
turn was removed from the remain- 
ing supernatant by extraction into n- 
butanol at a pH of 9.5 to 9.8 and 
then returned to 0. IN HC1 by the 
addition of n-heptane to a portion of 
the butanol extract. The concentrations 
of both indoles were estimated fluori- 
metrically according to the methods of 
Bogdanski et al. (9). The wavelengths 
for activation and fluorescence for both 
indoles were respectively 295 and 540 

m/u. We performed duplicate assays of 
each brain by using two equal portions 
of the same initial protein-free superna- 
tant (3.0 to 3.5 ml or 450 to 525 mg of 
brain per milliliter). Duplicate values 
were totaled, and the final values were 
calculated as nanograms of free base or 
acid per gram of brain. 

Stimulation of the midbrain raphe 
region for 1 hour induced a 23 percent 
decrease in the concentration of sero- 
tonin and a 42 percent increase in the 
concentration of 5-hydroxyindoleacetic 
acid in whole brain (Table 1). Similar 
changes were found after a 30-minute 
period of stimulation. In contrast, 
stimulation of the lateral midbrain did 
not produce a significant change in the 
concentration of either indole. Since 
some of the changes following stimula- 
tion of the midbrain raphe could be 
caused by local effects, the forebrain 
alone was assayed in a separate group 
of animals. The pattern of change in 
indole concentrations was identical to 
that of whole brain; there was a large 
increase in the concentration of 5- 
hydroxyindoleacetic acid and a con- 
comitant decrease in that of serotonin 
(Table 2). 

The increase in 5-hydroxyindolea- 
cetic acid and the accompanying de- 
crease in serotonin indicate a release 
and subsequent oxidative deamination 
of serotonin. Since these changes were 
evident in the forebrain as well as in the 
brain as a whole, it would appear that 
stimulation of serotonin neurons in the 
midbrain leads to a release of sero- 
tonin from the axon terminals of these 
neurons which project into the fore- 
brain. This conclusion is supported by 
the fact that after stimulation of the 
lateral midbrain, an area virtually de- 
void of neurons containing serotonin, 
no increase in 5-hydroxyindoleacetic 
acid or decrease in serotonin was 
found. 

Lesions in the lateral hypothalamus 
which disrupt the medial forebrain 
bundle produce a decrease in the con- 
centration of serotoninl in the brain 
(JO). The decrease of serotonin begins 
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approximately 2 to 3 days after the 
lesion is placed, and, if the lesion is 
unilateral, the change is confined to 
the side with the lesion (11). There 
is some controversy over whether this 
change in serotonin concentration in- 
volves a polysynaptic pathway (12) or 
results from the degeneration of direct 
axonal projections fom neurons in the 
midbrain raphe (4). In any event, we 
find that 2 weeks after a unilateral 
lesion of the medial forebrain bundle 
is made the usual changes in indole 
concentrations within the forebrain af- 
ter stimulation of the midbrain raphe 
are prevented on the side with the le- 
sion but not the control side. 

Although the changes in indole con- 
centrations found after midbrain stimu- 
lation are most directly explained in 
terms of a neurally mediated release 
of serotonin, other influences on bio- 
synthesis or biodegradation may be in- 
volved in the observed changes. The 
actual cellular site (for example, limit- 
ing membrane, vesicles, synapse) of re- 
lease cannot be ascertained on the 
basis of the data obtained. Exogenous 
(tritiated) serotonin injected into the 
cerebral ventricles is taken up by cer- 
tain nerve endings in areas rich in 
endogenous serotonin (13). Electron- 
microscopic autoradiography has re- 
vealed that the tritiated serotonin is 
localized in relation to synaptic vesicles 
within these endings. Tritiated monoa- 
mines are also taken up by brain 
slices (14). Electrical stimulation of the 
slices facilitates release of the 
exogenous amine into the medium. It 
seems likely that the endogenous amines 
would also be released by such stimula- 
tion. In any case, our approach pro- 
vides a means for investigating the proc- 
ess of release of endogenous serotonin 
mediated by a specific neural pathway 
of the intact brain. 
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Rapid Eye Movement Sleep 
Deprivation: A Central-Neural 
Change during Wakefulness 

