.,

EFFECTS OF SENSORY DEPRIVATION
ON SLEED IN ADULT CAT



S

THE EFFECTS OF GENSORY DEFRIVATION ON SLEEP

AND OTHER REGULATORY TROCES SESG IN ADULT CAT.
LB

\
©
by |,
CHARLES BRECKENRIDGE, B.A.:
T
>
A Thesis .
Submitted .to the School of Graduate Studies L“\\

in Partial Fulfilment of .the Requirements
.*For the Degree

T e el

Doctor of PhiloSophy

«
4

" McMaster University

January 1978

@CHARLES BRECKENRIDGE . 1978

S~



DOCTOR OF PHILOSOPHY (1978) McMASTER UNIVERSITY

(Psychology) Hamilton, Ontario

TITLE: The Effects of Sensory Deprivation on Sleep
and Other Regulatory Processes in Adult Cat

AUTHOR: Charles Breckenfidge, B.A..(University of Saskatchewan)
SUPERVISOR: Dr.~W. Heron

NUMBER OF PAGES: xix; 400



‘

b

ABSTRACT

It is knrnown that human cubjects depriyved of. meaning-
ful visual, auditory and somatosensory stimulation (8ensory
deprivation), spend a larger portion of their time asleep
(increased Stase I & 1I) than when in a normal environment.
Furthermore, that phase of sleep which is characterized by
the presence of rapid eye movements (REM sleep) is altered
under thegse conditions, with REM density (numbor of rapid
eye movements per minutn) beineg sreatly increased. However,
little progress was beine made toward understanding the
conditions needed to obtain these effects, or the neural
mechanisms underlying them. Therefore, the effects of
sensory deprivation on sleep of adult cat were studied, since
if the results from the human experiments could be duplicated,
various experimentaljmanipulqzi?ns could be performed to
elucidate the mechanisms.

It was found that adult cat responded to sensory
deprivatipn in a manner analagous to human subjects since
both REM density and the amount of time spent in,the light
phases of sleep increased during deprlvatlon The increase
in REM density was not due to a change in the frequency with
which the neural generator of REMs initiated eye movements
since PGO wave density remained constant across conditions.
Rather, it appeared to be due to the fact tha}l the proportion
of large amplitude, high velocity RLEMs increased during
deprivation concomitantly with the change in REM density. In
agreement with this, a positive correlation beiween REM
density and average EOG atplitude was found under normal
conditions and during sensory deprivation. The incteasé in
sleep time during deprivation was found to be most similar to
that described by others following sensory deafferentation.
Thus, neither the proportion of deep SWS nor REM sleep was
- altered, while that of 1light SWS was greatly increased. The
minimum condition necded to obtain these effects  was found to
be the 1lid suture procedure used to prevent vision during
deprivation. Thus, 1lid suture alone and 1lid suture coupled
with total light deprivation had equivalent effects while
light deprivation alone caused only marginal changes. These
results were contrasted to the human experiments where lapge
gleep effects were obtained by requiring the subject to wear
a translucent mask.

Finally, a preliminary account of the effects of
sensory deprivation on other regulatory mechanisms was -given.
It was found that for some animals, food consumgption and body
weight increased and body core temperature decreased durlng
deprivation. i ?



- PREFACE

In Chapter 1, evidence indicatineg that sensory depri-
vation has an effect on structure and function of the nervous
systems of adult human and cat was contrasted against data
which suggests that the functional organization of the visual
system becomes permanently establiched by the end of the
critical period. 3ince the effects of sensory deprivation-
on human sleep were large and reliably obtained, these were
selected for study. The experiments were performed on adult .
cat in the hope that some progress could be made toward
understanding the conditions needed to obtain the sensory
deprivation effects and the neural mechanisms involved.
However, as the amount of data generated in these experiments.
was large and the analysis time consuming, this thesis deals
mainly with a description of cat's sleep under normal l&bor-
atory conditions and durlng sensory deprivation. Accordingly,
the literature reviewed in Chapter I dealt mainly w1th the.
neural mechanisms controlling sleep.

Chapter II was divided into four experimental sections.
In Experiment I, the effects of sensory deprlvatlon—on sleep
were described and compared with those obtained in the human .
sensory deprivation experiments. Experiment II focused on
one parameter (REM density) that was found to change during
sensory deprivation, in an attempt to elucidate the mechan-
isms underlying this effect. Experiment III was aimed at
determining the minimum conditions needed to obtain the
effects of sensory deprivation on sleep and Experiment IV
provided a preliminary account of the effects of deprivation
on other regulatory systems.

Chapter III provided a critical appraisal of the
experimental work described in this thesis. The relevance
of these results to theoretical issues and hypotheses found
in the research literatures on slecep and sensory deprivation
was discussed and new directions for future research were
suggested.
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GENERAL _INTRODUCTION
It 15 well known that a certain amount of trnsory
stimulation is cocential for normal development of train
function in human and subhuman specios (Riesen, IWHG).
Similarly, it appears that there 15 an optimum amount of
patterned sénsory inpul required by the adult orsanicm gince
senéory deprivation ctudies have demonstrated chances in
cognitive (Scott, Bexton Heron é Noanr, 1959; Suedfeld,
1969), perceptuél (Bexton, Heron & Scott, 1954: Doane,
Mahatoo, Heron & Scott, 1959; Zubek, 1969a) and physiological
processes (Heron, 1957; 1961; Zubek, 1969b) following brief
exposures of human subjects to a sensorf}environment where
the amount of patterned input had been drastically recduced.
The developmental studies, however, have been more success-
ful ih discovering the locus of the effects of sensory
deprivation and the mechanisms leading up to changes in
function than have studies on sencory deprivation in humans.
The explanation for this discrepancy in procress between
these two areas of research appears to be tﬁe successful‘use
of animal mo@els”in the studies on Aevelopment. The objectiver

«of the research program described in this thesis has been to

obtain an animal model of the human sensory deprivation

-
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I. Sensory Deprivation: Introduction

(A) Objective y

‘The first human sensory dwprivatibn oxXporiment wag
conceived in terms of a comprehensive theory of perception
and cognition which attempted to relate what was known about
psychological processes to info;mation about neural function
(Hebb, 1949). Hebb postulated that conscious experience was
dependent on neural activity.in complex ne tworks of function-
ally connected neurons called cell assemblies which them-
selves Were.organiiéd temporally into phase sequences. The
formation cell assemblies and phase sequences depended on
repeated exposure to the conditions which first gavé rise to
the particu%ar pattern of neural a%tivity. Once the organij
zation was established, the phase sequence could be elicited
by aétivation of individual cell assemblies, althougp the
cell assemblies needed to be activated individually from
time to time' if they were to remain psr¥ of the phase sequence.
Since cell assgmblies and phase sequences were established
under conditions of constant sensory flux to which motoE .
activity contributed, it was postulated that the elimination
of flux in this background sensory input would lead to a
disruption in the organization of phase sequences. Thus, it
was predicted that perceptual and thought processes would bé \

altered by  sensory deprivation. ' .



(B) Methodology

Rexton, Heron & Scott (1954) attempted to reduce
"backeround sensory flux™ by eliminating all external sources
of patterned sensory input. OSubjects were required to lie /
quietly on a bed in a partially soundproof chqmber. A masking
noise from én air conditioniné unit prevented patterned
auditory stimulation, translucent goggles eliminated patterned
visual input, while cotton gloves and cardboard cuffs’ which
extended from below the elbow beyond the fingertips reduced
tactile input. Thils technique of reducing'the amount of
patterned input without substantially altering the net amount
of sensory stimulation has been called perceptual deprivation
while thg procedure which aims at reducing the amount of
sensory stimulation to zero has been called sensory depriva-

»\\tion (Kubzansky, 1961). Subsequently, the term sensory
deprivation has been used more generally, to refer to any pro-
cedure whi produces an impoverished sensory environment

(Suedfeld, £975).
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II. Sensory Deprivation: Effects on Humans

(A) Cognitive Effects

Scott, Bexton, Heron & Doane (1959) reported that
during sensory dgprivation most subjects experience difficulty
in sustaining goherent sequences of organized thought. In-
stead, their thoughts tended to jump from one topic to
another in a random manner and often blank periods ensued
when subjects reported having difficulty even finding things
to think about, This inability to concentrate alsa manifested
itself in terms of performance deficits on a variety of tests
like those requlrlng the subject to do mental arithmetic,
solve anagrams, construct geometric patterns 1dentlcal to
those illustrated in models (Kohs Block Design), identify
geometric patterns in more complex figures (Thurstone-
Gottschaldt Figures) or identify incongruencies in plctures
" (Picture Anomaly Test) These effects of sensory depri;atlon
on cognitive functlon have, in general, been conflrmed by
subsequent research (Suedfeld, 1969).

(B) Percepfual Effects

-

Doane, Mahatoo, Heron & Scot 959Q§reported that
visuali hallucinations were commonly ex nded duriﬁg sen-
sory deprivation and that a variety of perceptual’ distortions
occurred for a short time after subjects were returnead tg'a

normal envirorment. In addition, stimulus aftgreffécts were



exaggerated (figural aftereffect, Archimede's spiral after-
effect, color adaptation), size constancy was decreased and
the autokinetic effect was increased. No significant effects
were noted on measures gf critical flicker fusion, the phi
phenomenon,-brightness contrast, brightness constancy, shape
constancy, Necker cube reversal or tachisgogbopic perception.
In general, subsequent research has indicatéd\fhat hallucina-
tory pehavior and perceptual distortion occur iess frequently
aﬁd less severely 'than was originally reported (Zubek, 1969a).
Some of thé effects of deprivation on the objectivg tests of
perception have begn substantiated, particularly those on
stimulus aftereffects and color matching tests‘while contra-
dictory data exist on most of the other measufes.

l(C) Physiological Effects

(1) EEG Studies

Heron, Doaﬁe & Scott (1956) aﬁd Heron (1957) reported
that during sensory deprivation, the alpha rhythm recorded
from the occipital ?egion of the.brain, gradually slowed down
in frequency and became smaller in amﬁlifude, ‘This effect.
took about three days to reach a maximum reduction of 1.5 Hz
to 2.0 Hz after which the frequency of the alpha rﬁythm
stabilized, At the end of the &eprivation! three days were
again requirea before glpha frequency returned to its pp?-
deprivation level (Heron, Tait & Smith, 1972). -A nnmbef-of,

environmental factors appear to be  important in deteimining

-
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how large a reduction in alpha frequency is attained during
sensory, deprivation. 2Zubek & Welsh (1963) found that sub-

ve

'jects who were exposed to ﬁnpatterned light and white noise
during deprivation had a significantly\greakeg reduction in
alpha frequency (x = 1.21 Hz) than subjects exposed to total
light deprivatiéntand’QSlence (x = 0.85 Hz). Control subjects
who were required t¥% lie in a prone position like experimental
subjects, but wﬁo were in an otherwise normal environment did
not show a change in alpha frequency. Subjects Who under-
went perceptual deprivation but who were required to perform
a series of calisthetic exercises six times a day had a signi-
ficantly smaller reduction in alpha frequency (x = 0.48 Hz)
than a no-exercise group of subjects (x - 1.21 Hz, Zubek,
1963) while subjects who were immobilized in stocks in a
recumpent positio% but who were allowed to see and hear the
experimenter with whom they had a degree of social inter-
action, had a mean reduction in alpha frequency of 0.59 Hz
(Zubek & MacNeill, 1966).
(ii) Endocrine and Metabolic Effects
It is frequently assumed that subjects in sensory
| deprivation experiments are under a condition of chronic
hstress {Zuckerman, 1964). Subjective repOrté of unpieasant—
Nness and~the fact that'a propﬁrtion of gubjects always ask to
leave the éxperimeqt 5efore éompiétion substantiates this

- , L .
view. Experiments where indices of adrenal cortical response



were measured during sensory deprivation have provided some
support for this hypothesis. Murphy et. al. (1955) failed to
find any change in the urinary gxcretion‘of 11-deoxycorticoid
of subjects deprived of patterned sensory input for up to six
days but Mendelson et. al. (1960) found that subjects whp
asked to be let out of modified tank type of respirators,
significantly increased their urinary exd;etion of epin-
ephrine. 2Zubek & Shutte (1966) found a similar increase in
subjects who asked to quit a seven-day deprivation experi-
ment after the second day of deprivation. Subjects who
endured the entire seven days and subjects in a recumbent
control group both decreased their urinary excretion of
epinebhrine and norepinephrine. These results indicate that
sensory deprivation may indeed be stressful to a praportion
of the population but these subjects tend to quit the exper-
iment before completion. The fact that urinary excret;on of
epinephrine and norepinephrine decreased in recumbent subjects
as well as sensory deprived subjects indicates the reghmbency
pre se may cause an alteration in the pattern of endocrine
secretion. This interpretation is supported by the reported
decrease in body temperature (Winget et. al., 1972) and -
increase in the concentration of serum triiodothyronine (TB)
during prolonged bed rest (Vernikos-Danellis et. al.,xI972).
These results are of great.interest since some workers have

reported dramatic decreases in body weight during brief
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periods of sencory deprivaticn (Vernon et., al., 1961;

Zubek, 1969b, p275). Although Heron (1961) reported that %asal
metabolic rate and oral temperature did not change during
sensory deprivation a more complete analysis of the meta-

bolic effects of recumbency and inactivity would be

appropriate.

(iii) Effects on Sleep

Heron (1961) reported that from records of body
activity, it appeared that subjects slept more during the
initial period of sensory deprivation than later on. This
observation was confirmed in a subsequent experiment by
Potter & Heron (1972), where it was found that gubjects
slept approximately 25% more on the fi;;t Qay g? deprivation
than they did on either three pre-deprivation or post-depri-
vation days. This effect on sleep gradually became smaller
until by the fourth deprivation day, subjects were sleeping
about the same amount as they did on control days. The
addltlonal time spent asleep durlng the first few days of
deprlvatlon was spent malnly in stage II sleep. The amount
of time spent ¥n stage I sleep increased sllght£§ while
there was a reduction in £he amount of tlme spent in REM
sleep'on deprivation day one ‘and an increase of roughly the
same magnitude on the second day of deprivation. (This REM
sleép.rgbound phenomenon'is a characteristic response ob-

tained when subjects are asked to sleepin an unfamiliar

r
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environment.) Stage IITI and stage IV were unchanged by dep-
rivation. Accompanying these changes in the amount of time
spent asleep were changes in REM density'which refers to the
number of rapid eye movements per minute of REM sleep.
Potter & Heron found that REM density increased from 200% to
500% during sensory deprivation and returned to baseline by
the end of the first post-deprivation day.

