprinted with permission from AAAS.
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,renallecﬁ umr deta.ﬂ oi the dream Of 29 mterroga.hons . pe
i fajlui

mto the ot.her 2. cs.tegones. Reoogm.mg the  inade-

‘judeies-of employing a x? test for the mdependenee of. .dete

-the. 2 groups of interrogations, the. probability hever-

‘thefess-on a.x? basis is'that the ahility to recall dreams. '

i8. s1gmﬁcgmt1y assiciated with the presence of the
reye movements noted, with a p value of less:than 0.01,
. Eleven subjecis in one series of 18 experiments
were perm:tted to sleep umntenuptedly throughout
ihe. n:ght: Thé masn duration of sleep was 7 hr. The
“first mppearance of & pattern -of yapid;. jerky eye
. movernents was from 1 hr 40 min to. 4 hr 50 min (3

‘hr 14 min; mean) after going to bed. This pattern of .y o :

-oye. motility -was. of variable duration. and freqnently
diseppéared for'a fraction of ‘4 minute or for several
‘minnpes:only to reappear and. _t.’us ypeer- s tumber of

fimes, . The’ Period fron. the nset pof the firat recog- .

mza.‘nle patbern to. the dissppearanee of the last pat-
B '-6"053mmwithameanof29mmA
v eye mmment pattems appeareﬁ

ring slespr, An.eys‘movement
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S’Z@" Characteristics of Infants'

N'ATHAI.NIEL KLEITMAN axn THEQDORE G. ENGELMANN.
From the Depaviment of Physiology, University of Chicage, Chicego,
fllinois

ONTHE rASIS of older reports in the medical literature, the Children’s Bureau
(then of the Department of Labor), in its folder on the subject, published in 1937

(x)y suggested that at birth an infant required 20—22 hours of sleep per 24 hours, and
st 6 months (including daytime naps) 16-138 hous. - However, published figures

“ showed that actually few infants had the ‘required’ amount of sleep. From 624
. ecords of 1oy infants, obtained by the parent interview method, Thompson (2)
. found that tbe duration of sleep of infants was 1.8 hours in the fourth week of life
" and gradually decreased to 15.0 hours in the 28th week, That even these figures

-were probably too high was realized by Thompson herself, as she had no way of de-
- {ermining the fraction of the time that the infants were awake, though lying quietly

in their cribs. Precise information was obtained by the laborious method of con-
tinucusly watching a new-born infant during the first 15 days of life. As summarized
by. Gesell and Amatruda (3), the figures for the particular infant show that it slept
o1 the average, only ahout 62:5% of the time, or 15 out of every 24 hours. Further-

more, even at this early age there was a disparity between the incidence of sleep in

the daytime (27%) and at night (35.5%). These figures were in line with the earlier
ohservation of Marquis (4), made on four neanates on a self-demand feeding sched-

ule; that the interfeeding intervals were, on the average, 2.86 hours by day and 3.6x

hours &t night, with the day-night difference for each infant statistically significant.

She 2lso noted that periods of quiet exceeding 3 hours predominated at night (23
“6ut of 28), whereas periods of less than 2 hours of inactivity occurred mainly in the

daytime (34 out of 48). Still, the widely-circulating Infant Care, the eighth edition
of which was published by the Children’s Bureau (now of the Federal Security
Agency) in 1952 {5) maintains that “for the first week or two a baby may be awake
only about 2 hours out of the 24”, and that at 6 months the total duration of sleep
may be 15-17 hours—a decrease of one hour from the rg37 figures. .

The data of Marquis and those of Gesell and Amatruda called for a reevalua-
tion not only of the currently accepted figures for total duration of sleep in the young
infant, but alsc of evidence of very early acculturation to the diurnal pattern of

community and family living,

METHODS

The use of costly recording equipment limited the number of subjects (10 boys
and g girls), and we chose thoge whose parents were either University students or

 professional people living in the University neighborhood. Observations usually

" Received for publicatien July 8, 1933.

1 Aided by & grant from Swift and Co., Chicego, Iil Abstract of preliminary communication

in Pedevation Proc., 107 73, 1051,

Reproduced with permission from The Am. Physiol Soc.
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tained by this device.

- by the infants, prior to, during and immediately following daytime naps, thit

270 NATHANIFL KELEITMAN AND THEQODORE G. ENGELMANN Velwme 6

started within a few days after the return of the mother and baby from the hospital
and thus comprised the span from the 3rd to the 26th week of life. It was decided
not to carry the study beyond 6 months because at that age, as shown by their diur-
nal body temperature curves (6), the infants are well accuiturated, and, more im-
portant, they no longer ‘stay put’ when placed in their cribs.

The mothers were supplied with mimeographed daily data forms with two cel-
umns of 12z hours each corresponding to the calendar day. There was ample room for
reporting events on & quarter-hourly basis, and a simple code letter and line system-
made notation easy, thus encouraging full reporting. The forms were collected every.

week or oftener and the contents checked with the mothers while the events were

still fresh in their minds.
More objective data were obtained by means of a mechanical recording deviee’

. attached to each crib on the incidence and magnitude of the babies’ movements

(except for the time they were ocut of the cribs). The records (actograms) consisted:
of continuous tracings on waxed-paper tape driven at a rate of 3% in/hr. by 2 SyI-:
chronous electric metor. One crib had, additionally, an electronic device (detailed.
description in another paper) having an electric clock running only when the infant;
moved, and every summated minute of activity run-up on the clock was aute::
matically marked by a signal magnet on the actogram. Data on two infants were ob

The mothers were required to enter on the daily data forms, as accurately a.‘sé
possible, a) the time the infant spent in and out of the recording crib; §) the timg}
asleep and awake; ¢) the time of feedings and their nature (breast, bottle, spoon, etc)ﬂ
and amounts fed in ounces or teaspoonfuls; and 4) baths, diaperings, outings, erying:
spells, play, etc.; also sicknesses and inoculations. They were expected to see tha}
their babies received & monthly pediatric check-up while they were subjects in
study. Finally, they began, not earlier than at the age of 6 weeks, a feeding program
with the pediatrician’s consent, calling for: ) meat, in a finely divided form, at [ed
once daily for 2 weeks; b) no meat for z weéks; ¢) meat, at least once daily, on alté
nate days for 2 weeks. This 6-week feeding schedule was followed until the infan
reached the age of 26-28 weeks. . T

A large sheet of graph paper (K. and E Simplex 8 x § cross-section, illnstrated;!
fig. 3) was used for a condensed account of each infant’s collected entries. A sioglé
line was given to each 24-hour period, with divisions for 2 hours, 1 and guarter hotls
Blackened stretches of these lines represented periods of sleep. Every eighth horizdiE
tal line was left blank, thus breaking up the record into weeks, The week wasL
smallest time unit used for tabulating the development of the sleep-_wakeﬁl} =
pattern in the individual infants, as well as for composite figures on all the subj
Tn the latter case, data for boys were grouped separately from those for girls:
larger time unit, the 4-week interval, of which there were six within the time-8p:
of obsérvation, was utilized for determining the longer range changes in the diff
distribution of sleep-wakefulness, feedings, and diaperings,

By arrangement with, and at the convenience of, individual mothers,
notations of the infants’ behaviors were made by two observers who concedil
their attention on the different positions assumed and types of movements €xe

taining information on sleep characteristics not furnished by the mothers, nok
vealed by the actograms. ' %
An attempt was made to determine the amount of activity as well as tlle_‘_
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svement associanted with the onset of ‘frank’ sleep and with waking from such
. «Frank’ sleep was defined as a period of 15 minutes or more, occurring after
decp ::losul'e: during which no muscle activity was chserved.

The subjects were nine of the infants (g males and 4 females), ranging in age from
36 months. They were observed in their homes during momings and afternoons,
Erl:ﬁle lying in specially constructed ecribs described above. As these observations
:e re made during the summer months, the infants were xarely covered. Thus were
..the,v more iree to move than if weighed down by several blankets, and their move-
gents were more easily observed,

Notes were made of all motility occurring during each minute of the observa-
jign period. Symbols of two kinds (letters and numbers) were used to denote the
various types of movements. The letters referred to the part of the bedy involved
as well as to posture and the numbers referred to the type of activity, which also

included sounds. To score the amount of activity per minute, three categories were

gsed: low (one recorded movement/min.), medium (2-3 movements), and high
(4 or raore movements), Later the individual ebservations on each infant were com-
pined into & single curve giving that baby’s activity pattern, \ :
Closure of the eyes is a generally accepted behavior feature associated with the
process of going to sleep. In this phase of the study an attempt was made to describe
in detail the types of eye movements (both of the eyeballs and of the lids) and their
changes in relation to the onsct of sleep. Fourteen infants (8 males and 6 females),
ranging in age from 1-6 months, were the subjects for direct observations. In all
cases the infants were studied while they lay in the specially constructed cribs
which recorded general body motility upon a moving tape. The observer inscribed
ugon this tape symbols denoting the state of the eyes, whether open or closed, and

-also the movements as they occurred. For recording eye movements, such as blink-

ing, a signal magnet was set up whereby a mark was inscribed by the observer.

RESULTS

Data obtained were treated under several headings: variation in the duration
of sleep per 24 hours in each of the 24 weeks of observation, with a similar deter-
mination of the number of feedings and diaperings per day; the diurnal distribution
of sleep and wakefulness as well as the incidence of feeding, by hours, for six suc-

cessive g-week periods; direct observation of infants during afternoon naps and the

reinterpretation of the motility records in the light of these cbservations; lastly, the
effect of meat in the diet on the several sleep-wakefulness characteristics Investi-
gated. '

The total duration of sleep and its variation in individual infants are shown
in table 1. The mean values, based in part on the data supplied by mothers, but
earrected by the information obtained from the actogram records, are ali much lower
than had heretofore been accepted for infants in the age range studied. Not only were
there no summated durations of sleep of 21-22 hours/day for even the youngest
infants, but, as can be seen from table 1, out of 2873 infant-days, on only 43 (slightly

“over 2.5%) was the total sleep 18 hours or over, and this was more than balanced

by the 128 days (4.5%) when the sleep per 24 hours was under 11 hours. Further-
more, the total sleep of individual infants, arranged in an ascending order, ranged
from a mean of 49% {11.76 hr.) to 68% (16.32 hr.). The figures for several infants
show good normal curve distributiohs, with the modes ranging from a low of x2—
12.99 hours to a high of 16-16.90 hours. The frequency distribution of the total
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hours of sleep per 24 hours for the whale group of infants, in the farthest right col
umn of table 1, fall into 2 much smoother probability curve, whose mode of 14-14:65
hours is exactly midway between the extreme values for-individual infants. i
' The progressive changes in the total duration of sleep for the group as a wholg
in the course of the period of observation are given in table 2, It can be seen from the
latter that the group mean total duration of sleep in the 3rd week was a little under
15 hours, and it remained fairly. constant, with minor fluctuations, till the zg4th
week, inclusive—the first half of the period of observation. During the remaining
12 weeks there was a gradual but consistent decline to a Jow of 13 hours and 48 n:unisa
utes for the 26th week. There was thus ne change in.the total duration of sleep di
ing the first 3 months of the group’s postnatal life, and a mean decrease of only
hour in the second 3-month period. . -
More revealing are the variations in the sleep-wakefulness partition for the tw
rz-hour halves: the night fraction, corresponding (with slight variations for in

. TaBLE I, FREQUENCY IISTRIBUTION OF HOURS OF SLEER/24 HR, OF INDIVIDUAL INFANTS DURENG WHOLE PERIGD
oF OASERVATION (WEEES 3-20)

Duration . .
of sleep . Tnfants .
Ay 63 1M IR §M SF 2M 4F M I0M OF 3F BF AW 2F M M SF JOF M Ten

kb 21 ) .
8- B.op B I .2 4 H .
= 9.0 1T ] 4 4 1 It
1I0-10.9G 26 1% 5 11 b 2 2 3 3 I
11-1Y.09 34 " 22 9 I3 ¢ Iz 4 3 8 o g kS 2 R § I
L1200 57 27 33 40 33 29 et o 13 1 13 B .6 W 6 6 3 =2z 1
13-15.00 25 =¥ 55 ST 55 &4 4T Ip 40 3 33 41 mr 19 o 31 T2 13 - 3
E4=14.00 I 16 26 M 497 47 3@ 20 27 3% 51 45 M 40 3o 18 =4 23 IS
15-15.00 4 I ¢ 8 ae a6 3 16 37 33 35 42 44 43 36 32 3 2 43
16-16.59 3 7 1 B 314 1 1o 14 w0 =25 14 26 32 37 26 a6 25 5r
IP-I700 t 3 3 4 5 4 B ¢ 7 5 ¥ 12 2 27 W MW B’
18-18.00 2 t r T 5 1 1 8 5 1% § § % -
10-1¢.50 r 2 T 2 I 1 4 %
20-20.0G o 3

Mean  dura.

- tionofsleep, .
o 49 53 55 55 57 59 Go o fo So b1 bz f4 64 65 &5 £5 G 68 3

‘vidual infants) to the hours of 8 raf. to 8 AL, and the remaining day houss, 8;
to 8 pax., also shown in table 2, The mean duration of the night sleep for the gt
was 8% hours for the 3rd week. This gradually rese to reach and then surpas
hours during the roth week and thereafter remained remarkably constant
end of the 26th week. An entirely different variation was found in the mean
duration of sleep for the 8 A. to & P, interval which even in the 3rd week was
quite 6 hours, or 2 hours under the duration of the night sleep. The total
the day sleep decreased slowly and continuously until it was a little over 33 ho
the s6th week. For the fixst half of the period of observation (weeks 3-14) th“_"'
crease in the day sleep almost exactly balanced the increase in the night sleePs;
thereafter the decreasing values for the day sleep completely accounted for th
gressive falling-off in the total duration of sleep per 24 hours. o
The constantly increasing influence of acculturation, and the resulting _dl_
between the day and the night sleep-wakefulness demarcations, are shown in
eurves of figure 1. The day-night asymmeiry already present in the first 475
petiod (weeks 3-6) becomes more pronounced in the following five periods:
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1g]1t portions of the curves (8 P, to 8 aM.) are well established during the third
4-weak period. However, in all six penods the incidence of sleep is greatest for the
hours of 1~3 A, the fra.ctwns of time being spent in sleep during these 2 hours,
for the six penods being, successively, 0.795, ©.8p5, ©.955, c.g70, 0.985, and 0,98z,
fhe day halves of the curves show two characteristic features. One is that the lowest
inmdence of sleep was not in the middle of the day, but toward its end, corresponding
to the evening meal hours, For the first three periods the hours w1th the least sleep

-::-T&BLE 2, VARIATION IN MEAN DURATION OF INFANTS' SLEEP FROM SRD—26TH WEEK OF LIFE,
EXFRESSED AS PRACTIONS OF TOTAL TIME AND AS CORRESPONDING HOURS, AND MEAN
.NUMBERS OF FEEDINGS AND DIAFERINGS/DAY

Da Ni T

] MNu i h £ h b4 ‘h F Di
10 .530 6.36 ol 8.50 617 14. 86 7.3 0.2
L4 .53 6.44 - 994 8.33 618 4.9 6.9 9.0
I3 .523 G6.28 o3 8.42 6137 14.70 6.7 g.2
6 503 6.04 Loz 8.42 JHo3 14.460 6.6 9.1
18 T2 5,66 724 8.6g 598 14.35 6.2 8.9
o 457 5.48 - .783 0.04 .Gog r4.52 6.0 8.6
19 456 5.47 -769 0-23 O3z - 1470 5.9 8.7
19 440 5.39 707 9.56 B2z 14.05 5.4 8.3
Ig .432 5.8 8oz 0.64 618 14.82 5.2 8.7
Io 413 4.00 B4 10,05 L6277 15.01 3.9 8.7
19 . 405 4.86 840 T0.04, Oz 14.90 4.7 . 8.1
10 400 4.91 833 10.91 22 14.92 4.8 8.2
19 386 404 B3z 10,01 611 14.65 4.7 8.r
18 359 4.43 .B34 10,12 613 14483 4.0 B.y
18 361 - 4.33 856 10,13 .08 4.4 5. 3.9
1] .3064 4.34 845 10,07 .bo3 4.4k 5.0 8.9
13 353 4.4 828 G.05 .500 I4.10 5.0 8.6 .
18 .352 4.22 836 10.02 .594 4. 24 5. g.5
18 .335 4.02 837 15.02 587 14,04 5.2 8.5
18 .3290 3.95 838 10,03 .584 13.98 5.0 8.7
18 338 4.0 B30 10.04 .58p 14.10 5.0 8.5
18 .342 3.86 841 10.05 _.582  13.01 5.0 8.4
17 .3I8 3.82 B4z 10.00 578 '13.38 5.0 7.9
16 .golL 3.61 348 10,08 - 575 13.6p 5.1 8.0

7 W, week of life; Nu, number of babies; De, day interval, usually 8 a.4.-8 p.ar; I4, night in-
Bval, l-lsualiy 8 P.A~8 Ay T, 24-hr permd of day and night; F, feedings; D4, dla.penng, F, frac-
lcm. of period; 4, correspnndmg ‘houss.

Vﬂfe 6-8 p. M., and for the last three, 5-7 p.u., the corresponding six values of dimin-
ihxng s].eep fractmns were 0.460, 0.395, 0.295, ©.245, 0.225, and ©.100. The other
sature is the establishment of regular daytlme nap-periods of 16 A4, to noon, and
AP A suggestion of these can be seen in the curves for the third and fourth
%nods (weeks 11-18), but they are definitely marked-out in the last twd periods
Reeks 19-26).

The mean number of feedings per day, starting out with zbout seven, dropped
[.J“‘“ under five by the 1ath week (table 2) and thereafter, following a further slight
ftrease during weeks 13-15, rose to about 5, where, Iike the duration of night sleep,
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it became stabilized. That the decrease in the number of feedings was due mainl

&

to the elimination of the night feedings is shown by a breakdown of the incidence of

)

A

2 WEIKS A~é

:‘ %

o Towers 7l

Fig. 1. The sleep-wakefulness pariis;
I, WElkE 1 - it tion in each of six successive 4wk, peridd
of observation. Twenty-four hourly fra
tions of the day from 8 436 are indic
in the abseissae of the lower-most se
" but apply to all the sections, The hei
of the column above each hourly divi
as indivated in the ordinales, repres
the mean fraction of the hour that
group waz awake. The arca below
. line of demercation thus represents
total fraction of the 24 hr. that the infayl
were. awake. Conversely, the areas ab
the lines of demarcation represent ihi
corresponding sleep fractions. Total mean
duration of sleep fipures for the sucesy

-;_____.* " sive 6 periods were 14.70, 14.03, 14055
14.52, 14.11, and 13.90 br. i

X. WEEKE 13-3%

X WIEXS 23 -2%

feeding into day and night fractions, the former being quite uniform durin
periods and the latter dropping from a little over three to slightly oyar one b
beginning of the third 4-week period {fig. 2). The 2-hour interval of the highest
incidence of feeding was 57 p.ar. (parents’ supper time) and showed a gradua
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{067, ©.72, 0.74, 0.81, ©.87,.and 0.8¢ feeding in these 2 hours) through all six 4-week
‘perfods. The lowest mean incidence of feeding, occurring between 1 and 3 A,
showed a sharp drop in the first two 4-week periods (weeks 3-10) and remained
_constant, and extremely low, from then on (0.37, 0.14, ©.0%, 0.07, 0.03, and 0.03 feed-
‘ing in these 2 hours). '
. The mean numbers of diaperings per day averaged about 8% (table 2), and there
<was little variation in the several 4-week periods, except that they were slightly
“higher than the mean in the first (weeks 3-6) and a lictle lower in the last (weeks

IWiINS $-4
2 LW

IX. WEExs T2

i Fic. 2. Development of & | . IR WEENS /114
wnal feeding pattern through

M-
ithe six successive 4-wk. periods of | )
tobservation, Abscéssee are the same .2 . ’
ifs infig, 1. Ordinotes represent the | -

Emean. incidence of feeding for each
Lof the 24 hr. of the day and night, % W WEENSG 1510

Q’k value of one in the ordinate
“Would indicate that all the infants
:were fed during that hour on each I
‘of the 28 deys of the 4-wk. period, [
r2nd that never oecurred. "X WEINS 18-22

WL wiErs 23-24

L e ey gy
Bam Brm Y a0 " aan.

~26). There were, however, considerable variations in the mean number of diaper-
388 per day among the several infants, for some the mean value for the whole period
o observation being five or less, whereas for others it exceeded rr. Whether these
I!:lean bumbers depended upon the needs of the particular baby, or the over-solicitude
nr tegligence of the mother, was not determined. '

i Although the meat feeding was started in some infants at the age of 35-45 days,
§¢ treatment of the duration of sleep figures as related to that factor was confined
iR the lagt foyur 4-week periods {weeks 11-26). During these 16 weeks, it will be re-
i the duration of night sleep was constant and thus could have no bearing on
;;‘;-.e order in which the three schedules were staggered (2 weeks of daily meat feeding,
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from 2§ hours to & mean of 24.86 hours during the 4-week interval between
- middle of the 7th week and middle of the rxth. The mean fotal duration of s
. up to this point is slightly over 63% of the time, which is quite in agreement with.

'\)‘g
2 weeks of cereal substitute for meat, and z weeks of alternate meat and cefey)!
feedings). The results obtained revealed no difference individually or collectively
between the night hours of steep on the various feeding schedules, thus demonstrat.’
ing that meat feeding in no way interfered with the infants’ sleep.
In arranging the numerical data, the figures for the boys were always tabulated;
separately fromt those of the girls. The mean values for the two sexes were then ¢
pared and the. statistical significance of the. differences, if any, between the
group means, determined. Thus, it was found that as a group the gitls slept a little
longer than the boys, but the difference, about 15 minutes, was of no statistical
significance, and was found to result from some unusually low values for a few bo
A glance at table 1 will reveal that the two lowest mean sleep durations (49%
53% of the time) were those of boys (M), whereas for the two highest ones (65%:
and 63% of the time) the sexes were mixed. The difference between the mean Jongest!
unbroken sleep durations of the two sexes was much more proncunced, the figures:
being 8.4 hours for the boys and ¢.45 hours for the, girls, but the intra-group vari
tions were so great that even this large difference was not statistically significan
Tt was also found that the boys averaged a fraction of a féeding to a whole fi
ing more per day than the girls, and that the boys reguired about one more diapert
per day than did the girls, but these differentials were not significant. For other vatid
ables, the figures for the two sexes were 8o close and their courses criss-crossed o)
many times that there were no differences to evainate, '
One gir} infant’s adjustment to the community diwnal pattern was so str
as to merit special description. It was a first baby and its parents were sufficien
indulging to permit if to set its own sleep-wakefulness and feeding schedule. The &
and bottom of figure 3, in which the progress of this infant is shown, do not diff
from any other infant’s chart., They show an initial haphazard distribution of slg
and feedings and a terminal adjustment to an uninterrupted zo-hour sleep durd
the night (8 P.M. to 6 AaL), short maps and feedings during the intervening hos
But there the similarity ends. This infant began its adjustment by developing
25-hour periodicity, This is evident from the successive displacement to the right
the clusters of daily feedings, the white spaces of wakefulness and the bands:
‘long’ sieeps, which all together give the impression of a milky way running di§
onally acress. From the 4th to the middle of the 7th week a whole 24 hours was th
gained, and the milky way begins its second spiral. (It is best to envisage the ch
as the side-srface of a cylinder, with a circumference of 24 hours, slit along the rai
night line and laid flat. With a slight distortion, the lines would form a continugus!
time-line, 23 the end of one day is the beginning of the next.) The second turn of e
milky way is whiter, due to a partial consolidation of the sleep and wakefuln
fractions, and also slightly steeper, becanse of the shortening of the ‘diurnal’ pex

}
i

corresponding figures for other infants. The third spiral of the milky way has
much greater slope than the first two, requiring 7 weeks (to the middle of the 1oH%
week) to gain 24 hours, the mean ‘diurnal’ period being down to 24.5 hours. givs
mean total duration of sleep during the 7 weeks i question is down to 61% ©
time. From the middle of the 18th to the end of the 215t week, the consolidated:1d
sleep hours, as well as the much widened light space, appear stationary, indicat’i§
that the diurnal periodicity is now down to the astronomically correct 24 hoUg:
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‘However, community-wise the adjustment is far from perfect, as the long sleep
‘tarts at midnight or later. A secondary adjustment, involving a temporary shorten-
ing of the diurnal period to 23.86 hours, causing a leftward displacement of the night
fsleep to the 8 p.M. to 6 a.M. interval, occurred during weeks 22-24, and the last 2

" F16, 3. The incidence of sleep
id feeding in Infant 4F, from the
t1th to the 182nd day of life. Each
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‘;ﬁkﬁ of _observation again show a 24-hour periodicity, with adjustment, both
fonomical and social, complete. The mean total duration of sleep from the middle
; tae 18th week fluctuated about 57% of the time, which is again in accord with the
U periodicity prior to complete dinrnal adjustment, if their parvents were as in-
[ BEnt as those of infant 4F, is hard to say, but we noted a suggestion of spirals in
A chart of another infant, who enjoyed a complete self-demand schedule of feed-
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ings. However, the charts for practically all of the other infants show a rather defi.
nite, though not always sharp,.consolidation of the night sleep at the conventional
hours by the rzth~xz4th week of life,
Body Positions and Motility. Of the 45 observations made (38 male and 1y
- female) 40 (31 male and ¢ female) were suitable for this treatment. Because of the
small pumber of female observations in relation to male observations, it was felt that
no valid comparison could be made between the two sexes. .
In generzl, the amount of activity during the onset of sleep decreased gradu-
ally, though with minor fluctuations, from high to zero motility over a period of
about 20 minutes. Toward the end of this period, there were nsually several minutes
of quiescence, interspersed with minutes of low and sometimes medium motility.
The pattern of awakening with relation to the amount of activity was the reverse
of that during the onset of sleep, in that there was a rise from quiescence to high
motility, However, the rise occurred more quickly, and minutes of quiescence be-
tween minutes of low or medium motility were found less frequently. No age dif-
ference in the pattern of activity was discerned in. the group studied. ,
A somewhat different pattern than the above was observed in one male infant.
He showed not only a shorter period preceding ‘frank’ sleep, but also a sharper
falling-off in activity from high to zero, with single minutes of quiescence occurring
rarely. His awakening pattern was also more abrupt than that of other infants, usu-
ally rising from zero te high in a few minutes. - : .
As to type of movement during the onset of sleep, high motility was characte
ized by continuous.movement which tended to involve the whole body. The move:,
Thents were often so rapid that they could only be described as general body activity.
As activity decreased, individual movements were discernible, and they often in-
volved only a part of the body, as a turn of the head. The movements of the whoié,
body which did occur were of short duration and more reflexive, as a body jerk, than:
those diiring high motility. The type of movement observed during awakening was:
very similar to that during onset of sleep, except that the low motility periods showed.
differences in frequency of some of the movements. A comparison was made of the
last movement at the onset of sleep with the first movement after deep sleep. 10
hoth cases body stirrings occurred most frequently: 42 % of the time at the ops
of sleep and 48% after deep sleep. The second mest frequent movements WeIt;
turning of the head at the onset of sleep and body squirmings after deep sleep,boﬁﬁ
in 20% of the sleep sessions. While head turnings occurred after deep sleep and bod;
squirmings before, they were rather rare; The third most frequent movement Was:
body jerk: in 6% of the cases before, and in 9% after deep sleep. An age differen
in type of movement was apparent only during high metility, showing itself in 12
older infants in better coordination and a larger repertoire of movements. Durilg
the medium and low periods of motility the same type of movements were_ob:
served at all ages in our sample. o ' '

Eye Positions and Motility. Of a total of 119 daytime observations, there Wet%
obtained only 68 records (51 on 7 males and 17 on 4 females) which were suitab,_l_\?,fqg
analysis. In general, the eyes did not close abruptly during the change from Wit
fulness to sleep. Instead, there was a variable period in which the eyes alternaitd
opened and closed. While the eyes were closed, the eyeballs could be seen moving 2y
all directions. Vertical eye movements were less frequent than horizontal movener,
However, the vertical eye movements were rather prominent in the early period 25y
often pushed the lids upwards, so that the sclera or cornea was uncovezed. Whj]e
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eyelids were closed, the eye movement decreased. in frequency, until no overt activ-

ity could be discerned by the observer. These movements lasted a variable period
_up to a half-hour in one instance, but usually continued approximately s-10 minutes.

Body movements appeared to he present whenever eye movements were noticed.

However, eye movement often persisted for 2 few minutes after the cessation of all
.-body movement.
The period of ‘absclute’ quiescence or ‘deep’ sleep, in which neither ocular
nor body motility was observed, endured for a fairly constant limited range of time.
. The mean time for the group of infants was about 23 minutes, but the mean for in-
" dividual infants varied from 16.9~26.8 minutes. Neither an age nor a sex difference
:; was apparent. Eye movements either began abruptly with the first body movements
i"of awakening, or else preceded these body movements by a very short interval,
usally less than one minute. Generally, the period of ‘absolute’ quiescence ended
“-with an abrupt eye squinching followéd by eye opening and general body motility.
The infant then either hecame obvicusly awake (crying, etc.) or else went through
- another sleep period. _
*" One of the purposes for which direct cbservations were made of waking and
- sleeping infants, while they were in the ‘recording’ cribs, was to enable us better to
fevaluate the continuous tape records of their motility. It was thus possible to dis-
tinguish motility during sleep from that in the waking state and thereby to get
4 more correct figure for the hours of sleep, usually lower than derived from the
mother’s protocols, Further, the correlation of direct observations of body and eye
motility with the concurrently made autograms permitted the detection of short
sleep-wakefulness cycles, which could otherwise not be deduced from the tape rec-
i"ords alone. Three hundred and seventy-three such cycles were delineated In records
*of seven infants (5 boys and 2 girls), covering ro4 days, including, of course, the
" hours between midnight and 6 a.Mm., when the infants were generally thought to be
. continuously asleep. The motility patterns on the tapes indicated that periods of
:-‘absolute’ quicscence similar to those observed directly in the day time were in-
..terrupted hy intervals of activity in a fairly regular fashion. The mean duration
“of a complete sleep-wakefulness {quiescence-motility) cycle was about 1 hour. By
. camparison, direct observation of one infant at night revealed a mean cycle length
of §6.3 minutes, for three cycles, and similar observations of seven infants during the
day time yielded a mean value of 59 minutes, for 17 cycles.

Electronic Recorder. By its use, data were obtained on the actusl time spent

In motility, expressed in minutes per hour, by two boys: 17, between the 8th and
16th weeks of life, and r2M, between the rxth and 26th wecks. The diurnal fluctua-
tions in the time spent in motility closely paralleled the variations in frequency and
.amp_litude of movements, as revealed by the actograms, alse obtainable only while
- the infants were in their cribs, and, when charted, resembled the sleep-wakefulness
1 Curves shown in figure 1. The smallest time spent in motility was 2—4 min/hr., be-
“tween 10 P, and 4 AM., by rzM, and 1~2 min/hr. between 1 and 7 anL, by 72M.
As these were nightly sleep hours, infant motility is somewhat higher than that of
.admts_*» during sleep, the latter averaging about 30 sec/hr. (7). Highest motility, 16-
18 min/hr., was registered by zzM at 810 AM. and 7-8 par, and like his slecp
fotility, was only one half that much for 72, occurring for the latter from noon
t0 2 .M., and 8-g p.M. It should be remembered that the figures for the highest mo-
ity cited were ohtained while the infants were in their cribs, though undoubtedly
EI?Wake, and did not necessarily represent maximum activity of an infant, playing or

previous next >
page page

return to the
table of contents

@



),

retum to the
main menu

‘accurately when and for how long the infants were awake when presumed to b

" those of Gesell and Amatruda, but extend them to the end of the first half-yea

. first 3 months of life, but were able to add 1 hour of wakefulness during the sed!
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erying, outside of the crib. Therefore the minimal values, as obtained by the elec-;f:
- tromic recorder at night, while the infants were practically continuously in theiy

cribs, are probably.more representative of motility during sleep than the maximal
ones, obtained during hours partly spent outside of the crib, are of activity of in-
fants while awake. With this limitetion in mind, the total time spent in activity by
summating the means for the individual hours comes out as 3.75 howrs for rzlf;-
and 1.5 hours for rzM, per 24 hours. It is clear that wakefulness in infants is not!
synonymous with overt skeletal muscular activity. : :

Discussion

Although the findings of Gesell and Amatruda (3} that a neonate slept only 1
hours out of 24 seriously challenged the older notion concerning almost continuou
sleep of young infants, the figures applied to only one individual, who might hav
been an exceptional case; Furthermore, they were obtained by uninterrupted direc
observation for 14 days, and this is not only costly, but is inapplicable to behavio
studies under family home conditions. On the other hand, dependence on parents”.
reports alone is unsatisfactory, and & combination of the latter with actograms i
only a little better, if the motility records are not properly evaluated. In our study
concurrent direct ohservation and automatic recording of the infants’ motilify
enabled us to distinguish between wakefilness and sleep, and thus to deter

asleep, As seen from table 1, our fipures, gathered on 1g infants, not-only co

life. While our subjects as a group had a mode of 14-15 hours of sleep, individual
infants had their own ranges of total duration of sleep, with modes as low as 12
hours and as high as 16-17 howrs.