Abstract. Three adult cats were de- 
prived of rapid eye movement sleep 
for six separate periods of up to 32 
days. Animals were allowed normal 
amounts of sleeping time during which 
rapid eye movement sleep was inter- 
rupted, whenever it occurred, by hu- 
man observers who continually moni- 
tored the animals and their electro- 
cortical activity. Cortical responses 
evoked by pairs of acoustic clicks were 
recorded during wakefulness. Recovery 
functions derived from these data were 
facilitated during periods of depriva- 
tion of rapid eye movement sleep and 
returned to base-line values when ani- 
nals were allowed normal amounts of 
this sleep phase. This change was noted 
repeatedly within, as well as between, 
subjects. It did not occur during con- 
trol periods when non-rapid eye move- 
ment sleep was interrupted on identical 
schedules, nor did it occur when the 
cats were deprived of all sleep for 22 
hours a day for 5 days. 

Current evidence demonstrates that 
normal sleep is composed of two gen- 
eral and consistently occurring stages, 
and that at least one (rapid eye move- 
ment or REM phase) is actively main- 
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tained by an internal biological sys- 
tem, which, in its complexity, may rival 
the process necessary for the main- 
tenance of wakefulness (1). A logical 
approach to the understanding of the 
nature and function of REM sleep 
is to determine the effects of its cur- 
tailment upon the organism's biological 
patterns. It is well established that a 
compensatory increase in the REM 
phase occurs following experimentally 
induced periods of deprivation and, fur- 
ther, that the amount of increase and 
its time course are related to both 
amount of loss and duration of time 
over which the loss was incurred (2). 
Although this finding holds true not 
only for man but also for rabbit (3), 
cat (4), monkey (5), and rat (6), it 
sheds little light on the basic problem 
of function because of its circularity. 
Presence of a compensatory process 
does, however, demonstrate the plastici- 
ty of this particular sleep state and, 
by inference, its importance. 

If normal amounts of REM sleep 

are necessary to the organism, a demon- 
stration that changes occur during 
wakefulness as a result of selective 
REM deprivation should offer valuable 
insights into its function. However, no 
completely reliable behavioral or physi- 
ological alterations have yet been re- 
ported in studies performed on either 
animal or human subjects, and it ap- 
pears that the problems of adequate 
control have not yet been solved. In 
order to demonstrate central-neural 
changes (other than those taking place 
within the process of REM sleep it- 
self), we felt that we needed a neuro- 
physiological parameter that (i) could 
be evaluated over relatively long pe- 
riods; (ii) was adequately stable or 
whose instability could be determined 
by controls; and (iii) was sufficiently 
sensitive to reflect alterations correlated 
with interference in a fundamental bio- 
logical pattern. The cat was chosen as 
the experimental animal, and the audi- 
tory recovery function (7) 'was used 
as the dependent variable. 
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Fig. 1. Percentage change from base-line level of auditory cortical- recovery for paired 
clicks separated by 25 msec (cat EP-I, lower graph) and 12.5 msec (cat EP-3, 
upper graph). The two cats were 'tested simultaneously in this experiment. Time, in 
days, is on the abscissa; percentage change, on the ordinate. Total test days for the 
entire experiment for each cat are indicated (horizontal numerical scale), as well as 
the time of occurrence and duration of the several manipulations (horizontal pattern 
bar). Two breaks totaling 28 days interrupt the continuity of the experiment and are 
indicated by two thin vertical lines on the pattern bar at day 63-64 and. day 80. (A), 
Period of control arousals for each cat; (B), period of sleep deprivation (22 hours 
per day) for each cat. Lack of a true "range" of change values for cat EP-1 during 
base-line and control periods is due to the fact that, aft the click separation illustrated, 
the evoked response, to click No. 2 was either not detectable or of extremely low 
amplitude. 
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Adult cats, anesthetized with Nembu- 
tal, had stainless steel bipolar elec- 
trodes chronically implanted subdurally 
on the anterior ectosylvian (auditory 
projection area Al) and- lateral gyri, 
with the use of aseptic procedures. 
Electrodes were terminated in a sub- 
miniature connector that was affixed to 
the skull over the frontal sinus with 
dental acrylic. Muscle and cutaneous 
layers were sutured, and the animals 
were allowed 1 week for postoperative 
recovery. Electromyographic (EMG) 
potentials were led from the posterior 
neck muscles through stainless steel 
Michel clips. 