Aserinsky (1969; 1971} 1973) obtained similar results,
when he instructed subjects to lie quietly in a dark room and
try to sleep as much as they could. Under thése conditions,
Aserinsky (1973) found that the average subject slept 65.2%
of the first day (a 35% increase) and 46.5% of ethe second
day (a 20% increase) of enforced sleep. REM density increased
by 200% during the first 12 hours énd remained elevated
throughout the remaining 42 hours. It is not surprising that
subjects sleep more thqn usual when they are instructed to.do
SO bufﬁ¥he fact that REM density also changed suggests that
Aserinsky's enforced sleép techniqug is similar to sensory
deprivation. Thus, Aserinsky's subjects, isolated‘iﬂ a
darkened, sound-attenuated chamber, instructed to move aroﬁnd
as little as possible, wqdld be expected to manifest all fhe
symptoms of sensory deprivation even‘if the explicit instrﬁc-
tlons regarding sleep were omltted. , ~

Aserinsky's results differed from those obtalned

duriné sensory deprlvatlon in that he fqund'a positive
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correlation between REM density and the amount of time spent
in non-REM sleep, whereas during sensory deprivation, REM
density continued to increase after deprivation day one
despite the fact that the proportion of non-REM sleep grad-
ually returned to normal. Aserinsky may have failed to
observe this latter effect though, since his experiments

were always terminated at the end of the second day.
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(D) Discussion

From the material presented'in the previous sections,
it is clear that sensory deprivation has a diverse and be-
wildering number of effects on psychological and physiological
processes in human subjects. It is surprising how this rela-
tively innocﬁous procedure can produce such large changes
while at times it is difficult to detect behavioral or
physiological effects of more robust procedures like lesion-
ing the brain. o

A likely explanation for the diversity of the effects
of sensory depriVation‘iE the complexity of the technique}
Thus, sensory deérivation not only reduces the amount of
sensory flux availlable to the subject, but also imposés on
him social- isolation, changes in activity patterns’and post-
ural changes. In addition, the subject brings to the situa-
tion a unique set of variables which are likely to interact
with experimental variables in complex ways to produce even
greater diversity in the results (Zuckerman, 1969). Heron
(1961) has dealt with this diversity by grouping the effects
of sensory deprivation into one of three categories; modality
specifié effects, effects which are nof;specific to a sensory
modality and the effects on cognition and perception. Impli-
cit in such a scheme is‘the agsumption that effects of
deprivation which are placed in the same -category will be

more likely to have a common origin than effects listed in
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different categories. GSimilur assumptions are made by
theories which deal with the mechanisms and locus of the
effects of sensory deprivation since one mechanism is often
postulated to account for all the data (Doane, 195%6; "
Lindsley, 1961; Schults, 1965). One of the objectives of
this thesis will be to evaluate the extent to which\the

symptoms of sensory deprivation have a common etiology.
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IIT. Sensory Depriviation: _Animal Studicoé

(A) Introduction

Most of the research on the offects of sensory dep-
rivation in animals has centered on determining what effect
early experience, or lack of it, has on subsequent development.
Thompson & Schaofer (1961) have identified two different
theoretical positions which have suided much of the experi-
mental work. One position was Hebb's view that the ability
to correctly interpret sensory stimulation is slowly ac-
quired through a process of learning during development (Hebb,
1949). Support for this hypoéhesis‘came from Senden's (1960)
report of i%pairment in the perceptual ability of patients
who had cataracts removed from their eyes when they were
adults and Riesen's (1947) report of severe visual impair-
ment of chimpanzees that were reared in the dark. The second
theoretical position.was held by Lorenz wﬁo suggested that
the developing.organism had an inherent ability to interpret
and respond to particular stimulus arrays in a species-
specific manner (Lorenz, 1937)._ According to this view, an
animal'g behavior would be appropriately elicited by the
correct stimuli if it is raised in i#S normal environment.
By raising the animal in a contrived environment, however,
it would be possible to disassociate the response from its

correct releaser such as when a baby duck is imprinted on an
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inanimate object (Hess, 1959).

Both Hebb and Lorens belisved that the developine
organism was more susceptible to changes in its environment
than the adult. Hebb, apparently, believed this to be true
because of the greater intellectual impairment obtained after
brain damage in young individuals than in adul ts and because
of the painstaking.slow improvements in percoptual ability of
adults who acquired the faculty of vision late in life.
Lorenz's belief rested on the fact that there exists a criti-
cal period in the life of the developing organism when certain
types of behavior are permanently established. These obser-
vations are in accord with Roux's (1895-cited by Riesén, }966%;;}@
two stage theory of development, which postulates that devel-
opment consists of "(a) an early period of intrinsic growth
and self differentation, and (b} a later period of érowth
that is dependent upon functional activity" (Riesen, 1966,
p118). Implicit in this hypothesis is the assumption that
the animal is no longer susceptible to chapges in "functional
activity" when the second period of growth has ended (i.e.
adulthood). h

The proplem of whether an organism is more susceptible
to changes in its environment during &evelopmeﬁi thén in the
adult state is directly relevant to the present work since

one of the objectives of this thesis is to demonstrate that

neural function in adult animals is not as immutable to
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envirommontal chire s as the foremoine discussion would
suggest. Thus, thia cection will be devoted to eviluating
the extent to which cenoory deprivition has different
effects in Immature and adult animals.

¥
(BY Effect: of Sensory Deprivation on the Visual System:

Evidence for a Critical I'eriod

Visual deprivation during development, usually achieved
either by placins the animal in total darkness or by sewing
the eyelids of on» or both eyes shuby~ has some well docu-
mented effect: on morpholofgy and function withip the visual
system. In the lateral geniculate, neurons in laminae re-
ceiving input from ‘he deprived eye typically are smaller
and stain less intensely for Nisal substance than neurons 1in
undeprived lamina (Wiesel & Hubel, 1963a) or in the geniculate
of normally reared cats (Hickey et. al., 1977: Sherman & **”‘::iB
Wilson, 1975). Neurons in the visual cortex, while showing
no evidence of gross morphological éhange after sensory
deprivation, undergo clear functional‘ﬁodification. Thus, a\
proportion of neurons found,either cannot be excited by
visual stimulation,or else give weak responses which fatigue
easily (Ganz, Fitch & Satterburg, 1968; Kratz & Spear, 1976;
Wiesel & Hubel, 1965;). Receptive field size tends to be
larger than normal (Ganz et. al., 1968; Singer & Tretter,
1976) and the neurons respond less selectively to changes in
stimulus orientation (Buisserst & Imbert, 1976; Sherk &

/f////
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Stryker, 1976) and retinal 4 sparity (Pettisrew, 1074). In
addition, following monocular deprivation or any procedure:
that cause the two eyes to recoive different inputs, the
proportion of neurons that can be driven by providine visual
stimulation to either ~ve i greatly reduced. -

Accompanying theoe chanee s obaerved in the structure
and function of the vicual system are clear sienc indicating
that the animal is severely impaiqﬁﬁ in visual perception.
Thus, when the animals are first allowed to pee through
their deprived eye(s), they behave as if they are totaily‘
blind. In an opén field sitdation, the animals move about
céutiously with their bodies close to the floor. Deapite
this they frequently bump into objects in their path and
when placed on a géble, they walk off the edge apparently
without perceiving the change in depth at the border. The
animals fail to blink or flinch at a rapidly approaching
object until it actually touches them and then they give an
exaggerated startle response (Dews & ersel, 1970; Ganz &
Fitch, 1968; Riesen, 1947; Rizzolatti & Tradardi, 1971;

Van Hof-Van Duin, 1976a; Wiesel & Hubel, 1965b). Visual
pursuit is absent unless the moving object is highly con-
trasted against the background such as a lighted bulb moving
in an otherwise darkened room (Ganz-& Fitch, 1968; See also
Sherman, 1973; 1974; Vital-Durand, Putkonen & Jéannerod,
1974). Visual placing is absent although tactile placing

v
~
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i normal (Vain Mot -vVan Duin, 1976b).

Until recently, there has been general acreement that
these behavioral aind phyvelological offects of sensory deprive-
ation can be obtiined only if the animal 1 subjected to
gengory deprivation during a4 eortain festricted portion of
its development.  Thus, Dews & Wiesel (1970) found that
kKittens were most suseoptible to the offects of monocular
visual deprivation totween four weeks to four months of age.
Al though the degres of susceptibility was not uniform durlng
this period, deprivation beginnineg at the end of tﬁg’?ourth
month was ineffective in producing impairment in visual
ability eve§<;hen deprivation was extended to sixteen months
duration (Hubel & Wiesel, 1970 - Alco see Jones & Pasnak,
1970; Riesen, 1965; Slomin & Pasik, 1972; Wiesel & Hubel,
1963b). A similar period of susceptibility for the effects
of deprivation on the morphology and function of lateral
geniculate (Burke &yHayhow, 1968; Headon & Powell, 1973;
Hubel & Wiesel, 1970, Wiesel & Hubel, 1963a) and cortical
neurons (Hubel & Wiesel, 1970; Wiesel & Hubel, 1963b) has
also been found.

Additional evidence for the existence of a critical
period comes from experiments which show that the effects
of deprivation can only be fully reversed if the anim;}/s
vision is restored ecarly in the critical period. Termination

of visual deprivation late in the critical .period is less

4



W

effective, and prolonced vicral oxporience provided at the
end of the critical period does not promote any recovery
(Blakemore & Van Sluyters, 1974; Movshon & Blakemore, 1974;
Movshon, 1976a; b; Wiesel & Hubel, {thh\. There 1o some
controversy over the permanconce of viﬁdil impairment follow-
ing sensory deprivation (Chow & Utowirt, 1970; Dows & Wiesel,
1970; Van Hof-Van Duin, 1976b). Howover, in all the studies
where improvement in visually guided behavior has been demon-
strated, 1t has not been possible to rule out the hypothesis
that improvement occurs gsimply as a result of animals
learning response strategies which optimize the use of re-
maininé viéual capacity (Rizzolatti & Tradardi, 1971;
Sherman, 1973; 1974).°

(C) Effects of Sensory Deprivation on the Visual System:

Evidence for Plasticity in the Adult
The strongest chailenge to the claim that the func-
tional organization of the visual éystem is permanently
established once the critical period has .ended comes from
the work of Buchtel, Berlucchi & Mascetti (1972), Fiorentini
& Maffei (1974) and Maffei & Fiorentini (1976). They found

that the immobilization of one eye by cutting the lateral
rd and yth

™~

rectus muscle and by sectioning the 3 cranial
nerves of adult cat caused a decrease in the proportion of
~ simple type cortical neurons which could be griven binocul-

"arly. Since this effect did not depend on whether the an¥mal

¥
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‘was permitted vision duriny ‘he period of eye immobility,

Maffei & Fiorentini (1976) concluded that it was not caused
by an asymmetry in visual inplit®Pbetween the two eyes.
Rather, it seemed to be «due to an asymmetry in eye mobility
since the immobiliration of both eyes had no efAth on
ocular dominance.

Y Brown & salineer (1975) and Salinger et. al. (1977a;
b) have extehéod the experiments of Maffei & Filorentini
(1976) to the lateral geniculate where they have found some
evidence for a d?c}easo in the proportion of X cells relative
to Ywéells two weeks after the immébilization of one eye.

The fact that the'magnitude of this effect appeared to be
larger in animals shich had both eyes sewn shut prior to eye
immobilization than in animals that were subjected to eye
immobilization alone, has led Salinger'étvaal. (1977bv) to
propose that the eye immobilization procedure allowed them
to "unmask" an effect of binocular deprivation which had
gone undetécted in other studies.' However, at the present

Fime, the most one can conclude from these studies on the

1

effects of eye immdﬁility is. that some characteristics of

- visual system function, which previously have been thought

_to remain invariant after the-.end of the critical period, are

s&sceptible to modification in the adult (Also see Creutz-
. g , )

feldt & Héggeluhd, 1975). ~This conclusidn is'supported‘by

a few other studies where it has been found that the effect
. . ' . *

.
L 4
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of sensory deprivation on neurons in the visual cortex can
be partially reversed by providing visual experience outside
of the critical period (Cynader, Berman & Hein, 1976;
Spinelli et. al., 1972) or by removing ‘the undeprived eye
following monocular deprivation (Kratz, Spear & Smith, 1976).

(D) Discussion

Most of the developmental studies reviewed in this
section indicate that a criticél period exists during devel-
opment when the visual system is susceptible to the effects
. of sensory deprivation. By the end of the critical period,
the organization of the system appears to be complete enough
that sensofy deprivation is no longer capable of causing
changes in structure or function. The visual cortex, however,
apﬁears,to retain a degree of plésticity since partial rever-
sal of the effects of deprivation occur% as a result of
visua} experience acquired aftef the critical period has
ended. r

The research on the effects of eye immobility have
clearly dem;;strated that neurons in the visual cortex and
possibly in’" the lateral geniculaté retain a deéree of plas-
ticity which is comparable to that:séen during development.
However, the fact that an as&mmetry in eye motility rather
than an asymmétry in visual input appears to be gritical for

“obtaining an effect; suggests that this phenomenon may have

to be considered separately from the effects of sensory depriv-
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ation, unless an asymmeﬁry,of eye motility is responsible for
the "'sensory deprivation effects as well. Similarlys.s the
human sensory deprivation experiments have provided clear
evidence of functional plasticity in adult but again these
data are diffigult to relate to ‘the animal studies since no
comparable data exist in the two literatures. Thus, withou£
any cross-links between the animal and human literatures,
these literatures have grown up indepeqqént of each other,
despite clear similarities in objectives, methodology and
history of origin. .