That there was a decrease of only one hour in the total sleep in the first 6 month
of life was also in conflict with accepted notions of a drop from 22 to about 26 hour
in"that length of time. This small change in total duration of sleep was overshadowed
by the dramatic distributional shift of early acculturation. This, too, was seen il
the neonate by Gesell and Amatruda, as well as by Simsarian and McLendon (8)
who also reported figures on only one infant, from the 3rd to r4th day of life. L
accurately determined, the mean duration of sleep of the latter neonate was I
hours, of which ¢ were at night and 7.5 in the day time. The inequality in the
tribution of the periods of quiet and the length of the interfeeding periods of f
newborn infants reported by Marquis (4) point in the same direction. We were ¢
to extend these pioneer findings, with weeks 3-26 fairly evenly divided into a)
weeks in which the decrease in day sleep matches an increase in night sleep, the 0
duration of sleep unchanged, and ») 12 weeks in which the decrease in the toté
duration of sleep is entirely due to a smaller day fraction, the duration of the niglt
sleep remaining the same. From the developmental standpoint, it may be said
the infants showed no increase in the total hours of wakefulness per 24 hours 12

3 months. )

The existence of a day-night disparity in incidence and duration of sleep 1
newborn, prior to acculturation, is probably related to differences in tempera
noise, and other extraneous periodicities of a diurnal wave length. The detectiol
25-hour sleep-wakefulness cycle in one infant (4F) suggests that there may,bea
ural’ rhythm which only has to be adjusted to the 24-hour alternation of night!
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¥ Under ordmary conditions, community and family routine of living is suffi-
¢ly dominant to prevent periodicity other than the 24-hour one from manifest-
jtself during acculturation.
Wlﬂl respect to the number of feedings per day, our data are in agreement with
'e of Marquis (4) and of Sinsarian and McLendon (8). The decrease from seven
'. gs to five per 24 hours is accomplished within the first 3 months of life, con-
itantly with the establishment of a continuous 1o hours of sleep at night, and is
4 a part of the acculturation process. Early feeding of finely pureed meats does
i interfere with this process,
3 Our data on number and type of body movements confirm, in the main, earlier
ults of Trwin (p), from whom we borrowed the system of notation, and of Marquis
). Aside from enabling us to interpret the actograms with greater accuracy, the
ot observations led to the detection of a fundamental rest-activity cycle of about
: hour, later modified, distorted, and in part abolished, by the adjustment to the
imal routine of living, This cycle has been previously described by several authors,
sbly Denisova and Figurin (11} who found that the respiration and heart rate
Jeeping infants underwent regular acceleration and retardation, with a periodic-
‘of about 5o minutes. Further treatment of this fundamental short-term cycle

| appear In another treport.

i

SuMMARY

- From protocols kept by their mothers on specially designed forms and continu-
75 actograms, the incidence and duration of sleep was followed in 1g infants, from
ﬁe ard to the 26th week of life, under family home conditions. Even the earliest
;' rds revealed a diurnal disparity, the mean group duration of night sleep being
Sy hours, as against 6.4 hours for day sleep. The adjustment of the sleep-wakefuiness
ta,ttem manifested itself mainly in a progressively more pronocunced diurnal permdlc-
&y, culminating in one leng unbroken penod of night sleep and short morning and

"For the several infants observed‘ the rate of act1v1ty at the onset of sleep de-
gradually, though not always steadily, to zero. During awakening, activity
veased mote abruptly than it had previously decreased and showed fewer fluctua-
Ls ot a more steady rise. Eye movements gradually subsided during the change -
m wakefulness to sleep. The complete cessation of ocular movement (as seen
directly) lasted for a less variable period, which was approximately 23 minutes for
‘the several infants observed. On the basis of eye movements alone, awakening ap-
ieared to be more abrupt than the onset of sleep.

. The afternoon naps or long night sleep stretches of these infants were not homo-
enéous, but appeared as rest-activity cycles which had a duration of considerable
ge, with & mean value of about 1 hour. The cycles were modified and often dis-
grted by feedings, play, noise, etc. At night, the infants genera.lly proceeded from
cycle to the next without any great outburst of activity., - .

| We thank Professor M. Edward Davis of the Department of Ohstetrics a.rid Gynecnlogy, and
i*Professor F. Flowell Wright of the Department of Pediatrics, of the University of Chica.go, for engag-
+ing the interest of the infants’ parents, and the latter for their splendid cooperation in the collection
data which made it possible, for the first time, to carry out a group study- under normal family
_-ll'nng conditions. For making the dirset observations of general body and eye motility, vespectively,

“weare greatly indebted to Mrs, Virginia C. Miller and Mr. Eugene Aserinsky; to the latter also for

" the analysis of the actograms that led to the detection of the fundamental hourly periodicity; and for
;. Asslstance in coding and tabulating the data, to Miss Disne Stewart-Alexander. )
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Two Types of Ocular Motility Occurring in Sleep

E. ASERINSEYL awp N. KLEITMAN. From the Depar!mmﬂ of Physdogy,
Undversity of Chicage, Chicago, Iinois

NE 15 LED to suspect that the activity
O of the extra-ocular musculature and
_ the lids might be peculiarly sensitive
indicatorg of CNS changes associated with the
sleep-wakefulness cycle. The disproportionately
large.cortical areas involved in eye movements,
the well-defined secondary vestibular pathways
to the extra-ocular nuclei, and the low in-
nervation ratio of the eye muscles point fo at
least a quantitative basis for their reflection of
general CNS activity. A more specific rela-
tionship of ocular motility to fluctuations in
the sleep-wakefulness cycle is suggested by
anztomical proximity of the oculomotor nuclei
to a pathway involved in maintaining the

waking state (1) and by the oddity that the

orbicularis oculi contracts during sleep while
other skeletal muscles relaz. Yet, in the'waking
state, there is a periodic contraction (blinking)

of the orbicularis ocull which is not paralleled -

by similar contractions of other muscles,

Despite the assertion in some fexthooks.

(2, 3) that the position of the eyeballs during
sleep is upwards and outwards, there is
abundant evidence that the eyes are znot
stationary throughout sleep. Some observers
(4-6) have concluded that the frequency of
eve movements decreased as sleep deepened.
On the other hand, Andreev (7), although
Conﬁnmug the existence of slow, pendular
swings of the eyeballs in sleep, clanned that

Received for publication January 25, 1955.

1 Work performed during the tenure of a U. S, Public

Health Service Fellowship. Present address: Depart-
aent of Physiclogy, Jefferson Medical College, Phil-

tdelphia 7, Pa.

those movements were characteristic of the
beginning and end of sleep, not necessarily the
‘shallowness (sic) of sleep.” Wagner (8) actually
employed lid movements (including those
resulting from eyeball activity) as a major
criterion in classifying the depth of sleep in

infants.

In none of the experiments cited above was
the activity of the eyeball recorded directly.
Thus theve retnained the question as to
whether lifting or touching the Iid. induced
ocular motility. Furthermore, with regard to
the studies on adults, no objective means of
determining the depth of sleep was mentioned,
nor was there any indication that observations
were made at regular and cloge intervals
throughout an entire night’s sleep. The

_purpoese of the present work was to re-examine

the condition of ocular motility during the
whole course of undisturbed sleep and to
clarify the relationship of the eye movements
to other events recorded simultaneously,

MATERIAL AND METHODS

Subjects and Procedires. One 1o-year-old hoy
and 26 adults including two women were the subjects
for the several sets of experiments. All were presumably
normal and in good health. Except for a series.of direct
observations and a. group of experiments involving

“interrogation of the subjects, it was unnccessaty o

enter the subject’s room.,
Prepara.nons were completed so that cach subject
could retire at his usual or preferred time. Except for

. the experiments involving a response to an auditery

gtimulug, the subjects received no instructions other
than to sleep until they awakened spontaneously in the
morning, Due to the length of the EEG and efectro-
otutogram leads, the onJy restraint upon the subject

Reproduced with permission from The Am. Physiol Soc.
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was the inability to make a complete body revolution. Since the EQG i8 in effect a bipolar recording of a -
However, this testriction’ did not entail any great moving dipole (eyeball), a monopelar recording should &
discomfort. yield a potential of about hal the amplitude, Indeed, |
Eye movements were recorded as an electro-oculo- it was found empirically that for 2 given movement of !
gram (EOG). The latter is a record of the changes of the cye, the potential recorded by the supra-orbital
the resting potential of the cye (corneo-retinal poten-  and infra-orbitel pair of leads was from 2 1o 4 times th
tial) with respect to fized electrodes near the eye. magnitude of the simultaneously recorded potentisl
EOGs were obtained by attaching silver plated disks  from the right ear and frontal EEG leads. The varia-*
filled with electrode paste on the supra-oshital and  tions were due mainly to the location of the frontal !
infra-orbital ridges midway between the canthi of the  electrode with respect to the eye and to the probability -
right eve. For the horizontal vector of eye movement, that the ear reference electrode was affected by the:
the electrodes were placed close to the inner and ex-  corneo-retinal potentinl and therefore not completely ;
ternal canthi of the same eye. When simultaneous inactive, , .
-records were taken of both eyes, a set of electrodes was ‘With the actual gains employed in the experiments, ;
placed similarly around the left eye, Elastic adhesive a deflection on the vertical EOG record was definitely !
fape (Elastoplast) secured the electrodes to the skin.  an eye movement only if it were equal to or greater i
The potentials were led into o 4-channel Grass Blectro-  amplitude than the corresponding deflection on the:
encephalograph and the power amplifiers set &t the frontal BEG record, the polerities being in the same:
longest time constant (EKG setting). direction. This was confirmed by having the subject:
EEGs were recorded monopolstly from the right move his eyes voluntarily while the lids were shut aad:
occipital and right frontal areas using similar type  then noting the effect on the BEOG end frontal EEG:
electradss, The occipital electrode was placed approxi~  as shown in fgure 1o ;
mately 3-4 cm aoterior, and 2~z cm Jateral to the A similar but mere complex relationship was found:
ecciput, and attached to the scalp by means of a low-  for horizontal eye mavements, comparing the hoyi-
melting paraffin, This placement aided in maintaining  zontal EOG with anterior temporal-ear leads. However,
the position of the clectrode despite the considerable  the vertical component of eye movement was found to]
head movements during the night. The reference elec-  be sifficient for detecting ocular motility and therefore
trode for the oceipital recording was on either ear. The  anterior temporal leads were rarely utilized. i
frontal lead was attached in the conventional location, Tt ia to be noted that in the absence of the eritetion;
and the right ear was used 25 the veference, The stand-  employed, eye movements could not be recognized
ard EEG time constant was emploved and the gain set  with certainty from elther the EOG or EEG alone. |
so that a 7.5 mm deflection was equivalent to 5o micre- A study of extremely slow eye movements would re<
volts, For specific anslysis of low awplitude compo-  quire o direct-coupled amplifier (x1). Despite the limi.;
pents, the guin ‘wag readjusted so that an 18-ora de-  tations of the Grass Electroencephalograph, many slow
flection equalled 5o micravalts, eve movements coudd nevertheless be detected on the
Body motility could be recognized as an artifact on  EQG, But-the various artifacts mentioned previcusly,
the EEG: in one set of observations, this type of move- * especially those due to respiration, made interpretation
ment was additionally recorded by means of a sensitive  of the EOG at times impossible, A method which:
crystal attached to the bed spring and compected . proved useful in establishing that cerfain waves on the;
through a 1coo-clun resistance directly into a Grass  EOG were definitely wof eye mavements involved com-
pre~amplifier, parison of two monopolar records taken simulianeously;
Heart vates were determined from electrocardio-  in the same plane of ocular rotation. For instence, in:
LIRS, : : - comparing records from the Tright inner canthus—;
Respiration was recorded through a pneumograph  right ear” pair of leads and the ‘right external canthus—
bound to the chest. Pressure tubing led to sn ink writer  left ear’ Jeads during a known eye movement, the e’}
in the recording room. Tecause the pneumograph  flections are of opposite polarity inasmuch as one active]
praved to be an impediment to restful sleep, no attempt  electrode becomes negative at the same time that the:
was made to prevent Iocsening of the band around the  other active electrode becomes positive. When deflec:
chest during the night. Consequently, no calibratfon  tions on such a pair of EQGs during sleep had the samey
was made to ascertain accurately the changes in the polarity, they were considered to be artifacts. The
depth of respiration. - limitation of this phase method was that the mono-';f
A rubber bulb taped to the subject's right hand en-  polar recordings were of lower amplitude than the!

abled him to activete a pneumstic devicg which re- 504l bipolar EOGs and consequently necessitated ani;

corded responses to a sound sigual. increased gain which introduced other interference intg;
Rvaluation of the Blectro-oculogram. When the . o0 . i
subject’s eyes are open it is relatively simple to recog- Confirmation of the validity of the eye movement,

”}uﬁ;’; smovements from :h:ﬁgoge(g; Even VM0 criteria wes obtained by direct observation. In addition)
- ; ) : t motion pictures were made simultanecusly witk EOGs,
distinctly recoguizable (10). However, ipvolumtaty on two adult subjects, showing typical eve mow,ment!’

movements such as occur during sleep are obacured by : X
Bumerous artifacts including those produced by miove: during eleep. For the photography, the lids were b]ack’f

ments of the electrodes, brain waves, Tespiration, skin  ¢ned with grease paint, and the illumination of the
potentials and muscle potentials as shown in figure 1 room elevated gradually over a peried of 2 houss _unﬁil
2 and & . the lighting was adequate. - : g i
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OCULAR MOTILITY IN SLEEP 3
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Fi6. 1. Record exhibiting typical artifacts and an eye movement on the electro-oculogram (EOG). {2) and (5},
EEG and body movement artifacts on the right vertical (RV) and right horizontal (RH) EOGs. {¢}, Voluntary
movement of the right eye in an oblique direction while the Jids were shut. EEG leads: right occipital (RO}, right

frontal (RF) and anterior temporal (AT).

RESULTS B

Two types of eye movements were obgerved.
First, there was a slow, lateral movement
similar to that seen in sleeping infants {12)
-and in adults during sleep (4, %} and anes
thesia (6). A single excursion of this type was
usually completed in 3-4 seconds; the highest
frequencies were in the order of the regpiratory
rate, ie. 15/min., whereas the lower frequencies
were less than. 1/min. Frequently, these move-
ments are binocularly asymmetrical. The
second type of ocular activity was character-
1zed by rapid, jerky motions of relatively short
arc and by completion of a single rotation in
about x second. This second type of eye move-
ment during sieep was initially described in
preliminary reports (13, 74) and is definitely
distinguishable from the pendular, oscillatory

motions representative of the first type of

ocular activity, Inasmuch as a nomenclature
describing. these movements is lacking, the
first type of movement will be referred to as

slow eye ‘movement and the second type as-.
" of the EQOG; z—less frequent but definite

rapid eve movement.
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Slow Eye Movement. The unceriainty of
identification of these movements from the
EQGs alone required direct observations to be
made simultaneously with the EOGs on six
male subjects including a 10-year-old hay.

Slow-eye movements were seen at the onset
of dleep and together with and after every
body movement thronghout sleep. When the
subjects were awake and when the alpha
thythm was deficite {subjects presumably
relaxed) these lateral -movements were es-
pecially prominent. However, these motions
were not discernible despite the presence of
alphs waves when the subjects were aware of
the observer’s presence. In the latter situation,
the lids usually quivered and it seemed that
an effort was being exerted to keep the eyas
closed. :

Figure 2 depicts the relationship of ocnlar
metility to body motility during the course
of a night’s sleep. The quantity of slow eve

movement was denoted in relative degrees:

3—frequent movement and high amplitude
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Fi6, 2. Relationship of slow eye movements to body motility during sleep. Solid FHue represents level of slow
e_',re movement frequency. Circles indicate occurrence of overt bodily activity.

movement and low amplitude of the EOG;
1—questionable movement on the bases of
both direct observation and the EQOG; o—no
discernible movement.

The ocular motility curve was based on
judgments of the continuous EOG as well as
from direct observations of the lids for one or
more minutes during approximately each
successive 5 minutes.

Eye movements were frequently present n
the absence of overt body meotility but were
always observed in the company of each body
movement, Periods of complete rwuscular
quiescence were relatively few; the mean
duration of such intervals of inactivity was

24 minntes, 55 seconds, disregarding a few’

intervals of 15 minutes or less which were
questionable, This figure was not significantly
different from the z3.4-minute mean for com-
parable periods of ocular and body inactivity
of sleeping infants (12). The slow eye move-
ments persisted for an average of 4 minutes
after a body movement which preceded a long
period of inactivity. However, the termination
of the quiescent periods was usually abrupt
“and marked by slow eye movement cccurring
at about the same time as a body stit. This
gradual deciine and sharp rise of slow eye
movement were also similar to the pettern of
ocular activity observed in the infants,
" The EEG during the long periods of ocular
: qmescenoe revealed - delta .waves or .definite
" 12-14/sec, spindles or a combination of both.
Although eye movements were never observed
in the presence of a predominant delia pattern,
some slow eye movements were cccdsionally
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seen concurrent with 14/sec. spindles which
appeared outside of those long periods of
ocular inactivity.

Rapid Eye Movemeni. Fifty- three serles of
observations were made on 23 adult males 2
ro-year-old boy and = adult fernales. -

From 1 to 5 hours (average, 3 hr.) after the
onset of sleep, the first group of rapid eye

" movements appeared simultaneousty in both

eyes. They persisted for a variable duration,
disappearing and then reappearing, until ahout
2o minutes later the last cluster of move-
ments could be discerned. After 2 hours of
ocular guiescence (including slow eye move-
ment) there usually occurred another period

of rapid eye movement which did not differ

significantly in duration from the first period.
Agdin, about 1} hours la'ter, a third peried of
such movement sometimes appeared. With
longer sleep, a fourth period of rapid eve
movement appeared. The interval between
successive eye movement periods was pro-
gressively shorter. Table 1 discloses the results
for sleep undisturbed by either auditory
stimulation or presence of the observer: Resulfs
for 2¢ additional experiments (not indicated in
table) were essentially the same; they included
sleep. which may have been disturbed. There
was a_ possibility that the onset of the second
periad of rapid eye movements was hastened
by a half-hour in the disturbed sleep.

" There was a high degree of correlation
between the number of rapid eye movement
periods and the duration of sleep. For sleep
lasting from 4 to 6% hours there were an average
af 1,7 perieds of eye movement compared with
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an average of 2.5 periods for sleep of 639
hours. The difference of the means wag
signiﬁcant' at the c.or level of probability.
Only four subjects fafled to reveal rapid eye
moverents, and that was presumably because
their sleep was of too short duration, lasting
less than 43 hours in all those cases,

The most characteristic feature of the EEG
2t the time of the rapid eye movement peried
was the low voltage pattern observable both
in the frontal and occipital leads; delta rhythm
of the usual amplitude was never seen.
Rhythms from 7 to 15/sec. which extend
from the alpha through the sleep spindle
ranges conld be recognized by careful perasal of
a zo-minute record. However, the outstanding
frequencies fell into the theta (4—7/sec.) and
heta (r5—22/sec.) ranges. ' A sample recerd
illustrating a simultaneous EEG and electro-
oculogram is shown in figure 3. A qualitatively
similar EEG pattern was frequently evident
before and aftér a rapid eye movement
period. Since almost all ranges of brain wave
frequencies can be found at any time during
sleep (15), & quantitative analysis would be
necessary to ascertain more exactly whether
shifts have taken place in the brain wawve
continuum hefore, during -and after & rapid
eye movement period.

- The -graphs in figure 4, constructed from
. two' experiments, show the mterrelationship
 of EEG pattern, respiratory rate and rapid

eye movement periods. The brain wave pat-
terns were estimated manually at. critical

times and designated as follows: r—low volt-
. age; z—low voltage, plus a few r2-i4/sec.
spindles; 3—clearly defined r2-14/sec. spindles
with a low voltage background; ¢—spindies,
plus delta waves; 5—mainly delta waves..

Clearly defined alpha waves, especially after

body movements, were ignored.

" The rapid eye movement periods appeared
concuirently with & low voltage brain wave

battern, but the latfer was not always ac-

companied by the eye movements, 3
 Respiratory rates before, during and after
apid ‘eye movement periods were calculated
from r5-minute intervals in each situation for

14 experiments involving 1 subjects. In all

th? cases examined there was a well defined
shift of inter-respiratory cycle duration to
higher frequencies during the eye movement
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TABLE t, DURATION AWD TIME OF APPEARANCE OF
RAPID EYE MOVEMENTS IN UNINIERRUPTED SLEEP*

Av. Pur ';Lme of Eime of ‘g‘ime of | riera-
Exp. Eyedvt. | ofget | ofand | ot gd | o8 of
Feriod | Beriod | Beriod | Period | Sl6%®
MHE 1—33 | 14" 27" | 428 [ 1i43’ 7120
MH 1-25 | ¢ 50" }ai4d! 6ioy
NG a2 o' 337 | 2:40' | 1i35° | opf |6irg
NG 24 1’ 12¥ | 1i30" [ 2130 553
DA 26 1g" 18" 129’ 148
g 1§ 3:20 59
DA 2 27" 39" | 2154’ | 2is3 6:z8
NE 30 | 15" 38" [a4tza’ | pisg 8:06’
D i-1o 29’ 30" |1:40" | 3145 | 38 |8ixd
1D 2-ar 23" 30" |2:57 | 2136”7 5i5%
AD 29 20f 12" | 4:168' | 2127 w148
AD 2-¥6 27" 30” | 3i52’ | 2:4% 7iz0”
DY a-13 16° ay” |zs27 | i1y | 3114 | 9ol
FB =18 14° 357 | 2:58' | 1148’ {I74F [ Bla48
JL 2-20 28" 50 | 2144’ |2to4’ | Ti1T | 62547
Mean...... 20" 08" Jai1g’ | 2:3¢ | 1126 | 7lol’

* The time of appearance of the first group of rapid
eye movements is noted in hours and minutes after
retiring, The oneet of subsequent eye movement
petiods is caleufated from the onset of the peried
occurring previously and is similerly in hours and-
minutes.

periods, The mean respiratory rate increased
approximately 20%, and this was significant
at the oot level of probability. Figure 4
shows clearly that certain peaks of respiratory
rate were associated with the eye movement
periods.

A gimilar increase of the heart rate was
likewise observed. Here the computations were
based on the average rates for zo-second

- intervals distributed throughout an eye move-
ment period and accounted for 25-60% of the

total duration of that period. Rates were also
determined for equivalent durations im-
mediately preceding and following the eye
movement period. The mean heart rate during
the presence of the eye movements (based on
seven experiments with six subjects) was ap-
proximately 0% higher than the control
periods. The difference between the means was
significant at the o.cor level, There was no
significant difference between the mean heart
rates for the periods just before and after the
eye movements.

The histograms (fig. §) illustrate the rela-
tionship between the rapid eve movement
periods and the relative amount of body
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motility during the night’s sleep Body motility
was judged for each successive 5 minutes; any
such interval having even a single body
movement was categorized as one of move-
ment. Thus, in a half hour there would be a
maximum of six periods of body movement.
From eight observations on six subjects it was
apparent that rapid eye movement periods
were concomitant with increases in body
motility. However, by charting the ocular and
body motility over shorter intervals, one could
recognize the presence of eye movements, for,

say § minutes, in the complete ahsence of gross

body motility.

The peculiar rapid eye movements suggested
the possibility that they might be associated
with dreaming. Consequently, ro subjects in

. 14 experiments were interrogated after inter-

vals with and without rapid eye movements,

. care. bemg taken -that -the :EEGs :in ~both

situations ‘were ‘st least superficially - “similar.
To confirm that the individuals were not
awake, they were presented with an auditory
stimulus of ahove the waking threshold in-
tensity for r second. Failure to respond to two
such stimuli separated by an imterval of 1
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minute was accepted as additional evidence

of sleep. The subjects were awakened by voice

-and ‘asked whether dreaming was recalled,

and if so, to desctibe in a few words the dream
content or any visual imagery which could be
remembered. The replies were recorded and
classified as follows; 4, definite recall of dream
content; —, no recall of dreaming; o, un-
certain, or remembered dreaming, but could
not recall content. The interrogation usually
did not extend over half a minute.

.Twenty out of twenty-seven replies, from
individuals who were awakened after rapid
eye movements had been observed, yielded
detailed dream descriptions in contrast to 1o
out of 23 replies from persons awakened in the
absence of eye movements, which revealed
complete failure to recall dreaming, Using a
2 by 2 table of analysis, a comparison of the

. ratios of recall, and failure to recall under the -
‘two conditions produced 4 chi square of 15.9.

Thus the recall of dreaming was associated
with the prior occurrence of rapid eye move-
ments at a pmbablhty level of less than c.o1.
On several occasions incoherent mumbling |
and groaning accompanied the rapid eye | |
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movements, Once, however, muscle action
potentials and movement artifacts so obscured
the EOG, which was exhibiting typical rapid

eye movements at the time, that the observer

entered the subject’s room to investigate.

The sub]ect was lying restlessly with the lids
shut and the eyes moving violently. The

clearly interpretable vocalization revealed a

nightmare which the subject later claimed to
have had frequently at home.

No sex differences with respect to the ocular
activity and . concomitant phenomena were
noted in this study. Rapid eye movements ap-
peared in the child and were apparently no
different from that seen in adults. However,
there was the suggestion that the child’s slow
eve movement and body motility behavior
bore & closer resemblance to the regularity of
the rest-activity cycles than did the adelt
pattern.

DISCUSSION

The ocular imbalance manifested by the slcw
gye movements may be related to a logs of
fixational ability. stemming from the supra-

F
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‘segmental depression accompanying sleep or

extreme relaxation. The disintegration of
muscular control cannot be attributed to mere
closure of the lids inasmuch as perfect fiza-
tion (10) can take place while the eyes are
closed. Furthermore, drowsy subjects (16, 17}
and encephalitics (18) exhibit ocular im-
balance even while the eyes are still open.

It has been suggested that slow eye move-
ments may be causally related to the alpha
rhythm (5, 6) or due to ‘diffuse inhibition’ of
the cortex before the inhibition has embraced
the whole brain (7). The former hypothesis
is not supported since the slow eye movements
are observable in the absence of an 8-1z/sec.
rhythm. In addition, these eye movements are
frequently binocularly asynchronous while the
thythms of the occipital lobes of both hemi-
spheres are synchronous during sleep (Gibbs
and Teplitz cited by Cress and Gibhs., ref.
19, 1949). On the other hand, slow eye move-
ments are commonly cbserved in conjunction
with the cortical depression concomitant with
anesthesta, This depression may be due to
absence of stimulation rather than to active
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HOOF S UIN FERIODS
SHOWING BODY ROTIITY
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TF16. 5. Relationship of rapid eye movement periods

to hody motility during sleep, Verdicol bars represent
the degree of hody movement. Sheded aress indicate
securrence of rapld eye movemenis.

inhibition. It would appear that actlvlty of
the cortex is necessary fo preveni the occur-
rence of slow eye movements. Thus in sleep
or relaxation there may be a functional regres-
sion to an infantile level at which the eyes are
pootly coordinated and move asymmetrically
and asynchronously. :

There appeared to be 2 parallelism between
the slow eye movements and peripheral mus-
cular tone, The eye movements were coincident
with overt body movements and persisted for
varying durations, either disappearing grad-
ually untit there was no longer any discernible
motility, or else remaining until the occurrence
of ancther body movement. Action potentials
from a limb muscle have been shown to de-
crease gradually in frequency during the
transition from wakefulness to sleep (z0).
It is therefore likely that changes in skeletal
muscle tone which would otherwise be un-
detected without Instrumentation can be
readily recognized during sleep by direct
observation of the eyes and lids,

In the absence of the supra-nuclear control
pecessary for extremely fine integration of
neural activity, the muscular tone of antagonist
muscles waxes and wanes Incoordinately. Due
to the unusual relationship of the extra-ocular
musculature to. the orbital socket, these
changes in muscle tone are manifested by
gliding rotations of the eyeball.
Unequal tone-in other muscle groups as in a
limb- would not he’ easily ohserved since a
limb is not usually suspended in sleep to allow
free movement. Also, at any particular mo-
ment there is probably a relatively higher tone
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in the extra-ocular muscles than in the limb

rusculature.
In contrast to the slow eye movements

‘which appeared to be passive drifts entirely

lacking in fixations, and frequently binocutarly
discoordinate, the rapid eye movements seemed
to be active or ‘driven’ movements as evi-
denced by the short time for execution, the
abrupt, fixational characteristic and the
binocular synchrony. The rapid eye move-
ments may be symptomatic of depr'ession of
one of the highest levels of integration inas-
much as complex processes such as dreaming
are still present. Furthermore a high degree
of CNS development is necessary for occur-
rence of the rapid eye movements since young
infants (12) reveal only slow eye movements
in their sleep.

Since the rapid eye movements did not
occur randomly, there is an indication that
they were associated with a particular level of
CNS activity. The concomitant increase in
heart and respiratory rates poinis to o state of
heightened irritability. The progressively closer
appearance of rapid eve mevement periods is
reminiscent of the scheme of auditory threshold
flugtuations (21) which depicted higher and
higher sensory - (excitatory) levels at pro-
gressively shorter intervals during sleep. .

The similarity of the rapid eye movement
patterns of all the subjects suggests 4 ‘uni-
formity’ of behavior which could be due to
functional removal of a high cortical level
during sleep just as individual variations
of the alpha index disappear in sleep (22}
so that there is then a homogeneity of all
brain rhythms.

The involuntary moator discharge repre
sented by the rapid eye movements, the low
voitage brain wave pattern and the loss of
consciousness which sleep “entails resemble
the abnormal signs associated with epileptoid
conditions, There may be a factor common to
the neural activity in both sleep and in

-pathological conditions of the waking state.
‘Davie et al. {23), for instance, have reported

that certain brain waves resembling pathogno-
mic focal slow wave disturbances appear
spontancously during the sleep of normal |
persons for 1o assignable cause. |
The evidence for the association of the rapid |
eye movements with dreaming, or at least thc
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recall of dreaming, is strong. There will, of
course, always remain some doubt 2g long as
subjective report is ultimately needed to
ascertain the occurrence of dreaming. Previous
BEG studies are in accord with the present
findings. Blake, Gerard and Kleitman (24)
and Loomis, Harvey and Hobart (25) found
an association of a low voltage EEG with the
recall of dréaming just as in this study the
predominant brain wave in conjunction with
the rapid eye movements was of low voltage.
Furthermore, the former investigators found
the greatest recall of dreaming in the ‘Null
Period’ which corresponds to the 3rd and 4th
hours of sleep when the first appearance of a
rapid eye movement period would be expected.

The increased body metility which always
sccompanied the eye movements i3 in agree-
ment with the observations of Monge (26)
that individuals suffering from mountain
disease complain of both restless sleep and
distarbing dreams,

Depths of sleep curves based on various
sensory thresholds and on heart rate (z7)
disclose one or more periods of lightening of
sleep which would correspond temperally to
the presence of rapid eye movement periods.
Finally, there are the observations of Ohlmeyer
and co-workers (28) which described periodic
penile erections during sleep wherein the
range of the mean durations for the erection
periods was from 18.x to 28.2 minutes, This
compares favorably with the mean duration of
the rapid eye movement periods which was
approzimately 2o to 25 minutes.

- Although no aitempt was made to secure 2
thorough account of the recalled dream events
during the extremely brief interregation, there
were reports revealing strikingly vivid visual

_imagery, especially after the subjects were

awakened following the eye movements. It is
indeed highly probable that the rapid eye

movements are directly associated with visual |

imagery in dreaming.
The duration of the rapid eye movement
period might suggest that a single dream lasts

. about 25 ‘minutes. Tt is'nevertheless possible

that a period may encompass more than one
dream, Max (29), who found that action
Potentials from the limbs of deaf mutes were
associated with the recall of dreaming, re-
corded potentials in one instance for 24
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minutes before awakening the sleeper. Had
the subject been undisturbed, those potentials
may have endured even longer. The fleeting
mental states accompanying unconscicusness
(30} and hypnosis (31} should not be identified
with dreaming since those conditions are not
identical with sleep. Also, the data at hand
do not support the contention that dreams
fast throughout sleep (32) or that they ‘regu-
late’ the depth of sleep (33). The regularity
of occurrence of eye movement " periods,
furthermore, makes it unwarranted to assert a
cansal relationship hetween emction, mental
conflict or external stimulation with the onset
of dreaming although those factors conceivably
modify dream content. ¥f anything, such
prosaic events as the diurnal fall in body
ternperature or increase of proprioceptive im-
pulses from the periphery may be the direct
cause of CNS changes which manifest them-
selves a5 dreaming,

SUMMARY

‘Eye movements during sleep were studied
in 26 adults and 1 child by means of electro-
oculograms and direct observation. Simul-
taneous records were obtained of EEG,

respiratory rate, heart rate and body motility. .