Cats were maintained on a rigid 
sleep-wakefulness regimen throughout 
the experiments. For approximately 15 
hours each day, wakefulness was en- 
forced by means of a slowly moving 
treadmill (8). The animals soon adapt- 
ed to this device and would walk to 
the front of their aisle, sit down, and 
ride toward the back. The belt speed 
was 1 m/min, which allowed maxi- 
mum periods of immobility of 20 
seconds. The EEG was sampled while 
the cats were on the treadmill and, 
although there were many periods of 
EEG slowing which indicate drowsi- 
ness, frank non-REM sleep with full- 
blown slow waves and spindles was 
never seen. Thus, all time on the tread- 
mill was considered awake time. For 
exactly 8 hours every day the animals 
were allowed to sleep while continuous 
polygraphic recordings were taken. 
During this period, animals were 
housed in sound-treated chambers, 
were given access to water, and were 
free to move about; they were given 
routine care and food when they were 
removed from the treadmill during the 
wakeful period. 

Polygraph records were scored for 
the amount of time in the slow-wave 
(non-REM) phase, in the REM phase, 
and during wakefulness. Criteria for 
non-REM sleep were slow waves and 
spindles in the electroencephalogram 
(EEG), together with tonic EMG dis- 
charge; for REM sleep, EEG activa- 
tion associated with complete EMG: up- 
pression; and for wakefulness, EEG ac- 
tivation in the presence of tonic EMG 
discharge. Selective deprivation of 
REM sleep was accomplished by awak- 
ening the cat at the onset of each 
REM pDeriod this procedure continued 
for a varying number of conlsecultive 
days, after which the cats were again 
allowed 8 hours of undisturbed sleep 
per day (9). 
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Table 1. Mean daily sleep times and number of arousals during various experimental condi- 
tions. TST, total sleep time; NREM, total non-rapid eye movement (slow wave) sleep time; 
REM, total rapid eye movement sleep time; BREM, mean daily base-line REM time; and 
REM-DEP, REM deprivation. All values tabulated from daily 8-hour recording sessions. 

Days TS RM RM REM! REM! Awaken- 
Cat Condition (No.) TST NREM REM RST BREM (no.) 

_P-1 Base line 4 7:04 5:04 2:00 0.283 

EP-3 Base line 4 6:10 4:46 1:24 .227 

EP-1 1st REM-DEP 19 5:59 5:38 0:21 .058 0.175 146 

EP-1 1st REM-DEP 1st 13 5:59 5:40 0:19 .053 .158 134 

EP-1 Control 13 5:55 4:22 1:33 .262 .775 132 

EP-3 Control 13 5:33 4:16 1:17 .231 .917 154 

EP-3 Control 1st 10 5:38 4:23 1:15 .222 .893 133 

EP-3 1st REM-DEP 10 5:44 5:36 0:08 .023 .095 86 

EP-3 2nd REM-DEP 9 5:13 4:56 0:17 .054 .202 163 

EP-1 Sleep loss 5 2:13 1:27 0:46 .346 .383 

EP-3 Sleep loss 5 2:14 1:22 0:52 .388 .619 

Cortical auditory recovery functions 
were measured intermittently through- 
out the entire experiment. The animal, 
restrained in a tight, cloth-packed box 
with only its head exposed, was studied 
during the first hour after the daily 8- 
hour period for recording sleep. The 
box was placed in a standard location 
inside a sound-treated testing chamber, 
where pairs of acoustic clicks of equal 
intensity were delivered through a 6- 
inch (15-cm) loudspeaker mounted 11 
inches directly above the cat's head. 
Clicks were determined to be approxi- 
mately 72 db above human threshold 
by comparing, across the loudspeaker 
terminals, the voltages necessary to pro- 
duce both "just-audible" clicks and the 
clicks used in our experiments. Twenty 
pairs of clicks (one pair per second) at 
a desired interstimulus interval were 
presented, and the evoked electrocorti- 
cal activity was amplified, led to an 
averaging computer (Mnemotron Corp. 
CAT 400A), and written out by a strip- 
chart recorder for measurement and 
analysis. In all instances, the base-line- 
to-peak voltages of the initial deflection 
of the evoked cortical response No. 2 
to response No. 1 was expressed as a 
percentage and plotted as a function of 
the interval (in milliseconds) between 
members of the click-pair. 