Taking the physiological effects of semsory depriva—
tion on humans as a starting point, we endeavoured in this
work to bridge the gap between the human and animal sensory
deprivation literatures. If a suitable animal model of the
human sensory deprivation experiments could be obtained, it
would then be possible to discover the conditions needed to
produce the effects and the underlying mechanisms. With
this information in hand, one could then decide whether any
relationship exists between the effects of deprivation seen
during developmenﬁwaqd those found in the adult animal.

Since the effects of sensory deprivation on human
sleep were particularly robust phenomena, these were chosen
for study. Adult cat was sélected as subject since the sleep
of cat and human are electrographically quite similar, and

the sleep of both species was known to be affected by other

-
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experimental treatments in an equivalent way (Dement, 1960;
Ferguson & Dement, 1967). In aédition. most of the basic
neurophysiological data on sleeb and on the effect%T;?J
visual deprivation were obtained fyom cat. Thus, It was exp-

ected that a description of—the effects of sensory deprivation

on the sleep of adult caf, information which has never pre-
viously been reported, would be of interest to researchers

in three major areas of study; the human sensory deprivation
literafure, the animal sensory deprivation,Kliterature gnd
-the sleep literature. Before pchéding with'thié descriptian
though, a review of the physiological basis of sleep in cat

. N
is necessary.



SECTION IT

The developmental litkrature reviewed in Section I,
in general, indicates that visual deprivation of adult cat’
does not have the same effect on structure or function in .
the visual system as does comparable periods of deprivation
during development. However, as will be seen later, brief
periods of sensory deprivation have large, reversible effects
on the sleep of adult cat, qimi;ar to those described in the
human experiments. Thus, while it was important to document
the nature of the effect of deprivation on the viséﬁl system
of adult cat because the sensory depri&ation procedures used
in the present work are very similar to those used in the
developmentallstudies, attention‘will now have to be
directed toward sleep and other regulatory processes which do
change during sensory deprivation.' Therefore, a descripfionn
of sleep processes in cat will be presented here to pregare
for the wofk which follows. Particular attention will be
given to research dealing with the role of sensory input in

modulating sleep behavior.

2l
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I. Description of Sleep Phenomena in Cat

The first stage of sleep a cat enters into when it
goes .to sleep has been called by Ursin (1968) light slow :

wave sleep (LSWS). Electrographically, this sleep is char-

_acterized by the periodic occurrence of 12 to 15 Hz "spindles"

recorded best transcortically from the frontal pole of the
brain and by the presence of synchronized cortical EEG.,
Behaviorally, the animal typlcally has its head restlng on its

paws or else directly on the floor. Alternatlvely, the cat

'may be curled up with its head tucked into its abdomen with

the degree of curling being inversely related to the environ-
mental temperature (Parmeggiani & Rabini, 1970; Parmeggiani &
Saﬁattini, 1972). The animal is easy to arouse from this
stage of sleep and frequentky wakes spontaneousiy to make
slight postural adjustments.

Aé the sleep episode con%inues, the degree of cortical
synchronization increases and the EEG record becomes dominated
by large amplitude, 1 to 4 Hz slow waves, Frontal ggrtical
spindles continue to occur‘fut the frequency of occurrence
increases. Musclewtonus in antigravity mﬁséles is usuélly
reduced as indicated by a flattening out cf the electromyo-
graphlc {EMG) record and the animal is more dlfflcult to
arouse. Ursin (1968) has labelled this phase of sleep deep
slow wave sléep (DSWS).

\‘ 25
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The next starse of sleep to emeree is REM sleep. In
the transitioqal phase between DGWS and REM sleep, the
electrographic signs indicative of SWS begin to disappear,
being replaced by indices of REM sleep. Thus, frontal-
cortical spindles, cortical synchronization and muscle tonus
abate and cortical desynchron{zation and muscle atonia take
their place in the electrographic record. Qdditionaliy, the
EEG of the dorsal hippocampus changes over from a desynchron-
ized pattern to a 4 to 7 Hz synthonous rhythm (theta).
Accompanying these changes in tonic electrographic activity
are the appearance of phasically occurfing phenomena. These
include ponto-geniculo-occipital kPGO) waves,which can be-
recorded with macroelectrodes from the pontine reticulap haat
formation, lateral geniculate nucleus and occipital cortex, .
rapid eye movemefits (REMs), periodic twitching of the muscul-
ature and irregularity in respiration, heart rate and blood
pressure. (For a more complete description gf'these phenomena
see the reviews by Jouvet (1967)). At the end of the REM

sleep episode, the animal may either awake or else lapse back

into SWS. ‘ -



II. Brain Mechanisms Controlling Slow Wave Sleep

(A) Role of Sensory Afferents and the Brain Stem Reticular

- Formation in'Producing Cortical Desynchronization

One of the oldest theories about sleep is that it is
a passive}phenomenon that occurs whenever the active pro-
cesses responsible for maintaining wakefulness can no longer
sustain the conditions needed for wakefulness (Kleitman, 1939).
One condition frequently defined as essential for wakefulness
is the continual afferent bombardment of the cerebral cortex
by sensory‘input (Moruzzi, 1964). Thus
"(i) any drop of the afferent barrage, follow-
ing muscular relaxation and closure of the
eyes, any (ii) increase of fatigability of the
cerebral cortex and of the subcortical struc-
tures involved in wakefulness would lead to a
state of functional deafferentation of the
cerebral cortex. This state would cause
sleep merely because it is incompatible with
wakefulngss." ' (Moruzzi, 1964, p24)
Although deafferentation obtained by destroying primary
sensory pathways does cause an increase in the proportion of
sleep time (Haggmen, 1959; Hodes, 1962; Vital-Durand & Michel,
1971), the physiological mechanism for producing "functional
" deafferentation" during the course of falling asleep is pro-
bably more complex than this. Indeed, the important discovery
by Moruzzi & Magoun (1949).that electrical stimulation of the
brain stem reticular formation blocked both spontaneous and

elicited cortical synchronization led to the hypothesis .that

- 2'7



there exists an ascending rc‘icular activating system (ARAS)
which is responsible for the maintenance of wakefulness
(See Moruzzi, 1963; 1971 for a review).

"According to the reticular hypothesis, sleep

is attributed to the elimination of the waking

influence of the ascending reticular system."

Sleep is atill refarded, therefore, as absence

of wakefulness. The main difference between

the old and the new formulation of the hypoth-

esis is that the maintenance of a waking atate

is attributed to a tonic barrage of ascending

reticular impulses, while the steady flow of

sensory messages coursing along the classical

pathways appears to be without importance for

the physiology of sleep." (Moruzzi, 1963, p234)

While in this new formulation sleep is still regarded
as an absence of wakefulness, cessation of wakefulness is
accomplished by damping down tonic activity in the ARAS by
means of an active process. If the ARAS is‘pisconnected from
the cerebral cortex by a midbrain transection made just behind
the oculomotor nerve {Bremer's (1935) cerveau isole prepara-
tion), the animal goes into a comatose state which resembles
SWS with redpect to EEG and ocular indices. This result

i 7 R
contrasts markedly with that obtained from the encephale isolé
preparation {brainstem transected at the first cervical gang-
lion) which retains the ability to have a sleep-wake cycle
(Bremer, 1937: 1938). .

The lack of cortical desynchronization in the cerveau
isolé preparation cannot be explained by the fact that animals
with midbrain transections are more completely deafferented

than encephale isole animals since Lindsley et. al, (1949;



1950) showed that lesioning 'he sensory pathways ascending
through the brainstem did not reproduce the effects on cort-
ical EEG that were obtained by lesions of the brainstem
-reticular core. This conclusion is also supported by"tho
experiments of Batini et. al. (195%a; b; c) which showed
that cat exhibits continually desynchronized cortical EEG
if brainstem transection is made just in front of the trigem-
inal nerve (midpontine pretrigeﬁinalepreparation) instead of
behind the oculomotor nerve (rostropontine pretrigeminal) as
was the case iﬁ Bremegksvcerveau isole preparation.~ The
difference between these two preparations, therefore, is not
in the degree.of afferentation since in both preparations
the first three cranial nerves were intacty, but rather in
. terms of the integrity a small band of reticular tissue between
the two sections which is occupied largely by the nucieus
reticularis pontis oralis. Camacho-Evangelista & Reinoso-
Sudrez (1964) confirﬁed that lesioning this nucleus and the
nucleus reticularié ventralis increases the amount of EEG
synchronization found in the record relative to .control per-
iods. Lesions placed dorsal, lateral and caudal to these
nuclear groups increased the proportion of desynchronized EEG
obt@ined post-operatively relative to control observations
made -operatively.

These results, however, do not rule out the importance

of sensory afferents in producing a state of coftical activa-
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tion since Claes (1939 - cited by Arduini & Hirao, 1959) re-
ported that bilateral eye enucleation or optic nerve section
in encephale iéole cat led to an appearance of EEG sleep
patterns in the visual cortex, an effect that was not duéiic—
ated by dark adaptation. Roger et, al. (1956) observed a
similar effect after bilateral destruction of the Gasserian
ganglion (viz. ﬁrigeminal nerve) in the encephale isole prep-
aration but ng%-after cutting the olfactory, optic, stato-
acoustic or vagus nerve, and Batini et al. (1959¢c) reported
that optic and olfactory nerve ablation in the midpontine
pretrigeminal preparation caused temporary cortical synchron-
ization. Arduini & Hirao (1959) showed that reversible
synchronization of the cortex could be obtained in the midpon-
tine pretrigeminal prégaration by raising intraocular pressure
to a level that produced&FChemic anoxia sufficient to block
all optic nerve activity a&q then returning intraocular pres-
sure back to normal. (Simil;k\observations were made by

Bizzi % Spencér (1962) in the géfyeau isole preparation.)
Since this effect could not be pro&uced by placing the animal
in total darkness, Arduini & Hirao concluded that the continual
retinal discharge known to occur in total darkness (Arduini

& Pinneo, 1962; Kuffler, Fitzhugh & Barlow, 1957; Rodieck,

1967)
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"is critical for the maintenance of an adequate

level of activity in the ascending retiqulir

system. The sudden withdrawal of this afferent

retinal ba¥rage would thus lead to a fall in

the "tonus cortical™, which may be eventually

compensated in chronic preparations (Batini

et. al. 1959a; b; ¢) but would certainly go

without compensation during the short time

available in our experiments of acute

ischemic inactivation of the retina.”

(Arduini & Hirao, 1959, p151)
In a subsequent experiment though, Arduini & Hirao
/
(1960) found that continual illumination of the retina also
was capable of causing cortical synchronization in the mid-
pontine pretrigeminal preparation. The interpretation the
authors made of these results was that under continual illum-
ination the tonic retinal discharge may actually be less than
that obtained in total darknesss; a hypothesis that receives
some support from studies where direct measurements were
made (Arduini & Pinneo, 1962;: Kuffler et, al., 1957).

Thus, it appears that sensory input does play an
important role in determining the degree to which cortical
synchronization dominates the EEG. This conclusion, however,
must necessarily be weakened by the observation that both
the cerveau isolé preparation (Bastel, 1960; 1964; Villa-
blanca, 1965; 1966a; b) and the midpontine pretrigeminal pre-
paration (Slosarska & Zernicki, 1969; Zernicki, 1968)
recover the capécity for producing desynchronized/synchron-
ized EEG as post~surgical survival time is lengthened. Thus,

Al

the acute preparation, a preparation which Moruzzi (1972)

L
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suggested i experiencing a type of sursical shock akin to
spinal shock that follows spinal cord transection, may not

be ideal for detectine additional effects of deafferentation.
In addition, the procoedure of looking for qualitative changes
in the electrocrraphic rocord following sensory deafferencation
may not be as consttive an index 19 a measure of the propor-
tion of time ovor a twenty-four hour period that the EEG is
synchroniced. For these reacsons, more weight must be given to
the chronic deafferentation studies of Hagamen (1959) and
Vital<Burand & Michel (1971) where deafferented cats were
found to spend sicnificantly more time asleep than normal
animals.

(B) Cortical Jynchronization Mechanisms

(i) Brainstem Synchronization Structures

The observation that the EEG iz continually desynch-
ronized following midpoqtine pretrigeminal brainstem transection,
at least in the acute stages, led Batini et. al., (1958) to
suggest that an EEG synchronicing influence is located in
the brainstem caudal to the level of the trigeminal nerve.

This hypothesis was supported by the experiment of Magni et.
al. (1959) where the blood supply to the rostral pons, mid-
brain and upper cerebrum was separated from the supply to the
caudal pons and megulla by clamping the basilar artery at
midpontine level. Under these conditions, they found ﬁhat

small amounts of thiopental injected into the common carotid
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leading to the rostral pons and forebrain caused previously
desynchronized EEG to become synchronized for a brief period

of time whereas, injecting thilopental intg the vertebral art-
ery which supplied the caudal brainstem caused previously
synchronized EEG to become briefly desynchronized. The
interpretation of this latter finding was that the short-acting
barbiturate caused a temporary inactivation of the synchron-
ization structures in the lower brainstem.