Slow, drifting movements of the eyes were
found to be prominent during the relaxation
at the onset of sleep as well as with every overt
body movement throughout sleep. The fre-
quency of these movements declined gradually
after each body movement; several times
during the night, especially when delta waves
were evident, the slow eye movements were
not discernible. The mean duration of the
periods of complete ocular guisscence was 24
minutes, 35 seconds which was practically
the same as for similar periods of ocular
inactivity observed for infants in another
study. It was suggested that the slow eve
movements reflected changes in skeletal
muscle tone. Because of the unique anatomical
arrangement of the extra-ccnlar musculature,
loss of supra-nuclear fixational control enabled
the discoordination of antagonist muscles to
be observed as overt movements of the eves.
A new type of ocular activity termed ‘rapid
gye movements’ was also observed to occur in
sleep. These movements, confirmed by motion
pictures, were binocularly synchroncus, rapid
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and jerky. They appeared in clusters of about
20 minutes duration. The first cluster appea.red
from 1 to 5 hours (3 hr average) after retiring,
a second cluster about = hours later and
additional groups of eye movements at still
closer intervals, depending on the length of
sleep. Concomitant with the appearance of the
rapid eye movements was a statistically
significant increase n heart rate {10% average)
and respiratory rate (20% average), a typical
low voltage EEG pattern from the frontal and
occipital areas, increased bodily activity
including facial movements, and occasionally
vocalization. Through interrogation of the
subjects and from other indications, it is
believed that the rapid eye movements were
invelved in the visual i imagery accompanymg
dreaming.

Aided by a grant from the Wallace C. and Clara A.
Abbott Memorial Fund of the University of Chicapa.
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The Development of the Diurnal (24—hour)

Sleep-Wakefulness Rhythm in the Infant

by _
N. KLEITMAN and G. ENGELMANN, Chicago

From continuous actograms and protocols kept by their mothers on specially
designed forms, the incidence and duration of sleep was followed in 19 infants, ffu_tﬁ
the 3rd to the 26th week of life, under family home conditions. Even the earhiest
records revealed a diurnal disparity, the mean group duration of night sleep heing 84
hours, as against 6.4 hours for day (usually 83 AM.—8 P.M.}. Up to the 12th wek,
the total duration of sleep was unchanged, or slightly increased, but the night pertion
rose to 10.1 hours, at the expense of a corresponding fall in day sleep.For the sncceeding
14 weeks, the duration of night sleep was unchanged, or slightly increased, but the
day fraction continued to decrease, reaching 3.6 hours, for a total of 13,8 hours pe?
24 hours. Thus, not only were our objectively obiained figures much lower than thost
hitherto reported, but there was no merked diminution of sleep during the whole
period of observation. The adjustment of the sleep-wakefulness pattern manifested
itself mainly in a progressively more prongunced dinrnal periodicity, culminating i
one long unbroken period of night sleep and short morning and afternoon naps.

Prof. Dr, Nathaniel Kleitman and Dr. Theodore G. Engelmann
- ‘ Chicago, 11l .
University Department of Physiology

-

Kleitman N, Engelmann G. The development of the diurnal (24-hour) sleep-
wakefulness rhythm in the infant. Acta Med Scand Suppl. 1955;307:106.
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THE EFFECTS OF SLEEP AND LACK OF SLEEP ON THE CEREBRAL
CIRCULATION AND METABOLISM OF NORMAL YOUNG MEN?

By RENWARD MANGOLD, LOUIS SOKOLOFF, EUGENE CONNER, JEROME
KLEINERMAN, PER-OLOF G, THERMAN, anp SEYMOUR 5. KETY

(From the Depariment of Physiology and Pharmacology, Graduate Schoo! of Medicine, the
Department of Anesthesia, Hospital of the University of Fennsylvania, ond the Her-
rison Depariment of Surgical Research, University of Pennsylvania,
Philudeiphia, Pewna.}

{Submitted for pubification October 21, 1954 ; accépted March 21, 1955)

Numerous hypotheses have been elaborated in
attempts to explain the puzzling phenomenon of
sleep. Thus sleep has been attributed to arterial
anoxemia, to cerebral ischemia or anoxia, or to a
generalized narcosis on the basis of one or another
metabolic alteration. Little information is avail-
able, however, on the subject of cerebral metabo-
lism and function during natural sleep. This
might be explained to a great extent by the diffi-
culties inherent in any experimental investigation
during so labile a state as physiological sleep.
Moreover, reasonably quantitative techniques for
measuring the blood flow and oxygen consumption
of the brain in unanesthetized animals and in man
have become available only recently. Early at-
tempts (1} to obtain at least qualitative informa-
tion on the cerebral blood flow in man during sleep
by means of brain plethysmography through tre-
phine holes have yielded contradictory results.
Later attempts with better methods of recording
{2) have suggested a decrease in cerebral blood
flow on passage from the waking state to short or
long periods of sleep. More recently, Gibbs,
Gibbs, and Lennox have attempted to obtain a
better understanding of the cerebral circulation
during sleep by means of the thermoelectric flow
recorder {3). They found no significant altera-
tion in cerebral blood flow during short periods of
sleep in four epileptic patients. Unfortunately,
arterio-cerebral venous oxygen differences were
not measured simultaneously, and no information
on the important question of the oxygen consump-
tion of the brain was obtained.

Recently developed methods permit a more
quantitative determination of the cerebral blood

1 This investigation was supported in part by a re-
search grant from the Division of Research Grants and
Fellowships of the National Institutes of Health, United
States Public Health Service,

flow and oxygen consumption during mnatural
sleep. It was to obtain such information as well
as to test some of the previously proposed hypo-
theses that the present study was undertaken.

METHOD

Attempts to measure cerebral biood flow by means of
the nitrous oxide technique (4) during sleep were made
in approximately fifty, healthy, young, male volunteers
varying in age from 17 to 36 years. In order to facili-
tate the induction of sleep under the conditions of the
study, the subjects had remained awake for a period of
approximately 20 hours, or about six hours beyond their
normal bed-time, prior to the study. They are, therefore,
referred to as “fatigued.” Except for making the sub-
jects as comfortable as the procedure would allow, no
drugs or other special methods for inducing sleep were
employed. The studies were performed in the early
morning hours, most often between 4 and & A.M., when
the tendency to fall asleep after a prolonged period of
wakefulness is generafly greatest (2}, In most cases
the subjects bad been fasting for several hours; a few
had eaten a light meal approximately two hours prior
to the study.

In each study the subject was placed in the supine
position, the needles were inserted in the internal jugn-
far bulb and the femoral artery, needle electrodes for
EEG recording were placed in the scalp, and a mask was
strapped on the face. The subject was then permitted to
rest in this position for about thirty minutes to permit
any physical and emotional disturbances attending the in-
troduction of the needles to subside. At this point the
first or control blood flow determination was performed.
The room was then darkened and quicted, and the sub-
ject, still in the same position, was given an opportunity
to fall asleep. During this period the subject was usu-
ally permitted to breathe rcom air through a valve con-
nected to the mask. In a few cases compressed air was
fed from a tank into the mask through a reducing valve
in an effort to minimize the waking effect of the gas flow
assoctated with the nitrous oxide procedure. The state
of wakefulness or sleep was followed by means of con-
tinuous EEG recordings in the adjacent room from the
four to eight scalp electrodes previously inserted. These
recordings were made continuously throughout the study
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jncleding the periods during which cerebral blood flow
measurements were being made. The mental state or
level of sleep was evaluated by means of the EEG rec-
ord on the basis of the classification of Gibbs and Gibbs
(5} as well as by clinical observation including move-
ments, snoting, atd response to whispered commands.
In 0o case was the subject considered asleep until after
the appearance of the characteristic sleep spindles and
delta waves in the EEG record (Figure 1}). When, on
the basis of all these criteria, the subject was con-
sidered to ke in a relatively steady state of sleep, a2
cerebral blood flow determination was made. The above
procedure was followed in all the cases in Tables [A and
IB except two (P, 0. and Mc¢K.} in which the order was
reversed, sleep occurring throughout the first determina-
tion of cerebral blood flow and the control determination
performed after the subjects had been awakened and
kept awake for 45 and 55 minutes, respectively.

In approximately hity attempts an uninterrupted state
of sleep of sufficient depth and duration to futfll all the
criteria was achieved in only six cases. A large num-
ber of studies was discarded because independent review
of the EEG record failed to confirm the presence of 2
steady state of sleep throughout the period of cerebral
bloed flow determination or revealed momentary epi-
sodes of sleep rhythms during the control period. In
some of those cases in which sleep did not occur, a sec-
ond cerebral blood flow determination was made under
exactly the same conditions as the first to form a group
of “consecutive fatigued controls” with which to -study
the variation between two consecutive determinations in
the same individual done under identical conditions but
separated in time by an interval approximating that be-
tween the control and sleep determinations.

In all the studies mean arterial blood pressure was
measured with a damped mercury manometer attached
to the femoral arterial needle. Blood oxygen and car-
bon dioxide contents were determinied by the mano-
metric method of Van Slyke and Neill (6). Total hemo-
globin concentration in artertal blood was measured in
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ELECTROENCEPHALOGRAPHIC PATTERN DURING SLEER

the Evelyn photometer according to a modification of the
method of Evelyn and Malloy (7). Measurements of
blood pH were made anerobically at room temperature by
means of a glass electrode and Cambridge potentiometer
and corrected to 37° C. by the factors of Rosenthal (8).
Cerebtal oxygen consumption, cerebral wvascular re-
sistance, and cerebral respiratory quotient were calcu-
lated as previcusly described {4). Blood carbon dioxide
tension was computed by means of the nomograms of
Peters and Van Slyke ().

RESULTS

In Tables IA and IB are presented the data ob-
tained in the six subjects on whom complete sleep
studies could be made. The results obtained in
the consecutive fatigued control studies in 13
subjects are presented in Tables IIA and IIB.

It is apparent that during sleep cerebral blood
flow (CBF) is increased, rising from 59 during
the control state to 65 cc. per 100 g. per min. dur-
ing sleep (p < 0.01} while no such statistically
significant change in CBF was found in the con-
secutive fatigued conttols. The rise in CBF oc-
curred in sleep despite a significant fall in mean ar-
terial blood pressure ({MABP) from 94 mm. Hg
to 90 mm. Hg (p < 0.05). The series of consecu-
tive studies on fatigued but awake subjects showed
a significant blood pressure change in quite the op-
posite direction, rising from a mean of 90 mm. Hg
in the Arst to 96 mm. Hg in the second determina-
tion (p < 0.01). This systematic change in MABP
between two consecutive control determinations
does not explain, however, the decrease found in
sleep since the sleep series was a mixed cne, sleep
sometimes oceurring in the first but more often

next »
page

return to the
table of contents

@



MANGOLD, SOKOLOFF, CONNER, KLEINERMAN, THERMAN, AND KETY

1094

stestidwos paned jo poylaw Aq paunudaiac] i

‘daRig—g 4
TANEME NG pAndne]—oio)—> ,
80< o< L0< 6'0< L0 §0< CO0< 0> 6°0< 90< {d
0fF 1'tF 61F 61F 1O+ o+  crO0F CooF ISTF ' IF  €81F QI'IF e F LF0F EL0F S§E0F €E0F B0F  10aay pURIS
§'88  £'8% £oF 09 _m,.h.ﬂ _.m.,,n S&°L 0 SEL 66'F5  L1°5% Egor  StoF QFN IFET £rol ZFol GETL 0TI UBSy
1§ 98§ 8 L S 3 oA 8L sYS OrLie og'gs 8IS LTS 6LI1 Il B8l 1061 18°C1 9I¢l MW
19 09 15 6F L L SgL st e o9 e0%F FIzS 8Pl YTFT 8BS0 B6OZ 08Fl ORI ‘M1°'H
85 € Ly 9F 6l'L 18 oL SEL LEFS BLSE ST'oF OLoF QT 6T1'¢d 8481 0481 £PP1 S6'EL ‘O°d
18 98 6t ot OFL 0L LOtEL gEE SHPE 82718 19708 LSl 9Tl Le6l 1861 £F¥F1 STFI WS
8 9 6t Ir FEL 9L oveL Rl ig'er S5°08 195F ZTSF PR o8l BZ6L 6061 oosl 9p8) W
L] 09 0s LTl ¥ 6c’L  ItL C9Ts WIS rROF  O0ULY LSET OT'FF 85761 0681 SSFT £V HI HH
!WI.W] Ia.mi.,.il.uuli = 0 s o S J = ol L 2 !M o > 15 li1|ﬂw| 1Rigng
Jm{u8af-juf [LiEEVREYS JRndnNL “juy eauy mnEnl qug eIy LenEnf qu) JeMaYy Ay Tueny
) UGHEI AU
Iy i HL poofy % PA %5 A AIgoBowaH
UDIRUR] H37) o1y JUIIUOL 5()7) pPUOLH TUSILLD Fy POOTY
daags JULaND SIMINGIISTOD POOIG
HI YL
snosuedweds paned jo poyiaw Aq pavnuaasg) |
'dooig—g |
‘ayeME NG pandne)—[01Iu0—) 4
6'0< 100> 1'0< L0< 1070 50'0> — — id
£00F  900F ST0F  3I0F Y0¥ SEOF or'0F  0T0F YT 6FF red  ovF OF WIF I PUEIS
260 0a'0 1 £9°T ey 10°0 48 [AY 0s9 6% LG8 [ARs] . ¥F ¥ ) :..55.
FO'T Yo'l £l s'1 [N 60 -3 0 BY g 18 88 g¢ g€ MIN
001 BT'1 Sl 8'1 Q0’9 §4°0 T 9t vy ¥'E 56 Lo 44 9 M1 'H
0’1 £e'o L1 g1 iy 1579 'y 8 19 12} Q6 aH v te 0d
98°0 18°0 £'1 1 SL¥ £88 L ot il LY 16 56 L £E MS
980 ¥6'0 oe £'7 SL°F 0L's £ 9 8f st 86 L01 of 14 ‘WY
960 £8°0 60 Ul 109 08 I's 8'F 58 oL ¥t 64 99 14 H
s N s o = 3 S 2 g > s =] et sy
- - [entdu]
R g/ ¥ 00§ 137 % 101 “wz 3 QOF /R0 22 HPWE GOF )7 FEr
TeIqa4a’y IR WIAY) YD 44D JIYI
HAD

Goaaps Tursnp wSOQUIUL PUT HOVTINILLD J04G243])

YI T1a¥L

@

return to the
table of contents

next
page

previous
page

-

retum to the
main menu



1095

CEREBRAL CIRCULATION AND METABOLISM DURING SLEEP

‘uosueduwod pasted jo poylatt Aq pauturaig }

JONUOY FATITIFSUOD puctag—I7 L

*[013U03 Y8t —] ,

S0°0> £0< §0°0< o~ g0< £0< §0< £0< o< 3d
60F £1F §0F T1F '0F 100F 130T WO+ Y0F 96°0F 15°0F 65'0F LUOF LTOF TE0F LEOF 9z'0F 82°0F 0Ly puElg
OIS €68 LIF 60F L9l 6L I¥L FIFS TTFE LO08P  LETBP STET OFET L6l ST6T IT#L 00'%I ues|y

{s 4 oF £F 0£’L 824 £€L 84 60T TE08  95°9F ER'SE TOET FEET  LT6T 6L°%Y 98¢T  §9°¢1 K: B

S 0s 6f 6f £EL 9L LA LT8S L1'SS  LS°6F ST OF 09Z1 #9°C1  IE'81 8181 BFEL O1°F1 L'd

08 98 oF 18 1£74 €274 9L WY FLOS PTOS  LR6F CETS 00°CZ1 66'F1  LP'Gl S961 ¥l BOEVL am'f

oF L¥ ® oF o¥L 88 WL v 95'%S SEFS  OB'BF 6V 8T 99Il  8T'81 6B'IT LTEL OIET 1O M

134 8t | & 8t'L IV BE'L 8% £ IRTE  SO6'9F BRI 96°Z1 TOCT Q08T 8SLT (S ABRS At MY

£s £8 A Zp 15 WY AR v ¥ A o8’  OF) I9eS 996§ 8L9F S8TULF SI'#l PO'PT €172 1€°ZZ L9l ¥ -

£g 4y 9F ¥ [4 NP FEL O 6EL IS°ES 6RES 9BULP STEF B6'FT BL'ET G681 S8°61 997l BOSI 28

oF 6F ¥ [44 9L SEY oL ore 658°tY FOTEY  LLAP V0'6F LP¥l SLST 6F0L £202 9Pl SLFI af

8P 8% 8¢ 1Y 9L 98l (1o A 4 A 81 BLTS €% 0L°9F 911 PO'ZI ROGI 09°61 £OPL ELFT ‘4'H

| $4 s [434 oy PEL OPEL 43 A 1 ] 8¢ S0'TY  POOF ZTEFP L8CT BSET 8RO GB'OL 6C'ST  BO'ST ‘0N

s 6% or 6t ot°L 8P4 €L ¥l £TLS PL'SS  PEIS PTOS 671 L6'ZT  0T'61 0981 BPEL BFEI W'D

05 S¥ Le e LA L s DZ'¢§ L1'99  I¥e6b BLGE Z0'ET ROCT 25781 99781 6EFL BFLT V'Y

¥s 14 a4 5 4 FAN A £ 3 el 98 fUFE ELLS  SZob ST6Y LD BFET o6l 8181 0%l S9ET oo

I I It I i1 I It I Ir I I1 I 11 I I I 41 ol EESi i)
Ten¥ng ‘jup ety JeqnEng yuy MELIdLY Tenanf ‘yu] ERMIY Te[nEne quy fentaLy Uy iy

MO BIJUIIUOD
b HE poold % ‘oA % oA Tiqopiowuaty

oL 0 poord

AWNTOI TN ool

JUBIUCD K¢} poolg

S172008 2YOMD NG PINBRUL [DHI0% UY SUOKDUSHIIIZY 1041407 IAEIRIISUOD US SIUINIISUO? Poojg—"a1] ATAVL

‘wostrediwod paned jo poisats Aq panuga §

[OINIOD JANNIFEUOI PUOISG-—1] 4

033003 36314 —]

50°0> 10" §0< $0< 10< 100> — — id
W00F  f00F ARSI AR 6T0F  OF gI'0F  1T0F 8'eF  PSF I'’F  §IF 2F 60F  loug ‘purig
01 £6°0 891 %'l 709 58S 75°¢ §9°¢ 008§ 096 706 28 4 wes |
860 280 ¥l £'1 §9°¢ %S R 9t 89 %0 ¥ £8 06 7T 41
00’1 S0'T 11 01 1L 'S Sy 6% 8L 28 62 68 001 ¥z "L 4
¥6°0 180 g7 £1 Wi 09'p ¥ 8z i 19 98 08 071 67 aA'M
01 $6°0 L (M4 9% £2°S £y s 8L 001 011 601 ¥ 81 ‘A0 M
80'T 00l Tl 1§ 61 9P 8T g€ ¥l Lt 001 28 £8 Fid M
98'0 00'F §z £z §6°L 108 67 ¥e £ ¥ 6 $6 0s £7 d°L
sT'T 980 £1 91 ¥ 159 ¥e 't 39 o5 68 L8 §T1 61 D m
860 18'0 o1 60 709 80P Lt 33 79 88 01 701 £01 87 1
660 €670 12 o1 989 79°% £ 0¥ 8 78 Z01 18 0z1 § 24 H°'H
1 $0'T 5 0z e ) 6T 9t 5 &b £01 001 6b §¢ 0l
¥60 8670 91 ST 8Z9 £9°5 £t 0t £5 ¥s 98 8 0l A W'D
301 860 6'1 61 geg AN 27 o o¢ g 6 06 08 ¥z VY
011 ¥0 §'1 ¥ LEF oLy 6z 0€ o0 £9 16 98 orr i Al

II I 11 1 ) § I IF I 1 x] N any Pafgng
LR CE |
‘o % ", s '3 Q0T 80 93 Wy /T QOE /9 By
TelqaIany %o S.ﬂy d D 440 dE8VH

spoalqms JYDMD g PInSULS (DO UL SUOHDUINEIHID (041507 ITIRIISUOD UL WSHOGUIAN PUD WISIDINGALS 10402490 — ¥II TTAYL

@

return to the
table of contents

|

next
page

previous
page

-

retum to the
main menu



MANGOLD, SOKOLOFF¥, CONNER, KLEINERMAN, THERMAN, AND KETY

1096

SUTIIT0OM] USIMISQ[I0UNRYIPTI0 OUROYIUBIS JoTpoyIAL LG PIUIILRIA(

80< 90< 80< 60< T0< £0~ §0< $0< 1'0< X 1'0< £0< 10<  §00<  T0<  500< d
OIF 60F  T00F W00F  ¥S0F ISOF  610F ¢ 0F BIOF  Z0OOF  800F gZ0F FIOF  6IF 6IF 60F IS
IS 61F  ¥EL 65 0ZFS 1¥8F  LTET REST ORET P60 Y’ $6°S OLE 8E9 606  ¥EL  UBK
& % 9L SEd 805 £8SP FEET 6L8 SOET z8°0 £ $¥'S o'g 99 £8 AN B
05 6f 9Lt LI'SS ST6¥  ¥STT SI'ST  OUEl S0'1 o1 'S 6F 88 68 ¥w 'L .*
06 IS fEL  ¥EL ¥OS §£78 6671 SO6I V2Bl 180 £l 99'% 87 19 08 6 OM
booF el VS Se¥S TT6Y 0921 68'LT  OIEl 86°0 'l £2'S 78 001 601 g1 LO'M
86 ¥ LVl 8VL 1925 ¥8UY 1971 $5'il Tl 001 Tl %Y '€ i 88 2 M
£ ¥ 9L oYY 0¢'SS 87U¥  YOWL IEEC VIO Q0] £'7 e vE ¥ 56 £ A°L
I | TR T ) 69'ES STEF 8T $86! 80°§1 980 o1 159 LE 08 18 61 D w
6b ¥ SEL OV ¥6'ES 906y SLST £T0T SLFI L8°0 60 59 6¢ 88 Z01 sz a
g 8¢ 9L I¥L $LTS 0L9OF  ¥OTL 05761 £L°€1 $6°0 9] 9% oF (4} 18 ¥ww d'H
06 OF  ¥L IS4 §0ZS 7TEPF  85°€] 6802 80°§] 80'1 07 1€°% o'¢ 6% 001 T 0
6F of  SEL L YLSS ¥LOS  L6TT 0Q9'SE 8¥'el 860 57 £9'5 o€ 1] 8 A . )
st L WL 9L LSS BL6Y  YOET 9S'SI 8p'€l 860 61 i8S 97 14 06 WYV
¥ OSP ¥l 98 £LIS ST6F  eFEl 8ISl SOeT B0 ¥1 0LP o€ £9 98 1 ol
9% 4 9L £V SS05 TTSF  6SET 60°6l 60°S1 60 £7 04'S 97 ¥ 01 gz ‘W
9 6v 08l €54 SOFS IS05  9%F1 186l 98'f] 18°0 ¥1 SE'S of 9 56 £ M'S
00 b YL 18 OIS 90LF  OLFT 0681 £0%1 £8°0 01 08y 8¢ 6L 64 17 ¥l
09 oF 1L SE°L €109 ¥1TS STV 860  £SFI 817 §7 $19 o' £5 16 9z M'H
- = - = 10§ 8TTS ITET 088l 68°€] $6°0 £1 65°S ¥t 9 £8 7w A n*
05 68  ¥L I 196 628%  I€T1 00°LI $e'z1 60 01 695 A bL 6L T
I ST o B T SI'IS 96'%F  TVIT 9881 SOET 960 L1 £¥'0 e 18 86 ¥ M'SS
6 Oy I8l s§L 096y L9TF 98I 016l 98'€T 960 ¥l ¥0'L vE 09 18 w 'as
oo el v 66ES 9008 LSET fIBI ezl 80 £1 98P Tt 0L 63 i CHdV
IS 8 £8L WL JTES ZU8Y  IE'ET T6'ST ORI 06'0 §'T 09'S #¢ 09 06 ¥ I ._m
£ ¥ L8l oL Z08S £2IS €611 €61 8¥ £l 160 61 SHL Ty 99 201 5T ‘d°
IS ¥ el ers £8'0¢ 6I'6k  B0'ET 0Z20Z €T 101 1 §1'4 0§ 0L $6 95 SN
13507 £7—Sj0AN0D PanNO] 10%I0N]
CIF 60F  100F 100F  090F £L0F  £5°0F 40T 050F  €00F  £I0F  OFOF  fTOF  €FF  LIF - €90F IS
OIS €% ¥EL 681 16 SWiv 0TSl #96] 1591 76°0 §0' 79 ¥eE 8% S98  ®IZ URK
A S o R 3 ) TeeS €S°UF  SLST 98I oIl $6°0 £z 119 §z ¥ £6 T AN
1S 9% 0L SEL 6CFS LESF  LEEl 8861 9191 160 71 189 Sy 69 £8 61 'H"
9 ¥ sTL WL SIS 06EF 1911 9§°6] BO'S1 760 91 68°L £y ¥ 8 61 d'a
15 8L erL 76'8% THCR  08'ST OT'IZ 0601 £0°T I 08¢ Lt 05 58 iz MY
§§ I 0L IEL ST'ES” 60SF  ¥CTL €507  SIST 460 X 626 % ge 8L §2 CH"
¥Woost 6L ShL 8IS §59F  STIL LT SITE  ¥80 g1 L6'S 67 ¥ 88 ¥ Q'L
IS ¥ 9L 0¥ 1SS §96F  SPET L00Z  ELET 68D Sl 799 0¥ 09 8 £ 1 nﬂ
IO S T ) 0B 06k 25F1 626l ¥6E1 80'1 1’1 L1 '€ 08 16 T oar
IS £ 98L 0vi 7685 101§ 6011 8Z'91 2471 560 Tl 61's 8t ¥l 8L 0 D
oF 8§  65L ¥ 60°€% 99'8F  95Fl 1961 SgET P80 I' §T'C 44 143 88 0z M'H
8 0% 167 ¥ 7625 65'8%  SLI1 6¥8T £9°El §4°0 61 ¥L'S 87 6% 6 ¥oOO'M
5D [ [—S[Rd1toq pafsdi [OHLIOAT
Rl I mmnEnf [N JepEng e ApAn % "y %4 e/ rogr K Jgwe 3y pajqeg
W[ Y e | Y ay _UY L) Y oonen WAV /%0 73001/ JAVR
“URIIod AN J42
FH H4 peorg % 1PA % A qH
ORI oo i pOoly FWITOD 1) pOCTH
G Poolt

K21 Funok peninD] 10NI0U PUT PIJSIL 1DIEI00 UMY HOSSIDFULOD)
111 4TIVL

@

return to the
table of contents

|

next
page

previous
page

-

retum to the
main menu

),



),

retum to the
main menu

CEREBRAL CIRCULATION AND METABOLISM DURING SLEEP

in the second of the two determinations. It seems
warranted to conclude that the decreased MABP
is associated with the phenomenon of sleep. The
elevation of the blood pressure in the second of
the consecutive controls was probably the result
of the growing discomfort on the part of the sub-
ject from lying in the same position for a pro-
longed period.

Since CBF increased despite a decreased
MABDP, cerebral vascular resistance (CVR) must
have fallen in sleep, as indicated in the change in
its calculated value from 1.6 in the control deter-
minations to 1.5 mm. Hg per cc. per 100 g. per
min. during sleep (p < 0.01). On the other
hand, CVR rose from a mean of 1.5 in the first to
1.7 mm. Hg per cc. per 100 g. per min. in the sec-
ond of the consecutive control determinations
(p~001). The fall in CVR observed in sleep
is probably associated with the phenomenon of
sleep and, for the same reasons discussed in rela-
tion to the MABP, cannot be explained simply by
the systematic difference in CVR found to exist
between two consecutive control determinations.

Cerebral arterial-venous oxygen difference and
cerebral oxygen consumption (CMRo, )} showed no
significant changes in either the sleep or the con-
secutive control studies, Cerebral R. Q. did not
change in sleep, but the mean value, 1.02, in the
second of the consecutive control determinations
significantly exceeded the mean value, 0.93, ob-
tained in the first determination (p <C 0.05), a
finding {for which no reasonable explanation is at
hand. Arterial hemoglobin concentrations, ar-
terial and cerebral venous oxygen and carbon di-
oxide contents and pH did not change significantly
in either group. Arterial and internal jugular
carbon dioxide tensions (pCQ,) were not sig-
nificantly altered by sleep although it is interest-
ing and possibly significant to note that these val-
ues were appreciably higher in the sleep group,
even in their control state, than in the fatigued
group which could not sleep during the studies
(p < 0.05 and p < 0.02, respectively). Simi-
larly, the mean values for arterial and internal
jugular blood pH were significantly lower in both
determinations of the sleep group than in the
fatigued group which failed to sleep (p << 0.05,
respectively). In the consecutive control studies
arterial pCO, remained unchanged, but the mean
value of cerebral venous pCQ,, 51 mm. Hg, in
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the second determination significantly exceeded
the mean value, 50 mm, Hg, in the first determina-
tion (p < 0.05). This finding is probably re-
lated to the tendency for the CBF to decrease in
the second determination,

In Table III, comparison is made between the
results obtained in 25 awake but “fatigued” nor-
mal young men and those observed in 11 normal
rested young men studied similarly by the same
group of investigators. The values obtained in
the rested subjects agree closely with those previ-
ously reported by Kety and Schmidt (4). These
data are taken from the control values of vatious
experimental procedures provided that the con-
trol determinations were made first. Thus the
fatigued group includes also the first of the con-
secutive control determinations in Tables IIA and
IIB and the control values of those sleep cases in
Tables IA and IB in which the control determina-
tion was first. On the basis of this comparison,
no significant differences between fatigued and
rested subjects could be found although the mean
value for CBF, 64, in the fatigued group ex-
ceeded the mean value, 55 ec. per 100 g. per min,,
in the rested group by an amount approaching
statistical significance (p < 0.1 > 0.05).

DISCUSSION

These findings are of interest because of their
pertinence to certain theories which have been ad-
vanced from time to time toward an explanation of
the phenomenon of natural sleep. A number of
these theories have in common the postulate that
sleep is associated with and caused by a diminu-
tion in the gross nutrition or metabolism of the
brain,

Quite recently, Doust and Schneider have elabo-
rated a theory which ascribes sleep to arterial
anoxemia and its resultant cerebral anoxia (10).
On the basis of a downward drift in the readings
of an ear oximeter, these authors concluded that
arterial oxygen saturation progressively decreased
during the process of falling asleep and reached
levels as low as 87 per cent during deep sleep,
The lack of an attempt to confirm this surprising
result by more direct technigues and the absence
of similar observations on non-sleeping comtrols
leaves open the possibility, however, that it may
have been one of the artifacts sometimes associated
with indirect oximetry. Our findings (Table IB)
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that both the oxygen content and hemoglobin con-
centration of arterial blood were normal during
the control period and remained unaltered during
sleep make unlikely any hypothesis which at-
tributes a causal role to arterial anoxemia.

If not the first, then certainly one of the earliest
recorded theories of sleep attributed this phenome-
non to an ischemia of the brain. By recording
changes in intracranial volume in two subjects
with cranial defects, Mosso (1) concluded that
sleep was associated with a decrease in cerebral
blood volume. Tarchanoff (11) supported this
view by observing a blanching of the pial vessels
in puppies when sleep occurred. A large num-
bet of investigators, however, were unable to cor-
roborate the findings of Mosso or found instead
evidence of cerebral vascular engorgement (12-
16). None of these observations yielded informa-
tion on cerebral blood flow which is certainly dif-
ferent from and not necessarily correlated with
cerebral blood volume. Only in the case of Gibbs,
Gibbs, and Lennox, whose thermoelectric tech-
nique would probably have indicated if it did not
measure gross changes, had observations related
to cerebral biood flow in sleep been made (3).
These authors were unmable to demonstrate any
change during sleep in the function which they
studied.