We used three cats in these experi- 
ments. Because of the extraordinary 
amount of around-the-clock effort an- 
ticipated for a successful study of this 
nature and in order to assess the 
feasibility of the total procedure, we 
studied only one cat in the first run. 
This animal was recorded over a 12- 
day base-line period and then during 
a single period of REM sleep depriva- 
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tion that lasted 32 days, after which 
it was allowed an undisturbed sleep 
recovery period of 10 days. Cortical 
auditory recovery functions were as- 
sessed at 5-day intervals throughout the 
duration of the experiment and showed 
a marked, consistent, and reversible 
facilitation correlated with base-line, 
REM sleep deprivation, and recovery 
periods. This facilitation occurred only 
at shorter click-pair intervals, namely, 
25, 50, and 100 msec; no changes in 
recovery function were seen at click- 
pair intervals of 150, 175, 200, 250, 
or 300 msec-intervals in which re- 
covery was at or near 100 percent dur- 
ing the base-line period. 

The other two cats were more 
rigorously studied, and it is data from 
them that are completely documented 
in this report. In addition to REM 
sleep deprivation, a control for possible 
stress of arousals and partial loss of 
sleep was instituted in which all condi- 
tions were the same as those for test 
animals except that cats were awakened 
during non-REM sleep, and REM pe- 
riods were not interrupted. Animals 
were tested simultaneously with non- 
REM and REM arousal periods 
counter-balanced as a check for order 
effects. 

Measurements were made at least 
once every 4 days; however, at times 
when more critical resolution was de- 
sirable, recovery functions were deter- 
mined once every 24 hours. Facilita- 
tion of the auditory recovery function 
at shorter click-pair intervals occurred 
during REM deprivation in both cats. 
This effect was not seen during the 
period of control arousals. In order to 
insure that extreme loss of non-REM 

sleep would not similarly affect the re- 
covery function, an additional experi- 
ment (control for loss of sleep) was 
performed in which the two cats were 
kept completely awake 22 hours a day 
by the constant attendance of the ex- 
perimenters. Each time the slightest sug- 
gestion of drowsiness occurred, the cats 
were alerted by whatever stimulation 
was necessary. Long-term recovery 
functions were derived at the shortest 
click-pair intervals. The findings given 
in this report concern the shortest 
click-pair interval at which cortical re- 
covery could be assessed for each of 
the two cats, namely, 25 msec, for cat 
EP-1I and 12.5 msec, for cat EP-3. 

IFigures 1 and 2 illustrate the changes 
in cortical auditory recovery function 
from base-line levels as a function of 
the various sleep manipulations over 
the 120 days during which the two 
cats were studied. Table 1 presents the 
breakdown of type of sleep for each 
of the animals during each major con- 
dition of the experiment. As in the 
original cat of the series, cortical re- 
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Fig. 2. Cortical responses evoked by a 
pair of clicks separated by 25 msec. Rec- 
ords from cat EP-1 encompassing the first 
of three periods of REM deprivation. (A) 
Base line; 3 days prior to REM depriva- 
tion. (B) REM deprivation; after 17 
days of REM deprivation. (C) Recov- 
ery; after 3 recovery days. Note the vir- 
tual absence of cortical response to the 



covery was found facilitated at the 
shorter click-pair intervals without ex- 
ception during all periods of selective 
REM sleep deprivation for both ani.- 
mals. This facilitation was reversible as 
shown by the return to base-line levels 
during periods of undisturbed sleep and, 
moreover, it was not seen during con- 
trol periods which sought to evaluate 
the effects of (i) stress and (ii) total 
sleep loss upon the auditory recovery 
function. In all three cats (after six pe- 
riods of REM deprivation) the per- 
centage of REM on the first recovery 
day (8 hours) ranged from 48.4 (after 
4 days) to 67.7 (after 30 days). 

Table 1 shows the near-perfection of 
control arousal periods. For cat EP-1, 
the mean daily sleep times and num- 
ber of arousals for the first 13 days 
of REM deprivation were identical 
to mean values obtained, for the 1.3- 
day control period. Daily REM time 
during the control period was some- 
what reduced below the base-line level, 
but in cat EP-3 the reduction was less 
than 10 percent. Since the control pe- 
riod occurred first in EP-3, the number 
of arousals was estimated and in this 
case proved to be higher than the num- 
ber required during the subsequent de- 
privation period, although total sleep 
times were again equal. However, the 
higher number of control arousals was 
additional evidence that the awakenings 
per se were not implicated, and during 
the second period of REM depriva- 
tion the number of arousals was more 
nearly equal to that of the control 
period. 