Further support for the existence of a brainstem
synchronizing system has come from experiments where discrete
surgical (Jouvet & Renault, 1966; Jouvet, 1969) and biochemi-
cal (Cohgp et. al., 1973; Delorme et. al., 1966; Jouvet, 1969;¢§.
Pujol et. al., 1971) lesions of the raphe nuclei caused almost
total insomnia for the first few days after the lesion with
some recovery being noted thereafter. In additiop\to the
raéhe nuclei, the area postrema (Bronzino et. al., 1972; Koella
et. al., 1968) and the nucleus of the solitary tract (Bonvallet
& Allen, 1963; Bonvallet & Bloch, 1961; Magnes et. al., 1961)
haveialso,been implicated since electrical stimulation in
fhe region of the solitary tract nucleus provokes cortical
synchronization (Favale et. al., 1961; Magnes et. al., 1961)
as does chemical étimu%ation of the area postrema wigh top-
ically applied serotonin (Bronzino et. al., 1972: Koeila et.
al., 1968) or serotonin injected into“the_loéal arterial

2

ecirculation (Roth, Walton & Yamamoto, .1970). Electrblytic
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lesions or lmiﬂi:od cooling in the vicinit& of the golitary‘
;fact nucleus, on the other hand, prolong the duration of
spontaneous or evoked reticu%ar activation of cortical EEG, 5
whereas COntrof lesions in the caudal medulla do not hav X
this effect (Berlucchi et. él.. 1964; 19??; Bonvallet & 2llen,
1963; Bonvallet &,Dell,‘l965). ,Sinoe the I)('t‘f}‘l and Xﬁh f

cranial nerves constitute the main afferent input to #he

L
%

nucjeus of the sblitar& tract {Bonvallet & Allen, 1963
Borjvallet & Sigg, 1958), it sFems likely that the EEG synchrgpld
i tion produced by electrlca; stlmulatlon of the vagus nerve
Bonvallet & Sigg, 1958; Chase et. al., 1967 Dell & Padel,
1965?’Foutz, Ternaux & Puizillout, 1974) or by mechanical
stimulation of the'baporedéptors in thelcarotid\siﬁus

(Mazzella -et. alu: 1956) may' be obtained as a result of .
activating this brainsfem synéhronization mechanism. The
fact that cortical deéynchronization can be obtained only
under certain stimulus condifions (Chase et. al., 1966) has
led Chase et. al. (1967) to suggeét that gbefézz;e at least

two fuﬁctiopallgroups of afferents being carried in the vagus

H hypothesis supported by the demonstration that de- o

synéhronization of the EEG was obtainéd only when a élow CQE:H/,/y/
duﬁtiné groﬁp of fibers were activatgd by electficag,stimulq-
tion whereas activation of a low threshold, rapid conduecting

system resulted in synchroniiation. " The brainstem system is.

6bviously more cohplex than this though, since Foutz, Ternaux

o :
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& Puizillout (1974) and Puizillout & Foutz (1976) have ob-
served thaf REM'sleep can be triggered directly by vago-
aortic nerve stipulation in a semi-chronic encephale isole
preparation; an effect which was facilitated by REM sleep
deprivation prior to stimulation.

(i1) Basal Forebrain & Thalamic Synchronization Structures

The fact that both the cerveau isolé preparation of

" Bremer (1935) and the midpontine pretrigehinal preparation of

Batini et. al. (1959a) recover the capacity to have recurrent
b LT

episodes of synchronized and desynchronizdd EEG if maintained
I B ¢

chronically for a long enough time (Batsel, 1960; 1964;

Villablaﬁca, 1965; 1966a; b) forces one to consider forebrain

4

participation in the control of the sleep-wake cycle. It is’

-~

" cdear that cerebral certex, unﬁercut amd isclated from other

cortical tissue does not spontaneously shift from electro-
graphlc synchronlzatlon to desynchronlzatlon in a manner

characterlstlc of' an 1ntact cortex (Sharpless & Halpern, 1962;

“Villablanca, 19673 But see Khananashvili & Bogoslovskii, 1976).

Slmllarly, dlencephallc and caudal brainstem structures do
not exh1b1t~pormal cycllng when separated from the cortex
as they are in decortlcate (Jouvet & Michel, 1959; Kleitman
& Camille, 1932), deeerebr%te (villablanca, 19663) and dien-

oD

cephalic preparatlons (Vlllablanca & Marcus, 1972). -On the

ba81s of these results, one must conclude that the alternation

between the two electrographlc pattenns ig a property of

»

4
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intact cerebrum probably deprnding on an interaction between
neocortex, subcortical and diencephalic structures.

Although there have been a few reports on the role 6f
telencephalic structures in sleep processes (Kim et: al., 1975;
Villablanca et. al., 1976), most aftention has beeg focused
on thalamic and subthalamic areas. An intact thalamus has
long been known to be essential for the occurrence of barbit-
urate spindles and spindles evident duriqg sleep (Morison &
Bassett, 1945; Villablanca & Salinas-Zeballos, 1972; Villa-
blanca & Schlag, 1968). The medial and intra-laminar non-
specific thalamic nuclei have been implicated in the genesis
of these phenomena since high frequency stimulation of the
nonspecific thalamic.nuclei results in cortical desynchroniz-
ation similar to that observed‘following mesencephalic retic-
ular formatioh stimulation (Jasper, 1949), whereas low frequency'
stimulation produces a cortical recruiting response which is
electrographically similar to a sléep spindle (Dempsey &
Morison, 1942; Morison & Dempsey, 1942). In addition, low
frequency stimulation of the midline nonspecific thalamic
nuclei in freely—behaving cat has been repdrfed to cause the

<

animal te go to sleep (Akert, Koella & Hes§u.1951; Hess,
1954; Parmeggiani, 1962). The yaliqity of%thesé latter
results, however, has éontinued to be quesfibned‘(Bremér{
1954; Harrison, 1940; LoPiccolo, 1978), mainiy on the ground

that none of these . experiments have controlled for the
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tendency of the animal to go to sleep spontaneously. When
such control experiments are done, no hypnogenié effects of
thalamic stimulation can be demonstrated (LoPiccolo, 1978).
This result is consistent with the report of Angeleri et. al.
(1969), who found that selective 'ablation of the nonspecific
thalamic nuclei had no effect on the amount of time .the

animal slept. Total thalamectomy (Villablanca & Salinas-

~ Zeballos, 1972) and complete destruction of the neocortex,
rhinencephalon and striatum (Villablanca & Marcus, 1972),
however, cause a large permanent reduction !in both SWS and
REM sleép. On the-basis of these results, Vi;lablanca (1974)
(th sﬁggested that forebrain structures normally have a sleep
A4

enhancing effect on hypothalamiec/reticular formation activat-
ing systems. Thus, removal of these stiructures was postuléted
to create an’imbalance between hypnagenic and activating
systems resulting in insomnia.

The h&gothalamus has also been postulated as a
likely candidate for the locus of forebrain sleep and waking
centers since bilateral lesions in the posterior portions of
the lateral hypothalamus (Ingram et. al., 1936; Ranson, 1939)
and in adjacent parts of the midbrain tegmentum (Nauta, 1946)

' produce a condition of somnolence whereas bilateral lesions

in tﬁe preoptic area cause insomnia (McGinty & Sterman,

1968 Nauta, 1946). In the case of posterlor hypothalamic
le31ons McGlnty (1969a) has reported that a- short- ~lasting
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hyperactivity (4-8 hours duraiion) occurs immediately post-
operatively, a result that was missed in the earlier studies
because long-acting anaesthetics weré used. This phase is
followed by somnolente, a sleep-like state from which the
animal can*be briefly aroused by intense stimulation. Hypo-
thermia, anorexia, emotional lability and in the case of cat,
catalepsy,accompany the excessive sleepiness. Recovery from
these symptoms occurs, to a greater or lesser extent, depend-
ing on factors like the species of animal used and the extent
of the lesion.(McGinty, 1969a; Ranson, 1939). In the case of
preoptic lesions, the amount the animal sleeps (SWS & REM ‘
sleep) decreases progressively during the first two weeks
post-operatively and gradually recovers, though not to pre-
operative levels, during .the next four weeks (McGinty &
Sterman, 1968; Nauta, 1946). In some cases, the animal may
not sleep at all post-operatively. Such animals do not sur-
vive longer than %en'days,‘apparently dying in a state of
total exhaustion. The insomnia produced by these lesions is
usually accompanied by disturbances in thermoregulation and
the regulation of food and water intake.

Another éiéce of evidence implicating the anterior
hypothalamic and preoptic areas in sleep processes is pro-
vided by reports which cléim that electrical (Sterman &
Cléménte, 1962a; b) or chemical stimulation (Hepnandéz Peon &

Chavez Ibarra, 1963) of these regions of the brain is capable

-
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of inducing sleep. Although the validity of these experiments

has been questioned (LoPiccolo, 1978), Roberts & hobinson

(1969) have obtained convincing data |from cat whi

suggests that sleep can be elicited with shor

atency d}a—
thermic warming of the preoptic area. Since, in these studies,
the animal typically awoke wikhin 15 to 150 seconds\ of stim-
ulus offset, it was possible to ow, by using repeated
stimulation and blank trials, that th ,
be attributed to a spontaneous tendency of the
sleep. Furthermore, since the threshold current needed to
obtain this effect was about twenty-five percept lowe
that required for leéion production and since lesionin thé
preoptic area produces insomnia, nét sleep, Roberts &
Robinson concluded that a localized change in temperature of
the preoptic area was responsible for the effects'they obserQ—
ed. This interpretation is consistent with the fact that

there are neurons located in this region of the brain which
undergo large changes in firing rate in response $o tﬁermal
stimulation (Nakayama et. al., 1963; Wit & Wang. 1968) . Thus,
on the basis of these data, it appears that there is a thermé—-
sensitive sleep regulating system located in the basal fore- |
brain. That such a sy%tem might exist is éuggested by exper-’ .
imentﬁ.which‘demon§frate that the quunt‘anﬁanimal sleeps is

'Qositively correlated with envirorimental temperature, at

least over a small range of temperatufe (Parmeggiani et. al.,
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1975; Parmeggiani & Rabini, 1¢70; Schmidek et. al., 1972).
The fact that total sleep time and particularly, REM sleep
time decréases markedly at both high and low environmental
temperatures appears to facilitate.survival at extreme femp-
eratures since it is known that thermoregulatory ability is
severely impaired, if not totally agéent, during REM sleep
(Parmeggiani et. al., 1973; Parmeggiani & Sabattini, 1972;
Shapiro et. al., 1974). The neural system regulating this

temierature dependent effect, however, has not been described.

(C) Sleep Induced by Repetitive Sensory Stimulation

It is a commonly known fact that repetitive sensory ‘
.B -
stimula%?on is very effective in inducing sleep but this

phenomenon has never attracted much scientific interest.
Pavlov (1927) found that the repetitive presentation of a
condition stimulus in the absence of reinforcement'rapidly led
to the development of "internal inhibition". This inhibition
was postulated to occur first in the focl of cortical elements
initially excited by the conditipned stimulus. When this

inhibition spreads to other parts of the brain, sleep ensued.

"Internal inhibition during the alert state is

nothing but a scattered sleep of separate

groups of cellular structures; and sleep itself

is nothing but internal inhibition which is

widely irradiated, extending over the whole (

mass of the ‘hemispheres and involving the

lower centers of the brain as well. Thus,

internal inhibition in the alert state of the

animal represents a regional distributicn of

sleep which ig kept within bounds by the

antagonistic nervous process of €xcitation.”
(Pavlov, 1927, p253)

¥
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The Aecrease in response that occurs to a specific stimull ;:::><
upon repeated presentation has subsequently been called habit-
uation but habituation cannot be regarded as the process under-
lying sleep i%ducea by sensory stimulation. The critical
difference between procedures that prgduce sleep and those

that produce habituation is that in tﬁe former, the stimulus

is hypnogenic only if repetition occurs at regular intervals
(Oswald, 1959; 1960; See Kleitman (1939) for a fgview of the
older literature) wheréas, the only requirement for habi?ua-
tion to occur is that the same stimulus be presented several
times (Sharpless & Jasper, 1956). Thus, habituation will

occur to stimulation capable of induéing sleep (Gastaut &

Bert, 1961), but sleep is not a necessary consequence of

habituation.

Konorski (1948), in criticism of Pavlov's view of
sleep;'suggested that the conditioné in Pavlov's experiments
were éucp'that the animal would have fallen asleep naturally.
Thus,ﬂﬁhé repetitidn of the CS did not interfere with this
tendency, but it'certainl dign't facifi%ate the occurrence of
gleep. This.opinion'has been echoed in the work.of others
(Kleitman, 1939, p198; Tiz;rd,\¥966), but even these experi-
ments have been recently contested (Bdhiin, 1971). 1In spite
of this controveréy over the sieep observed in Pavlav's con-

ditioning: experlment and in other experlments where . the stimuli

used were likely too 1n51gn1flcant to have much effect (Bohlin,

/

B - : . o 1 ’ ,
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1971; Tizard, 1966), there have been a few clear demonstrations
of the hypnogenic properties of répetitive stimulation.

Oswald (1960) found that subjects which were exposed to in-
tense, repetitive, synchrondus auditory (800 cps tone), visual
(four flashing 60 W light bulbs viewed from a distance of

60 cm with eyelids taped open) and somatosensory (electric
shock applied to the leg intense enough to be painful and to
elicit a leg flexion) stimulation, rapidly went to sleep.
Since the conditions to which these subiects were exposed
could not be considered amenable to sleep by any normal crit-
eria, one must conclude that repetition of intense afferent
barrages has the capacity to igduce sleep. ‘

There are several potential mechanisms which could
underlie the phenomenon of sleep induced by repetitive .
stimulation. It is known that the corfical”field potentials
evoked by discrete auditory and visual stimuli consists of
short latency rapid primary components followed by more var-
iable multiple slow components occurring atna.frequency of'
S—S‘Hz (Dqty, 1958; Fleming & Evarts, 1959; Kawamura &
Yamamoto, i961; Kimura, 1962). Since these mul?iplg slow
waves (1) are blocked by meézncephalic reticular stimulation;
(2) do not occur in animals which are highly aroused; and
(3) have the same freqpenoy'spectrﬁm and 'locus of p;igin as
récruiting fesponseé and spontaﬁeouély occurring spindles,

many authors have drawn a barallel betweeﬂ this phenomenon

9
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and sleep spindles. Thus, the hypothesis has been advanced
that the multiple slow wave is a thalamo-cortical spindle
burst triggered by sensory stimulation (Kimura, 1962). The
observation by Moruzzi (1972) that in most experiments where
sleep has been induced by repetitive sensory stimulation
(Marczynski & Sherry, 1972) or electrical stimulation of the

brain, low frequencies stimulati were used (See Roelofs et.

al.,.1963; Sterman & Clemente, exceptions) may be
related to the fact that low rates of sensory stimulation
(6-8 Hz) are the most effectiv¢ in eliciting the spindle-like
multiple‘slow wave (Kimura, 1962).
‘There is no evidence on the question f how repetitive
sensory volleys might activate thalamic synchfon' ing systems
but the work of Pompeiéno & Swett (1962a; b; 1963) swuggests
a way such stimulation could lead to sleep. They found that
low frequency repetitive electrical stiﬁulation of cutaneous
nerve (Pompeiano & Swett; 1962a) or skin (Roitbak, 1960)
was capable of inducing spindles in cat. In an analysis sim-
ilar to that carried out by Chase et. al. (1967) on synchroni-
zation induced by vagal.nerve gtimulation, Pompeiano & Swett
found that low frequencie$ of sfimulatibn activated Group II
sensory afferents; papi& conducting axons ligely coming from
.reéeptors in hair follicles and touchfand pressure receptors.
H;gher'freqﬁency or more intense ?fiﬁyiationdactivéted slower