The present studies show a moderate but sta-
tistically significant increase in cerebral blood flow
associated with sleep. This occurred in the face
of the slight but significant fall in arterial blood
pressure scen in these subjects and consistently
observed by numerous previous investigators (17—
19) and was the result, therefore, of a decreased
resistance to flow somewhere in the brain. Since
the intracranial pressure is usually found to rise
during sleep (14, 15), and since the present stud-
ies demonstrate no change in hemoglobin concen-
tration in the blood, factors of decreased externail
pressure or lessened viscosity appear to be ruled
out, and it seems warranted to conclude that there
is a relaxation in cerebrovascular tone duging
sleep. This supports previous observations which
suggested a cerebral hyperemia during sleep (12—
16). The cause of this cerebrovascular relaxation
remains obscure. It cannot be attributed to
changes in arterial oxygen or carbon dioxide ten-
sion since these remained relatively unaitered be-
tween control and sleep, nor was it in response to
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an increase in cerebral metabolism which was also
unaffected. The usually plausible hypothesis of
a decrease in neurogenic vasoconstrictor tone is
rendered less tenable by the failure to demonstrate
a normal vasoconstrictor tone in the cerebral ves-
sels of man, or at least one mediated by the known
sympathetic inflow to the head (20),
Examination of the data in Table III reveals
that the results in normal rested young men were
almost identical with those in the original report of
the method (4). When considered as a single
group, the subjects who had remained awake for
several hours beyond their mormal bedtime and
were, therefore, “fatigued,” did not differ signifi-
cantly in any respect from the rested young men.
Within the “fatigued” group, however, arterial
and cerebral venous carbon dioxide tensions were
significantly higher and pH significantly lower
in those subjects who slept than in the subjects
who were unable to sleep under the conditions of
the experiment {Tables IB and IIB). These dif-
ferences, indicative of a mild respiratory acidosis,
were apparent not only during sleep but even dur-
ing the control period when the sleep subjects
were awake. Comparable changes have been ob-
served previously during sleep (2, 21), and Mills
(22) has found elevations of alveolar carbon diox-
ide tension during the night or early morning ir-
respective of whether the subjects were awake or
asleep. He attributes these changes to a norimal
diurnal rhythm in alveclar carbon dioxide ten-
sion which is independent of sleep. Qur results
indicate also that the respiratory acidosis can oc-
cur in the absence of sleep and that sleep per se
causes little if any change in carbon dioxide ten-
sion and pH of the blood, but they raise an inter-
esting question of whether sleep can occur in the
absence of the respiratory acidosis. It was this
finding which distinguished the subjects who
slept from those who could not sleep under iden-
tical experimental conditions. Despite the evi-
dence of respiratory depression, no significant
anoxemia was observed in these subjects, nor
was it to be expected. As Mills has also observed
in his studies (22), the degree of carbon dioxide
retention was insufficient to account for any ap-
preciable fall in arterial-oxygen saturation, cer-
tainly not to the levels on which Doust and
Schaeider (10) based their anoxemic theory of

sleep.
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Another hypothesis on the nature of sleep sug-
gests that this state is some endogenous narcosis
associated with an overall decrease in metabolic
activity in the central nervous system which per-
mits the replenishiment of certain substrate stores
presumably depleted by the active metabolism of
the waking state. That sleep is quite different
from anesthesia or coma is clearly demonstrated
by the data on cerebral oxygen consumption
{Table IA). Whereas coma (23, 24) or anes-
thesia (25) are associated with profound de-
creases in the utilization of oxygen by the brain,
this function in sleep is not significantly differ-
ent from its level in the waking state.

Thus the state of sleep should be added to a
growing list of conditions, like schizophrenia (23)
and performance of mental arithmetic (26), in
which a good correlation between energy conver-
sion and functional activity commonly found in
other organ systems appears to be absent. This
result is compatible with the current vogue of
viewing the brain as a calculating or communicat-
ing mechanism which, in contradistinction to ma-
chines which do mechanical work, utilizes by far
the greater part of its energy requirements merely
in keeping its circuits alive and sensitive; the
presence of a message, its functional usefulness or
rationality adds only infinitesimally to the total
load. Equally adequate, however, are hypothe-
ses found more on traditional biclogical concepts
than on electronic analogues. Thus, when the
brain is considered as a great number of functional
units, many of which may be reciprocally related
with regard to activity, then increased activity in
one group of units may result in decreased ac-
tivity in others, Under such conditions, different
functions could result in an altered pattern of
distribution of the activity without measurable
changes in the net overall oxygen consumption of
the brain. Or, even more simply, is it not con-
ceivable that the primitive functions of the brain,
namely, the regulation of unconscious vegetative
functions in the body, consume so much of the
total cerebral oxygen requirements that they ob-
scure the metabolic effects of the later phylo-
genetic functions found in conscious waking be-
havigr, such as thought and reason?

These studies have not elicited, nor were they
designed to elicit information bearing on the more
subtle functional, biochemical, or electrical al-
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terations in sleep. They do, however, render un-
tenable those hypotheses which attribute this im-
portant phenomenon to an anoxemia, to cerebral
ischemia, to narcosis, or to a generalized depres-
sion in cerebral metabolism.

SUMMARY

1. Studies of cerebral blood flow, cerebral vas-
cular resistance, and cerebral oxygen consump-
tion, as well as mean arterial blood pressure, he-
moglobin concentration, blood gases, and blood
pH, were made before or after and during natural
sleep in six subjects, during two consecutive de-
terminations under identical conditions in 13 sub-
jects, during a state of fatigue in 25 subjects, and
also in 11 normal rested controls,

2. The mean values obtained in the rested sub-
jects were almost identical with the original nor-
mal values reported for the method,

3. The fatigued subjects showed no differences
from the rested controls except for an elevation
in cerebral blood flow which approached statisti-
cal significance.

4. During natural sleep there was a statistically
sigmificant increase in cerebral blood flow, statisti-
cally significant decreases in cerebral vascular re-
sistance and mean arterial blood pressure, and no
changes in cerebral oxygen consumption, hemo-
globin concentration, and arterial oxygen content.

5. The fatigued subjects who slept were distin-
guished from those who were unable to sleep by
significantly higher values of carbon dioxide ten-
sion and lower values of pH in arterial and cere-
bral venous blood even during the control period.
These findings suggest some relationship between
respiratory acidosis and the process of falling
asleep.

6. The results of these studies make less tenable
those hypotheses which attribute sleep to arterial
anoxemia, cerebral ischemia, or to a generalized
narcosis or other depression in cerebral metabolic
rate,
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LIEARNING DURING SLERDP?

CHARLES W. SIMON anp WILLIAM I EMMONS
The RAND Corporation

Approximately 22 vears ol the ave
erage man's file is lost i sleeping,
Leonomically minded persons and
hsurassed students have long searched
for some means to use this time Lo
further advantage.  For nearly a
third of a century, noew, there has
been a growing wnterest in ihe possi-
hility ol trying to learn while one
sleaps,

The science fiction writers were
among the first to proposc steep-
learning as an educational technigue,
In 1011, a magazine called Modern
Flectries published a fiction story by
Hugo Gernshack (4) it which the
hero leamed during sleep,. The proc-
ess was simple.  Upon retiring, the
student pluced the materlal (0 be
leivrned on a machine which played it
automatically while he stept, In 1932,
Mdous Huxley (9), in his Brave New
Waorfed, scolfed at the possibilily of
impraving the 8's intellect while he
slept, but described 1he world ol the
(tture as one which utilized the sleep
period to train the hfelong attitndes
ol its populations, Other scienee fic-
tion writers have continued to use
the idea of sleep-trivining in their
s1ories,

Populir news and picture niaga-
zines, citing experimental evidence,
constantly ceimloree The pubbic’s in-
terest and misinformation about this
osmotic form of education.  [From
tme to tme, @ natiovd news service
will refease o story Lelling of some
mdividual whe works [or a living by
day and studies chemistry, operatic
artas, or other lessons while sleeping
ar night. On “People Are Funny,” a
popular radio stunt show, an audience
participant lcarned a few short sen-
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tences aud a girl's mone wlhile he was
apparently asleep on the stage be-
lore the audience.

Following closely on the heels ol
public interest have come the entre-
prencurs.  Commercial Airms have
sptung up throughout the country
selling recording devices which auto-
matically turn on and off to permit
the individual (o learn wihile he sleeps.
Impressive publications have been
distributed by many of these lirms
propugandizing their products and
extolling the vabdity and value of
sleep-training (19, 21}, On the whole,
their claims of suceess [or sleep-train-
ing have been exoapolations bevond
the available supporting data. The
majority of claims have been based
on distorted Tacrs, staiements by un-
qualified authoritics, and armchair
hypotheses. Noncritical use of the in-
[ormation, anccdotal cevidence, and
the citing ol inadeguate rescarch,
much of which will be reviewed in
the present paper, have made these
commercial  publications poor  cri-
teris for the sipport of the validity of
the sleep-learning process.

in its constant scarch for new
methods to speed traiing during na-
tional emergencies, the mititary, too,
has tried to sleep-train tis personnel.
1 bath the hrst and second World
War, exploratory efforts were mudle
1o teach service men Morse code’®
during their sleep. A V. Hospital
doctor reported the successful use of
sleep-teaunimg s o supplement to
waking-training in a mental health

"Comdr. B, R Tlomes, USN.D Persomal
communicaiton, Janoiey 25, 1954,
1L L Thwestona. Personal conmumndca-

tien. Oclober 19, 1954,

The content is in the public domain.
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program {20).  Unfortunately, most
ol these incidents have been too in-
adequately controlled o judge their
effecriveness during sleep, and in gen-
eral their results have not heen sul-
fiecently siweiking to justily the extra
cnergy and expense required to carry
them out.

11 is the scientisi who has heen
slow in investigating these claims for
successiul sleep-tearning.  Although
psychologists have been concerned
with problems of learning [rom their
formalized bowinning, there has been
relatively little interest in the psy-
chological processes which take place
during sleep and a rather skeptical—
although untested--attitude toward
the value of slwdying sleep-learning.
ne of Paviov's students, Krasno-
worski (11}, didl attempt without sue-
cess to condition the salivary reflex in
a yvoung cluld during steepy. Recently,
hewever, a resurgence of interest in
[l'll: l)I'O}]ICl'II hELS t,)(‘curl'ctl. Ill l'l'lC
present paper the available rescarch
on  the sleep-learning  phenomenon
has heen collected and subjected to a
critical evalnation.

Ten such studies were found, Of
these only three have been pubtished
(3,12, 13). Five were acaclemic theses
at rhe master's or bachelor's level
(1, 2, 5, 8, 23} of which one was read
at an APA meeting (23). The remain-
ing two'* were described in private
communications [rom the authors.
Althouegh o number of other refer-
ences wore found, insulhcient details
were available for an adequate review
or else they could not be classified as
rescarch under even the broadest deli-
nition.

The criticisms i this paper are not
lor the purpose ol belittling these
pionger studies. These criticismsg are
believed necessary since these stud-

31, LoaShan,
Ouioler 27, 1953

Personal  communication.
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tes——nmany of which are unpublished
——are being cited and their coactu-
sions ccepted both by the general
public and some scientists.  Because
ol the unusual methodological prob-
lems in this arca of research, a review
may help future workers to avoid
similar mistakes.

Description of the Sleep-Learning
Studies

The experiments reviewed in chis
paper are described briefly below, In
some of the studies, Ss woere climi-
nated for various reasons. Only the
number of S5 actually completing the
experiment is reported.

Thurstone® In 1916, supplemented ihe
waking training of 16 Navy men in a
Morse code course with material pre-
sented during sleep. The eriteria of sleep
wsed in this study are unknown. The Ss
uished the course three weeks earlier
than had been expeeted. Thurstone con-
cluded ihat the results “indicated some
gain” for the sleep-trained group in their
ahility to send and receive Morse code.

LeShan {12), in 1942, tried o break ihe
fingernail-biting habit of 20 boy campers,
ages 8 to 14, by plaving the phrase, MMy
fingernails taste terribly bitter,” throwgh
a loudspeaker 300 times a oight for 54
nights. The Ss were asked if they wern
awake before turning on the dnput; if the
Ss appeared restiess, the input was turned
olf. “The nails of the Ss in the experi-
mental group and an equal number of Ss
in a control group were checked every
two weeks for eight weeks for signs that
the nail-biting had stopped. Since 40 per
cent of the experimental group aod aone
of the control group stopped biting their
nails, LeShan felr chis indicated “the
possible therapeutic use of suggestion
dwring sleep.””’

LeShan® in 1943, taught o single S a
different list of nonsense syllables cach
tarning for 12 dave, On the Gth and
cightir nights, the list t¢ be learned the
next day was repeated 50 times while §
slept.  The criteria of sleep used in this
study are unkmown. Fifoy per cent fewer
trials were required to learn the (wo
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sleep-teained lists than to learn the ten
nonsleep-trained  lists. [.eShan con-
cluded that the sleep-training facilitated
learning.

Elliote (2), in 1947, studied the effeces
ol 30 repetitions of a list of 15 common
three-letter words during sleep on the
per cent saved in learning the list by the
anticipation method the following day.
Two groups of 20 male college students
of equal fearning ability spent onc night
adapting Lo the laboratory environment.
The word list was repeated serially to
one group of Ss while they slept.  An
LEG record was used as a criterion ol
sleep. No material was ptayed when the
S showed ‘*“clear alpha patteens” al-
though the EEG was turned ofl when
£ believedd 5 would stay asleep.  On
awakening the next morning, the twe
groups learned the sleep-trained list by
the anticipation method and were asked
if they awoke during the night. The
group receiving the sleep-training showed
a significantly greater percentage of sav-
ings than the control group (p=.053°
No siguificant dillerences between gronps
were found on the basis of errors or abso-
lute number of trials to learn. Elliot con-
cluded that there i some retention of
awditory material during slecp.

fledpes (5), in 1950, iried to improve
the specch of three mentally retarded
and aphasic children (ages 13, 71, and 6)
by sleep-learning. Short  sentences,
paragraphs, and simple consonant sounds
were played to the children between 433
and 150% rimes distributed aver 7 to 13
nights, The machine was not turned off
if an & awoke. The third child required
fewer waking lessons o learn the sleep-
trained cousonant than it had requiced
previously to learn a nonsleep-trained
consemant.  The babbling of the lirst
chitld increased. The second child showed
no cffecis.  Tedges interpreted this as
showing “‘the  possibility of perbaps
speeding” the training of the third S.

Fox and Robbins (3), in 1952, 1aught
30 college males and females a list of 25

The p values representing the results of
tests of signilicance are all reported as if they
were based on a two-tailed ¢ test, irrespective
of what the anthor wsed. The p levels greater
than .15 were nol reported.
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pairs of English-Chinese vocabuiary.
The 55 were divided inie three groups,
matched on a pretest.  Two voecabulary
lists were prepared; in the fiest list, word
pairs were matched as they were to he
learned on the postiest (Lhe Tacilitation
list), while in the second, they were mis-
matched (the interference list)., These
lists were played 15 times to two of the S
groups approximately three hours after
they had retired to go to sleep. The third
group—a  control—heard only  music
while they slept. Although Ks did not ob-
serve Ss during the input period, they
disqualiied all Ss who said they had
awakened during the night. The facilita-
tion group required fewer trials and the
interference group required more trials
to learn the pusttraining list than did the
control (p <001}, The f£5 concluded that
learning could occur during sleep and
could be detected by the savings method.

lewba and Bateman (13), in 1952, be-
lieved that they had taught the words of
three songs, 8 to 27 lines lung, to a lightly
sleeping S Each song, unknown to S be-
forehand, was plaved to her fve Limes a
night for three suceessive nights as she
stept. During the input penod, S wos
not observed by £, although for three
bried perinds, $’s husband observed no
restlessness on the part of the 5. The §
claimed she did not awaken during the
night. Given only the song title the next
day, S was able to write the lyrics of two
out of the three songs with no errors and
of onc with only minor crrors. The #is
believed the sleep-training was success-
ful. Nolearning occurred in a later study
during and lollowing the use of sedatives.

oyt (8), in 1953, taught ten pairs of
Englisli-Chinese vocabulary to his Sk,
Twenty Ss were matehed on & pretest
and given one night to acclimate to
sleeping in the laboratory. On the ex-
perimental night, one group of cight Ss
received twelve repetitions of a list paired
in the same manner ag that to be learned
the next morning (facilitation list). A
second group of eight Ss received a list of
comparable words, but with the pairs
mismatched (interference list), The re-
maining four Ss acted as a control group
and received vo sleep-training.  During
the input period, S5 were ohserved by 15
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If they awoke or heard the stimulus ma-
terial, they were to turn on a light. H
this occurred, or if they stirred, the re-
cording was turned off until $ lay quiet
for a suitable length of time. The next
morning Ss were asked if they had
awakened during the night, Those that
had not were given the paired vocabulary
lst ro learn ro two correct anticipations,
Statistically insignificant differences were
found 1o favor greater savings for the
interference group rather than the facili-
taliun group in both the mean number of
trials required to learn the list as well as
the nitmber of eorrect responses ocourring
Lefore the criterion was reached. No
comparisons were made with the control
group. Hoyt felt that under the condi-
tions of this study, learniug during sleep
could not be detected.

Stampfl (23), in 1953, had six college
males learn lists of ten nonsense syllables
while acting as their own controls. Dif-
ferent lists were repeated 4, 8, 16, and 32
times on different nights while Ss slept,
and were learned to one correct anticipa-
tion on the morning following the repeti-
tion of a particular list. At other times,
the same $s were tested on other lists
after no sleep-training, Belore presenting
the stimulus material, $3 were asked if
they were awake. During the input
period they were watched, and if move-
ments occurred, the fnput was stopped.
Since no significant differences were
found for savings in etther trials or errors
between [earning sleep-trained and non-
sleep-trained lists, no comparisons were
made among performances after different
numbers of training repetitions. Stampfl
felt that the sleep-learning hypothesis
was uncertain and improbable.

Coyne (1), in 1953, carried out a series
of exploratory studies on a variety of
psychological problems using from four
to six male college students as Ss. He
believed the results to be generally favor-
able for sleep-learning. Unfortunately, a
statistical error was discovered in
Coyne's thesis after he had written his
discussion and cenclusions which led to
4 more favorable interpretation of the
results than was justified. Although E
could observe S as he slept, he primarily
depended on § to press a buzzer as soon
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as he awakened during the night. The
problems Coyne studied are described
hrelow.

1. An interference list of adjectives
was presented 25 times to the sleeping 5.
A gimilar list was learned to one periect
anticipation the next morning. A con-
trol group had no sleep-training, The
sleep-trained greup did poorer than the
control group {(p=.07).

2, When the first problem was re-
peated using S as his own control, more
errors were made on the list which had
reccived the interfering sleep-training
(p=.15). No difierence in savings (trials
to learn the postiraining lisl) was cob-
served,

3. Twenty pairs of numbers and words
were presented 24 times during a single
45.-minute period to the sleeping Ss.
These same S5 also received another [list
for the same number of repetitions dis-
tributed over a four-hour period.  On
subsequent maornings, Ss were rerrired
to answer the appropriate word when
given the nember found on the list on
which they were trained during the night,
after that list had been mixed with ten
additional new number-word pairs., A
greater percentage of sleep-trained words
were associated with the correct numbers
than those words not trained during
sleep (p=.18). Distributed sleep-learning
restilted in fewer recall errors than did
magsed sleep-learning (p=.05).

4, While the St slept, one list of ad-
jectives was repeated 100 thmes; on a
different night, another list was repeated
25 times. On the morning following the
sleep-training, the list was lcarned to one
perfect repetition, No significant differ-
ences were found in performance hetween
the two amounts of training.

5. The S= were required to selve a
numbet of problems by finding £'s selu-
tion of a concept composed of the correct
combination of letters, colors, and their
relative positions. The solution to one
problem had heen repeated 180 times
while S slept the night before. Insignif-
cant differences were {ound favoring the
performance on the sleep-trained proh-
lem,

6, While Ss slept, one list of nonsense
syllables was presenced 30 tithes begin-
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ning at two o'clock and, on a different
wight, another list was presented 30
fires beginning at five o'clock, Since it
was discovered that the two lists were of
unequal difficulty, comparisons hetween
performance at different rimes of pres-
entation were not made.

1. During sleep, the contents of a
partivalar pieture were descriled to Ss
90 times. The following morning, 2 num-
ber of out-of-focus pictures were shown,
including the one described during sleep.
The degree of [ocusing required before §
could identify the pictures was the meas-
nre of learning, No significapt differences
in the case of identifying slecp-trained
and nonsleep-trained pictures were found
either when Ss were asked to give un-
aided respouses or when muoltiple-choice
solutions were provided.

Rather than examine each of the
ten sleep-learning studies independ-
ently, this paper has been organized
to discuss them all on the basis of the
following categorics: experimental
design, statistical considerations,
methodological considerations, and
sleepy criteria.

CXPERIMENTAL DESIGN

The use of a control group or of
using & as his own control is recog-
nized as u necessary procedure in or-
der to know whether o certain experi-
menlal effect is real or not. I & nun-
ber of the sleep-lcarning studies, how-
ever, both of these techniques were
conspicuously absent or inadequately
handled.

Thurstone (see [botnote 2) recog-
nized the inadequacy of his uwrcou-
irolled experiment teaching Navy men
Morse code and attempted to run a
second study in order to compare the
performance of one group which re-
ceived sicep-training with another
which did not. This study was dis-
continued, he reported, when it was
discovered that ambitious Nawvy in-
structors of rhe conirol group had
been giving extra day time instruction
in order not to be ouc-taught.
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Hedges (8) used #uo controls wilh
two of the three speech-defective
children he attempted to sleep-train.
Since improvement in speech is 2
maturational problem, even flor re-
tarded children, the need {or a4 con-
trol was paramount. The increased
babbling of the first child may have
heen indepenclent of the sleep-train-
ing and due solely to an additional
monih or two of growth, although
Hedges believed that i1 ¢ook place
immediately after the introduction of
the gleep-trauning.  Since § also re.
ceived waking-training on the same
nuterial, it is impossible (0 kuow (o
what extent one can attribute the in-
crease in babbling to sleep-training.
No apparent learning took place with
the secomd 5. Although Hedges
ghird S acted as his own control by
learniag lo pronounce one consoniant
with sleep-training added te his wak-
ing-training and another consonant
without the slcep-training, this was
an inadequaie control measure since
the experimental design was such
that the sleep-trained consonant [ol-
lowed the noanslegp-trained canson-
ant.  Any improvement in the latter
could he attributed to practice us well
as to maturation.

Nor was @ control used in the worl
of Leuba and DBateman (13). In (his
study, S presumably had no previous
Lknowledge of the songs played to her
during sleep, yet was able to write
the lyries without further rraining on
awikening. I this werce the case, any
learning  which took plice during
slecp would be a significant improve-
ment, although materials such as
sortgs and poetry probahly have some
internal predictability, This form of
experimental design  represents  an
implicd control. It is implied that 8
acted as her own control [or had she
been tested previously, no appropri-
ate responses could have been made,
nor could one suspect that muatura-
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tional Taclors were operating to pro-
duce pesitive results,

A number of Ks actually used their
Ss as fheir oun conirol. o leShan's
ffantnote 3) second sturly, he cam-
pared the nuober of trials an 3 re-
quired to learm a hst with andd with-
out sleep-training over o period of
days. By having the nontrained peri-
ods belore and after the sleep-
trained periads, the superioricy of the
sleep-trained lists could not be at-
tributed simply {o practice or matu-
vation,  On many of his studies,
Coyne (1) gave sleep-trainmg to his
Sy one night and no sleep-training on
the oext, counterbalancing the order
lor these procedures between two
groups of Ss. Tlowever, when the S
acts as his own control, cither the
study material which is used under
the varving conditions must be eare-
(ully equated, or additional counter-
bhalancing must be introduced into
the experimental design to correct
for the inequalities. No K used this
counterbalanced design; some made
use ol the published tables on which
similarities and associability of the
stimulus material had been previ-
ously calenlated for the items. Sev-
eral of Coyne's (1) studies were un-
analyzable alter he discovered the
study material hard not been equated.

Four of the experiments were de-
signed o use separate control groups.
In EHioti’s (2}, I'ox and Robbing’
{(3), and Hoyt's (B) studies pretesting
took place in order to equate lhe
mean performance of the control and
experitnental groups.  LeShan (12)
used unmatched groups in his study
with fingernail-biting children.  The
median age of his twenty experi-
mental nailbiters was slightiy less
than ten vears, His control was di-
vided inie two groups consisting of
cight nailbiters with a niedian age of
nine vears, and twelve more nail-
biters with a median age of twelve.

previous
page

Some question might be raised con-
cerning LeShan's failure to better
equate the experimental and control
groups on age, for there is reason to
suspect a relation between nail biting
and age.  Wechsler (25) foeund a
sharp rise in nail biting lor boys
around the age of twelve; if this is so,
there would be a lower probability
for the older control group to stop
hiting 1ts nails than the vounger ex-
perimental group, thus reducing the
effectiveness of the older group as a
control,

Two of the experimenters added
a second experimental gronp to their
dosign.  lfox and Robbins (3) and
Hovt {8) used both a facilitation anel
an mhibttion group in order to obtain
a more sensitive indication of the
value of sleep-training. Of all of the
studies, only that of Fox and Robbins
(3) provided the contral group with
a neutral stimulus—music—for the
same amount of Lime as that in which
ihe experimental group received the
verbal test material. 1f there are any
disturbances during sleep due 1o the
stimulus and il these in turn affect
recall, such a procedure is a wise one.

Although nonc of the Ks were i-
rectly concerned with the problem,
the use of an additional conirol group
to compare results from sleep-train-
ing with the equivalent amount of
wiking-training would have been
quite tiuminating.

Statistical. CONSIDERATIONS

Only five of the s (1, 2, 3, 8, 23)
treated their data statistically to see
il the sleep-training improved per-
formance significantly. The remain-
ing f2s used clinical criteria to evahu-
ate the eflects of sleep-training.

Although [iltiott’s (2) resuits {a-
vored the periorinance of the sleep-
trained group over the nonsleep-
trained group, he failed to find a sig-
nificant difference at the 5 per cent
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level in the number of trials it took (0
relearn the training list, Elliott had
cquated his groups on a pretest, but
did not attempt to match the indi-
vidual Ss for the analysis. Since
equating tends to decrease differ-
ences belween means, [aillure to re-
move the variance due 1o Ss inflates
the error variance and decreases the
probability of getting significant dif-
ferences. When the present authors
(22) did an analysis of covariance
with pre- and postlest scores [rom
Elliott's data, the differences between
the mean number of (rials to learn a
new list by sleep-trained and non-
sleep-trained Ss were significant he.
low the .05 probability level.

Covyne (1) used the ome-tatled ¢ Lest
to evaluate his data. The wisdom of
this treatmentl 1s questionable.  In
order to avoid abuses and contro-
versy, exploratory work should be
as cautious in its interpretations of
results as it should be daring in at-
tempting new ideas. Using the one-
tailed ¢ test docs not allow for the
possibility that differences might be
in the direction opposite to that hy-
pothesized (6). This is serious in any
exploratory work; it is particularly
dangercous in sleep-learning studies
where one could seriously suspect
that the intervening training during
sleep might actually hinder normal
waking recall,

Half of the Es (2, 3, 8, 12; footnote
2} used a reasonably Lurge number of
Ss as compared to the number used
in most psychological studies; in the
remaining cases, the number was
smaller. When the number of Ss is
small, one might be more critical of
accepling the null hypolhesis merely
because the level of significance was
not below the traditional § per eent
level, For studies as exploratory as
these, significance levels of 15 per
cent could be arbitrarily considered
eicouraging,  Since the expense in
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time and moncy is relatively small,
preliminary work in sleep-training
should favor fewer Type 1[ errors in
order noat 1o reject valuable experi-
mental leads by accepting a false null
hypothesis.

M eTHODOLOGICAL CONSIDERATLIONS

A number of Es believed that dif-
lerences in methodology might have
heen responsible for the divergent
successes and failures found in the
sleep-learning studies.  These and
other considerations are discussed be-
law,

Sudjects

The majority of the studies em-
ployed the traditional college student
—male and female-—as Ss,  Thur-
stone used Navy men and LeShan
used young boy campers, Hedges (5)
bravely attempted to provide sleep.-
training as a supplement to the wak-
ing-training of children who had
speech defciencies and who were sus-
pected of being mentally retarded,
None of the IIs attempted to study
the effects of either age or sex on
sleep-learning,

The selection of Ss may have an ef-
fect on whether successful sleep-train-
ing results are attained or not. Un-
derwood, while reviewing Fox and
Robbins' paper in the 1953 Annual
Review of Psychology, commented
that "such low wvariability lon per-
l[ormance scores] among Ss on the
test list 1s rarely found in normal
transfer experiments with such ma-
terial, but this may again only re-
flect the presence of a highly select
and homogeneous sample” (24, pn.
48). Low within-group variabilicy
was certainly in part responsible for
the high degree of significance of the
differences between the sleep-trained
groups and the control.

Whatever the wariability of the
group, it would appear wiser (o
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choose individuals who have shown
the capacity to learn while awake.
Perhaps the effects of sleep-training
are so subtle that its benefits will be
found only when it is applied to indi-
viduals witl very high 10)s.

Number of Repetitions

The experiments can be divided in-
1o two groups on the basis of this vari-
able—those who gave an exception-
ally large number of repetitions of the
material during sleep (5,12} and those
that gave significantly fewer repeti-
tons (i, 2, 3, 8, 13, 23; footnote 3).
The large number of repetitions were
actually spreacd over a nnmber of
aights and vanged {rom o totul of 433
times over i period of eight nights to
16,200 times over o period of 54
nights. The smuller number of repe-
titions ranged from 8§ te 180 times,
with one studv (13) playiny the ma-
terial Ave times per night for three
successive nighis. More repetitions
were charucteristic of the field as
apposed to the laboratory studics.
Boih groups obtained bhoth positive
and negative results, although the
tasks were varied sufficiently so that
direct comparisons could not be
made. LeShan's (12) study, in which
40 per cent of the experimental group
stopped biting its nails, represented a
success{ul example where a great deal
of repetitious training seemed to have
affected a semi-involuntary behavior,

Stampf (23} and Coyne {1) found
na differences when they tried to
study the cflects of different amounts
of repetitions on sleep-learning, Ac-
tually since neither E used a noun-
sleep-trained group as a control,
neither could conclude that any sleep-
learning took place ai all in this phase
of their study. Coyne (1) suggested
that in his study there may have been
no greater differences in savings after
one hour of repetitions than after [our
hours because the materizl was simple
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enough to be learned in one hour and
additional practice could not improve
it. ‘This is a reasonable hypothesis,
as ig its antithesis—that during sleep,
learning is sufficiently slow so that
little is learned even after four hours
of repetitions, Slecp-learuning, if it is
to occur at all, may require that an
extremely large number of stimulus
repetitions talke place. 1t will be
important to evzluate sleep- versus
waking-training from the standpoint
of economy of both time and effort,

Presenlulion

The manner in which the study
material is presented 1o the sleeping
S has been considered by some Hs as
critical to the success or failure of the
training. Two dimensions of this var-
able arc the {ime of presentation and
the order of presentation,

The problem ol presentation lime is
an impeortant one since during the
sleeping period, (ime is related to
some extent to (he depih of sleep,
which in tura may be related to train-
ability,  Preeper sleep tends to be
more prevalent in the early period of
steep, while lighter sleep tends to
occur later (18). OF course, the levels
vary considerably throughout a nor-
mal night’s sleep.

Coyne (1), studying the cffects of
presenting the material at different
times during the sleep period, failed
lo equate his lists beforehand and
could draw no conclusions from his
resules. He recognized that presenta-
tion time might be inversely related
to the amount retained. He sug-
gesled, however, that 1his was due to
the recency of the presentation to the
recall period. 1t is interesting to spec-
ulate whether or not the Jenkins-
Dallenbach interference cffect {10)
occurs within the sieep period for
materials presented during sleep.

The differences Coyne found be-
tween massed and distributed learn-
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ing might also he accounted lfor on the
basis of presentation time. Although
he concluded that distributed sleep-
learning wis superior to masset| sleep-
learning, there is no way to determine
whether this was so because of the
spacing ol the training or because
some of the distributed inpuls oc-
curred during the period just beflore
waking—--often a light drowsy state—
while the massed inpuis ocenrred
anly during the deeper and possibly
less receptive period.

The erder in which the material
was presented duving sleep may also
affect the results of sleep-training.
Tn a waking siate, seriad learning has
lreen shown to be easicr than learning
material presented in a varying order
{73. Thus, il any learning takes place
in sleep, o serial presentation would
more probably increase any posifive
ellects which might occuar.  Also, if
the sicep state is one in which no
miental organization takes place, this
would [avor the learning of ouly the
more organized serial presentation,

Hoyvt (8) and Stampfl {23) varied
the order in which their materiad was
presented and failed to find that any
sleep-learning took place.  Fox (3),
{.eShan (12), Elliott (2), and Leuba
(13) believed they lound evidence of
sueressiul sleep-learning.  Thurstone
probably varied the order of his mma-
terial, but his Ss were practiced over
a period of manths so that the effects
of presenting the material in a vary-
ing or an unvaryiag order may have
Ieen minimized.