Many studies of REM deprivation 
have been conducted by placing the 
animal in a situation in. which REM 
sleep cannot occur throughout the en- 
tire 24-hour day. Under these circumn.- 
stances, animals will show a marked 
rebound in REM sleep when allowed 
to sleep normally, but a basic draw- 
back in interpreting this result is that 
there is no adequate control for the 
stress placed upon the test animal. We 
feel that the only method that allows 
adequate control of the stress variable 
is the one that we have used (the reason 
it is not used more commonly is that 
continually watching the emerging EEG 
and EMG tracings for the onset of a 
REM period places an inordinate de- 
mand upon the experimenters). Since 
awakenings during REM sleep depriva- 
tion mount into the hundreds during 
an 8-hour session and since the de~priva- 
tion extends for many consecutive days, 
it is little wonder that the present meth- 
odl enjoys no popularity. Nonetheless, 
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if an effect is to be attributed specifical- 
ly to the loss of REM sleep, such loss 
should be the only significant experi.- 
mental variable. 

In this study, then, a sensitive meas- 
ure of central nervous system func- 
tion was followed through periods of 
selective REM' deprivation in cats. All 
measurements were taken during the 
waking state and showed no change 
during base-line periods or periods of 
control arousals. Although. the precise 
significance of the alterations that oc- 
curred is uncertain, it is possible to 
conclude that a change in central- 
neural function is assessable during the 
waking state as a result of loss of 
REM sleep. The particular change noted, 
in this study could be due to changes 
in auditory processing as far peripheral- 
ly as the cochlea (10). It is certainly 
possible that a subtle effect upon audi- 
tory perception had occurred in these 
animals, but such a premise will. re- 
quire additional experiments to suLh- 
stantiate (11). 
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Perceived Number and Evoked 

Cortical Potentials 

Abstract. Evoked cortical potentials 
and the number of flashes perceived 
were compared when subjects were pre- 
sented with short trains of flashes tin- 
der conditions where each presented 
flash could not be counted individually, 
but the traiii of flashes appeared to be 
flickering (1 to 14 flashes ait 33.3 flashes 
per second.). The rate at which each 
successive perceived flash wias added 
appeared to correspond with the rate 
at which the successive components of 
the evoked response pattern were added. 
The temporal nature of this pattern 
was similar for both single flashes and 
trains of flashes. The results suggest 
that the onset of stimulation triggers 
a process which has a marked effect 
on both the cortical and perceptual re- 
spouse to, subvequen7ts.timul1{atioli. 

The perceived number of flashes 
has been compared to the actual num- 
ber of flashes presented (.1-4). In these 
studies, short trains of flashes (0 to 
1000 msec) were presented at a rapid 
rate (20 to 50 flash/sec) under condi- 
tions where the flashes appeared to be 
flickering but where each presented 
flash could not be counted individually. 
The flashes were somehow grouped 
into perceptual. units of approximately 
100 msec, the perceived number of 
flashes being much less than the actual 
number of flashes presented. For ex- 
ample, when 14 flashes were presented 
at 30 flash/sec (a flash-train duration 
of 430 mnsec) subjects most frequently 
reported seeing four flashes, a per- 
ceived flash being added for approxi- 
mately each 1000 msec of stimulation 
(1, 2), 

In working with averaged cortical 
potentials evoked by stimulus condi- 
tions similar to those used in the above 
experiments, we noted (i) that the tem- 
poral nature of visually evoked corti- 
cal potentials appeared to be related 
to the number of flashes perceived, and 
the occurrence of each successive per- 
ceived flash appeared to correspond 
with the occurrence of the successive 
components of the evoked response pat- 
tern, and (ii) that the temporal char- 
acteristics of cortical responses evoked 
by trains of flashes appeared to be 
similar to those evoked by single 
flashes. These observations suggest that 
"the onset of stimulation in some way 
initiates a process (or processes) which. 
can have a marked influence on the 
perceptual response to any succeeding 
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