" conducting, Group III sensoxy afferents. Since cortical
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desynchronization was elicited by this type of stimulation,
and in view of the conduction velocity of this group of
fibers, it was concluded that this input was from;ﬁociceptors
(Pompeiano & Swett, 1962b). In a subsequent acufé experiment,
it was found that neurons in the caudal pons and medullary

regions received input from Group II afferents yhereas stim-

ulation of Group IITI afferents activated neurong in the rost-

ral pons and mesencephalic reticulér formation Thus, 1t was
suggested that EEG desynchronization elicited py stimulating
Group II1I afferents was aécomplished‘through agcending retic-
ular activating system described by Moruzzi & MagQun while
cortical synchronization produced by stimulating Group II
afferents was obtained by activating the bulbar inhibitof&
sysfem described by Magoun & Rhines (1946) and discussed by
Bonvallet and others in relationship to cortical synchroniza~
tion, desynchronization systems (Zanchetti, Wang & Moruzzi,
1952). Thus, the hypothesis has been advanced that repeti-
tive stiﬁulafion activates the bulbar inhihitory system thch,
in turn, suppresses activity in the ascending reticular activ-
ating system (Moruzzi, 1960). This. deactivation of the ARAS
might allow synchronizing structures in the fdrébrain to come
into play, with this effect being particularly evident immed-
iately following the afferent volley. '

Kleitman (1939), in a review of some of his early -

" experiments, identified several other important conditions



which facilitate falling asleep. For example, an animal is
more likely %o go to sleep after having’eaten a meal than be-
fore and to sleep longer when overfed than when underfed
(Ruckebusch & Gaujoux, 1976). In fact, the instinctive-like
searching for a place to sleep (Moruzzi, 1969) may be inter-
preted as an attémpt on the part of the animal to optimize the
conditions needed for sleep. Thus, a secure, Qarm place
where the animal is not likely.to be interrrupted is sought.
Once such a place is found, tge anial typically goes through
a routine of behaviors such as grooming ané:adopting a charact-
-eristic posturé prior to falling asleep. In the human, sexugl.
intercourse has anecdotally been descfibed by general
practitioners as having soporific properties, and in animals |
has been observed to produce electrographic synchroﬁization
similar to that 6bserved after other consumﬁatory behayviors )
(Beyer et. al., 1971a; Boland & Dewsbury, 1971; Sawyer, 1969).
In any case, none of these behaviors or preparations for sleep
can be regarded as necessafily prbduciﬁg a reduction in sen-
sory input; rather they seem to produce a particular type of
input which facilitates sleep.

Some of ‘these variables have come under experimental
&tudy.. Clemente, Sterman & Wyrwicka (1964) reported that
" spindle-like slow waves occurred in the cortical EEG of cat
Aafter the animal received a food reward for pressing a lever.
This elgétrographic synchronization was similar to that ob-

served -during ad 1ib milk consumption, grooming and drowsiness
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(Roth, Sterman & Clemente, 1067; Sterman & Wyrwicka, 1967)
and had the came frequency spectrum as sleep spindles. When
¢he animal was allowed to work at the lever pressing task
until s?%iation, it was noted that post—réi orcement syn-
chronizdtion observed during trials late in the session was

* longer in duration, the EEG wavés were larger in amplitude
and had a lower frequency than during trials early in the
seséion. This progpessive increase in the amount of cortical
synchronization present throughout the course of an eating
bout may be indicative of a gradual shift toward sleep. This
'interpretatiodbis certainly borne out ﬁy observation of the

" behavioral sequences which typically lead to sleep in lab-
oratory cat (unpubli;ﬁed personal\observation). Whethér the
ECt of eating, some visceral stimuli, or central state derived
from héving eaten is responsible for sleep onset remains an
unanswered question. However, the fact that post-reinforce-
ment synchronizatioﬁ is always suppressed in a  very hungry
animal (Sterman & WyrQicka, 1967) and can be blocked by high
frequency electrical stimdlafion of the ascending feticular‘
activating system or by naovel sensory stimuli (Clemente et. al.,
1964) suggests an inférplay between desynchroniéiné and synch-
ronizing systems controls the overall state of the animal.

Sterman & Wyrwickd<?1967) have suggested that volun-

tary suppression of movement is another important condition

for falling asleep. They have identified an electrographic

AV
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correlate- of behavioral inhihition, the sensorimotor rhythm
which is optimally recorded from the sensorimotor cortex.

They propose that this rhythm is generated by a thalamocorti-
cal system tha? is distinct from the system responsible for
producing the post-reinforcement synchronization pattern, and
that these systems are capable  of operating in both the waking

and sleep states (Howe & Sterman, 1972; 1973). Thus, in their

,view, the sleep that follows satiation would occcur as a result

of dri&e reduction and would be characterized by the presence
of a post—reinforcement synchroniggtion type pattern while
sleep occurring following trained behavioral inhibition would
be dominated b& a sensorimotor type pattérn.

Sidis (1908 - cited by Kleitman, 1939) and Kleitman
(1927 - cited by Kleitman, 1939) showed thét gentf; physical
restraint of movement was effective in inducing sleep.
Whefher such restraint increases cutaneous stimulation and
facilitates sleep through a mechanism similar to that sug;
gestéd by Pompeiano & Swett’'s experiments is unknown. It is

known that forcefully restraining an animal on its back may

"induce a cataleptic-like state where the animal will remain

immobile (tonic 1mmob111ty), in often very awkward positions,
for several %Dlnu’ces. Although many hypotheses have been ad-
vanced to account for this strange behavior (See Crawford &
Prestude, 1977 fof relevant papers) changes in sométosenso;y
and prppp@oceptive input clearly play an.important role in

-
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eliciting this effect (Klemm, 1977). - Despite the fa@ that
EEG synchrony, decreased muscle tonus and suppression of ‘
spinal reflexes may accompany tonic immobility (Carli, 1977),
it is notféenerally believed that tonic{immobility is a sleep
state. Nevertheless, it is likely that there is some overlap
in the conditions which f;éilitate the occurrence of‘eleep
and those which are prerequisite for tonic immobilit&.

(D) Discussion

¥

‘It should be ¢lear from the present review, that the
concept+of a brainstem activeting system responéible for
maiﬁtaining wakefulness, and of brainstem and forebrain syn-
chronlzlng systems respon31ble for the production of—sleep,
have domlnated research on sleep processes. Although the
importance of sensory input in maintaining activiﬁy in these
systems has never been denied, more emphasis has been placed
on the interaction between synchronizing and des&nchrdniziﬁg
systems. Thue, in the more recent theories of sleep, sleep
has been regarded as an active process, where activity in .
synchronizing systems is considered to be necessary in erder
for sleep to occur, and a high level bf éqnic activity in the.
aecending reticular activatiﬁg System.ie coneidered a pre-
requlslte for wakefulness. —

-« Slnce sleep time increases in human subaects durlng

sensory deprivation, one is forced to‘con81der,the role of
y , % S .
£
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- sensory input in &éintaining activity. in brain synchronizing

s’

and desjnchronizing systems.- Thus,"the question may be

v'asked whether the additional sleep obtained during sensory

deprlvatlon is a stimulus-induced sleep, where stimuli

b A
present durlnglgeprlvatlon enhance activity in synchronization
N.systemg or whether it is a deafferentation type sleep, where
A\ ' . : ,
.vdeereased afferent bombardmgnt during deprivation results in

a decrease in the tonic activity in the reticular activating

system, threby reducing its capacity to/Sustaik .wakefulness.

Altenna%ively, the entire.conQpptual framework of \synchroniz-

1ng and desynchronizing systems in opp031tlon to -one another

L

may be reaectcd.and the effect of sensory deprlvatlon on
. sleep might be smmply regarded.as ; Q1sruptlon ofla regulatory
; proée$§. 'ﬁ_ “ f
. . A choicé between these alternative viewé'og the effects
of sensery deprivation on gleep cannot be éade on the. basis
of data cufrently~availabie."lf similar~phenomena.could be
demonstrated in cat, however, comparlsons w1th‘o€her experi-
mental +4reatments whlch are knOWH ~to affect sleep, such as
sensory deafferentatlonﬁ\braln les1ons and\electrlcal stmmu- |
latlon,qould be made. Although comparlsons of this sort will not
prov1de deflnitlve answers to the questlons outllned in, this
Sectlon, certaln gkplanatlons w1ll llkel seem tore. plau51ble
than bthers. A further reductloﬁ in “the number of competlng

explanatlons for the effects o;,sensory deprlvatlon on sleep
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will be possible once the m&bimum conditions needed to produce

the effect are known.
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ITI. REM Sleep

AN

(A) Brainstem Control of Phasic and Tonic Phenomena of REM

Sleep

The sleep tn?g’ls characterized by episodic tw;tchlng
of the extremities and he occurrence of rapid eye movements
has long been associated Qith dreaming (Moruzzi, 1964) but it
took “the work of Dement (1958) and Dement & Kleitman (1957a; b)
to br%ng,this phase of sleep into the realm of scient%fic
investigation. For our purposes, the subsequent electrophys-
iological Asearch aimed at determininé what brain structures
participate in the control of REM sleep is the most relevant
since it appears from the human experiments that the functlon
of this. system ‘is mod&fled by sensory deprlvatlon.

There is unanimous agreement in the literature that.
REM sleep is generated and controlled by neural processes |
located ‘in the bralnstem since removal of all structures ros-
tral to the pontine retlcular formation including the hypo-
thalamus does not prevent the cyclic reoccurrence of total
muScle atonia and REMS which chargcterlze this phase of
'sleep (Hobson, 1965, Jouvet, 1962) L The fact that the dien-
;cephalon and forebraln are not needed for occurrence of REM
sleep is partlcularly clear 1n the chronic decerebrate cat
(Vlllablanca, 1966&) where plectrophysaologlcal (pontine PGO
waves) and . behav1oral signs (REMs, muscle atonla) of REM

54
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sleep can be detected from btchind the level of the transec-
tion while the forebrain can be either synchronized as in SWS
or desynchronized as in waking or REM sleep. One should not
conclude, however, that forebrain structures exert no influence
on the REM sleep mechanism since there have been some clear
demonstrations og effects of forebrain (Gadea-Ciria, 1976b;
c; 1977a; b; Jeannerod, Mouret & Jouvet, 1965) and cerebellar
lesions (Gadea-Ciria, 1976a) on REM sleep, and in partichlar
on the oculomotor system involved in the generation of qus.
The electrophysiological phencmenﬁ associated with
REM sleep can be classified into six categories, along two
major dimensions as in Table XXXV, Appendix A. This classi-
fication scheme rests on the assumﬁfion that CNS bontrol of
phasic and tonic phenémena occurring during REM sleep'is
carried out by structures in the pontine rgticular formation.
As has already been mentioned, the electrographic sighs of
REM sleep such as desynchronized EEG and PGO waves in the LGN
and visual cortex no longer occur in the isolated forebrain.
of chronic decerebrate cat even though episodes‘of REM sleep‘
reoccur in the brainstem (Villablanca, 1966a). :This result
suggests that forebrain manifestations of REM sleep are pre;
vented in this preparatlon because pathways ascendlng from the
brainstem have been cut. This 1nterpretat1¢n is supported by
experiments where localized lesions have been done‘to dellneate.

the pathways involved (Candia et. al.; 19673 Car&iueﬁ.'al.,
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Q\’;265; Hobson et. al., 1969; Laurept; Ceépuglio & Jouvet, 1974;
Niz?rent, Guerrero & Jouvet, 1974; Laurent & Guerrera, 1975).
Localized lesions within the pontine reticular for-
mation have also been done to detefmine more precisely the
locus of the executive mechanisms comtrolling REM sleep
phenomenon. Carli &'Zanchetti (1965) have identified the
middle and caudal portions of the nucleus réticularis pontis
oralis as being critical for the occurrence of REM sleep since
lesioning this structure was most consistently associated with
a reductionhin REM sleep. dJouvet (1962; 1969; 1972), however,
has suggested that fhe executive mechanism controlling the
ascending and descending components of REM sleep exist more
caudaliy in middle and caudal portions o% the nor-adrenergic
locus coeruleus since<selective lesions in these regions ’
were capable of suppressing either forebrain or hindbrain
manifestatiﬂns of REM éleep.. ”
Just as Jouvet has suggested that;a dlssoc1at10n of
the control of ascendlng and descending components of REM
sleep eX1sts, Pompeiano and his collaborators have 1nq;cated
other dimensions along which the control of REM sleep pheno- ~ -
menon may be dividéd In the early description of REMs )
.durlng REM sleep two types of eye movements were noted
(Aserlnsky & Kleltman, 1953; 1955) those that occurred singly
" and those that occurred in groups. ﬁi‘he isolated REMs were
; 31m;1a§ to saecadlc eye movements (Jéénnerqd,GMourét.& Jouvet,
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1965)-or perhaps a smooth pursuit eye movement (Fuchs & Ron,
1968; Salzarulo et. al., 1973) while the REM bursts were like
the fast phase of nystagmus. These two classes of eye move-
ments appear to be generated by_different'mechanisms sincg
systemic injections of reserpine, which causes a release of '
stored monoamines (Brooks, Gershon & Simon, 1972), induce a
‘regular repetitive occurrence of isolated PGO waves (See
Section IIIB for Qetails on the relationship between the
occurrence of PGO waves and REMs) with the only evidence of

a burst pattern being an occasional occurrence of.pairs of
PGO waves (Brooks & Gershon, 1972) whereas intravenous in-
jections of eserine sulfate, an anticholinesterase, produce
muscle atonia and the regular repetitive occurrence of

bursts of REMs in acute decerebrate cat (Magherini, Pompeiano
& Thoden, 1972; Seguin, Magherini & Pompeiano, 1973). In
regafd to the bﬁfst pattern, Thoden, Magherini & Pompeiaho
(1972) found neurons located mainly in the medial vestibular
énuclei which either.increased or -decreased their firing rate
prior to the occurrence of REM bursts with thé direction of
eye movements in the burst (i.e. either nasally or temporglly)
determining whether an increase or a decrease in firing rate
was obtaiﬁed. Sinée Bizzi, Pompgiano & Somogyi (1964) found
similar relationships between changes in firing rate and the
occérpence of REM bufsts duripgAREM"sleep of unrestrained‘caf,

it is possible that these neurons are involved in the genefa—

e



tion of REM bursts both in the acute eserinized cat and during
REM sleep. This inference is supported by the fact that

\X )
medial vestibular neurons are:.known to project to motoneurons

in the oculomotor nucleus through the medial longitudinal

[

- fasciculus (Lorenté de No, 1933; SZemtagothai, 1950). Fur-
thermore, Pompeiano and his collaborators found tggtfiilat—
eral lesions of the medial ;nd descending vestibugar nuclei"
abolished the occurrence of REM bursts (Pompeiano\ Morrison,:
1965), the phasic increases in pyramidal tract distharge

 (Morrison & Pompeiano, 1966) and the phasic inhibition of
spinal reflexes (Pompeiano.& Morrison, 1966) associated with
REM bursts during nofmal.REM sleep of chronically prepared
cat. The fact that single isolated REMs continued to oceur
aftér tﬁese lesions (But see Perenin & Jeannerod, 1971
Perenin et, al., 1972) ‘and the fact that control lesions to
the superior and lateral vestibular nuclei, total cerebellec-
tomy and bilateral destruction of the VIII nerve did not pre-
vent fﬁe occurrence of REM bursts during sleep, provide gdd-
ifional support for the hypothesis thaf REM bursts and isolat-

‘ed REMs.aré controlled by separété, specific brainstem systems.