The varying presentation order in
Hoyt's study was methodologically
different in one major respect from
that used in Stamptl's study. Since
the former study used paired-associ-
ate material, varying the order in
which the pairs were presented would
have less effect than it had in the Lii-
ter study whiere the order of words in
alist was varied during sleep-training,
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even though they had to be recalled
serially during the waking period,
Any positive effects of sleep-training
in the latter case may have been
neuiralized by the negative effects
built up through nouscrial learning,

Tratning Problems, Muaterials, and

Mode of Inpui

The types of psychological prob-
lems studied by the majority of sleep-
training investigators have been quite
limited.  With the exception of
Covne's (1} work on concept forma-
tion and perceptual sers and LeShan's
(12) and Hedges' (8) therapeutic stud-
ies, the remainder of (he research
has been involved with training prob-
lems which require the memorization
of word lists. 1t is unlikely that all
types of problems are suitable for
slecp-training, although exploratory
studies should examine many rather
than a few pessibilitics.

Of the material used in the studies
requiring verbatim recall, the degree
of meaningiulness ranged Trom [lists
of nonscnse syllables through short
words 1o foreign language vocabu-
fary., We know that the more mean-
ingful the material, the easier it is to
learn in the waking state (7). Stampil
{23) sugeested that this might ex-
plain why his resulis with nonsense
syllables were poorer than [Ellioit's
(2) who used a list of adjectives, and
why lFox (3), using a Chinese-kEng-
lish vocabulary, got even more strik-
ing results. This does not seeim to he
a critical variable, however, for Hoyvt
(8}, usitr the same Clunese-Fnglish
vocabulary as IFox {3), got negative
results, while Leshan (footnote 3) and
Covne (1), using nonsense syllables,
got positive resulis.

All of the £s used an auditory in-
put. This is cortainly the mosi obvi-
ous technique and would appeir to
be the most economical; however,
other sensory channels need not be
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ignored, [1 may be necessary to flash
lights on closed cyelids or 1o apply
tactual stimuli to the fingertips in
code in order 10 *reach” the sleeping

S.

Techniques and Measures of Retention

The technigues used 1o measure
the retention of training matertal can
have considerable influence on the
amount of miaterial recalled, How-
ever, in the present studies, there did
not appear to be a patiern ol suc-
cesses or failures consistent with the
technique nsed,

A number of fs did not require the
verbatim recall of the verbal material
presented during sleep. Instead, they
evaluated retention on §'s ability to
use the moterial in posttraining tasks
or on an observed change in §'s he-
havior after the traiming, LeShan
(12) examined his Ss' fingernails ev-
ery two weeks to sce il the children
had stopped biting their nails. This
lechrigue nitght have been slightly
more objective had the examiner not
known which children were and were
not receiving the  sleep-training,
Hedges’ {5) clinical evaduations of his
children’s speech improvement re-
quired event more subjective judg-
ments. Because of the very com-
plexity of this measure, Hedges won-
dered whether 1 was sensttive enough
to detect improvement. Coyne (1),
in several studies, had his Ss de-
scribe an out-of-focus picture, the
identity of which had been given to
them during sleep, and Lo determine
E's solution of concepts composed
of the correct combination of certain
stimulus variables, the answer to
which had also heen provided during
sleep. Thurstone's Ss were evaluated
on their ability to send and receive
Morse code. Both Covne’s and Thur-
stone's results could be quantified,

Leuba (13) gave his Ss the titles of
songs played during sleep and re-

quircd them to recall wnaided the
lyrics. TPositive resulis were claimed
for sleep-training in this study,

The savings method has heen usedd
by a majority of Es (1, 3, 8, 23; [oot.-
nole 3}, for they believed it to be a
more sensitive measire of relention.
Stampll (23) believed that although
material could not be consciously re-
called at any moment, its presenta-
tion during sleep may hivve still moli-
fiedd the nervous system sufficiently
to make learning casier and o snvings
cflected. However, use of the savings
technigue may confuse the measure
of retention with a measure of the
ability to learn since hoth are con-
{founded within the same perforn-
ance scorc, None of the Es using the
savings measure compared the time
to relearn a list with the 1ime it took
the same S to learn an equivalent list
presented after sleep.  Comparisons
with the original list presented before
sleep are not sufficient. The positive
transfer which accurs Irom the pre-
test o the posttest— the phenomenon
of “learning how to learn” —may ite-
count for some of the apparent sav-
ings which several researchers be-
lieved cthey found. Tlowever, Stampil
(23) gave three practice lists to be
learned before the experiment in or-
der to bring 55" learning curve closer
to its asympiote and thus reduce the
“learning to learn” effect.

A still more sensitive techuique for
measuring retention is that of recogni-
ton; at least in T.uh's (16) classical
study (his was so alter a two-day in-
terval between training and the post-
training test. Coyne (1) used this
technique in the form of o multiple-
choice test for one of his exploratory
studies on perceptual set, hut still
(aited Lo get positive results. Toyt
(8 told of an exploratory study in
which he presented a single number-
word pair to a sleeping S who was
under constant observation for a total
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ol 11 hours on three successive mights,
On awakening after the thied night,
S was given the number and asked to
pick the correct word from a group of
ten. He was unable to do this cor-
rectly, A major difficulty with the
recognition method is that it must he
corrected for chance guessing, With
wortls, however, this corvection faor
chance is diffticult since all words do
nod. have an equal probability of be-
ing recognized (17).

Variations in the score used 1o
measure retention have failed 1o con-
sistently differentiate sucress and
lailure in sleep-learning, Many of the
Es(1, 2,8, 23; lootnotes 2, 3) used the
number of trials to learn posttraining
material to one perfect repetition as
a measure of retention, iloyt {8) re-
uired that the lists be learned to two
perlect anticipations; this may tend
10 make his results slightly more re-
Hable. Some Iis (1, 2, 8, 23) also used
as measures ol retention the nwmber
af errors or corvecl responses made on
the first trial or later trials, or on
cumulative trials. Where the Ss per-
formance was used to measure re-
tention, the measure was charac-
teristic of the task, c¢.g., Coyne used
the extent of focus of the projector
as the measure of performance in his
perceptual set study, The measure
that is used may delermine in part
the results which are found. For ex-
ample, Coyne (1) noted that the
measure by trials often favored the
opposite results than those [avored
by the measure by vrrors. Brror
measures generally lead to less con-
clugive results than those measured
by trials. This situation does oceur
in waking.research and need not be
contradictory, although it certainly
aflects the conclusions drawn ns well
as the practical applications of the re-
sults.

Before final conclusions can be
drawn concerning the feasibility of
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sleep-learning, more recall technigues
should be tried. Simon and Emmans
(22) discuss this while considering
the possibility of secondary cerebral
storage mechanisms for material in-
troduiced during sleep.?

SLEEP CRITERIA

Perhaps the most damaging criti-
cisms of the sleep-learning studies (o
date have been the inadequate con-
trol of sleep and the criteria used for
defining sleep. 5o elusive is the proc-
ress of sleep from the pasychologienl
standpoint and so little is known
about the actual physiological mech-
anisms which cause sleep that the
problem of determining whether S is
nsleep is to a great extent a semantic
one. AMhough both direct observa-
tion and S's subjective report are
reasonably relinble for deciding il §
has been asleep over a block of time,
neither can bhe considercd sufhicient
to know if S 45 asleep at any motent
in time. Therefore, the care wilh
which F determines the sleep condi-
tion of his § at the time ol the input
is highly important and determines
the degree of conbdence which one
may place in the conclusion that
learning durtng real sleep is or is not
possihle. Some £s (1, 2, 3) eliminated

& 3. Bernard Fox, in a private communi-
tation (2¢ June 1954), described his attempt
io use hypnosis as a mears of lacilitating the
vecall of sleep-trained waterial. A 55-year-
ald man was brought to a point where deep
hypuosiz was pussible.  In his normal sleep
he was presented with a list of 1en words re-
peated for a bali-hour.  Duoring this period,
5 was observed and the input turned off
whenever he moved. ‘The next morcning, he
was ynable to recall any words unaided,
When he was hypuotizidd, he made only one
association which might have been related to
one of the words. Stll under hypnosis, he
recognized fewer wards than would he expected
by chance when the tén were interspersed
randomly in a group of thirty, Neither read-
ing the words aloud nor making him choose
by a forced-cholee method produced any more
positive results.
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S (rom the experiment il he awolc or
satd he heard the stimulus. Other Ks
(12, 23) shut off the stimulus until .§
went hack to sleep.

In [our of the studies (2, 3, 8, 13),
Iis asked Ss afler the training if they
kad awakened. This is an unsatisfac-
torv criterion of sleep for experimental
studies since it 18 a cominen expe-
rience to awaken during the night,
perform a number of rational acts
before retiring again and remember
nothing the next day {8, 18). Hoyt
stated that one S was observed to
awaken during the night, leave the
[ahoratory to go to the bathroom,
and larer return 1o hed. The next
morning, S remembered nothing
about it. In two ol these stucies (3;
13} £s were not even present to ob-
serve Ss as an added check b

In ane experiment (3) the 4me of
#ight was considered a partial criter-
ion of sleep; training was applied dur-
ing the period when stwdies have
shown sleep Lo be at its deepese.
However, published sleep curves are
based on statistical averages and
cannot be used te predict accurately
the sleep characteristics of the single
individual.  Individual sleep curves
vary considerably from timce to time
during the night (15).

Two of the Ks {12, 23), before pre-
sesteng the sténsdus malerial, asked
58 if they were asleep. Since Fe-
Shan’s (12) Ss were adolescent boys
it camp, naive as to the purpose of
such questioning, one may wonder
if asking them il they were aslecp
would be a sufhcient check. !t has

¢ Fox stated “if any s in the group of 30
actually dicdd wake up without reporting it,
then the number wus probably distributed
about equally throughout the groups, More-
over, since all Ss with voe exception show of-
fects in the expecied directions, it is clear that
the results cannot be explained on the bases of
i few S5 in each gronp who awakened but
failed to report doing so” (3, p. 78). Jt may
be on the basis of many.
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been observed that even willing Ss of -
ten {ail to respond to such questions,
although they admit hearing them
later. Another major dificufty with
this technique is that S may actually
have been asleep when the test ques.
tion was asked, but later would
awaken suthciently to hear the sub-
sequent input. In these studies, no
systematic check was made Lo be
sure that Ss did not awaken after the
initial test, except to note il they
mowved,

Coyne (1) and Hoyt (8) had iheir
Ss press o button whenever they awoke
in order to stop the input of training
material. This method alone is not
sufficient since it has Deen found that
often the desire as well as the ability
to co this is not present although Ss
are able consciously 1o bear and un-
derstand the material. Since ntoch of
the material nsed in these studies
was short and specifie, even a few
seconds ol waking presentation would
have been sufficient to allow Ss 1o
hear and learn much of the stimulus
while awalke.

Stampfl (23), LeShan (12), and
Howt (8), in addition to asking their
Ss if they were or had been awake,
also noted whenever they moved, and
turned off the machine at that time.
This criterion of sleep is not com-
pletely satisfactory since EEG rec-
ords indieate rhat sleep may lighten
to almost a wakening state before
mavement occurs, as well as after-
wards, ar when there has heen no
movement at all {18), Hoyt (8)
found that two of his Ss said they
had awakened bnt showed no ob-
servable movements, while three sub-
jects said they had not awakened but
showed from {wo to six movements
each. This suggests that the criteria
of asking and noting movements did
not correkate very well,  In Hedges’
(8) study, the parents occasionally
observed the children to see whether
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or ot they awele during the sleep-
training; cwo children awolke. Ia the
first case the number of training repe-
titions were not counted for the time
S was awake. However, without a
waking control, this correction is
meaningless,.  The other S awoke
while the recording was playing and
began drowsily Lo follow the instruc~
tions given on the record.  Hedges
felt this aided the progress observed
in that case.

Elliott {2) used the efectreencephalo-
gram to determinge the S's sleep [evel,
[ndependent workers using a variety
of techuiques have esiablished a sig-
nilicant correlation between the brain
wave patterns and the depth of sleep
(14). Because the writers believe
that propetly evaluated electroen.
cephalograms represent the most ob-
jective, conlinuous, and practical on-
the-spot indicater of sleep depth
available, Llliott's (2) positive re-
sults—often quoted by Lhe comner-
cial firms in support of their claims
for sleep-learning—-are quite note-
worthy, An examination of lhis sleep
criterion  revealed one major  {law,
Le, Elliote did not keep the EEG
running during the entire training
petiod.  Therefore, no continuous
check was made of the 55 sleep level
while (he siimulus was being played,
The LEIEG was turned on at the
heginning of the tralning and kept on
until £ helieved that sleep would re-
main deep enough; then he would
shut i offl for the remainder of
the hadl-hour stimulus peritod. With
Lilliott's data, a correlation ol —.39
was  lound  Detween  the  amount
learned and the amount of monitor-
img.  This was not significant at the
S per cent fevel but in a direction
which suggested that more savings
oceurred with less monitoring.  The
writers {22} also  compared  the
amount of savings made by a group
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of Elliott’s live Ss who were meoni-
tored nearly all of the training time
with the savings ol the remaining
lifteen Ss who were monitored on an
average slightly more than a fourth
ol the time, and never more than 54
per cent of the time. For the hrst
proup, the average savings in trials
to learn was 27,3 per cent; for the sec-
ond group, the average savings wis
45.0 per cent. ‘The difference of 17.5
per cent was highly significant below
the 2 per cent level of significance and
we can conclude that when a thor-
ough check of the sleep condition was
made with the EEG during, training,
considerally less savings took place.

That any savings occurred {or the
groups monitored nearly 100 per cent
of the time might be accounted for in
two  ways without assuming  that
learniog  actually  eccurred  during
sleep.  First, the apparent savings
may be simply an effect of the Ylearn-
ing how Lo learn’” phenomenon dis-
cussed  earlier in the section on
*Methodobogical Considerations.”
Second, Elliotl stated that whenever
an alpha patlern was “clearly™ pres-
ent he concluded § was awake and
turned off the input machine. In so
deing, he quite likely permitted many
of his Ss to listen while they were al-
ready awake since movement, fense-
ness, or the opening ol the eyes may
sometimes block o clearly established
alpha.

The expense of the EEG equip-
ment negates its widespread use.
This does not mean that without ir,
however,  adeguate  sleep-learning
studics cannot be done. The use of a
combination of the eriteria and con-
tinuvous monitoring may be sufficient
1o insure some rough but adequate
conirol of S’s sleeping condition. It
is interesting o note that oyl (8)
and Stampfl {23), hHonding negative
resulis, were the two s using the
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greatest number of mulriple and con-
tinuous criteria.

The continuity of monitoring, can-
not be overemphasized; for in spite
of wishlul thinking to the contrary,
Ss do awaken while the input is being
preseated. Two out of three of
Hedges' (5) S awoke,  As many as
half of Coyne's {1} Ss awoke in some
ol his studics.  Tilliott (2) reported
that gsix of his Ss awnlke. Only two
out of sixteen of Hovi's (8) Ssin the
experimental group faited 10 awaken
during an input period, LeShan (12)
also staled his Ss awoke, but did not
specity how many.  One-lourth of
Fox’s (3) 5% awoke, and were elimi-
nated from the study.

The conditions under which Ss
sleep can influence to somie extent the
soundness of their sleep. Elliott {2)
and Hovt {8) required Ss 1o sleep in
the laboratory one night previous to
the cxperiment. Any sleeplessness
aeourring on this first night probably
wduced a deeper sleep on the second.
Hedges (5), IF'ox {3}, and Leuba {13)
usced S5 while they slept in their own
homes, while Thurstone ({ootnoic 2},
Leshan (12), and Scampll (23) vsed
Ss who had beca sleeping in familiar
"homes away [kom home' for some
Lime,

Although most of this discussion
has centered around the problem,
Was (he sleep state deep enough?,
Stampil (23) and Leuba (13) sug-
pested that there is an intermediate
point between waking and deep sleep
that 18 optimal for sleep-learning.
Some negative results, they helieved,
may have been obtained hecause S
was (00 deeply asleep. Whether this
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is true ar not is an experimental fques-
tion {or future Es to answer,

SumMary AND CONCLUSIONS

Ten steep-learning studies were re-
viewedt. Many of these have heen
cited uncrinically by comnmercial Grms
or in popular magazine and uews ar-
twcles as evidence in support of the
leasibility of learning during slecp.
A critical analysis was made of thetr
experimentit design, stafistics, meth-
odology, and criterin of sleep, All of
the studies had wenknesses in one or
more of these arcas.

It is highly speculitive whether or
not the stndies reviewed in this paper
have presented .any acceptable evi-
dence that learning during sleep is
possible,  The inadequate control of
a number of experimental variables
makes the validity of the conclusions
drawn by many ol the Fs unwar-
ranted. The conditions under which
the results were found tend more to
supporl the contention that some
learning takes place in a special kind
of waking state wherein Ss appaor-
ently do not remember Tater on if they
had heen awake.  This may he of
great practical importance {rom the
standpoint of economy in study time,
but 1t cannot be construed as sleep-
fearning. More carelully centrolled
experiments in the future may pro-
vide us with a clearer answer to the
question,” “Can one learn during
sleep?,"” us well as (0 provide com-
parative ata between waking and
l‘cstinp; ]uu'ning [rom the staudpoini
of economy of time and efort. The
problem is partially confounded by
an inadequate <ehnition of slecp.
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THE RELATION OF EYE MOVEMENTS DURING SLEEP
TO DREAM ACTIVITY: AN OBJECTIVE METHOD
FOR THE STUDY OF DREAMING -
WILLIAM DEMENT! AND NATHANIEL KLEITMAN ¢
Department of Phyrsiology, University of Chicago

The study of dream activity and
its relation to physiological variables
during sleep necessitates a reliable
method of determining with precision
when dreaming occurs. This knowl-
edge, in the final analysis,always
depends upon the subjective report
of the dreamer, but becomes relatively
objective if such reports can be sig-
nificantly related to some physio-
logical phenomena which in turn can
be measured by physical techniques.

Such a relationship was reported
by Aserinsky and Kleitman (1} who
observed periods of rapid, conjugate
eye movements during sleep and
found a high incidence of dream recall
in §s awakened during these periods
and a low incidence when awakened
at other times. The occurrence of
these characteristic eye movements
and their relation to dreaming were
confirmed in both normal Ss and
schizophrenics (4), and they were
shown to appear at regular intervals
in relation to a cyclic change in the
depth of sleep during the night as
measured by the EEG (5).

This paper represents the results
of a rigorous testing of the relation
between eye movements and dream-
ing. Three approaches were used:
(a) Dream recall during rapid eye
movement or quiescent periods was
elicited without direct contact be-
tween E and S, thus eliminating the

! Postdoctoral Public Health Service Research
Fellow of the National Institute of Neurological
Diseases and Blindness.

? Aided by = grant from the Waliace C. and

Clara A. Abbott Memorial Fund of the Uni-
versity of Chicago.

~1nents were concurrent.

possibility of unintentional cuing by
E. (b) The subjective estimate of
the duration of dreams was compared
with the length of eye movement
periods before awakening, reasoning
that there should be a positive cor-
relation if dreaming and eye move-
(¢) The pat-
tern of the eye movements was related
to the dream content to test whether
they represented a specific.expression
of the visual experience of dreaming
or merely a random motor discharge
of a more active central nervous
system.

MgeTHOD

The 8s for the experiments were seven adult
males and two adult females, Five were studied
intensively while the data gathered from the
other four were minimal with the main intent of
confirming the results on the first five.

In a typical experiment, S reported to the
laboratory a little before his usual bedtime. He
was instructed to eat normally but to abstain
from alcohclic or caffeine-containing beverages
on the day of the experiment. 'Two or more
electrodes were attached near the eyes for
registering changes in the corneoretinal potential
fields as the eyes moved. Two or thres elec-
trodes were affized to the scalp for recording
brain waves as a criterion of depth of sleep.
The 5 then went to bed in a quiet, dark room.
All electrode lead wires were further attached to
the top of the head and from there 10 the lead
box at the head of the bed in a single cord to
minimize the possibility of entanglement and
allow § a free range of movement. The po-
tentials were amplified by a Model III Grass
Electroencephalograph in an adjoining room.
‘The electroencephalograph was run continuously
throughout the sleep period at a paper speed of
3 or 6 mm. per sec. which allowed easy recog-
nition of eye-movement potentials, A faster
speed {3 em./sec.) was used for detailed ex-

amination of the brain waves although the’

slower speed permitted at least zn approximate
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TABLE 1
SummaRY of ExPiRIMENTS
Night Awak. | Average | Average
s | | Sl | Ny | Siepine
DN 6 50 8.3 71580
IR 12 65 54 4:20
KC 17 74 4.4 6:00
WD 11 77 7.0 6:30
PM 9 55 6.1 6:20
KX 2 10 5.0 - 6:00
sSM 1 6 6.0 6:40
DM 1 4 4,0 C 700
MG 2 10 50 6:10
Totals 61 351 5.7 6:00

estimation of the gross pattern. The criteria of
eye-movement potentials and their differentia~
tion from brain wave artifacts have been dis-
cussed at length elsewhere (I, 4).

At various times during the night Ss wers
awakened to test their dream recall. The return
to sleep after such an awakening invariably took
less than 5 min, 'Table 1 is a summary of the
experiments showing the number of nights each
S slept and the number of awakenings. In all,
219, of the awakenings fell in the first 2 hr. of
sleep, 29% in the second two, 28% in the third
two, and 22% in the fourth two.

REsuLTs

\. The occurrence of rapid eye move-
mentr3—Discrete  periods  during
which their eyes exhibited rapid
movements were observed in all nine
Ss every night they slept. These
periods were characterized by a low-
voltage, relatively fast pattern in the
EEG. The interspersed periods in
which rapid eye movements were
absent showed EEG patterns in-
dicative of deeper sleep, either a
predominance of high-voltage, -slow
activity, or frequent, well-defined
sleep spindles with a low-voltage
background. No REM’s were ever
observed during the initial onset of
sleep although the EEG always passed

* In most of the remaining text the following
abbreviations wilt be used: REM’s {rapid eye
movements) and NREM’s (no rapid ¢ye move-
ments). ' .
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through a stage similar to that ac-
companying the rapid eye movement
periods occurring later in the night.
These findings concerning associated
EEG patterns were identical with
previous observations on uninter-
rupted sleep (5).

An accurate appraisal of the mean
duration of the REM periods was
impossible since most were terminated
How-
ever, those that were not so termi-
nated varied between 3 and 50 min.
in duration with a mean of about 20
min., and they tended to be longer
the later in the night they occurred,
The eyes were not constantly in
motion during such periods; rather,
the activity occurred in bursts of one
or two, up to fifty or a hundred
movements. A single movement was
generally accomplished in .1-.2 sec.
and was followed by a fixational pause
of varying duration. The amount,
pattern, and size of the movements
varied irregularly from period to
period.

The REM periods occurred at
fairly regular intervals throughout the
night. The frequency of occurrence
seemed to be relatively constant and
characteristic for the individual, DM
and WD averaged one eye-movement
period every 70 min. and every 75
min. respectively. KC averaged one
eye-movement period every 104 min.
The other Ss fell between these two
extremes. The average for the whole
group was one REM period every 92
min.

Despite the considerable disturb-
ance of being awakened a number of
times, the frequency and regularity
with which REM periods occurred
was almost exactly comparable to
that seen previously in a study of
uninterrupted sleep (5). If the awak-
ening occurred during a NREM
period, the return to sleep was never
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associated with REM’s, nor was the
time of onset of the next REM period
markedly changed from that which
would have been expected in the
absence of an awakening. An awak-
ening during an REM period gen-
erally terminated the REM’s until
the next period, and the sequence of
EEG changes, excluding the brief
period of wakefulness, was the same
as that following an REM period
that ended spontaneously. Excep-
tions occcurred when S was awakened
during an REM period in the final
hours of sleep when the period was
likely to be quite long if uninter-
rupted. On these occasions, the
REM’s sometimes started up again
when S fell asleep. It seemed as
though a period of heightened CNS
activity had not run its normal course
and, although S was able to fall
asleep, he continued to dream.

Evye movement periods and dream
recall—For all awakenings to elicit
dream recall, the arousing stimulus
was the ringing of an ordinary door-
bell placed near the bed and suffi-
ciently loud to ensure immediate
awakening in all levels of sleep. The
Ss then spoke into a recording device
near the bed. They were instructed

“to first state whether or not they had

been dreaming and then, if they could,
to relate the content of the dream.
When S had finished speaking E,
who could hear their voices, occasion-
ally entered the room to further
question them on some particular
point of the dream. There was no
communication between S and E in
any instance, it must be emphasized,
until S had definitely commited him-
self. The Ss were considered to have
been dreaming only if they could
relate a coherent, fairly detailed
description of dream content. As-
sertions that they had dreamed with-
out recall of content, or vague, frag-
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TABLE 2

InsTances oF Dream REecait Arrer Awaxe
eninNGgs During Perions oF Rarmp Eve
MovemenTs or Perions or No
Rarmp EyE MovEMENTS

Rapid Eve No Rapid Eye
Movements Movements
5

Dream No Dream Neo

Recall Recall Racall Recall
DN 17 2 3 21
IR 26 8 2 29
KC 36 4 3 31
WD 37 5 1 34
M 2¢ ] 2 23
KK 4 1 0 5
SM 2 2 0 2
DM 2 1 0 i
MG 4 3 0 3
Totals 152 29 11 149

mentary impressions of content, were
considered negative.

The awakenings were done either
during REM periods or at varying
increments of time after the cessation
of eye movements during the inter-
spersed periods of NREM’s. The Ss,
of course, were never informed when
awakened whether or not their eyes
had been moving.

Table 2 shows the results of the
attempts to recall dreams after the
various awakenings. The REM or
NREM awakenings for PM and KC
were chosen according to a table of
random numbers to eliminate any
possibility of an unintentional pat-
tern. For DN, a pattern was fol-
lowed: first three REM awakenings,
then three NREM awakenings, and
so on. WD was told he would be
awakened oxnly when the recording
indicated that he was dreaming, but
REM and NREM awakenings were
then interspersed randomly . The
type of awakenings for IR was
chosen according to the whim of E

The Ss uniformly showed a high
incidence of dream recall following
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REM awakenings and a very low
incidence of recall following awak-
enings during periods of NREM’s
regardless of how the awakenings
were chosen. In particular, DN was
not more accurate than the others
although there was a pattern he
might have learned, and WD was not
less accurate although he was de-
liberately misled to expect to have
been dreaming every time he was
awakened. Over a narrow range,
some Ss appeared better able to recall
dreams than others.

Table 3 compares the results of the
first half of the series of REM awak-
enings with the last half. Practice
was certainly not a significant factor
as only one S showed any degree of
improvement of recall on later nights
as compared with the early ones.

The incidence of dream recall
dropped precipitously almost imme-
diately upon cessation of REM’s. In
17 NREM awakenings that were done
within 8 min. after the end of a REM
period, 5 dreams were recalled. Al-
though small, this was a much higher
incidence of dream recall than oc-
curred when the NREM awakenings
followed the end of REM periods
by more than 8 min. In the latter
category only 6 dreams were recalled
in 132 awakenings.

TABLE 3

Comparison oF Frrsr Havr oF Series oF Rarin
Eve MoveEMENT AwareNINGs WiTH
Seconp Havrr

First Half Becond Half
Ay

Dreatn No Dream No

Recall Recall Recall Recall
DN 12 1 5 8
IR 12 5 14 3
KC 18 2 13 2
WD 19 2 18 3
PM 12 3 12 3
Total 73 13 67 19
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In general, Ss were best able to
make "an emphatic statement that
they had not been dreaming when the
NREM awakenings were done during
an intermediate stage of sleep as
indicated by a brain-wave pattern of
gpindling with a low-voltage back--
ground. When aroused during a
deep stage of sleep characterized by
high-voltage, slow waves in the EEG,
Ss often awoke somewhat bewildered.
In this state they frequently felt that
they must have been dreaming al-
though they could not remember the
dream or, on the other hand, that
they had not been asleep at all. They .
sometimes had a great variety of
feelings to describe—such as pleasant-
ness, anxiety, detachment, etc., but
these could not be related to any
specific dream content.

Most of the instances of inability
to recall dreaming after awakenings
during REM periods occurred in the
early part of the night, Of 39 nega-
tive reports in the entire study, 19
occurred after awakenings during
REM periods falling in the first 2 hr.
of sleep, 11 after REM awakenings
during the second 2 hr., 5 in the third
2 hr., and 4 in the last 2 hr. There
was no such variation relating to
awakenings during the interspersed
periods of ocular quiescence, the
incidence of dream recall being uni-
formly low, regardless of whether the
early or late part of the night was
being considered. -

Length of rapid eye movement periods
and subjective dream-duration e¢sti-
mates—1f the length of the REM
periods were proportional to the
subjectively estimated duration of the
dreams, it would further help to
establish the relatedness of the two
and would give some information
about the rate at which dreaming
progresses.

At first, Ss were awakened at
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TABLE 4

Resurts of DREAM-DURATION ESTIMATES
Arver § or 15 M. or Rarm
Eye MoveMENTS

5 Minutes 15 Minutes
N
Right Wrong Right Wrong
DN 8 2 5 5
IR 11 1 7 3
KC 7 0 12 1
WD 13 1 15 1
PM & y 8 3
Total 45 6 47 13

various increments of time after the !
REM'’s had begun and were requested

to estimate to the nearest minute the
amount of time they had been dream-

ing.” This proved to be too difficult,:

although the estimates were always
of the same order of magnitude as the
lengths of the REM periods, and were

‘occasionally exactly right.

A series was then done in which Ss
were awakened either 5 or 15 min.
after the onset of REM’s and were
required on the basis of their recall
of the dream to decide which was the
correct duration. The 5- or 15-min.
periods were chosen on the basis of a
random series.
results of these awakenings,
were able to choose the correct dream
duration with high accuracy except
DN. This S, however, made most
of his incorrcct choices by estimating
15 min. to be 5 min. This is con-
sistent with the interpretation that
the dream was longer, but he was only
able to recall the latter fraction and
thus thought it was shorter than it
actually was,

In addition to dependmg on the
amount of actual dreaming, the
lengths of the dream narratives were
undoubtedly influenced by many
other factors as, for example, the

loguacity or taciturnity of §. How-
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ever, the lengths of the dream narra-
tives still showed a significant relation-
ship to the duration of REM periods
before awakening. Table 5 shows
the correlations between minutes of
REM’s and lengths of dream nar-
ratives for each S. The number of
words in the narrative was the meas-
urement of length. Of the 152
dreams recalled, 26 were not included
because poor recording did not allow
complete transcription. Dream nar-
ratives recalled after 30 or as much as
50 min. of REM’s were not a great
deal longer than those after 15 min.
although Ss had the impression that
they had been dreaming for an un-
usually long time. This was perhaps
due to inability to remember all the
details of very long dreams.

Specific eye-movement paierns and
visual tmagery of the dream~~The
guality and quantity of the REM’s
themselves showed endless variation,
There was much or little movement,
big or small movements, and so on.
As has been stated, the movements
occurred in bursts of activity sepa-
rated by periods of relative inactivity.
However, the brain-wave stage during
the whole period remained the same
whether there was much or little
movement at any given moment of
the period.

It was h}rpothesmed that the move-
ments represented the visual imagery
of the dream, that is, that they

TABLE 5

ConrerarioNn BerweeN Duration or REM
Perrors m¢ Mmnures axp NUMBER oF
Worps 18 DreaM NarraTives

Subjects | [Npmber, r
DN IS .60 Q02
IR 25 68 < 001
KC 3 A0 < 05
WD 35 71 < 001
PM 20 53 < 02
e

return to the
table of contents

@



),

retum to the
main menu

344

- corresponded to where and at what

the dreamer was looking., An at-
tempt to account for every movement
by having S state chronologically in
what directions he had gazed in the
dream proved futile. The Ss could
not recall the dream with such a high
order of detail and precision.

In a slightly different approach, Ss
were awakened as soon as one of four
predominant patterns of movement
had persisted for at least 1 min. and
were asked to describe in detail the
dream content just before awakening.
The four patterns were: (a) mainly
vertical eye movements, (b) mainly
horizontal movements, (¢) both ver-
tical and horizontal movements, and
(d) very little or no movement. The
prevalence of the horizontal or vertical
components was determined by plac-
ing leads both wvertically and hori-
zontally around the eyes.