Since vestibular lesions similar to the ones .employed by

- qupeiaho{& Morfiédn also block thg“beegrnénce of REM bursts
_odn eserinized decerebrate cat (Magheiini et. al., 1972), one
SN -

‘can tentatively conclude that this preparation may provide a

uSefui model for study of the mechanisms responsible for
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generating bursts of REM dur ing paradoxical sleep (Hoshino
. , Yo
& Pompeiano, 1976; Hoshino et. al., 1976; Karczmar et. al.,
1970; Pompeiano & Hoshino, 1976; Pompeiano & Valentinuzzi,
1976).

(B) Relationship Between Unit Firing, PGO Waves and REMs:

The Pontine Generator

Single units located in many different areas of the
pontine reticular and bulbar reticular formations are knownvL/
to increase the%; firing rate phasically in association with
the occurrence of pontiqe PGO waves and REMs (Bigzzi et., al.,
1964; Che & Bloom, 1974; Hobson et. al., 1974a; 1974b;

McCarley & Hobson, 1975a; Netick et. al., 1977;'Pivik et. al.,
19773 Saito et. al., 1977). Although several models aimed at |
describing the brainstem mechanisms responsible for the gene-
sis of the phasic phenomenon of REM sleep have postulated

the existence of pacemaker and geﬁerator neurons (Pompeiano

& Vglentinuzzi, 1976; Ruch—Ménachon et. al.,lé?é; Simon et.
al., 1973), the exact identity of these elements remains un-
known. It is generallyAbelieved that the outyut element of

the braiﬁstém reticular system, neurons which are presumed td
be in the finai/bommon pathway to forebrain structures, ocul§~
motor and hindbrain structures, are a bopulation of cells
located bilaterally in the payamedian pontine reticular form~
ation (Ruéh-Mﬁnachon et, al., 1976; Simon et. alt, i973).

‘The in&ividual neurons which constitute this population are ,

. e : s
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assumed to phasically increate their firing rate in unison by
means ‘of .effective reciprocal excitatory connections. The
summation of the EPSPs so generated both within this popula--
tion of cells and in areas of the brain which recéive input
from these neurons constitutes %he current sources Qf the
PGO wave (Bizzi & Brooks, 1963; Brooks, 1967a; 1967b; 1968a;
1968b; Brooks & Bizzi, 1963;'Calvet et, al., 1965; Jeannerod
& Kiyono,71969a).
" A mechanisn which may underlie thé\genesis of the PGO
wave has been suggested from experiments where single, brief
pulses of electrical stimulation were applied to the pontine
reticular formation during REM sleep (Brooks & Bizzi, 1963;
Malcolﬁ, Watson & Burke, 1970). Under these conditions, it
was found that PGO waves and REMs could be elicitéd in an
all or.nothing manner if a suprathreshold current pulse was
applied at a time when a spontanedus PGO wave had not occurred
for at least 200 msecs., If this same stimulation was applied
during SW3, it was incapable of eliciting any response while
during waking, it geﬁerated a saccadic eye movement and a
“ PGO - (See Brooks, 1968b and Jeannerod & Sakai, 1970 for the
similarities and differeﬁéesbbetween ?GO waves occurring .
during ﬁakiﬁg and REM sleep). In general, it appears that

electrical étimulation of the‘brainstem is effective in elic—

~1t1ng PGO waves in any state where\they are occurring Spontan—

“eously (Malcolm, Watson & Burke, 1978) with the prov1slon

N
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that the elicited PGO waves resemble the spontaneously occur-
ring ones (Simon et. al;, 1973). Subsequently, Et has been
reported that punctiform visual, auditory or cutaneous sen-
sory stimulation are capable of eliciting PGO waves (Bowker

& Morrison, 1976; Jeannerod & Kiyono, 1969b). The fact that
sensory stimulation can activate the pontine generator is
considtent with the observation that mesencephalic (Bell et.
al.; 1964; Groves et. al., 1973j and pontine reticular neurons
{Baker et. al., 1976; Scheibel et. al., 1955) can typically

be driven by sensory stimulation in one’ or more modalities.
Since thé latency to the oﬁget of »the PGO wave ﬁollbwing
electrical or sensory stimulation is much longer than would

be expected if the response were simply an~evoked pofential
and in view of the similarity between the spontaneous and .
elicited PGO waves, it‘is likely that the elicited PGO waves
are generated through the normal physiological mechanisms.

The fact that a threshold amount of stimulation is necessary
for the elicitation of a PGO wave suggests that a certain
amount of excitator§ dfive on the pontine geheratorlis re-
quired before the population of generator neurons ié activated.’
Since PGO waves'are generated spontaneously during REM sleep,
one could conclude that endogenously generated tonic gctivity
is capable of producing the necessary excitatory input as
well., Alternatively, ﬁhe spontaneous generation of PGO

could be due to some process intrinsic to the generator

5
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neurons themselves. If thic were the case, this process
would have to be capable of being triggered by electrical or
sensory stimulétion‘

Thelmodel of the brainstem system controlling REM
sleep must take into account evidence which suggests that
th;re are separate PGO wave generators on each side of the
brainstem, which to some extent can function independent of
each other. Brooks (1968b) reported that most PGO waves re-
corded from the LGN and visual cortex occur in bilateral
synchrony indicating either tﬁat there are reciprocal con-
nections between PGO wave generators ;n each side of the
brainstem or that the generator neurons send axons (moﬁosyn-
apticéllf.or through polysynaptic pathways) to both the
ipg}lateral and contralateral LGN and visual cortices. The
fact that unilateral cooling of the brainstem at the level
of the ponto-mesencephalic isthmus reversiﬁly blocks the
second component of biphasic PGO waves (Cespuglio'et. al.,
1975; Léurent & Guerrero, 1975) and the fact that unilateral

-

ablation in this region decreases by half thg'number‘of PGO
waves recorded from the LGN (Sakai et. al., 1976) and decou-
ples the occurrence of PGO waves in one LGN from the occur-
rence of PGD waves in the)bther (Cespuglio et. al., 1976)
indicates that the second alternative is likely trus. The
conclusion, however, seems to be contraindicated by the fact

that bilateral synchronylof PGO waves also océurs in the pans
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at the level of the abducens nucleus (Brooks & Gershon, 1971;
Cespuglio, Laurent & Calvo, 1976). Cespuglio et. al. {(1976)
have suggested that this 1s due to reciprocal interconnection
between abducens neurons on each side of the brainstem. This
interpretation is supported by the fact that a midsaggital ‘
section of the brainstem extending from the level of the ant-
erior border of the inferior colliculus caudally to the VIth
nuclei eliminates the bilateral synchrony between the PGO
waves recorded from the abducens nuclei without altering

the ¢ " cenv between the PGO waves recorded in the LGN,
while a midline section in the region of the supraoptic' e

decussation eliminates bilateral synchrony of PGO waves in

the LGN without interfering with synchrony in the abducens

-
04

nuclei.
Brooks & Gershon (1971) noted that since there is
bilateral synchrony of PGO waves in the abducens nuclei, the
PGO wave must not reflect activity in motor neurons since
this Qould méan that both lateral rectus muscles would con-
tract simultaneously; .an improbable result in view of the
fact that the eyes typically move in bilateral coordination.
The recent experiments of Cespuglio et. al. (1975;"1?76) and
- Gadea-Ciria (1972)rhave clarified this problem by demonstrat- '
ing that even though bilateral PGO waves are observed in the

abducens nuclei, only one lateral rectus muscle contracts at

a time. Furthermore, by making a mid-saggital section in the

4
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region of the Supraoptic decussation, thereby ensuring that
PGO waves in the right and left LGN are beiné driven b& the
right and left ponting~generator respectively, they have noted
that the production of a PGO wave by the pontine é;nerator on
one side is always associated with a contraction of lateral
rectus muscle on the contra£7teral side and lack of contrac-
tion (i.e. presumed iggipifion) in the lateral rectus muscle
on the ipsilateral side (Cespuglio et. al., 1976). Cespuglio
et. al. (1975) have provided similar informatiqp for the
participétionrof the oculomotor and trochlear nuclei in REMs,
but the details have not been as well worked out. At the
presen%, thé7gsig one'één say is that lesions which block,.
the occurrence of PGO wavess in the LGN also eliminate them
from the oculomotor and trochleaé’regioné (Laurent, Cespuglio

& Jouvet, 1974).

(C) The REM Sleep Cycle /

N

Phenomena typically restricted to REM slegp, after
specific pharmacological (Brooks & Gershon, 1972; Brooks,
G;}shon &%Simon, 1972; Karczmar et. al., 1970) or suréical_
iesions (Jouvet, 1969; Simon et. al., 1973), can be observeds
to occur durlng waklng and behavior which may be more typical
of a waking animal can be seen durlng sleep. For example,‘

Jouvet (1969; 1972) reported that destruction of the caudal -

"portion of locus coeruleus caused a cat to display some moSt . -

extraordinary behavior despite the¢ fact jhat the animal was

. ‘
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(D) Effects of* SensorY,Stlmulatlon on REM Sleen

N — , T
the breln=(Aserinsky, 1973; Stern & Morgane.algzﬁj and the

¥ | , 62
//
apparently sleeping. Considerations of this sort{have led to
the hypothesis that REM sleep sechanisms are enabléd (gated)
by o'ther system’e (Jouvet, 1972; Simon et. al 1973‘); The

raphe nuclei, the loc?s coeruleus aod the nucleus reticularis

Jgigantocellularis aiz some structuf%s which, on the basis of

'-

single unit data (Ho son,McCarley;%gWyzinski, f9?5; McCarley

& Hobson, 1975b: Mcfinty & Harper, .I976; Sheu et. al., 1974;

H4

Siegel et. al., 1977. Vertes, 1977) ‘and le51on studies
(Jouvet, 1969; Puuz1llout et. al., 1974; Simon et. al., 1973)
have "been con51deéed for a role in regulating the onset,
duretlon and offset of REM sleep. This work is relevant to.
the’ present research in so far as the models that haVe been-

developed to 3xpla1n the REM sleep cycle make predlctlons
/

about REM sleep eplsode length in relationship to processes

which occur during REM sleep._ Since the human sensory deprl—

.vation experlments suggest that the control of events occur—

tlng durlng REM sleep may be modified 1ndependently of those'™

processes controlllng the sleep cycle, any theory which pro-

pOSeS an 1nteraot10n between these systems would have to be

S .
s h o ) <

recon31dered

[ ]

REM sleep has been suggesred to play a crlbecal role
1n many processes 1ncIud1ng nemoxry consolldatlon (Gaarder,\

19§6repswald, 1969), “the ma;htenance of homebstes}s:y;thlnf
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. provision of a source of afferentation to the brain both \

]
\

durlng development (Roffwarg et. al., 1966) and in the maﬁure
state (Berger, 1969 Ephron & Carrington, 1966). Imp11c1t\an .
most of these theories about REM sléep is the assumptlon that
processes which are critic;% for normal wakipg functions are
carried out during REMtsleep and .that phenomena which occur .
) - during waking modulate REM sleep processes. In spite of this

great emphasis, -in theory, on an 1;teractlon .between waklng \
@ and sleep states, relatlvely little data has been dbtalned

,Fo indica’ ¢ rhnt, in fsct, such interaction occurs.

- ' It is é well known phenaomenon to sleep researchers

. ' tﬁet when human subJects are requlred to sleep in a strange-

' or novel env1ronment, the amount of time spent in REM sleep

decreases prgﬁipitously qnq the other stageg of slow wave.-

) _ sleep become mugh shorter 2?d sporadic in nature. Tpus, the
integrity of  the sleep pattefn hay.serve as a gqodtindei of
the subjecs's reaétivity to hiS‘environment, and in some
1nstances the well being of the sub;ect (Baekland, 1970),
but these effects on sleep cannot bp associated w1th spe01flc.
C env1ronmental features. ' f l
L | Attempts “+teo determlne what effect env1ronmenta1 com-
plexlty has on REM sleep have had llmlted success. Tagney |

(1973) reported fhaﬁ.rats that were housed in groups, in large

'cages whleh contalned many manlpulanda such as ladders,

tunnels and mazes, spent slgnlflcantly more t;me in botn Sws

oy e
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%staées-rii & IV of SWS relative to control nights'whicﬁ were.

| two condltlons in terms of how much exerclse the-sub3ects got. ;

and REM sleep over a “twenty-three hofr period than did control
rats that were housed in isoiation: If the iseiated"rats . ~
were transferred to the "sensory enriched environment" for «
sixteen days they significantly increased their SWS time, but |
not to the level set by rats that. had been in the enriched
environment for five weeks. donversely, McGinty (1969b) report-
ed that kittens reared in isolation“frem five weeks of age, to
age two years, spent less.time asleep than kittens reared in

an enrtqbsd environmént over a éqmbarable period of time.
Unfortbbately, in these studies, the effects of environmental
enricﬁment é%ﬁnot be isolated from the effects of oppb;tunity °
for exercise (Hobson, 1968}2H0rne'é Pdgter, 1976) or the

/

stress effects of isolation (Konrad & Bagshaw, 1970; Melzack,

1965). Control of these variables is Emportant since increased
exercise is known to 1ncrease SWS time while stress may de-,
crease it, Horhe & Walmsley. (1976) in a 81m11ar stugynon
human subgects, demonstrated that subJects who were exposed,

durlng a seven hour period, to a variety of v1sualLy rich. o ~

tasks prior to sleep, had a 21% to 31% average-increase in

|
preceded by limited visual stimulation. REM sleep duratlon

was not different: between these two condltlons, but no measdre

P

of REM den31ty was taken. Agaln, the results on.SWS are open

to questlon sifice there may hawe been a dlfference between the

6
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‘Berger (1§69), on the basis of ontogenetic aod phylo-
genetic data, proposed that eye movements duriog REM sleep
serve to maintain tonus in the ocuiomotor system so that ac-
curate coordinated eye movements can be made immediately upon
waking. (See De La Pena et., al., 1973 for -a similar theory.)
Berger & Walker (1972) tested this ftheory by measuring the

extent to which coordinated eye movements were made immediate-

.1y prior to and after a REM sleep episode. They .found that

the incidence of ocular imbalance (i.e. the number of times

that both eyes were not in alignment as subject tracked a tar-

get) and the magnitude of this imbalance was significantly

greater prior to the onset of a REM eleep episode than after
8 .a @p
ite Thus, according to Berger's.%heory, a REM sleep episode

is triggered so that a mechanism for 1n1t1at1ng eyeomovements

can be put into operatlon, thereby preventlng further develop-

I

~menf of ocular misalignment. " Since oculageg;}gnment may also

- be maintain%d By oculomotor activity during waking,ABerger

(1969) predlcted that 1ntense rculomotor activity during waking

‘ would allev1ate thé need for eye movements during REM sleep.

In anlexperlment designed to test thls-hypothes1s, Berger

(1968) found that»monkeys tralned to make many eye movements
durlng waklng had a 1ower REM dens1ty and a shorter duratlon .
REM sleep eplsode lmmedlately folLowxng waklng than when- tra;n-'
ed to make few eye movements. Llnnstaedter (19?1) in an ‘f,

analagous study where monkeys were tralned to produce PGQ
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waves (PGO-like waves recorded from the LGN in the awake
animal. These waves are typically associated with the occur-
renceJof saccadic eye moverents. See Brooks, 1968b; Jeanner-
od & Sakai, 1970 for details.) without the occurrence of eye
movements was not able to find any effect on subsequent REM
sleepl Thus, it appears that the actual occurrence of the
eye movement and hot Just the field potential usually asso¢1at-
ed with the generatlon of an eye movementyxﬁs necessary 1n
: order to obtaln the- effect descrlbed by Berger. o

Slnoe the' neural generatlon of REMs durlng s{bep may
partlally be controlled by the vestmbular nuclei (Pompelano &
Morrlson, 1965), it is 'possible thet changes 1n.vest1bﬁlar\ =
input might affect REM sleep processes. Stud;es which have
been done to test thlS hypothe31s, however, haVe produced con~:*
ficting results. Jones & Sugie (1972) found that hudan sub-
jects that slept on a platform 080111at1ng abeut_ﬁhe horrzon-
tal axis (20° peak fé peak oscilla%ioﬁ; 0.25 to-0. 50 Hz) hever
had any REM sleep durlng the course of a nlght's sleep
Ornlxz et..al. (19?3) however, in a study of the effects of
| vestibular stlmulatlon (30 peak to. peak oscllletlon at 0 17
. cycles/second) on the sleep of four to flve year old chlldren .
found a tendency forbthe ohlldren to- 1ncrease both total-sleepl.'
time and REM sleep tree on stlmulatlon nlghts relatlve to con-,7
trol nlghts. In addltlon, REM densxty‘and.other measures of

.

‘eye movement frequency durlng sleep were 51gn1f1cantly greatertl:‘

. o.
- 4 A
-~

>



@ﬁ

‘ 67
\
during vestibular stimulation. In a study of newborn infants,
Von Bernuth & Prechtl {1969) Qbserved that vestibular stimula-

Fion during sleep reduced REM density. Since all of these

studies used subjséts of different ages, the differential

}aifferences in the'stimulus conditions.
| In a somewhat:related series of studles, Zimmerman,
Stoyva & Metcalf (1970) and Zimmerman, Relte & Stoyva (1974)

- tested the effects of wearlngfspsctacles which made the visual
fieid appear upside down or tilted at a ninety, degree angle;
Since subjects initially feel vsry nauseated under these cond-
itions (Allen\st. al., 1972), one would expect that some

change 1n vestibular 1npuj must be occurrlng Thus, the large

1ncrease in REM sleep time found in human,subjects (Zlmmerman

' et. al., 1970) ‘and 1n .one of three cats run in an analagaus

anlmal -experiment (Zlmmerman et. al., 1974) is in line with .

the hypothe51s that vestlbular 1nput has an 1mportant modul-

atory'effaet»on REN' sleep processes. No cinclu81ve statement. ‘
E can be made tﬂough, Sane the crltlcal varlable responSLble

for‘the effects obserVed has not been.worked out. The incon-

“';sastency found in.xhe cat exPerlments and the fallure of N

'E-;ﬂf otﬁerswto repllcate the human experlments (Allen et. al.,

0

19723 attest to the.lack of understahdlng of what caused the
effectS‘d§80r1bed by %immefman and hls celleagues. |

u,"
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(E) Discussion

The extensive research done on REM sleep processes
in cat have provided a wealth of information about the neural

systems controlling the phasic and tonic phenomena that occur

>
<&

“during this phase of sleep. In addition, there are numerous
theoretical papers that have @ttempfed to use REM sieep phen-
omena as indicators of both nofmalh(Aserinsky, 1973; Berger,
.1969; Ephron & Carrington, 1966; Stern & Morgane, 19?#)-and

' abnormal processes (Clausen et. al., 1977; Feinberg, 196?;
Ornitz'ef. al.,1969; drniﬁz, 1972; Petre-Quadens & de‘iee.

&P 1970; Zarcone et. al., 1969). With this baéklbg of descrip-
tive work and theoretical development, %hé sensory depri#a—
tion technique bffars an unidue oppoptunify torobtain ﬁew
information about REM sleep mechanisms sinc; it provides a way'
of difectly manipulating REM sleep without grossly di;torting

 the physiology of the organlsm, as-pharmacologlcal and
surgical manlpulatlons certalnly must. Thus, the 1nformatlon,—
obtained Wlll further our und;rstandlng of the neural mech—
anisms controlllng REM sleep under normal’ physlologlcal .

condltlons and w111 have direct bearing on theoretlcal 1ssues

in both the sensory deprlvatlon and Sleep llteratures.
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CHAPTER II

EXPERIMENT I w

. The obJectlve of the first experiment was to obtain
aydescrlptlon of the effects of sensory deprlvatlon in cat.
Since Potter & Heron (197?) had demonstrated a change in the
percent time spent in different sleep stages and in REM_
denéity dhring sensory deprivation, both of these parameters
were measured in the present experiment. Since.an increase‘
in thg percent time spent asleep could be accomplished by
inqreaéing either the'du}atioq or the number of sleep
episodes, ‘these aata were also tabulated for each sleep
stage. In addition, the effects of sensory deprlvatlon on
"the circadian,rhythm of the sleep~wake cycle was determmed‘
81ncg’the circadian rhythm of acﬁ;ylty cycles 1; known to be
entraiﬁed by\ex%ernai cues (Aschoﬁf. 1969; MilishsMinors &
Waterhouse, 1974,-Rusak & Zucker, 1975; Webb & Agnew,. 1974).
Thus, lt seeme llkely that under sensory deprlvatlon cond-}

4 -

Lflons where exﬁernal ‘cues are minimal, the sleep-wake cycle'

o

mlght become?fvee-runnlng or. possibly even totally desyn—

. X3 ! s . .
. chroniZed. o L SR : ST
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Surgery . | .

Six male’adult cats uhder barbiturate anaesthesia were
implanted'with the following array of electrodes using stand-
ard stefeotaxic and electrophysiological ﬁonitoring proced-
ures: (1) one pair of transcortical visual cortex (area 17)
eiectrodes, (2) one pair-of transcortical frontal cortex
electrodes (frontal pole}, (3) one'pair of bipolar latergl
geniculate electrodes (AP = 5.0 mm., Lateral = 8.5 & 10,5 mm.,
Height = 3.5 & 5.0 mm.), (%) one pair of dorsal hippocampus
electrodes (AP's= 9:0 mm,, Lateral = 4.0 mm:fVHeight = 8.5 &
9.5 mm.), (5) EMG electrodes empeddeé in neck muscle, (6) EOG
electrodes (one bone screw fastened to “the back of the orbif
of each eye)., (7) Oné cat had bipolén electrodes implgnted
in the pohtine reticular formation (Posterior = éao iatéral

= 2. O Height = -7; Electrode lowered at an angle of 32 b

‘enterlng the cerebellum at Posterior = 19. 0) BLAThree cats 
hdad YSI thermlstors (part #44003) 1mplanted in the 1ntraper1-
tonaal space near. the mldllne in the rggion of the small '
1ntest1ne . . Cow v

|

Apparatus and Materlal SR b ‘ Lo -

- - - <4
s .

The cage in wthh the anlmal was kept durlng the

experiment was a large box (30" x 30" % ?2") which was open

at the top. Large plex1g1as windows . (14“ x 24") on each 31de CI

4'.,
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of the box permitted a 3600 view of the room. The box %%s
located in the center of a sound-attenuated, shielded room ,
(8' x 8'). Along one wall qf the room were kept four cageé
housing other male cats, Thesé animals were present in

order to make the experimental chamber as much like a colony

room as possible. -

.

, Lighting consi§ted of three-100 watt, diffuse lights
located near the corners of the room. These lights were left
65 continuously {Intens£€§ rahgediégom 1.5 to 7.5 foot-
lamberts at the‘ﬁIOGfxof the ‘test chamber). Directly above
fhe box containing the experiméﬁﬁal animal was a fluorescent
light (Intensity = 45 foot-lamberts at the floor of the cage).
A épeaker mounted above the fldoreséent light was connected

to a white noise generator. Mounted to the framewoqk of the
fluorescentwllght was a panel box which hung three feet above
the floor of the cage. A shlelded cable extended from the

box and was ‘connected to a 25 piﬁ'Amphenol plhg mounted on

“the .cat's heéd.' This assembly gave the animal cofiplete free-

dom of movement w1th1n the conflnes of 1ts ohamber. Some

' anlmals tended to twist the cable by turnlng in circles. This

only<happened occa31onally though and when it did the exper-

‘ 1menter entered "the test chamber 1o unmangle the cat.

Bloelectrlc s1gnals were 1ed from the cat 1nto a

-

Model IV Grass polygraph 1ocated in an ad301n;ng room. An”

"'to: . . of g

o,
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video monitoring circuit allowed the experimenter to record

!

the cat's behavior in a log book.

In one experiment, a measure of the total amount of
time the cat spent moving aboﬁt was obtained from a movement
detection circuit. This circuit consisted of a Grass Model V
integrator preamplifier whose inputs were connected to ground
and to -a loop of wire encircling the test cage. Movement by
the cat chanMyg its capacitance with respect to ground,
thereby causing transients in the noise level being fed into
the preamplifier. A movement detection threshold was ob-
tained by feeding the integrated output of the preamplifief
into a Schmidt gate. Whenever . the cet made threshold size
movements, the gate was opened and a circuit which generated’.
current pulses at a constant frequency wae allowed.to function.
These events were recorded by an event pen of a cumulative
recorder. The threshold was set so that any gross body move-
ments activated the timing circuit. Groomlng and eating | i
movements generally did not exceed threshold. !
Procedure * |

In these experlments, each cat was allowee a three— ‘
week recovery following surgery in order to ellmlnate possible
effects of barbiturate on REM sleep (Sharpless, 1970) Prior ;
~ to beginning pre—deprlvatlon recqrdlng, each cat had been . s
11v1ng in the test chamber for at least a week, and had been

L

connected tb the dable for at least tWO days (Gat N06 was an ‘;fjt‘i

. .
7 - R . T e B R s ol e e
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exception since in this animal pre-deprivation recording

was begun with only oﬂe day prior habituation to the test
chamber). Pre-deprivation records of EEG; EOG and EMG were
taken continuously at a paper speed of 15 mm/second for

three to nine days except for a 20 mrnute period each, day
when the animals were fed. Deprivation was initiated at the
end of this period by suturing t?e cat's eyelids shut under
nitrous oxide and halothane anaééthesia. This procedure re-
quired approximately 20 minutes to cooplete after which the
animal was returned to the test chamber. A white n01se7(78
,db) and the fluorescent light located above the test box were
turned on at this time. U81ng the figures reported by Spiro
& Kolbert (1974), it was estimated that the intensity’of

. light reaching the cat s eye was reduced from 1.5 - 7.5 foot-
lamberts to a uniform O 23 to 0.36 foot-lamberts depending

. "on eyelid pigmentation. Deprivation recording continued

' for six to fourteen days atter which the cat was reanaesthet- ' .