A total of 35 awakenings was
accumulated from the nine Ss.
Periods of either pure vertical or
horizontal movements were extremely
rare. Three such periods of vertical
movements were seen. After each
of these the dream content involved
a predominance of action in the
vertical plane One S dreamed of

' standing at the bottom of a tall cliff

operating some sort of hoist and
looking uvp at climbers at various
levels and down at the hoist ma-
chinery. Another S dreamed of
climbing up a series of ladders looking
up and down as he climbed. In the
third instance the dreamer was throw-
ing basketballs at a net, first shooting
and looking up at the net, and then
looking down to pick another ball off
the floor. Only one instance of pure
horizontal movement was seen. In
the associated dream § was watching
two people throwing tomatoes at each
other. On 10 occasions Ss were
awakened after 1 min. of little or no
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eye movement In these, the dreams
all had the common property that
the dreamer was watching something
at a distance or just staring fixedly at
some object In two of these awak-
enings in different Ss the patterns
were the same, as follows: about a
minute of ocular inactivity followed
by several large movements to the
left just a second or two before the
awakening. Both instances, inter-
estingly enough, were virtually identi~
cal as regards dream content. In
one case S was driving a car and
staring at the road ahead. He ap-
proached an intersection and was
startied by the sudden appearance of
a car speeding at him from the left
as the bell rang.
dreamer was also driving a car and
staring at the road ahead. Just
before the awakening he saw a man
standing on the left side of the road
and hailed him as he drove past.

In the 21 awakenings after a mix-
ture of movements Ss were always
looking at things close to them,
objects or people, Typical reports
were of talking to a group of people,
looking for something, fighting with
someone, and so forth. There was
no recall of distant or vertical
activity.

In order to confirm the meaning-
fulness of these relationships, 20
naive Ss as well as 5 of the experi-
mental Ss were asked to observe
distant and close-up activity while
awake. Horizontal and vertical elec-
trodes were attached. The eye-move-
ment potentials in all cases were
comparable in both amplitude and
pattern to those occurring during
dreaming. Furthermore, there was
virtually no movement, as indicated
by the eye potentials, when viewing
distant activity, and much movement
while viewing close-up activity. Ver-
tical eye-movement potentials were
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always at a minimum except for the
upward movements accompanying
blinking, and in a few cases when £
tossed a ball in the air for them to
watch.

Discussion

‘The results of these experiments indi-
cate that dreaming accompanied by
REM’s and a low-voltage electroen-
cephalogram occurred periodically in
discrete episodes during the course of a
night’s sleep, It cannot be stated with
complete certainty that some sort of
dream activity did not occur at other
times. However, the lack of recall and
also the fact that the brain waves were
at the lightest level of sleep only during
REM periods and zt deeper levels at all
other times, makes this unlikely. The
few instances of dream recall during
NREM periods are best accounted for
by assuming that the memory of the
preceding dream persisted for an un-
usually long time. This is borne out
by the fact that most of these instances
occurred very close, within 8 min., after
the end of REM perlods

Other workers have attempted to
relate dreaming to physiological phe-
nomena during sleep. Wada (12) felt
that dreaming and gastric contractions
occurred simultaneously. However, this
conclusion was based on only seven
awazkenings in two §s. One was unable
to recall dream content although he felt
he had been dreaming and the other
remembered dream content in 3 of 4
awakenings, Scantlebury, Frick, and
Patterson (11} also studied gastric
activity and dreaming. They felt, on
the basis of three instances of dream
recall out of seven awakenings, that the
two were probably related, but judi-
“the exact time
during which a dream occurs is elusive
of record.” The occurrence of dreaming
during a series of foot twitches occurring
immediately after the onset of sleep was
postulated by McGlade (9). However,
he based this conclusion mainly on
dreams recalled on the morning after the
experiments which is highly unreliable,
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and only 3 out of the 25 s studied ex-
hibited foot twitches.

Incidental observations have been
made on the occurrence of dreaming
by investigators studying brain waves
during sleep (2, 3, 6, 7, 8). All stages
of brain waves were related to dreaming
in these five papers, but no mention was
made of whether or not actual dream
content was recalled, and the number of
reports by sleepers was generally very
small.

In other studies of dreaming, excel-
lently reviewed by Ramsey (10), at-
tempts were made to localize dream
act:vnt)r by simply awakening Ss at
various times during the night. In
general it was found that dreams might
be recalled at any time during the night,
but that most were recalled in the later
hours of sleep. This would correspond
to the statistical incidence of REM's as
previously reported (I, 4), and is also
consistent with the finding in this study
that, even when the awakenings occurred
during REM periods, recall was still
more difficult earlier in the night.

It was stated herein that all §s showed
periods of REM’'s every night they slept.
This was also the case in another briefly
reported series of experiments involving
16 §s who were observed a total of 43
nights (5). It is felt on the basis of
these and other studies which are un-
reported  that periods of REM's and
dreaming and the regularity with which
they occur are an intringic part of normal
sleep. In view of this, the failure to
observe REMs in occasional §s reported
in earlier work (I, 4) deserves some
consideration. One explanation is that
the recording was done by sampling
rather than continuously. If the REM
periods were shorter than usual, they
may have occurred In the intervals
between the samples, thus escaping
observation. Another explanation is
that a lower amplification of the REM
potentials was employed which, although
usually adequate, did not clearly record
very small movements, A third possi-
bility is that the dreams of these Ss
happened to be the sort, such as watching
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distant activity, in which eye movement

was at a minimum. Since the asso-
ciation of the characteristic low-voltage,
non-spindling EEG was not realized at
the time and thus could not aid in
identifying this sort of period, they very
likely would have been overlooked.

There was nothing in the experiments
reported in this paper to indicate that
the dreams occurred instantaneously, or
with great rapidity, as some have sup-
posed. Rather, they seemed to progress
at a rate comparable to a real experience
of the same sort. An increment in the
length of REM periods was almost
invariably associated with a proportional
increase in the length of the dream.
This could not have occurred if dreaming
were instantaneous, since any length of
REM periods would then easily accom-
modate a virtually infinite amount of
dream activity.

It seems reasonable to conclude that
an objective measurement of dreaming
may . be accomplished by recording
REM’s during sleep. This stands in
marked contrast te the forgetting, dis-
tortion, and other factors that are in-
volved in the reliance on the subjective
recall of dreams. It thus becomes
possible to objectively study the effect
on dreaming of environmental changes,
psychological stress, drug administra-
tion, and a variety of other factors and

influences. :

SUMMARY

Regularly occurring periods of REM's were
observed during every night of experimental
sleep in nine adult Ss. A high incidence of
dream recall was obtained from Ss when awak-
ened during REM periods and a very low
incidence when they were awakened at other
times. A series of awakenings was done either
§ or 15 min. after the REM’ (dreaming) had
begun and §s judged the correct dream duration
with high accuracy. The pattern of the REM's
was related 1o the visual imagery of the dream,
and the eye movements recorded in analogous
situations while awake corresponded closely in

previous
page

WILLIAM DEMENT AND NATHANIEL KLEITMAN

amplitude and pattern to those chserved during
drearning.
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'THE OCCURRENCE OF LOW VOLTAGE, FAST, ELECTROENCEPHALOGRAM

PATTERNS DURING BEHAVIORAL SLEEP IN THE CAT

WILLIAM Dsmsm, M.Da
Department of Physiology, University of Chicage, Chicage, I,

(Beuaclved for. pnbhsaﬁ.on Angust 11, 1957)

Durmg the recordmg of BEGs from_

sleeping cats for other purposes, it was
noticed that patterns generally associnted
with wakefulness oceasionally appeared: even
though the snimals remained asleep, A re-
view of the Iiterature perteining to brain
wave studies in normasl eats disclosed only two
passing references to thiz phenomenon. Der-
byshirs et al, (1938) reported the occurrence
of slow waves in the EBEG of two tinanesthetiz-
ed sleeping cats, but noted further that *‘at
other times, when slesp was apparently less
tranquil, judging by twitching of the vibris-
sae, there were only small rapid waves, as in
the alert walking state’”. Hess, Koella, and
Akert (1953) mentioned that apparently
sleeping cats might show an absence of sleep
potentials, but felt that in such instances the
animals had probably been aroused by stimmli
which were wnnoticed by the experimenters,
Yt was devided to investigate the problem
forther for two reasons. The normal oecur-

-rence of a waking type of EEQ in the sleeping

animal would bear significantly on the inter-
pretation of what has been called ‘‘activa-
tion”’ of the EEE, and, an EEG sleep cyele
with regularly ' oceurring periods of low
voltage, non-spindling patterns has been ob-
served in humdns . {(Dement and Kleitman
1957b) and it would be of interest to sce if
similar changes oeenrred in ancther species
during a lengthy period of sleep.

METEOD
Twelve a_dult eaty were ugsed in this stady.

In order to increase the likelihood that they

would fall a.sleep during : the . recording - ses-

‘sions, they were first kept a.wake for 1-8 days.

1Postdoctoral Publis Mealth Service Research
Follow of the Nadonal Ingtitute of Neurological
Diseases and Blindness.

This Swas accomplished by putting them in a
cage whose hottom was flooded with several
inches of water. A platform was in the cage
and the only way the cals could avoid getting
wet was o sit on the platform which, however,
was too small for them to lie down or com-

- pletely relax. They were released periodieally

for exercise and feeding, and when they
seemed sleepy, they were taken to the Igh-
oratory for brain wave studies. This was
usually done in the evening when external
noise way at a minimum. A feeding was al-
ways administered just before the recording
seggion to farther ensure somnelence.

The recording electrodes were small
needles which wers ingerted into the scalp
and held in place by small pieces of tape. In
two animals, cortical electrodes were used.

.These were small steel wires insalated, except

for the tip, which were inserted through burr
holeg in the skull until they rested on the dura
and then fixed in place with dental cement,
The recording was done while the animals
were vnrestrained in a wire cage in a elosed

.room, A Grass Model IYI four-channel elactro-

encephalograph was used and the eats eounld
be observéd at all times throveh a glass
window.

Several of the cals were very tame and
seemed to.be completely unconeerned with the
experimental procedure. They would sleep in
the same room with the equipment and exper-
imenters and could thus be  observed very
closely during the presence of ‘different BEEG
patterns. 'As a rule, however, isolation - was
necessary as the animaly remained alert if

- they could see or hear the experimenters.

REJULTS

Three distinet phases of EEG recording
and coneomitant behavior were seen in all cats

[ea1]

Reprinted from Electroencephalogr Clin Neurophysiol. 10(2). Dement W. The occurrence of low voltage, fast,
electroencephalogram patterns during behavioral sleep in the cat. 291-296. May 1958, with permission from Elsevier.
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together with brief transitional episodes. Al-
though records were taken from several scalp
srens, no attempt was made to distinguish
subtle regional differences, and the following
remarks apply to the EEG as a whole,
Awake, The behavior of the catz varied
widely from pacing about the cage to lying
in a supine, erouching position. The reeords
during this phase showed only varying
amounts of musele potential except in the two
czis with implanted electrodes who exhibited

AWAKE

WILLIAM DEMENT

quist. They ceased to react to exiernal noiges
nnless the latter were guite loud. - No muscls
potentials were present, and slow waves and
spindles dominated the EEG. With appro-
priate geing, the records from sealp and im-
planted electrodes were virtuslly identical.
Asleep with woking palterns, At certain
times, in the absence of behavioral arousal or
gross movement, the ERG changed from slow
wave, spindle patterns to low voltage, fast
rhythms, Concomitaxt with this latter phase

DROWSY

R WWWWWMMW

SLEEP

B

" WMW\/VM\W«/M/V\\/“WWMW

ACTIVATED SLEEP
L

I 6EC

NP e AN Kbt s s D BN g gt

Fig. 1 )
Sample recordings from cme eat using sealp elactrodes. D stands for the leff fromial electrode
referred to the left cecipital. B stands for the xight fromtal referred to the right ocecipital.
AWAER — o flat record dominated by muscle potentials. DROWRY -— slow waves appear
as eat'z head beging to droop, still some musele activity. BLEEP — a few minunfes later cat
complately gtill amd untesponalve, showing slow wavay end spindles. After shout 10 min. the

yacord changes spontsneonaly to ACTIVATED SLEEP, a low voltage, fesh patiern with mo

muscle potentisls, Dering the time represented by the Iatter tracing, the cat was completely

atifl and unresponsive, but usually records of this EEG phase confained meny artifaets resulting
from the twitching movementa described in the faxt, . :

typical waking patterns. Often the cats closed

their eyes while Iying in this erouched position

but waking patterns or muscle potential per-
sigted until the head began to droop: In the
scalp recordings, the musele potentials dim-
inished as the cats relaxed at which time the
EEG patterns became discernible. Tf the

enimals remained quiet, sleep patterns usually

appeared. .

Asleep. The cats were invariably in a
position of eomplete relaxation and entirely
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were CQnsiderabla amounts of twitching move-
ments of. the legs, ears, and vibrissae, and oc-

. easional tail movements. However, the cals

remained in a completely relaxed sleeping
posture throwghont and -were unresponsive 0
minimal external noises that ordinarily at-
tracted their attention when awake. There
was also complete absence of musele potentials,
an excess of which characterized the record
of the wakeful animals, The limb and ear
twitches were seen in the tracings as slow
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were not 1sol_a.ted revealed that  ‘theye was’
considerable movement of the eyeballs.” This

wave movement artifacts. In add,ltmn to the
twitehes, close observation of the eats t.hat,

© wasd easily discerned on oceasions when the

eyelids were slightly separated, and could be

_ inferred at other times from squirming, ver-

miform passive movements of the lids as the

_eornes rotated beneath them. In the two.cats

with implanted elestrodes, the low voltage,
fast EG pattern sesn during behavioral
sleep wags virtually indistinguishable from the

- patterns regorded during wakefulness. Since

'the muscle potentials obscured the EEG from

the scalp leads of the other anmimals when
awake, 8 direct comparison betwesn the two
phases could not be made. However, at high
gaing, the low wvoltage, fast patterns taken
from, gealp leads during sleep were gimilar to
those recorded during wakefulness from im-

. planted electrodes.

Figure 1 shows examples of -the various

EEQG patterns. It should be noted especially

" that the “‘drowsy’’ record taken while the cat

- still was quite responsive and sitting com-

pletely relazed, showed waves that were slower
and of greater amplitnde than thoss geen dur-

' ing “‘aetivated’’ sleep. The latter term is

used in a purely descriptive sense.

Auditory arousal thresholds. Although
one could infer the presence of slsep or wake-
fulness by observation, it was decided to
employ & more precise test. In fhres cats,
aunditery arousal or response thresholds were
determined during the presence of the varions
HEG patterns., A Jloundspeaker was placed
near the eage and g 1000 cycle tone was sound-
ed for 5 see. If no response was obtained the

‘Intensity whs increased and in: approximately

30 sec, the stimulus was repeated. This pro-
cedure was continued until the tone evoked
an appropriate response. When the cat was
awake the threshold was considered to be the
intensity &t which it looked investigaiively
toward ths luudspea.ker During sleep, an
abrupt change ‘to  waking “bekavior - aceom-
panied by the appearance of musele potential
was considered en adequate response. The
intensities were calibrated in terms of voltage
across the Joudspeaker. '
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The threshold when the cal was awake or
Just beginning to doze with a slight drooping
of the head and the appearanee of 5-8/sec.
waves in the EEQ, was invariatily quite low,
less than 0.5 V. During behavioral sleep with
low voltage fust patterns, the thrashold rang-
ed quite widely from 1 to 10 V. When
classical sleep patterns were presemt, the
range was about the same but tended to
average a little higher,

EEG changes during oprolonged sleep.
Nine of the cats slept for periods of 2.3 hours.
During this time, in each cat & regular al-

ternétion between phases was observed. The

usual sequence was that the cat would, after
g ecrtain amonnt of pacing ahout, settle down
and assume a sleeping position. Slow waves
and spindles appeared and this phase pre-
domingted without significant chsnge for
about 10 min. Then a spontanecus change to
a low voitage, Tast BEQ occurred which per-
sisted withont change for about 10 min.

:_r—\_l—n_J—'rb*"er

3 1
i I
HOURS
Pig. 2
Conbinuous plotting of BEG phasea for three recording
sesgions in three different cata, A, L, end D atand
for awake, Light sleep (activated alaep, lew voltage
fast patferns), and deep sleep (slow waves and
spindilea} respectively.

S r»oclipo
M 1

Wy 2

and was accompanied by the twitching move-
ments deseribed above. After this, there was
often 2 brief awakening during which the
cat might shift position and meow & few
times. Then it would fall asleep and the slow
waves and spindles would reappear, and the

-gequencee would be repeated. Many times the
- Jow-voltage fast' EEG simply. reverted to the

slower patterns without an awakening. Ths

sleep time was just about divided equally be- -

tween the two phases which alternated with
marked regularity. Figure 2 ghows a con-
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tinuous plotting of the 3 categories of record-
The
length of the above described sequence seemad
t0 be somewhat characteristie for individual
cats and the changes were apparently inde-
pendent of external stimuli, Of eourse, a very
lond noise would awaken the cats and disturb
the sleep pattern but these were always acci-
dental and quite rare.

It might alse be mentioned that when
obgerved on several oceasions, The exper-
imenter’s house eat showed alternating pe-
riods of sleep characterized by complete still-
ness or the numerous fwitching movements
described previously and these alternations
were of about the same duration as seen in
laboratory cats. It was felt, on this basis, that
gleap deprivation had not markedly changed
the time course of the gleep alternations in
the laboratory animals.

DISCUSSION

The salient feature of this investigation
was that in the course of normal sleep, cats
invariably showed many periods of low volt-

* age, fast BEG patterns which resembled those

ordinsarily associated with alert wakefulness.
It cannot be stated with certainty that they
were exactly like the patterns of alert wake-
fulness, but in the eats with implanted elec-
trodes thig seemed to be the case. Further-
more, the low voltage, fast sleep patterns

‘seen in this study were at least more setive

than the patterns associated with relaxed
wakefulness and drowsiness. Clark and Ward
(1945) deseribed trains of regular € per sec.
waves in the ‘“‘dozing’ cat, and, in an ex-
tensive study, Hess, Koella, and Akert (1953)
coneluded that 5-8 per see. bursts char-
acterized the waking *‘ rest-rhythm’’ of normal
cats. Even with scalp electrodes, rhythms
eould be discerned while the' eats were still
awake aihough their heads were beginning
to droop, that were slower and of greater
amplitude than the low voltage, fast sleep
patterns.

The change - from -high voltage, slow
rhythms to low voltage, fast activity, whether
gpontanects or a:rnﬁem]ly produced, has
been called actwatldn” of the ’EEG and is
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generally concomitant with behavioral arousal,
This ‘‘activation’’ has been elicited exper-
imentally by stimulafion of the brain stem
reticular formation (Moruzei and Magomn

1949). Since an activated EEG was generally

considered to be mors or less exclusively
associated with wakefulness, it was eoncluded
that one of the functions of the brain stem
retienlar formation was to arouse the organism
and maintain it in an alert state.

Tt was seen-in this study that the change

from slow, high voltage patterns 10 an ge- .

tivated BEG often took place in the ahsence
of behavioral arousal, and that although this
activation persisted for many minutes, the
auditory arousal threshold remained elevated.
On the other hand, relatively slow patterns

geen in drowsiness were associated with a -

much lower auditory threshold. Thus, al-
though behavioral arousal in normal cats
geams to be invariably associated with activa-
tion of the BEG, the reverse need nof oecur.

Rinaldi and Himwich (1955) and Wikler
(1952) have reported the observaiion of sleap

-BEQG patterns in the face of behavioral wake-

fulness after the adminigtration of atropine.
It would seem that the brain stem reticular
formeation has at lesst two distinet and sep-
arable actions; an ascending effect on the
cortex which results in EEG activation and is
presumably " necessary for ~optimal - eortical
funetioning, and a desecending effeet which iz
more closely assoeiated with overt behavioral
arousal. In the ezperiments of Rinaldi and
Himwich, and Wikler, it may be assnmed
that the ascending influence was blocked by
atropine leaving the descending effect (be-

havioral arousal) intact. This i alse com-

patible with the fact that eompletely decor-
ticate dogs (EKleitman and Camille 1932) and
monkeys (Woolsey 1956) show alternating
periods of hehavioral sleep and wakefulness.
Sinee in sleep, an EEG aclivation occurs
withont. behavioral aromsal, it may be coxn-
cluded that the brain stem effect is, in this
instance, predominantly aseending. In the
often degeribed aroussl from sleep, ag by a
loud noise, both ascending and deseending
effacts must be elicited. .

next »
page

return to the
table of contents

@



),

retum to the
main menu

LOW VOLTAGE, FAST, EEG PATTERNS DUBING SLEEP

It was also found that the low voltage, fast

- patterns during sleep showed & marked reg-

ularity in their occurrence. Periods of low
voltage BEG patterns have beer deseribed in
human sleep (Blaks and Gerard 1937; Henry
1941). It is only recently, however, that their
functional significance has been appreciated.
Records faken from many nights of undis-
turbed gleep (Dement end Kleitmar 1957h)
showed that such patterns occurred every 890
min, on the average, as part of a sleep EEG
¢yele, and persisted approximately 20 min,
They were further found to be significantly
associated with dreaming. Thms, in humans,
the ““agtivation’’ of the EBG in the face of
behavioral sleep nongtheless resulted in a
change of consciousness, i.e., the initiation of
dream activity,

The question of whether any animal other
than man experiences dreaming seems un-
answerable gince it is a subjective experience
and.can be known only by a verbal or written
communication from the dreamer. However,
eertain subjective states can be attributed to
animals if they consistently exhibit objective
behavior patterns which are like or similar to
behavior geen in man coneomitant with com-

municable subjective experiences, of if the.

behavioral patterns are meaningfully related
to stimuli which ordinarily evoke strong af-
fective states in humans, such as piinful and
pleasarable stimuli, Consequently, animals
ere said to experience anxiety when they
tremble, crouch, whine, defecate, exhibit dis-
organized motility patterns, ete, in response
to unavoidable painful stimuli. :
Along this line there is considerable an-
ecdotal evidence that animals dream. A
hunting dog sleeping befors the fire begins to
make running movements, Barks as it does
when in the field, and if awakened, scems
somewhat startled and disoriented. The im-

~mediate inference is that the dog was dream

mg of chasmg a rabhit or other game.

" If eats dream a all, it certainky seems that -

these regularly -ocelrring parmds of a low
voltage, fast EEG must represent the times
of its oceurrence. In addition, the cats show-
ed behavioral phenomena usually connected
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with dreaming in’ animals; leg movements,

ete, concomitant with the activated EEG.
They also exhibited rapid, jerky movements
of the eyeballs which have been definitely

associated with dreamiung in humens {De..

ment and Kleitman 1957a). A final correlate
ig that the periods of low voltage EEG during
sleep in both eats and humans were associated
with an elevated anditory threshold (Dement
and Kleitman 1957h).

Regardless of the presence or absence of
dreaming, the regular fluctuation in brain
wave patterns suggests a definite ““sleep
cyele’” such as has been observed in humans,
The length of the cyele would appear to be
mueh shorter in the cats, but this is compatible
with their higher basal metabolie rate as com-
pared to humans and their relatively shorter
cardiac and respiratory cyeles. The presenee
of such a *‘sleep cycle’” in hoth eats and hn-
mans suggests the possibility that it may be
common to 2il animals possessing more highly

“developed central nervous systems.

It may be emphasized, in view of the f;md-
ings discussed in this paper, that the asetivity
of the brain stem activating system is not
confined to erousal and maintenance of the
waking state, and that the fuhetions and in-
terdctions of the brain stem and eortex during
sleep as well as wakefulness need further
clanfleatlon

SUMMARY

The EEG and behavior of twelve aduit
cats were observed during lengthy intervals
of normal sleep. All animals showed many
periods of a low voltage, fast (activated)
EEG in the face of continued behavioral slesp
as indicated by absence of muscle potentisls,
relaxed posture, unresponsjveness, and elevat-
ed sauditory threshold. Thess periods al-
ternated régularly with periods during which
the recordings were dominated by slow waves
and spindles. The former EE® . phase was
concomitant with many twitching movements
of the limbs, vibrissae, and ears, while the

latter wag generally associated with complete
. stitlneps on the part of the animals.
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RESUME

"L’BEG et le comportement de 12 chats
adultes ont été observés pendant des périodes
prolongées de zommeil normal., Tous les ani-
maux ont montré d¢ nombreuses périodes
d’activité électroencéphalographique de bag
voltage et rapide, done des signes d'activation,
malgré la continuation de 1’'état de sommeil
Ta continnation da sommeil a été mise en
évidence par l'absence de potentiels musen-
laires, nne attitude relichée, une absence de
réponse & des incitations exitérieurss et une
€lévation dn seuil auditif. Ces périodes al-
ternaient réguliérement svee d’anires pen-
dant lesquelles les tracés éfaient dominés par
des ondes lantes et des fuseanx (“‘spindles’”).
Pendant la péricde durant laguelle V'EEG

montrail une activité rapide de bas veltage

beaucoup de secoumses musenliaires des extré-
mités, des vibrisses et des oreilies ont été ob-

servées, tandis que pendant la période doriinge

par des ondes lentes et des fuseaux les ani-
maux sont restés parfaitement tranguilles et
n’ont mentré aueun monvement.

ZUSAMMENPASSUNG

Das EEG und das Verhalten von wiolf

ausgewachsenen Katzen wnrde beobachtet
wihrend lingeren Perioden normalen Schla-
fes. Bei allen Versuchstieren wurden man-
che Perioden von niedefgespannter, hoch-
frequentet (aktivierter) BEG-Aktivitit fest-
gestellt, obgleich das Verhalten,K des Tieres
Andanern deg Schlafes anzeigte. Dies wurde
objektiviert dureh das Fehlen von Musgkelak-
tionspotentialen, die erschlaffie -Edrperhalt-
ung, Nichtheantwortung wvon Reizen und
-erhihte Horreizschwelle. Diese Perioden
wechseller regelmissig ab mit anderen wih-
rend depen das EEG dominiert war durch

langseme Wellen nnd Spiqdela);tivitﬁt. Wah-

WILLIAM DEMENT

rend der erstgenannten Phase traten oft
Gliederzuckyngen auf und Hhnliche Bewe-
gungen der Vibrissen und der OQhren, wih.
renddem die Tiere in der zweitgenannien
Phase sieh vollkommen still verhielten.

The author wishes to ackmowledge the gemerous
aggistance of Prof. E. L. Chow who implanted the
eortical alectrodes in two cats and also made availabls
several of the normsal sats used in this study.
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A PERSISTENT DIURNAL RHYTHM OF LUMINESCENCE
IN GONYAULAX POLYEDRA®

J. WOODLAND HASTINGS AND BEATRICE M. SWEENEY

Diviston of Biochemistry, Noyes Laboratory of Chemistry, University of [llinois,
Urbana, Illinois, and Diision of Marine Biology, The Scripps Institution
of Oceanography, Lo Jolla, Califernic

The photosynthetic marine dinoflagellate, Gonyaulax polyedra, emits a brief
flash of light {duration, about 90 milliseconds) when stimulated by agitation. It
is one of the many organisms responsible for the luminescent display sometimes
observed in the ocean at night when the water is disturbed (see Harvey, 1952}).
Previous studies with this organism (Haxo and Sweeney, 1955; Sweeney and
Hastings, 1957a) have shown that the luminescent response to stimulation varies
rhythmically in a diurnal fashion. Cultures grown in natural ilumination, or in
artificial lights with alternating light and dark periods of 12 hours each (= LD),
display a much greater luminescence during the dark period (Fig. 2).

When LD cultures are transferred to a dark chamber, the rhythm continues
but its amplitude decreases progressively. By action spectra studies, it has been
found (Sweeney, Haxo and Hastings, unpublished data) that this decrease in
amplitude arises from the need for light in the organic nutrition of Gonyoulex,
via photosynthesis. This finding prompted the search for constant environmental
conditions under which the endogenous rhythm would persist, without the loss
of amplitude which occurs in continuous darkness.

The possibility of maintaining the cells heterotrophically was explored, but the
consistently ‘negative results obtained indicated that Gonmyaulexr is an obligate
photo-auxotroph. Continuous bright light inhibits the rhythmic fluctuations in
luminescence, and it has not been possible to separate, by using light of different
colors, the photosynthetic requirements for light from the inhibitory action of
light on thythmicity. It has been found, however, that if LD cultures are placed
in a continucus dim light, the rhythm of luminescence persists without loss of
amplitude. It has thus been possible to investigate in some detail the nature of
this endogenous rhythm.

MATERIALS AND METHODS

G. polyedra has been maintained in a modified sea water medium described
previously {Sweeney and Hastings, 1957a). The growth rate is dependent upon
light, temperature, and the concentrations of mineral nutrients. The maximum
growth rate which we have measured is one division per day, but under the condi-

1 This research has been supported in part by grants from The National Science Founda-
tion, the Graduate Schools of Northwestern University and the University of Illinois, and the
Marine Life Research Program of the California Cooperative QOceanic Fisheries Investigation.
Part of the research was carried out at Northwestern University, Evanston, Illinois. Contri-
bution from the Scripps Institution of Oceanography, new series,
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Hastings, J. W., and B. M. Sweeney. 1958. Biol. Bull. 115: 440-458. Reprinted with
permission from the Marine Biological Laboratory, Woods Hole, MA.
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tions used in the experiments to be described the rates were always less than this.
The illumination was provided by “cool white” fAuorescent lamps, the intensity
being measured in foot-candles with a Weston illumination meter,

The experimental procedure was as follows: stock cultures were maintained
in Fernbach flasks containing 1500 ml. of medium. In preparation for an experi-
ment, 2-ml, aliquots from these cultures were pipetted into each of several hundred
test tubes at cell densities between 2000 and 7500 cells per ml. All tubes were
then subjected to the appropriate conditions of light and temperature. To measure
the luminescence at any given time, two tubes were removed, assayed, and then
discarded. The cells were stimulated to luminesce by bubbling air through the
cell suspension, and the resulting phototube current was accumulated on a ca-
pacitor. Luminescence is expressed in terms of the total amount of light emitted
during one minute of stimulation, at the end of which time essentially all lumines-
cence has ceased. Additional details of the light measurement procedure may be
found elsewhere (Sweeney and Hastings, 1957a).

ResuLTs

Demonstration of the persistent vhythm. A persistent thythm of luminescence
may be observed if cells which have been kept for a time under LD conditions are
transferred to continuous dim light (about 100 foot-candles). A typical example
of the persistent rhythm under conditions of constant light and constant tempera-
ture is shown in Figure 5. In similar experiments, we have continued measure-
ments for as long as 14 days; the thythmic pattern continues undamped during
this time. At the light intensity used in such experiments there was little growth.

The natural period of the rhythm. The period of the rhythm is measured by
the time between successive maxima in luminescence. When the cells are sub-
jected to alternating light and dark periods on a daily (24-hour) schedule, the
period of the rhythm is 24 hours (Fig. 2). Under conditions of constant illumina-
tion, however, the rhythmic changes have a period which is close to, but not neces-
sarily exactly 24 hours. Pittendrigh and Bruce (1957) have referred to this as
the natural perfod, or the innate period of an endogenous rhythm when light and
temperature are held constant.

The natural period in Gonyaslox is a function of at least two environmental
factors, light intensity and temperature. The effect of light intensity upon the
period is illustrated in Figure 1. Cells were placed in continuous light at three
different intensities, and it is evident that the natural period was shorter at higher
intensities. These experiments also illustrate the light intensity dependence of
the inhibitory effect of continuous. illumination upon the rhythm, At the two
higher light intensities the amplitude of the rhythm was progressively damped,
while at the lowest light intensity no marked damping of the amplitude of the
rhythm was evident.

The effect of temperature upon the natural period is not large but, contrary
to expectation, the period becomes longer rather than shorter as the temperature
is ratsed (Hastings and Sweeney, 1957b). At 16° C. the period was found to
be 228 hours while at 26.7° C. it was 26.5 hours. A Q,, of less than 1.0 is
unusual, and the results were interpreted as evidence ifor a compensation mech-
anism which functions to keep the period approximately temperature-independent,
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Froure 1. The effect of light intensity upon the natural period at constant temperature
(21° C.). The cells were grown in LD conditions {800 foot-candles during the light period)}.
The begintting of the experiment, shown on the graph as 0 time, fell at the end of a normal
light period. At this time, some cells were placed in the dark, and others in light of 120 foot--
camdles {upper curve}, 380 foot-candles (middle) and 680 foot-candles (bottom). The average
periods were as follows: 680 foot-candles, 22.0 hours; 380 foot-candles, 228 hours; 120 foot-
candles, 24.5 hours ; dark, 24.5 houtrs (not shown on graph; one period measured).

In view of the relatively small temperature effect, the period of this rhythm may
be characterized as essentially temperature-independent.

The endogenous nature of the diurnal rhythm. The persistence of the thythm
of luminescence under conditions of constant temperature and light intensity indi-
cates that the mechanism of the rhythmicity is endogenous. Several other experi-
ments serve to support this conclusion.

Figure 2 illustrates one of many experiments in which the phase of the rhythm
was shifted by changing the time at which the light and dark periods occurred.
In such experiments the phase (i.¢., the solar time at which the maximum in
luminescence occurs} may be shifted so that it will bear any desired relationship
to the solar day. In cultures which are subsequently transferred to constant con-
ditions of dim light or darkness, the phase of the persistent rhythm is related to
the previous light and dark program rather than to solar time, or any other factor.
Changes in the phase of the endogenous rhythm have not been observed when
light and temperatures were held constant.
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Froure 2. This experiment illustrates the effect of changing the solar time at which
the light and dark periods occur. The upper curve shows the pattern of lwmninescence changes
in an LD culture which had been on the schedule indicated for some time. The black bars
on the time axis indicate dark periods. The lower two graphs illustrate the effect of imposing
upon cultures {which were previcusly on the schedule shown in the top graph} an LD} schedule
in which the light and dark periods were at a different time of day. The new schedules were
started at zero hours on the graph. Temperature, about 26° C.  Light intensities used, about
250 foot-candles,

A series of experiments has been carried out from which it is evident that
pre-treatment with diurnal light and dark periods (i.e,, one dark plus one light
period equals 24 hours) is not necessary in order to demonstrate an endogenous
rhythm. That is to say, there is no evidence that a “learning” or “mermory”
process is involved. For example, cells have been exposed to “non-diurnal” light
and dark periods which together add up to greater or less than 24 hours, followed
by conditions of either constant light or constant dark. An experiment of this
sort is shown in Figure 3. In this experiment, cells were exposed to alternating
light and dark periods of 7 hours each for about 100 hours. During this period
the luminescence changes were quite evidently governed by these light and dark
periods so that there was a maximum in luminescence every 14 hours. At the
end of this treatment, some cells were placed in constant dim light and others in
darkness. In both cases a diurnal rhythm with a period of approximately 24 hours
was evident, The 14-hour cycle had not been “learned,” even though it had been
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possible to entrain the luminescence rhythm to the 14-hour cycle, A difference
between those placed in darkness and those in dim light was that the amplitude
of the rhythm in darkness progressively decreased as a result of the lack of light
(see introduction).

Similar experiments have been carried out in which the alternating light and
dark periods were & hours each, 8 hours each, and 16 hours each, giving cycles
of 12, 16 and 32 hours, respectively. The results were similar to those shown
in Figure 3. After about 100 hours of such a non-diurnal light-dark cycle the
cells were placed in constant dim light and a rhythm of luminescence having a
period close to 24 hours was evident.

Another series of experiments has shown that it is not necessary to pre-treat
the cells with any sort of alternating light and dark periods in order to demonstrate
endogenous diurnal rhythmicity. As mentioned previously, if cells are grown in
continuous bright light (ce. 800-1500 foot-candles} there is no detectible rhyth-
micity. Cells maintained in this way for several months, or for as long as several
years, have been found to exhibit a diurnal rhythmicity when they are placed in
darkness {Haxo and Sweeney, 1955; Sweeney and Hastings, 1957a). The phase
of the rhythm which is initiated when the cells are moved from bright light to
darkness is independent of the solar time, and related only to the time at which
the hght-to-dark transition is made.

A similar result was obtained when cells which had been grown in bright light
for almost one year were merely transferred to dim light. This experiment is
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Ficure 3. This illustrates the entrainment of the luminescence rhythm to a 14-hour cycle
and the manifestation of an endogenous diurnal rhythm when the cells are placed in constant
conditions subsequent to the treatment. Dark periods are indicated by black bars on the time
axis. The cells were on an LD sthedule previous to the time when the l4-hour cycle was
started (at 26 hours). Light intensity throughout the l4-hour cycling was 300 foot-candles.
At 117 hours some aliquots were removed from the dark and placed in constant light at 230
foot-candles. The luminescence changes in these cultures are shown by the circles. From
124 hours on, the other aliquots were left in the dark and the luminescence changes are plotted
with solid dots. Temperature, 21° C.
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Froure 4. The jnitiation of an endogenons diurnal rhythm of luminescence by means of
a one-step change in illumination. Cultures which had been grown in bright light for one
year were moved from bright light (80 foot-candles) to dim light (90 foot-candles} at the
time indicated on the graph as 0 hours. Luminescence measurements were made approximately
every two hours thereafter. Temperature, 21.0° C. Average period, 24.5 hours.

illustrated in Figure 4, Tt differs from the previously mentioned experiment
{in which cultures were moved from bright light to darkness) in that the ampli-
tude does not decrease with time, since light is available for the nutrition of the
cells. The precise phase relationship to the time of transfer from bright light
is somewhat different, but here also it is not related to solar time.

Phase shift by light perturbation. It is clear from Figure 2 that the phase
of the rhythm may readily be shifted by an appropriate manipulation of the light
and dark periods to which the cells are exposed. It is not necessary, however,
to expose the cells to a new light-dark cycle in order to reset the phase of the
rhythm. A single exposure to a different light intensity can result in a stable
phase shift. Pittendrigh and Bruce (1937} have discussed the significance of
phase resetting of biclogical rhythms by single light perturbations. If rhythmicity
results from an innate oscillatory mechanism characterized by its own natural
period, and the phase (but not the period) is determined by the sequence of light
and darkness, then it is to be expected that non-repeated light changes should
suffice to change the phase. The perturbation therefore meed not contain any
information concerning period.

The experiment shown in Figure 4 illustrates phase setting by a single step-
type light perturbation. The phase of the previously aperiodic cells was deter-
mined by the time at which the light intensity was changed. The shifting of phase
in already rhythmic cultures is evident in the experiments shown in Figure 3.
The entrainment of the rhythm to a 14-hour cycle may be explained by assuming
that each transition, either from darkness to light or from light to darkness, serves
to shift the phase, so that repetitive phase resetting occurs.

A phase shift in the Gonyeular rhythm by single light perturbations has also
been demonstrated in other ways. Figure 5 illustrates a shift in the phase of
rhythmic cells which were given a single exposure to either bright light or darkness,
The phase shift which results in such experiments has been found to be stable
since, in experiments where measurements were continued for an additional 48
hours, the phase difference between the controls and the treated cells remained
unchanged.
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Ficure 5. This experiment illustrates a phase shift in the rhythm following changes in
light intensity. Cells previously kept under LD conditions were placed at constant tempera-
ture (23.5° C.) and constant light intensity (100 foot-candles) at the end of a 12-hour dark
period. Two days later (zero time on the graph) measurements of luminescence were hegun
and the endogenous rhythm was apparent. Some cultures (upper curve) were transferred to
bright light (1400 foot-candles) for a period of 6 hours and then returnad to the previous
condition (100 foot-candles). Other cultures {middle curve) were transferred to darkmess
for 6 hours and returned to dita light at 200 foot-candles. The time at which treatment was
given is indicated by bars on the time axis. In both cases a marked phase shift in the rhythm is
evident. The control (lower curve) was left in dim light all the while. Average period in
contrel; 25.7 hours.

Figure 6 shows another technique which has been used in the study of phase
shifting by single perturbations. Rhythmic cells were placed in the dark and,
at a later time, received an exposure to light. Although the amplitude of the
rhythm decreases over the next few days, the times at which maxima in lumines-
cence occur are evident, so that the phase may be determined. The number of
hours by which the phase is shifted would be expected to be some function of both
the magnitude of the perturbation, and the time in the old cycle at which it is
administered. The technique of interrupting darkness by light has been used to
investigate these parameters.
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Ficure 6. This illustrates phase shifting in a rhythmic culture by a single 2% -hour
exposure to light, and the effect of intensity upon the magnitude of the phase shift. Prior to
the time shown on the graph, all cultures were in LD conditions, and “two houes” on the time
axis was the end of the last 12-hour light period. All cultures were put in the dark at that
time and the control was left in the dark thereafter. The remaining cells were exposed to
a 2¥%-hour illumination beginning 6 hours after the light-to-dark transition (indicated by the
rectangle on the time axis). Following this 2%-hour illumination they were returned to
darkness for the remaining time. The intensities used are shown in the figure. A 2%-hour
exposure to 1400 foot-candles (not plotted) was found to be no more effective than the ex-
posure to 660 foot-candles (Fig. 7}. Temperature during experiment, 21° C.

The effect of varying the light intensity was determined in experiments such
as the one shown in Figure 6. The amount of phase shift was found to increase
with increasing light intensities, up to a “saturation™ value of about 800 foot-
candles. This relationship is illustrated in Figure 7, and the stability of the re.
setting is shown by plotting on the same graph the phase shift measured at each
of the subsequent cycles. Several experiments of this sort have been carried out
and the same type of relationship has been observed. The quantitative values ob-
tained in separate experiments were somewhat different, however, and the reason
for this variation has not been determined.
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The magnitude of the perturbation may also be changed by varying the dura-
tion of light exposure. In an experiment similar to that shown in Figure 6,
the duration instead of the intensity was varied. All exposures (at 800 foot-
candles) were started simultaneously, six hours after the cells were placed in
darkness. A longer exposure to such a light perturbation was found to be more
effective than a shorter exposure. The amount of phase shift was found to be
proportional to the duration of the exposure, up to a maximum phase shift of about
1114 hours, which was achieved with 214 hours exposure. The relationship be-
tween phase shift and duration might be expected to be different, depending upon
the time in the old cycle at which the perturbations were given, as discussed below.
This aspect has not been studied, however.

The effect of varying the time in the cycle at which the perturbation is given
has been studied by again using a procedure similar to that used in the experiments
shown in Figure 6. Cells grown in LD conditions were transferred to a dark
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Ficure 7. The relationship between the intensity of a single 2%-hour light perturbation
and the number of hours by which the phase is shifted. Data taken from the experiments
shown in Figure 6. Different symbols, as marked on the graph, give the phase difference
between the control and the experimentals, measured at each of the three maxima in himi-
nescence sybsequent to the perturbation.

return to the previous next » return to the
main menu page page table of contents



RHYTHM OF LUMINESCENCE 449

/ A

N\

N

@B

e e — . e e S

4 . . . . A

TIME ~HQURS

Ficure 8. The effect of light perturbations (1400 foot-candles for 3 hours) given at dif-
ferent times during the cycle, upon the phase of the endogenous rhythm. Cells which had
been kept under LD conditions were placed in the dark at zero time on the graph, which was
the end of a 12-hour light period. The times at which the maxima in luminescence occurred
in the control, which remained in the dark all the while, are indicated by vertical lines. In
the experimentals, a triangular symbol shows a time at which a maximum in luminescence
occurred, and thus represents phase. The experiments were carried out in a way similar to
those illustrated in Figure 6. Each horizontal line represents a different experiment. For ex-
ample, the line at 11 hours on the ordinate was an experiment in which a maximum in
luminescence occurred at 7 hours. A light perturbation was begun at Il hours and terminated
at 14 hours. Maxima in luminescence occurred subsequently at 29% hours and 52% hours.
The other experiments are represented in a similar way. The relationship between the time
in the cycle at which the light perturbation was administered and the number of hours by
which the phase was changed may be better visualized by rotating the figure by 90°.
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chamber at the end of a light period. At regular time intervals thereafter, some
of the cells were removed and exposed for three hours to light at an intensity of
1400 foot-candles, and then returned to darkness. Times at which exposures to
light were made were selected so that the experiment served to scan somewhat
more than a full 24-hour cycle. A control received no exposure to light, and the
times at which maxima in luminescence occurred in this control are indicated by
the vertical lines in Figure 8.

The results of the experiments are sumsmarized in Figure 8  First of all, it
may be noted that the new phase, following a light perturbation, was not directly
related to the time at which the light perturbation was administered. That is, the
maxima in luminescence did not cccur at a fixed time interval following the light
treatment. If that had been the case, the symbols indicating phase would fall along
a line at 45°, parallel to the lines representing the times at which light exposures
occurred. This latter type of result was obtained in experiments mentioned pre-
viously (Figure 4, for example) where a rhythm was initiated in an arrhythmic
culture, and the phase was determined only by the time at which the light intensity
was changed.
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Secondly, it is apparent that the sensitivity to light perturbations was greater
during the first 12 hours (Fig. 8) than during the second 12 hours of the cycle.
During the first 12 hours a rather pronounced phase shift resulted, whereas during
the second 12 hours there was little or no phase shift. In other longer term ex-
periments it has been found that this variation in sensitivity continues in a rhythmic
way. It may therefore be stated that, in general, the ceils are maximally sensitive
to a light perturbation at a time when luminescence is near maximum, and that
this sensitivity declines to a minimum at a time when luminescence is minimum,

Finally, however, it may be noted from Figure 8 that a light exposure given
before the maximum in liminescence results in a phase delay, so that the time
between the light perturbation and the subsequent maximum in luminescence is
greater than 24 hours. On the other hand, a light exposure given aiter the maxi-
mum in luminescence results in a phase advance, such that the next maximum in
luminescence occurs in less than 24 hours. This difference is illustrated by the
light perturbations which start at three hours and at seven hours in Figure 8.

Perturbation by mechanical stimulation. It is of interest to consider the nature
of the cellular component or components which, being modified as a result of the
light perturbation, result in the observed phase shift. If perturbation by means
other than light also resulted in a change in the components of the rhythmic mech-
anismn, then a phase shift would be similarly expected. It seemed possible that
mechanical stimulation might be effective in this regard. Consequently, a perturba-
tion experiment was carried out, in which air was bubbled through the cell sus-
pensions instead of exposing the cells to light (Fig. 9). No phase shift occurred;
the cells which had been stimulated retained the same phase as the unstimulated
controls.

The experiment also shows that it is possible to modify the concentrations of
compounds which are involved in the luminescence rhythm without having any
effect upon the phase of the rhythmic mechanism itself. It was found previously
(Hastings and Sweeney, 1957a) that the rhythm of luminescence involves a daily
variation in the amount of extractable components of the luminescent system
(luciferin and luciferase}. Mechanical stimulation causes the luminescent reaction
to occur, so that one would suppose that the concentrations of comnponents in the
luminescent system (and other biochemical systems coupled to it) might be
changed. In fact, the apparent effect of stimulation is similar to the effect of
light ; the luminescence decreases to a low level in both cases. But since no phase
shift occurred following stimulation, it does not seem likely that the luminescent
system could be directly involved in the basic rhythmic mechanism, although it is
clearly coupled to such a mechanism. Moreover, it is evident that there is no
feedback from the luminescent system to the system controlling the phase of the
rhythm. From previous evidence we had suggested that the luminescent system
might itself constitute an autonomous chemical oscillation (Hastings and Sweeney,
1957b). The results described above, however, favor a hypothesis which proposes
a basic mechanism of cellular thythmicity to which various physiological and bio-
chemical processes, such as luminescence or cell division (Sweeney and Hastings,
1957b; 1958), could be coupled.

Cellular snteraction. Since all the experiments which have been described
are carried out with large cell populations (4000-15,000 cells per tube), the ques-
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Ficurt 9. The effect of perturbation by mechanical stimulation upon the phase of the
rhythm. Previous to the time shown, all cultures were in LD conditions, and zero time on
the graph was the end of a light period. At this time all aliquots were placed in the dark.
Six hours later a large number of aliquots were stimulated by bubbling air, but were not
exposed to light. The luminescence changes of both these and the controls were determined
through the subsequent maximum in luminescence, No significant change in the phase of the
stimulated cultures was observed.

tion arises as to whether or not some cellular interaction might occur. Since the
rhythmic mechanism involves fluctuations in the concentrations of chemical com-
ponents within the cells, it is conceivable that certain diffusible compounds might
escape into the medium, and that their concentrations might also fluctvate in a
diurnal fashion. The importance of such a phenomenon would be evident if the
supposed compound or compounds could function, as in a feedback mechanism,
for stabilizing the frequency and/or phase of the rhythm. It is also possible that
some other phenomenon, such as cellular motility, could be involved in such a
feedback mechanism. This latter possibility seems unlikely, however, in view
of the fact that mechanical stimalation, with its attendant violent motion and dis-
turbance of cellular motility, did not result in a phase change.

An experiment in which this question was investigated is illustrated in Figure
10.  Two cultures were maintained under LD conditions for several weeks with
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their phases different by 5 hours. Samples were pipetted from each culture
and moved to constant dim light at the end of a dark period. After each had been
under constant conditions for several days (their phases still being different by
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Freure 10. The effect of mixing two rhythmic cultures which were out of phase with
one another. Cultures which had been in constant dim light for several days, having a 3-hour
phase difference as shown (bottom curves), were mixed at the time indicated by the arrow.
The rhythm continued, with a phase having its maximum at a time precisely halfway between
the maxima of the two original cultures. The middle curve shows the result of mixing cul-
tures having the same phase, done at the time indicated by the arrow. No change of phase
was observed. The upper graph shows the result which would be theoretically expected
upon mixing two cultures 5 hours out of phase, on the assumption that no interaction was
involved. Two “standard” luminescence curves, which were measured from a culture which
had not been mixed, were summated with a 5-hour phase difference. For purposes of com-
parison, the resultant curve is plotted on the graph along with the original standard curve,
the latter having been displaced by 2% hours on the time axis and normalized to the calculated
curve. It may be seen that the shape of the calculated curve does not differ greatly from that
of the original “standard” luminescence curve.
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5 hours), the cultures were mixed in equal proportions, and the luminescence
changes in the mixed cultures were measured.

If two typical curves showing the luminescence rhythm are summated, the
phase of the two curves being different by five hours (75°), the resultant curve
differs only slightly in shape from the original curves (Fig. 10, top). The maxi-
mum of the resultant curve lies precisely midway between the maxima of the
two original curves.

In the actual mixing experiment, the maximum in luminescence of the mixed
cultures occurred halfway between the maxima of the two separate unmixed cul-
tures. Moreover, the shape of the curve from the mixed cultures was very similar
to that which was obtained when the measured luminescence of the separate cul-
tures was summated. The mixing experiment therefore indicates that no cellular
interaction was involved.

DiscussionN

The subject of persistent endogenous rhythms has been recently reviewed by
Harker (1958), Pittendrigh and Bruce (1957), and Biinning (1956). These
reviewers, as well as other authors, have taken the view that the property of
rhythmicity may be a nearly universal feature of organisms. This view is derived,
largely, from the observation that endogenous rhythms are extremely widespread,
having been reported from a large variety of both plants and animals. Further-
more, Pittendrigh and Bruce develop the generalization that most, if not all organ-
isms can measure time; that they possess clocks. They consider that the basic
mechanism evolved early, and that it has been retained in the course of evolution
as a part of the adaptive organization of all organisms. Their use of the word
“clock™ refers to the basic mechanism involved in cellular rhythmicity, and the
essential properties of this mechanism are considered to be similar in different
organisms.

Pittendrigh and Bruce (1957) thus distinguish between the clock as the basic
mechanism, and the persistent rhythms which are presumed to be controlled by
the clock. Other authors {Brown, Hines, Webb and Fingerman, 1950; Stephens,
1957a; Harker, 1958) have similarly concluded that an overt persistent rhythm
may be distinguished from an underlying mechanism, and our studies with Gonyau-
lax give support to this thesis. For example, since it was found that concentrations
of compounds taking part in the luminescent reaction could be changed without
shifting the phase of the rhythm, it is probable that the luminescence rhythm does
not in itself constitute the basic mechanism. Furthermore, we have recently
reported a persistent thythm of cell division in Gonyaular (Sweeney and Hastings,
1957b). The luminescence rhythm and the cell division rhythm have essentially
identical properties. Moreover, we have not been able to demonstrate a phase
shift in one rhythm which is not accompanied by a similar phase shift in the
other thythm. These findings give additional support to the hypothesis that one
basic mechanism controls both rhythms.

The identity and physico-chemical nature of the presumed basic clock mech-
anism in persistent rhythms remains undefined. But if the properties of this
basic mechanism in Gonyawlar may be deduced from the rhythmn of luminescence,
then it is evident that the mechanism possesses essential clock-like properties; the
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period is not greatly affected by environmental factors, but the phase is labile to
resetting by the appropriate external changes. We may note, in addition, that
light emission in Genyaulax is clocked so that it is maximal during the night phase,
when it is visible: and without environmental inhibition, luminescence is minimal
during the day phase. However, since the possible utility of the light emission
is not known, the functional significance of clocked luminescence is not apparent.

Many of the characteristics of the rhythm of luminescence which we have de-
scribed are similar to the characteristics of persistent rhythms in a variety of other
organisms, ranging from other unicellular forms to mammals. The comparisons
outlined below do not pretend to be complete, but they serve to illustrate the point.
The remarkable similarities found support the view of Pittendrigh and Bruce
(1957), that the basic mechanism involved in rhythmicity is the same in all
organisms.

Practically all the persistent diurnal rhythms described have natural periods
which are close to but different from 24 hours. This includes rhythms in Dro-
sophila (Pittendrigh, 1954), Uco (Webb, Brown and Sandeen, 1954), Oedogomium
(Bithnemann, 1955a), Euglena (Bruce and Pittendrigh, 1956), and many others.
The natural period may range, in different organisms, from about 21 to 27 hours.
In fact, significant differences in the natural pertods in different individual tmice
are well documented (Pittendrigh and Bruce, 1957}.

Studies of rhythms in a variety of organisms, including the bee {Wahl, 1932),
Uea (Brown and Webb, 1948), Avena (Ball and Dyke, 1954), Drosophila (Pit-
tendrigh, 1954), and Euglema (Bruce and Pittendrigh, 1956}, have shown that in
each case the period is nearly the same at temperatures which differ by 15° C,
or more. It is interesting to note that the effect of temperature upon the period
of the Gonyaulaxr rhythm is similar to that reported by Bithnemann (1955b) for
the rhythm of sporulation in Oedogonium, in that the apparent (},, for both is less
than 1.0. Two cases may therefore be interpreted as the result of an over-compen-
sation in the mechanism responsible for temperature independence (Hastings and
Sweeney, 1957b}.

Only a few experiments have been specifically designed to detect the effect
of different light intensities upon the natural period of persistent rhythms. In
those cases which have been reported (see Harker, 1958), the natural period has
been found to change no more than an hour or two under different light intensities.

The entratnment of rhythms to periods different from 24 hours has been
reported in several organisms, including Euglens (Bruce and Pittendrigh, 1956)
and Oedogonium (Bithnemann, 1955a}. In these and other cases, as in Genyaulax.
the rhythms return to the characteristic natural period when the organisms are
returned to constant conditions,

On the other hand, several experiments have been reported in which rhythmic
organisms still continue to show a 24-hour rhythm while being subjected to light-
dark cycles which differ from 24 hours. For example, Webb (1950} found that
the petiod of the Uca rhythm was not changed while the organisms were subjected
to light (95 foot-candles) and dark periods of 16 hours each, and Tribukait (1954)
found that entrainment to an imposed light-dark cycle occurred in the mouse only
50 long as the imposed cycles did not differ greatly from the natural period.
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Studies with Gonyaulox suggest a possible reason for the lack of apparent en-
trainment in experiments such as those cited above: the fight intensities used may
not have been sufficiently bright. In Gonyauler, the luminescence rhythm may
be entrained to periods which differ greatly from the natural period. Our inter-
pretation of this entrainment is that repetitive phase resetting resuits in a period
corresponding to the imposed schedule. The importance of light intensity as a
parameter in phase shifting by single light perturbations has been documented in
experiments with Gonyawlar. That it is equally important in entraimment has been
shown in an experiment with Gonyaular described elsewhere (Hastings and
Sweeney, 1958), in which it was found that entrainment occurred at a light inten-
sity of 800 foot-candles, but not at 200 foot-candles.

Entrainment of rhythms to imposed cycles which are only slightly longer or
shorter than the natural period has been discussed by Pittendrigh and Bruce
(1957). Their interpretation suggests that the mechanism may be different from
that involved in entrainment to cycles differing greatly from the natural period.

The role of 24-hour light-dark cycles in establishing the phase of diurnal
rhythms has long been recognized, and experiments with many organisins have
demonstrated that, as in Gonyawler, the phase shifts in response to a new light-
dark cycle which is out of phase with solar night and day. The fact that the
light intensity used in such experiments is of importance has been shown by
Brown, Fingerman and Hines (1954).

That non-repeated light perturbations are capable of establishing or changing
the phase of a persistent rhythm has been stated as an important generalization
only in recent years (Pittendrigh and Bruce, 1957), although some previous
studies (Kalmus, 1940 ; Webb, 1950) do provide examples of the phenomenon, The
phenomenon provides another analogy between the characteristics of persistent
rhythms and the known properties of physical oscillators. It is well known that a
single disturbance or perturbation applied to an oscillating system will quite gen-
erally shift its phase without any modification to the period, and the behavior of
a simple pendulum is a good example. Pittendrigh and Bruce (1957) have found
phase shifts following single light perturbations in persistent thythms of Euglena
and Drosophila, and the rhythm in Gomyawlex provides another example of the
phencmenon, :

Detailed studies on the effect of the duration and intensity of single perturba-
tions have not vet been reported in other organisms, but it appears that the nature
of the phase shift in Gonyawlor may differ in one respect from that reported for
Drosophila (Pittendrigh and Bruce, 1957}. Following a single light perturbation
in Drosephila there may occur “transients,” so that the phase is not reset immedi-
ately but comes to its stable position only after several cycies. In Gemyaular, on
the other hand, phase has heen found to be reset immediately. The reason for
this difference is not known, but it may be related to the relative complexity of
the organisms involved.

With respect to the phenomencn of phase shifting, Bruce and Pittendrigh
(1957) have discussed whether the resetting signal is the step-up in light intensity
(dawn) or the step-down in light intensity (dusk). Several experiments with
Gonyaular have adequately illustrated that the phase is labile to both, so that
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neither event may be said to be the timing cue to the exclusion of the other., For
example, the experiments shown in Figure 3 illustrate both a light-to-dark transi-
tion followed by constant darkness, and a dark-to-light transition followed by con-
stant light. In both cases, the last transition resulted in a phase shift.

The action spectrum for shifting the phase of the Juminescence rhythm by a
single light perturbation shows relatively sharp maxima in effectiveness at 475 mp
and 650 mu (Hastings and Sweeney, unpublished). The red maximum, in par-
ticular, suggests that chlorophyll acts as a photosensitizer for phase shifting. Since
the effects of single light perturbations are essentially the same in plants and ani-
mals, we may conclude that in Gomyaular the photosensitizers involved in phase
determination are not a part of the basic mechanism of rhythmicity. In animals,
also, the photoreceptor pigments of the eye are not a part of the basic mechanism,
although they function in phase determination by light. Whitaker (1940) re-
ported that blinded mice possess a natural period of about 24 hours in their activity
rhythm, but that the rhythm could not be entrained by 24-hour light-dark cycles
to correspond with solar night and day, as in normal mice.

It is known that temperature changes {Pittendrigh, 1954; Stephens, 1957a),
and perhaps certain other factors (Harker, 1958) may also serve to establish or
reset phase. There is no report, however, that mechanical disturbances can be
effective in other organisms in this regard.

The possibility that individuals in a population may entrain each other was
suggested by Pittendrigh and Bruce (1957). However, Stephens (1957b) was
unable to demonstrate any significant phase modification in individual fiddler crabs
when they were placed together with crabs possessing a different phase. A similar
resuit was found in the present studies with Gonyoular.

It is of interest to note that the shape of the luminescence curve obtained in
experiments where Gomyaulex cultures possessing different phases were mixed is
not greatly different from that for the unmixed cultures. Indeed, as already
pointed out, this is the expected result of adding two luminescence curves which
are five hours out of phase with one another. Thus, a population composed of
cells having at least two different phases is difficult to distinguish from the usual
experimental populations, in which we have assumed that all cells possess the same
phase. This experiment serves to caution us. In a biological rhythm having a
sinusoidal shape, measurements from populations may not accurately represent the
behavior of individual cells.

We do not know how the luminescence of the individual Gonyaular cell at
different times in the cycle compares with that measured in a population. The
question is an important one, and there are several possibilities which, in the
absence of any relevant data, need not be discussed here. This problem is being
investigated utilizing measurements of the rhythm of cell division, where the per-
formance of an individual cell may be repeatedly and relatively easily scored.

Although several suggestions have been made concerning the physico-chemical
nature of the basic mechanism involved in persistent diurnal rhythmicity {Pitten-
drigh and Bruce, 1957; Hastings and Sweeney, 1958), none has received any
substantial support. It is hoped that information concerning the extent and kind
of biochemical changes associated with the rhythms will be of value in under-
standing this basic problem. Studies of this nature are in progress with Gonvaulax.

previous next »
page page

return to the
table of contents

@



RHYTHM OF LUMINESCENCE 457

SUMMARY

1. The characteristics of a persistent diurnal rhythm of luminescence in the
dinoflagellate Gonyaular polyedra are described.

2. The light emission upon stimulation, from cultures which are kept in alter-
nating light and dark periods of 12 hours each (= LD}, is 40 to 60 times greater
during the dark period than during the light period. If LD cultures are placed in
continuous dim light (100 foot-candles) a diurnal rhythm of luminescence persists.
If LD cultures are placed in continuous bright light (> 1500 foot-candles) the
rhythm is damped, and no fluctuations occur in the amount of light emitted.

3. The occurrence of rhythmicity is not dependent upen prior exposutre to
LD conditions. Cultures which have been grown in bright light for as long as one
year show a diurnal rhythm when placed in constant dim light or darkness. Cul-
tures kept in alternating light and dark cycles which are greater or less than 24
hours similarly show a diurnal rhythm when returned to constant dim light or
darkness. ““Training” or “memory” is therefore not involved.

4. The rhythm can be entrained by light-dark cycles which are different from
24 hours. The period of the luminescence rhythm corresponds to light-dark cycles
which have periods ranging between 12 and 32 hours.

5. The period of the rhythm 1s always close to 24 hours when the cells are kept
under constant conditions, but it varies slightly depending upon the temperature
and light intensity.

6. The phase of the rhythm under constant conditions is related to the time at
which the previous light and dark periods occurred.  Moreover, the phase may be
shifted by interposing a non-repeated exposure to a different light intensity. The
number of hours by which the phase is shifted in such an experiment is dependent
upon the intensity and duration of the light treatment, and the time in the cycle
when it is administered.

7. Exhaustive mechanical stimulation does not alter the phase of the rhythm.

8. When cultures having different phases were mixed, no evidence was found
which would indicate that there was any interaction between them.

9, The evidence presented indicates that the diurnal rhythmicity is the conse-
quence of a basic oscillatory mechanmism which is inherent to the cell.
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Recherches sur I'activité électrique cérébrale au cours du sommeil,

" Note de M. Jovver, F. Micse, présentée par H. HERMANK.

Il reste beancoup d'inconnues dans la compréhension des méca-
smes du sommeil. Aux partisans d’un centre hypnogénigque inhibi-
enr diencéphalique [von Economo (1) ; W. R. Hess (2} ; W. 1. H.
‘Nauta (3)], s'opposent ceux qui admettent Ia théorie du « sommeil
‘déafférentation » dans laquelle un systéme d’éveil sous-cortical serait
"inis au repos par des processus réversibles encore mal connus [Bre-
‘mer {4} ; H, W. Magoun (8)]. -

" Nous avons etudié Pactivité électrique chronique des formations
Sous-corticales méso-diencéphaligues et dn cortex chez des animaux
A gervean intact, porteurs de section dw trone cérébral et enfin chez
des chats décortiqués, : :

. Matériel et Méthodes. — Cette note expose des résultats préliminai-
“res obtenus sur 15 chats chroniques dent Iactivité électrique cérébrale
5t observée pendant des périodes de une semaine 4 trois mois. Sous
anesthésie aux barbituriques, des électrodes corticales et sous-corti-
les sont implantées au nmiveau des diverses aires corticales et des
‘mations méso~diencéphaliques, Chez certains animaux est prati-
uée, avant implantation, une section du tronc cérébral au moyen
d'mme lame orientée stéréotaxiquement. Ces animaux relativement: poi-
kllothermes ont leur température rectalp maintenue 4 38° grace au
“Téchauffement de leur cage, Les animaux décortiqués sont opérés en,
Ui femps par aspiraiion el coagulation du néocortex. Une prathése en
"Tesine aerylique est mise en place, du sinus frontal i la créte occipi-
_tale et les électrodes sous-corticales fixées 4 son niveau. Tous les ani-
»Jnaux sont placés pour lenregistrement dans des cages imsonorisées,
Enfin des contréles histologiques vériflent la situation des électrodes,
-Pélendue des lésions du cortex et du tronc cérébral.

. 1) G. von Economo, Ergebn. Physiol., 1820, t. 28, p. 312.
. (&) W. R. Hess, C. B. Soc. Biol, 131, t. 163, p. 1333,
- (3} W, I, H. Nauta, J. Ne.umi)h?siof., 1946, t. 9, f 285.
- O F, Bremer, €. R. Soc. Biol., 1936, t, 132, p, 464,

< (8) -N. W. Magouwn, Physiol. Rew., 1950, t. 30, p. 489,
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-fal A. 7, Horsley-Clark), Pallure du tracé est toute différente : diss

1168 : SOCIETE DE BIOLOGIE PE LYON. * -

. Résnltats. — I, ANIMAL NORMAL. — Nous avons tronvé lors de l’etu{]&:
de Tactivité electrlque de V’snimal chronique Tes fluctuations parallé]ag,
des’ enregistrements corticaux et sous-corticaux qui ont déja &té 4
“crits [Hess et coll. (6) ; M. B, Rheinberger, H. H. Jasper (7)] : a) acy
vité rapide et de bas voltage généralisé an cours de Féveil (fig. 14)
b) période des ¢« fuseaux » au cours de I'endormissement {fig. 1 B} i .l’
¢) ondes lentes 2 4 4 cs, de hant voltage, corticales et meso—dwnceph :
ligues lors du somineil profoud (Gg. 1C).

IL. ANIMAL AVEG SECTION DU TRONC CEMEBRAL. — A. L’ammal che
qui une seciion du ironc intéresse de facon bilatérale les voies spéais;
figques et respecte la formation retxcu]a:re présente des fluctuations’
corticales et sous-corticales identignes & celle de Panimal normal.

B, Si 1a section du trone cérébral esf totale (au nivean du plan fro

ciation manifeste de Pactivité électrique corticale recueillie en avan;
‘le Ia !éuon (act1v1té typique de de&fferentatmn) et en AR an niveau

Fig. 1. - Activitd électnque corticale et sous-corticale
chez la Gha.t c¢hronigue.
A durant Yétat de veille ; : endormissement, stade des fuseau:n:'
C : sommeil profond.
1, cortex ectosylvien ; 2. 8. thalamus médian ; 4. formation réticulée mé-
sencéphalit%\e antérieure ; b, B. forms.tiﬁn rét‘it‘:l.llée mésencépha'lique posté-

rieure ; 7 1pp0camp&
Calibrage : 1 sec; 60 mierawolts

de l1a formation réticulée” mesencéphalique (F.R.) .o Yactivité reste‘
rapide de facon permanente ‘quel que soit le- comportement de l'ani~
mal (éveil par stimulation pociceptive, on apparence de sommeil).

I1l. ANIMAL DECORTIQUE, — A. Décortication fotale (intéressant le

_méo-cortex avec conservation des structures rhinencéphaliques), L'acti-

vité ' des - formations méso-diencéphaliques est caractérisée par son
micro-voliage et sa rapidité. A aucun moment il n’a éié ohservé d'acti-
vité du type fuseaux ou d'ondes lentes. Le tracé est. monotone et sans

N (73) R. Hess, W. P, Koella et K. (Akert, EE.G. Ciin, Neuropngsfoz., 1055,
EI B. Rheinberger et J. H 7 asper, Amer. 4 Physio!.. 1987, t, 219, p. 186,
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peune’ variztion, méme sous narcose barbiturique (fig. 2 A.B.G). Par
antre, I'activilé hippocampique est un trés fidéle témoin des fluctna-
ons de la vigilance (fig. 2 A.B.C.) ; rapide lors de l'éveil spontané ou
rovogné, lente avee des pointes lors du comportement de sommeil,
ssatlectrique avee des pointes de haut volizge Tors de 1a rarcose barbi-
wrigue.
.L’;bsence de variations électriques méso-diencéphaliques a éié égale-
ent consiatée an cours de Lhyperpnée et de Iinjection d’amphéia-
ine et d"adrénaline : Papnée prolongée entraine une diminution de
hage sapns quapparaissent des pheénoménes lents, '
L'activité évogquée réticulaire {réponses évoquées i des stimuli andi-
1if§). est cependant snsceptible de variations ear il a été en effet obhserve
“ane- dimination des potentfiels évoqués auditifs lors de stimlations

nociceptives : phénoméne identique & celui obtenu chez le chat nor-
al.

B. Décortication partielle. 11 suffit de laisser en place une minime
lage de néocortex pour voir apparaitre des phénoménes lents méso-

Fi{; 2. — Aetivité &lectrique rhinencéphalique et sous-corticale
chez un chat décortique (24 jours aprés la déeortication).

A :évell ; B : sommeil profond ; C : 30 minutes aprés linjeetion intra-
pefitontale de 30 mg/kg de nembutal. .

k. 2. formation réticulée meésencéphalique postérieure ; 3. 4. formation
Titiculée mésencéphalique auntérieure ; 5. 6. noyau centre médian du thala-
Jung ;7. hippocampe. .

- Galbrage 1 1 sec; 50 micro-volts.

_di'encéphaliq11es au cours du sommeil contemporains de I'activité lente
de la plage corticale.

;- Discussion. — Le fait le plus remarguable est Pahsence totale, au
cours duy summeil, d’activité lente au nivean des formations sous-corti-
‘Cales déconnectées du néocortex,

_E.L’h}rpothése d’'une ¢ hLypersensibilité de dénmervation » doit fire
ttartée car l'activité -rapide sous-corticale apparait immédiatement
Aprés la déeortication ; elle ne s'observe pas chez des animaux a lésion
4-peu prés identigue chez lesquels une minime surface corticale a été:
i:_l?__,nagée‘ La présence du néo-cortex est done, indispensahle pour
¥Hrapparaisse une activité lente au miveau des structures méso-diencé-

return to the previous next » return to the
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phaligues. Ces structures ne sont donc pas capables d'une act
Jente autonome soit au cours du sommeil physiologique, soit au ¢
de Iz narcose barbifurigue. De nombreux arguments experlmentﬁ
-permettent d’assimiler Yactivité Tente recneeilie an nivean de la
mésencéphalique a4 un état d’inhibition active, en particulier n§
avong constaté que le seuil électro-encéphalographique d'éveil
. stimalation directe de la F.R. mésencéphalique chez Yanimal chr
que normal augmentait au fur et 4 mesure du ralentissement du t
sous-cortical. On doit donc logiquenient en déduire qu'une ceri;
forme d'inhibition réticulaire nécessite la présence .du néo-cortex.
topographie de ce systéme inhibitenr & projection réticulaire n’estp
encore totalement précisée. Riem ne s’oppose en effet 4 un contré
direct cortical puisque Yon saif que le cortex izolé est capable d
activité iemte resseinblant & des fuseaux [Bremer (8)]. Par contr
peut également supposer Pexistence d'un <« centre s> diencéphali
antérieur ou rhinencéphalique gui serait & Vorigine d'influx se réveid
bérant au niveaun du néo-cortex [H.T. Chang (9}]. : ;
. A eb6té de projections corticifuges activatrices du systéme rétic
laire dont l'existence et la topographie a fait objet de récents travaj
[F. Bremer et C. Terzuolo (13 ; J. D. French et coll. (i1)] i faut do
laisser la place & des projections corticifuges inhibitrices entran
jeu dan¢ les mécanismes de. régulaticm de I'électrogéntse au cour:
sommeil physiologique.

La présence d’une activité rapide réticulaire au cours du somm
physic ogique chez Panimal mésencéphalique ou décortigué et I8
constatation a1 niveau réticulaire de réponses évogquées auditiv
durant le sommell physiologigue du Chat décortigué inflrment doi
I’hypothése de ¢ sommeil déafférentation ». Les structures centrales
mésencéphaliques de- Tanimal décortiqué gardent.cependant un pol
voir inhibiteur s’éxercant sur leurs afféremces puisque I'on constaly
une diminution nefte d’amplitude des réponses évoquées réticulairs
lors de stimulations nociceptives.

Les variations de Vactivité électrique rhmencephallque chez l'an
mal décorhqué suggére Ia grande importance de cette structure dal
le mécanisme du sommeil, bien gn’a I'heure actueile aucun argument
na permette encore de dlre si cette activité est une canse ou une con&e :
quence du sommeil (*). L

{Institat de ‘Physiologie, Facullé de Médecine et d’e P.hm'maue, Lyo
Directeur - M. H. Hermann). .

ES) F. Bremer, EEG Clin. Neurophysisf, 1849, t. 1, p, 177. ;
9) H, T, Chang, J. Neurophysiol, 1950, t. 13, p. 295. R

(10). F. Bremer et C. Torzuo o, J. de Phys:o?., 1 53, 1. 45, }a :
19%1)313 F;r}inch R. Hernandez-Pon et H. B. Lvmgston, Neumphys:ol

: P

(*) Les recherches rapportées dans cet axticle ont  été l’ohJet dune suhtﬂ
vention partielle de I'Office of scieniific Research of the air, research ang i
development command, United $tates Air Force, attribude par son saﬂfw
enropéen, sons conirat AF.61 (a14) 1206.
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The Effect of

‘DPream Deprivation'

The need for a certain amount of dreaming each
night is suggested by recent experiments.

About a year ago, a Tesearch pro-
gam was initiated at the Mount Sinai
Gspital which aimed at assessing the
hsic function and significance of
resming. The experiments have been
srduous and time-consuming and are
full in progress, However, the results
@af the first series have been dquite
jiniform, and becawse of the length of
;J]_le program, it has been decided fo
fsue this preliminary report.
E, In recent years, a body of evideace
,has ‘accumulated which demonstrates
hat dreaming oceurs in association with
aenods of rapid, binocularly synchro-
fous eye movements {(f-3). Further-
Dl‘e the amount and directional pat-
trning of these eye movements and the
Aisociated dream content are related in
“?mcb a way as to sirongly suggest that

e cye movements represeni scanning
;'movements made by the dreamer as he
#atches the events of the dream (3).
b a study of undisturbed sleep (4),
ihe eye.movement periods were ob-

ithe night in association with the lightest
Phases of a cyelic variation in depth of
‘leep, as measured by the -electro-

1

’.. ved to occur regularly throughout

?ncephalograph The length of indi--
Vidual cycles averaged about 90 min-
__'ﬁm and the mean duration of single

the deparlment

*

c,f .

William Dement

" moinutes. Thus, a typical night’s sleep

incledes four or five periods of dream-
ing, which account for about 20 percent
of the total slecp time.

One of the most sixiking facts appar-
ent in all the works cited above was
that a very much greater amouni of
dreaming occurs normally than had
heretofore been realized—greater both
from the standpoint of frequency and
duration in a single night of slesp and
in the invariability of its occurrence

from night to night. In other words,

dreaming appears to be an intrinsic
part of normal sleep and, as such,
although the dreams are not usually
recalled, occurs every night in every
sleeping person.

A consideration of this aspect of
dreaming leads more ‘or less inevitably
to the formulation of certain rather
fundamental questions., Since there ap-

pear to be no eXceptions to the nightly -

occurrence of a substantial amount of

"dreaming in every sfeeping persom, it

might “be asked whether or not this
amount of dreaming is in some way a
negessary and vital part of our exist-
ence. Would it be possible for human
beings to continue functioning normally
if their dream life were completely or
partially suppressed? Should dreaming
be considered necessary in z psycho-
logical sense or a physiological sense
or both?

The obvious attack on these problems -

SCIENCE

was to study subjects who had somehow
been deprived of the opportunity to
dream, After a few unsucéessful pre-
liminary trials with depressant drugs,
it was decided 1o wuse the somewhat
drastic method of awakening sleeping

subjects immediately after the onset of -

dreaming and to continue this pro-
cedure throughout the night, so thai
each dream period would be artificially
terminated right at its beginning.

Subjects and Method

The data in this article are from the

first eight subjects in the research pro- .

gram, all males, ranging in age from
23 to 32. Eye movements and accom-
panying low-voltage, nonspindling elec-
troencephalographic patterns (4) were
used as the objective criteria of dream-
ing. The technique by which these vari-
ables are recorded, and their precise
relationship 10 dreaming, have been
extensively -discussed elsewhere (2, 4).

- Briefly, the subjects came to the labo-.
ratory at about their usual bedtime.

Small silver-disk electrodes were care-
fully attached near their eyes and on
their scalps; then the subjects went to
gleep in a quiet, dark room in the labo-

ratory. Lead wires ran from the elec-

trodes ta apparatus in an adjacent room

uponr which the electrical potentials of -

eye movements and brain waves were

-recorded continuously throughout the

night.

Eye movements and brain waves of
each subject were recorded throughout
a series of undistwrbed nights of sleep,
to evahiate his base-line total nightly
dream time and over-all sleep pattern.
After this, récordings were' made

throughout a number of nights in which .

the subject was awakened by the experi-
menter every time the eye-movement
and electroencephalographic recordings

‘indicated that ke had begun to dream.

These “dream-deprivation” nights were
always conmsecutive. Furthermore, the
subjects were requested not to sleep at
any other time. Obviously, if subjects

were allowed to map, or to sléep at |

home on any night in the dream-
' 1708
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“*recovery nights.”
_a varying number of nights off, after

deprivation period, ‘an unknown ainount

of dreammg would take place, offsetting -
the effects of the deprivation, On the
first night 1mm_ed1ately after the period
of dream deprivation, and for several
consecutive nights thereafter, the sub-
ject was allowed to sleep without dis-
turbance, These nights were designated
The subject ther had

which he reiurned for another series of
interrupted nights which exactly dupli-

cated the dream-deprivation series in

npumber of nights and number of awak-

enings per night.. The only difference
was that the subject was awakened in

the intervals between eye-rrovement
(dream) periods. Whenever 2 dream
period began, the subject was allowed
to sleep on without interruption, and

‘was awakened only after the dream had

ended spontaneously. Next, the subject
had a number of recovery nights of
undistiurbed sleep equal to the number
of recovery nights in his original dream-
deprivation series. Altogether, as many

‘as 20 to 30 all-night recordings were

made for each subject, most of them
on consecutive nights. Since, for the
most part, tests could be made on only
ong subject at a time, and since a
mimrte-by-minute all-night vigil - was
required of the experimenter to catch

‘each dream episode immediately at iis

onset, it can be understood why the
experiments have been called arduous
and time-consuming,

Table 1 summarizes most of tbc per-
tinent ‘data. As can be seen, the total

number of base-line nights for the eight-

subjects was 40. The mean sleep time
for the 40 nights was 7 hours and 2
minutes, the mean total nightly dream
time was 82 minutes, and the mean
percentage of dream time (total dream
time to total sleep time . 100) was
19.4, Since total sieep titme was not held
absolutely constant, percentage figures
were routinely caleulated as a check on
the possibility that differences 'in total
nightly dream time were due to differ
ences in total sleep time. Actually, this
is not a plausible explanation for any
hut -guite small differences in dream
time, because the range of values for
total sleep time for each subject turned
out to be very narrow throuighoui the

‘entire study. When averaged im terms
of individuals rather than nights, the -

means were: total sleep time, 6 hours
50 minutes; total dream time, 80 min-
utes; percentage of dream time, 19.5;
this .indicates that the figures were not
skewed by the disparate number of

base-line nights per subject. The re- .

1706
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markable uniformity of the fndings

for ‘indivigual nights is demonstrated

by the fact that the standard deviation

of the total nightly dreem time was .

only plus or minus 7 mimutes.

Progressive Increase
in Dream “Attempis*

The number of consecutive nights of
dream’ deprivation arbitrarily selected
as a condition of the study was five.
However, one subject left the study in
a flurry of obviously contrived excuses
after ontly three nights, and two subjects
insisted on stopping af@- foix nights
but consented {o continue with the
recovery nighis snd the remainder of
the schedole. One subject was pushed
.10 seven nights, During each awakening
" the: subjecis were reqmréﬁ to sit ap in
bed and remain fully awake for several
minutes, On thé fixst nights of dream
deprivation, the retwn to sleep gen-
erally initiated a new sleep cycle, ahd
the next dream period was postponed
for the expected amount of time. How-
ever, on subsequent nights the number
of forced awakenings required to sup-
press dreaming steadily mounted. Or, to
put it another way, there was a progres-
sive increase in-the number of attempis
to dream. The number of awakenings

_required on the first and last nights of

deprivation sre listed in Table 1. Al

" the subjects showed this progressive in-

crease, although there was considerable
variation in the starting number and
the amount of the increase. An impor-
tant point is that each awakening was

preceded by a minute or two of dream-

ing. This represented the time required
for the experimenter to judge the

- emerging record and meke the decision
to awaken the subjoct after he first

noticed. the beginrving of eye move-
ments. In some cases the time was 3

little lotrger, as when am eye-movernent

period started while the experimenter
was looking away from the recording

- ,apperatus, It is apparent from this that

the method employed did not chastitute
absolute dream deprivation but, rather,

. about 2 65- to 75-percent deprivation,

as it turped out,

Nightly Dream Time Elevated
after Deprivation -

The data on the first night of the
dream deprivation recovery period. are

summarized for each subject in Table I,
As was mentioned, one subject had quit

previous next »
page page

" Wilcoxin matched—pau‘s

“although he kad only 1 hour I mis

the sfudy. The mean total
on the first recovery pight wa
minutes, or 26.6 percent of
mean sleep time, If the results fg;
subjects whe did not show mar
creases on the first recovery nig
excluded, the mean dream time i3
minutes or 29 percent, which repre
a SO-percent increase over the |
base-line mean. For all seven sul
together, on the first recovery nigh
increase in perceniage of dream
over the base-ling mean (Table 1,
3, mean percentage fpures; col. 10,
recovery night percentages) was sigy
cant at the p < .05 level in a one-
signed-Tat
test (5).

It is important to mention, how
that one (S8.M. in Table 1) of the't
subjects alluded to above as excep
was not really an exceptiom bec

of dreaming on his first recovery nig
he showed a mearked increase on
subsequent- nights. His failure to sh
a rise on the first recovery night'
in all likelihood due to the fact thai
had imbibed several cocktails at 2 paity;
before coming to the laboratory so tlmtJw
the expected increase in dream- nmeg
was offset by the depressing effect of;
the ‘alcohol. The other one of the twi
subjects (N.W. in Table 1) fail_e_d
show a significant inerease in dre
txme on any of five consecutive tecc ;

the zinple exception to the over-ally
results. Even so, it iy hard fo remncﬂe
his lack of increase in dream time
recovery nights with the fact that du
ing the actval period of dream depri
tion he showed the fargest build-up
namber of awakenings required to 8Up
press dreaming (11 to 30) of zmysil -
ject in this group. One may only su,
that, although he was strongly affecte
by the dream loss, he could not increasd
his dream time on recovery nights bi-
cause of an unuswally stable basic siesp
cycie that resisted modification.
The number of consecutive recovery.
nights for each subject in this serl
of tests was teo small in some ¢aseh
maiuly because it was naively suppos
at the beginning of the study that
increase i dream time, if it ocel
would last only one or two nights. ©
subject hiad only one recovery night
another two, and another three.
dream time was markedly elevat®th:
above the base-line on ail these night:
For how many additional nights eﬂﬁhz
of these fhree subjects would ha‘ﬁ%
mammmed an clevation in dream u
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Tabie 1. Summary of experimental results. TST, total sleep time; TET, total dream time.

i Dream- Awakenings Dream-deprivation-recovery nights C £ .
an and range, base-line nights depri- (No.) First contril recovery night
vatiop -———m+«—— ) First night
TDT Percent nights First Last No. - TST TDT ©  Percent
(Mo} night aight JTST TDT Percent ’
Subject W. T. (4 base-tine nights) :
1bfm 19.5 8 14 1 6hq3m 2hiFm .0 grsgm 1higa. 156
hggo 1&qgm_1hz]m 17.0-21.3 )
Subjece H. 8. (3 base-Tine nights)
1524 18.8 7 24 2 §h02m Zhy5m 4.2 ghogm 1h4gm 22.7
sgm  |B07m-1b3gm  15.4-21.8
: Subfect N. W. (7 base-Ilne ulghis) ' : ) .
1bjgm 19.5 11 30 5 GhaG™ 1h2m 17.8 Th1gm 12gm 202
B (ym 181 1m_jh37m 17.4-22.4
Subject B, M. (6 base-linz nights) P
1518m 126 7 23 5 LTS 1b5gm 26.3 Thagm 1h2gm 188
7h3gm  OhSgm-]235m 14.8-22.2 : ] _ . o
Subject R. G. (10 base-fine rights) )
1bogm 193 10 P 5 Trl1ge 2208 29.5 Th1ge 1b55m 26.3
ghiqe k] 3mo]bgsm 16.9-22.7 -
Subject W. D. (4 ba.uhlim nlgﬁls)
: thzim 20.8 4 13 20 ghg3m 135m 29.0
foagm IhOEm_[D32m [7.8-23.4
Subject 5. M. (2 base- Ime nigkrs)
B L 17.8 22 30 1hpm 10.8 GaQm 1B Fm 163
g [bpfm.] 023 16.2-19.3 6“32"“‘ IR0 28.1*
: Subject W. G. {2 buse-line nights)
1b30m 20.8 3 9 13
—gh2gm 1817w_1bz7m 20.7-209 -

d recovery night (see text).

‘only be surmised in the absence of
ctive data. All of the remaining

ry nights. One was the single sub-
who showed no increase, two were
ing the base-line dream time by
I fifth might, and one still showed
Lt ked elevation in dream time, From
‘admittedly incomplete sample it
arg that about five nights of io-
ed dreaming usually follow four or
Be nights of dream suppression
thieved by the method of this study.

Not Due to Awakening

lfb‘lx of the subjects underwent the

flies of control awakenings—that s,
_.akanmgs during non-dreanm periods.
series exactly duplicated the
ehm-depnvatlon series for cach sub-
in number of nights, total number
awakenings, and total number of
kenings per successive night. The
tam time on these nights was slightly
',"..W bage-line levels as a rule. The

x 1f the findings following dream de-
bation were solely an effect of the
lliiple awakenings. Data for the first
Vﬁry nights after nighls vf conirol
akenings are included in Table 1.
L..ere was no significant increase for
group. The mean dream time was
Jminutes, and the mean percentage

2

20,1, Subsequent recovery nights in

_subjects had five consecutive re-

e of this series was, of course, to

this series a.lso failed to show the
marked rise in dream time that was
observed after nights of dream depriva-
tion, A meoderate increase found on
four out of a total of 24 recovery nights
for the individuals in the control-
awakening group was felt to be a re-
sponse to the slight reduction in dream
time on control-awakening niphis.

EBehavioral Changes

Psychological disturbances such as
anxiety, irritability, and difficulty in
concentrating developed during the
period of dream deprivation, but thess
were not catastrophic. One subject, as

was mentioned above, quit the study in

an appareni panic, and two subjects

ingisted on stopping one night short of -

_the goal of five nights of dream depriva-
tion, presumably because the stress was
too great. At least one subject exhibited

serious anxiety and agita.tion. Five sub-
.jects” developed a marked increase in

appetite during the period of dream
deprivation; this observation was sup-
ported by daily weight measurements
which showed a gain in weight of 3
to 5 pounds in three of the subjects.
The psychological changes disappeared
as soon as the subjecis were allowed to
dream, The most important fact was
that none of the observed changes were
seen during the period of control
awakenings.

‘1. E. Aserinsky

The resuits have been tentatively in-
terpreted as iodicating that a certain
amount of dreaming each night is a
necessity. It is as though a pressure to

dream builds up with the aceruing drean .
deficit during successive dream-depriva-
tion nights—a pressure which is first.
evident in the increasing frequency of
attempts to drearmt and then, during the

recovery period, in the marked increase.
in total dream time and percentage of

" dream time, The fact that this increase
may be maintained over four or more’

successive recovery nights suggests that

‘there is a more or less . quantitative

compensation for the deficit. It &z pos-
sible that if the dream suppression
were carried on long enough, a serious

disruption of the personality would

result (9).
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FEDERATION PROCEEDINGS

Volume i,

Effects of sleep and waking on spontaneous and
evoked discharge of smgle units in
visual cortex. -

EDWARD V. EVARTS

Labom:om.r of Neurap}wmiag;v and Clinical Stience, National Institute of Mental Healih,
Namm} Inmzﬁtes of Health, Bethesda, Maryland

SING:E THE DpEcOvERIES of Berger (6), Adrian and
Matthews (2), and Bremer (8-10) concerning the char-
acteristics of cerebral electrical activity associated with
sleep and waking, there have been numerous studies of
the effects of sleep and arousal on brain potentials in
both man and lower animals. In Jarge part these studies
have involved macroelectrode recordings of the summed
activity of populations of cerebral ‘neurcns. In. con-

sidering . the elimination of slow waves from these re-

cordings during arousal, Adrian and Matthews (2)
suggested that the slow waves were based on synchroniza-
tion of the activity of individual neurons, and that their

disappearance was the result of the desynchronization -

of this activity. Reduction of a variety of evoked cortical
potentials (‘1:; I, 13, 14, 16: IBi 21, 27, 34 49, 50; 5d
58) bas also been shown to occur during arousal: The
reduction of these evoked potentials has generally been
viewed as the resuit of desynchronization and occlusion.
With the advent of techniques which have permitted
studies of the activity of individual cerebral neurens, it
has become possible to obtain additional data concerning

mechanisms underlying the appearance and disappear- -
ance of spontancous slow waves and of evoked potentials -

and waking. The present study, employing a Prg;
. similar to that employed by Hubel, was car

in macroclectrode recordings. On the basis of micro-
electrode recordings, Adrian, who proposed synchroniza-

tion and desynchronization as the bases for these altera-. -
tions, was one of the first to question the adequacy of -

this explanation. In studies of the electrical activity of

the olfactory bulb, Adrian (1) observed that a strong

olfactory stinfulus abolished the spontanecus rhythmic

activity of the bulb. He stated that *“After a strong-

olfactory stimulus the rhythm is abolished sand it is
built up again gradually, but its absence iz associated
with a reduction in the activity of the olfactory tract
and iis return with an increase of activity. In this case
therefore the break up of the rhythm seems to invalve a
decrease in the actlwty of the cells, and it is not merely
that their activity is no longer synchronized.”
Reduction of neuromal discharge in association' with

- further evidence that arcusal is associated with
. Ricei’s observation on arrest of single unit disc

“This can hardly be called ‘ascending actwathn’i
_one includes inhibition in the processes activate

. 1n1port,ancc of inhibition as one factor un

abolition of a slow rhythm has also been observed in:
cortex, Whitlock ef al. (58) found that units in the m.
cortex which discharged in association with spi
waves show arrest of discharge when the spindle wi
are climinated by arousal. These anthors sugges
arousal may be associated with inhibition of dISChﬂ
in these neurons.

More recently, it has become possible to reco
activity of single neurons in intact unrestrained
arations. Technigques devised by Hubel (28
Jasper (33) allow simdies of unanesthetized
preparations in which observations of behavior
related to activity of single neurons. It was in
of preparation that Jasper and his colleagues

of discharge in many cortical neurons. In ref

the temporal lobe by arousal, Jasper points-

“The studies referred to above have mdma..

differences in cortical clectrical activity be

obtain additional information concerning differ
cortical eleetrical activity during sleep and wak
to determine the relation of zlterations of ev
tivity to associated alterations of spontancous acti

METHODS

Microelecirodes. Figures 1 and 2 illustrate the
preparation which was employed; figures 3 and
the components of the system which was used for P2
clecirode recording. An externally threaded
steel eylinder with two projections at its base Wai k.
so that the projections were beneath the skul
extension at the margin of the trephine hole all,\_

Reproduced with permission of the Federation of American Societies for Experimental Biology, from Evarts EV. Effects of sleep and waking on spontaneous and
evoked discharge of single units in visual cortex. Federation proceedings. 1960;19:828-837; permission conveyed through Copyright Clearance Center, Inc.
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. {. Cat with contact occluders in place.

. 2. Cat following attachment of gross electrade cable and
ectrode carrier. The antericr device is the Sheatz pedestal,
hich. ave fixed the terminals of elecirodes implanted for stimu-
@ of the lateral geniculate radiations and for recording the

3. Components employed in fixation and driving of micro-
e At top is cylinder with hydraulically driven piston,
d after the one developed by Hubel. At left is stainless
linder whose basal projections are placed beoeath the
teel ring at battom right is screwed down on this cylinder
is firmly held between ring {above the bone) and pro-
B8 at bage of cylinder (beneath the bone). Nylon ring at lower
ernally and externally threaded, i8 attached to steel cylinder
ves a3 base for micraelectrade drive (top) which is held
§ bage by internally threaded cellar (right).
4. Assernbled components of microelectrode system.

lons at the base of the cylinder to be placed
t the skull. An internally threaded ring was put
the cylinder and tightened so that the bone was
d firmly between the projections at the base of
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ANIMAL BEHAVIOR AND NEUROPHYSIOLOGICAL CORRELATES

spontaneous slow wave activity from the cortical surface. The
posterior device is the microelecirode carrier. The vertically
prajecting cylinder contains a piston which may be lowered 30
mum, aflowing penetration of deep structures in the brain,

the cylinder and the ring. The ceater of the cylinder was
placed at Horsley-Clarke coordinates Ag-Lq in ovder to
allow penetration of either lateral gyrus. Caution was
exercised to avoid injuring the dura, since it was found
that the intact dura prevented injury to the subjacent
cortex. Electrodes were inserted into the lateral gyrus
between Horsley-Clarke coordinates As-Aq and Lo-La.
The hydraulically driven micromanipulator, which
was modified after that of Hubel (28), was placed
eccentrically over the cylinder, allowing the electrode
to be inserted at any point on a circle whose radius was
3 mm and whose center was at the center of the cylinder
which was fixed to the skull. Oil-filled polyethylene
tubes connected to the two chambers of the micro-
manipulator, and running into a room adjacent to the
one in which the preparation was placed, allowed the
electrode to be raised or lowered in small stepa. Tungsten
microelectrodes were prepared according to the method
of Hubel {29). Penetration was limited to a depth of 1.8
mm, .
Magroelectrode implantation. At the time of implantation
of the cylinder which was to carry the micromanipulator,
macroelectrodes were implanted for electrical stimula-
tion of lateral geniculate radiations and for recording
the spontaneous activity of the visual cortex. The tech-
nique of Sheatz (55) was employed in fixation of these
electrodes. Three .00g inch diameter enamel-insulated
stainless steel wires with tips © mm apart were placed
in the lateral geniculate radiations bilaterally. The
spontaneous slow wave activity was recorded between
an exiradural electrode at the margin of the cylinder
which carried the micromanipulator and an electrode
placed in the bene of the oceipital crest. The Sheatz
pedestal in which the external terminations of these
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macroelectrodes were fixed was grounded and served asa
reference for the microelectrode.

Experimental conditions, Three days elapsed berween |

the surgical procedures and commencement of record-

ing. Cats were placed in a slowly revolving treadmill -
during the night prior to recording sessions. In the

morning they were fed and placed unrestrained ona
soft pad in a 2 ft. x 3 ft. x 3 ft. cage within a sound-
proof room equipped with a one-way window. In studies
of responses to lateral gemiGulate radiation stimulation

opaque, contact. occluders® (45) were placed in both

eyes, These occluders’ extended well beyond the limbus
and excluded all light save that which might reach the
retina by peneirating bone, soft tissue, and sclera. Such
light as did impinge upon the retina must have been of
approximately equal intensity during sleep and arousal.
In studies of unit responses ic retinal fllumination ro

msec. flashes were delivered to the contralateral eye by

a small neon bulb which had been attached tc a trans-
luscent contact occluder. The external surfaces of the
contact occluder apd neon bulb were made opaque to
exclude external light. The pupil was dilated prior to
placement of the light source. The ipsilateral cye was
covered with an opaque contact occluder. A period of

dark adaptation of approximately 30 minutes was

allowed prior to the start of recording.

Recording and analysis of data. A flexible lead connected
the micreelectrode to a Bak amplifier (5} which was
suspended above. the preparation. The suitably am-
plified output of the Bak amplifier was displayed on a
recurrently sweeping cathode ray beam and recorded
on moving film, A time constant of 2 msec. was employed
to eliminate siow wave activity from the microelectrode
record. Spontaneous sfow wave activity from the cortical
surface was recorded with an ink-writing oscillograph.
Obiservations concerning the behavior of the preparation

were written on the EEG record; such observations are

particularly important in studies of sleep and waking,
since observation of the EEG alone docs not allow dis-
tinction between arousal and that phase of sleep in which
slow waves are absent (15, 31, 32, 35, 36). Following
compietion of recordings the EEG and behavioral notes
were used to determine presence or absence of sleep,
For the present report,.analyses of unit activity have been
restricted to periods of sleep with pronounced slowing of
spontaneous activity and to periods of waking as indi-
cated by the behavior of the cat and by the absence of
slowing in the ‘EEG. Unit activity. ocourring in’associ-
ation with slesp but in the absence of EEG siowing wil
not be described “here.. Thus, for the present re
term sleep will in all cases mean sleep with EEG slow-
‘ing, Units were selected for analysis only if they were
recorded during successive periods of sleep and waking.
Of 286 units studied go were observed for sufficiently
prolonged periods of sleep and waking to allow analysis
of their records according to the criteria indicated above.
These go units may be divided into two groups. The
first group {41 units) was derived from studies: of the
effects of sleep and waking on responses to lateral genicu-
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late radiation stimulation. The second group (49 unif)
was derived from studies of effects of sleep and wakip;
on responses to retinal illumination. Of the entire grqu\p
of 286 units 190 were initially positive and g6 ini

negaiive. In the sample of go units selected for anal
52 were inidally positive and 38 initially negative
initially positive units were, as obs