. ized to have its sutures removed. Pre—deprivation conditionsa
were restored apo past-deprivation rzvarding was continued
" for another.two ro’fopr days..
Data Analysis _. o B | )

| '~‘éecordé were scored i éo sleep stages eccording to
“;cnyentlonal eleetrographlo criteria (Sterman et. al., 1965).
Brleflyy each 20 second epgoﬂ of. EEG Was cla831f1ed 1nto oneh

'~qof four categorles; actlve wakln ' Qulet waklng, SWS or REM '
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sleep. Waking was distinguiuhéd from SWS by the presence of
desynchronizéd cortical EEG and the absence of frontal
cortical sleep opindles. SWS was distinguished from REM
sleep by the presence of sleep spindles, slew waves and
muscle tonus and the absence of hippocampal theta and REMs.
Active waking and quiet Qaking were distinguished on the
basis of the EOG record. It was noted ghat head movements
which occur during eating, grooming, play or exploration
induce slow eye movement which could be detectea in the EOG
record. Whenever such eye movements occupied more than 50%
of the 20 second epoch, that period wgg classified as active
waking. In one experiment, the amount of time the cat spent
actively moving about was also determined from the movement-
detection fiming circuit for comparison. -

In four sets of‘data, SWS was furthr subdivided into
light slow wave sleep (LSWS) and deep slow wave sleep (DSWS)
(Ursin, 1968). Records were classified as DSWS when large
amplitude slow waves (1 to 4 Hz) were present at least 80%
of the 20 second epoch on frontal .cortical or occipital
cortical channels. , a

For one representative pre-deprivation day and

deprivation days one and three, the mean dura%ion of each

sleep stage was determlned as was the average duratlon of the

1nterval between successive occurrqués Qf a partlcular
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stage. A similar analysis wns carried out for the sleep
cycle which was defined as the periocd of time between the
onset of a SWS episodé and the énd of a REM sleep episode
which followed the SWS episode uninterrupted by periods of
waking. Since SWS always ptg;ides REM sleep in cat, the
number of sleep cycles equals the number of REM episodes but
sleep cycle duration and the interval between sleep Eyclés
are different than for REM sleep.

The circadian rhythm in sleep and waking was analyzed

.by taking the percent time spent in each stage .-for three

successive eight hour blocks and converting these percentages

into standard scores. This was repeated for each recording

- day, thus eliminating the«effect’of daily fluctuations in

the mean and variance by setting all means and standard
deviations equal to zero and one respectively. The degree of

correlation between indiﬁidual days was determined by using

the formula | | 4
3
r=_k=1 —
3

)

~ .
Sirice each day in a given condition was correlated with

- every othex day, (B (N-1) correlation coefficients were

2 ‘ :
calcuylated. Thus for both the pre-deéprivation and poét-i . (

deprivation, three correlation coBfficients were calculated’

' - ‘4 \
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‘test the hypothesis Hytu Pre-Dep.

(N = 3), while for deprivation there were fifteen (N = 6).
The mean degree of correlation within a given condition was

then calculated and the group data was subjected to ANOVA to

“Upep. “Upost-Dep:-

-

The total number of REMs cccur;ing during REM sleep
for each 24 hour period were counted and expressed as an
average number of REMs occurring per minute (i.e. REW density).
The identification of REMs was facilitated by setting the
low frequency filter on the polygraph so.that one half
amplitude attenuation occurred for a 5 Hz signal. The gain
was then increased so that the largest amplitude REM was still
within the limits of the avajlable pen excursion. (The gain
was usually set in the range of 10 to 20 yvV/mm). Under
these conditions, any signal producing a pen excursion of
less than 1 to 2 mm was not counted. Since capacitance
cogpled recording was used, changes in/%he rate of charging
and discharging the capacitor also generated "signals" which
exceeded the threshold criteria. These, however, were
easily identified and rejected since they occurred after an
initial pen excursion with an amplitude probortional to the
magnitude of the real signal and a rate of change typically
slower than that génerated by a BE?. Intrascorer reliabi%&ty
was very good since repeated analysis produced identical N
results. |

Repeated measuressanalysis of variance were done on
, ,
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the mean time spent by each ubject in the hwake and sleep
stages and on the mean REM density during pre-deprivation,
deprivation and post-deprivation. Significan{_F tests were
followed by multiple t tests usiné a procedure developed by
Dunnett and outlined by Winér (1962, p80) where deprivation
and post-deprivation group means were compared to the pre-
deprivation group mean. (The critical value for this test 1is’
such that the probability of falsely rejecting the null
hygothesis is less than or equal to 0.05 for each set of-
multiple comparisons.) After testing the significance of the
differences between pre-deprivation group means and depriva-
tion and posﬁ;deprivatgon values, a set of tests similar to
those described above ‘was performed to determine what day(s)
of deprivation or post—depriQation differed f£Zm the mean

of pre-deprivation. Within subject comparisons were done
using a t test of the difference between correlated pairs of
means (Guilford, 1965, pl84) and tests of the significance

of Pearson cérrelation coefficients were done by calculating

a t statistic (Guilford, 1965, p163).



RESULTS

The literature contains several good descriptions
of sleep in cats under laboratory conditions (Delorme et. al.,
1964; Sterman et. al., 1965%; Ursin, 1968) but no normative
data have been reported for REM density. Comparing the sleep
data with that collected during pre-deprivation of ‘the pre-
sent experiment (Table I) indicates that there exists a fair-
ly large range in the mean percent time spent awake across
studies., The results of the present study lay at the upper
end of that range with the mean falling within one standard
deviation of mean reported by Ursin (1968) and within two

standard deviations of that reported by Delorme et. al.

© (1964). Comparing the percent time spent in SWS and REM

sleep across studies reveals that both of these p%rameters
were smaller in the pregent study. The proportion of SWS in
relationship to REM sleep, however, was cons£ant across .
studies (Table 1I). The means for LSWS and DSWS (Table IIIA)
were within one standard deviation of those reported by
Ursin (1968). The mean duration of SWS and REM sleep were
shorter in the present study than has been reported by

others (Table IIIB) but the mean duration of the intervals
between sleep cycles and the number of episodes of REM sleep
and SWS over a twenty-four hour perivd were comparable.

Degpite these differences between studies, both the amount

78
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-
of time spent in different sleep stages and REM density

fluctuated within narrowk}imits. Acainst this type of
baseline the effects of deprivation were easy to resolve.
Figure 1 and Table IV give the average percent time
for the six subjects spent in different waking and sleep
states during pre-deprivation, deprivation and post-depriv- .
ation recording days. Two basic rogults are apparent from
Figure 1. First, it is clear that on"the average, the animals
spent five to ten percent more time in SWS during deprivation
than they did during either pre-deprivation or post-depriva-
tion. Secondly, this additional sleep time was obtained at
the expense of time spent in active wak}ng and not by reducing
time spent in quiet.waking or in REM sleep. An analysis of
variance performed on the group means for thg different

waking and sleep stages (Table V) substantiated these con-

clusions. Comparing deprivation and post-deprivatidn group !

-

means with pre-deprivation means demotistrated that pre- ; ’

i
ANy ~

~ - —

deprivation group means differed signlicantly from depriva- g

3.71, p<.005), active waking

il

tion means for total i;ging (t
(t = 4.90, p<0.005) and SWS (t = 5.16, p<.005). The compar-
able test made between pre-deprivation and post-deprivation
éroup means failed to reach statisbtical significance

(t

= -0.06, t = -1,48, tows © -0.42; all p's>.05)

T.W. AW,
indicating that these parameters returned to baseline values

during post-deprivation recording. Division of the deprivétion

=
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mean into six deprivation day means for total waking, active
waking and SW3 and comparing these with the overall group
mean for pre-deprivation (Téble VI) revealed that the amount
of time spent in SWS and ‘total wéking during pre-deprivation
was significantly different than during all six deprivation
days {(deprivation day 4 for total waking is an exception to
this). For active waking, only the comparison between pre-
deprivation and deprivation day-] -was significant although
all the other tests bordered on statistical significance
(Critical value t = 2.43, p<.05).

These general canclusions hold when individual subject
data is viewed (Figures 2 to 6, Tables VII to XI). There are,
however, a few additioﬁal features evident in the individual
data that are not found in the group data. For example,

Cat Q01 (Figure 4) reacted to deprivation not only by de-
creasing time spent in acfive waking but also by reducing its
time in quiet waking, while Cat 411 (Figure 7) reduced its
time spent in quiet waking without reducing the amount qf
time spent actively awake. Cat 403 (Figure 6), on the other
hand, substantially increased its time spent in quiet waking
on deprivation day 1 to complement a large reduction in

active waking time and only a small increase in slow wave

. sleep time, while for Cat 007 (Figure 3), this occurred on

deprivation day 4, only in this case, a reduction in slow:-

wave sleep time complemented the increased time spent in quiet
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waking. Cat QO1 showed a pa'tern similar to this on depriv-

ation day 6. _ ’

Some subjects decreased the amount of time s;ent in
REM sleep on the first few deprivation days (Cats NO6, Q03;
Figures 2 and 5) only to return to control levels (Figure 5)
or perhaps slightly above control values (Figure 2) while
" for others (Cat 411, Figure 7) REM sleep time fluctuated
slightly below pre- or post-deprivation day values through-
out the entire deprivationkpggiod. One animal (Cat 007,
Figure 3) did not change the amount of time spent in REM
sleep during deprivation (Deprivation day 4 was an exception),
while two cats (Cat QO01, 403; Figures &4 and 6) tended to
have more REM sleep during deprivation than at other times.
In the one animal where this was very pronouﬁced (Cat Q01),
the increase in REM sleep time was.accompanied by the largest
increase in slow wave sleep observed in these expefimerits.

Analysis of the activity index derived from electronic
detectionftiming circuit for Cat 007 (Figure 3) indicated that
the mean time spent active during pre-deprivation was signi-
ficantly greétér than during deprivation (t = 7.04, p<¢.01).
This was similar to phe pattern that eperged from a test of
the differences between the pre-deprivation and depriv?tion
mean for active waking (t = 9.74, p<.01). This result is

consistent with the fact that a 51gﬁiflcant positive correla-

tion (r = 0.70, t = g 35, p<. 01) existed between the peroent
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time spent in active waking as determined from the classif-
ication of EEG records and percent time that the detection-
timing circuit registered activity.

Since all subjects increased the amount of time spent
in SWS during deprivation, the next step was to determine
whether this additional SWS time was spent iA LSWS or DSWS.

Table XII presents the relevant data (The data of two cats

was not analyzed since low frequency EEG was filtered out in

these records and therefore, the distinction between LSWS

and DSWS codld not be made). A repeated measures ANOVA on

this data showed that there was a significant treatment

. effect for LSWS (F = 13.16, p<0.05) but not for DSWS™ (F = 0.48,

’ p>05)s Multiple t tests indicated that percent time spent

, in LSWS during deprivation was significantly greater than

i during pre-deprivation ( t = 3.75, p<.01) while the pre- ‘
deprivation and post-deprivation group means did not differ
from each other ( t = 1.16, p>.05).

An a;;lysis of the mean duration of each waking and
sleep stage, and the average duration of time between suc-
cessive occurrences of the same stage demonstrated that the
increase in SWS time was due ‘to a decrease in/the duration

i of the interval between successive SWS\episodes (Table XIV)
| and not to an increased episode duratiSQ (Table XIII; See

Tables XV to XIX for individual subject data. No dat%’from

Cat NO6 was available for analysis by this method singce the

- A B
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sequence and duration of waking and sleep stages was not
retained when the raw records were first classified.). In
fact, there was a tendency for SWS episodes to be’shorter in
duration during deprivation. but this effect failed to
reach statistical significanée. A“similar analysis performed
for active waking, quiét waking, ﬁEM sleep and the sleep
cycle failed to demonstrate any sigﬁificant difference
between pre-deprivation and deprivation in terms of the
mean episode duration or of mean duration of the interval be-
tween episodes. Again, there was a tendency for shorter
duration episodes and in the case of active waking, the

expected increase in.the mean inter-episode duration failed

to reach significance. Figures 8 and 9 which are records of

*

'raw data from two cats provide an illustration of these

effects of deprivation. Cat Q01 (Figure 8) is exceptional

in that this animal sustained an—increase in REM sleep time
during deprivation which appears in the raw data as an
increase in the number of episodes of REM sleep. The large
reduction in time spent actively awake is also evident in
these figures, particularly for Cat QO0l-on the first depriv-
ation day. In addition, it appears that REM sleep is usually
preceded by‘§§irly long periods of SWS both during pre-depri-
vation and deprivation, but repeated interruption of SW5
episodes by brief periods of quiet waking see% more typical

during deprivation than duriﬁg pre-deprivation.
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From the raw data ir Figures 8 and 9, it is also
evident that the animals in this eXpériment spent more time
asleep at one particular time of day than at another. Thus,
for example, Cat Q03 slept more during the first eiﬂht(hours
of pre-deprivation day five than it did during the last
eight hours. A similar pattern was present on deprivation
day three suggesting that the circadian rhythm in the sleep-
waking cyclé may be unchanged by sensory deprivation. 1In
order to évaluate this hypothesis, the percent time spent
in SWS and REM sleep was plotted for Successive\eight hour
blocks of time during pre-deprivation , deprivation and post-
deprivation (Figures 10 aga 11) as were the standard scores
of this data (Figures 12 and 13). The correlazion coeffic-
ients presented in Tables XX and XXIII and in Figures 12 and
13 above the portion of data from which they were derived by
the autocorrelation technique described in the method
section, provide an estimate of the degree of rhythmicity
found in the plots of sleep-wake cycles over a number of
days. Viewing these figures, it is obvious that a large
positive cofrelation indicates that the circadian rhythm
behaves much ' like a s?ne wave with regularly recurring‘peaks

and troughs (See Cat 403). Zero and negative correlations .

R N
are generated when peaks and troughs become ﬁhase shifted
from day to. day (See Cat Q03).

An analysis of variamce of these correlation coeffic-

P
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ients.(RoWs 1 to 4; Table X¥'V) indicated that the rhythm-
icity of the sleepjwaking cycle failed to change significantly
across conditions for all measures except SWG. In the case

of SWS, the pre-deprivation mean correlation was significantly
different from the post-deprivation mean (t = 3.31, p<.01)

but not from the mehn correlation obtained during deprivation

(t = 1.47, p>.05). This result susegests that the termination

of deprivation canced a greater disruption in the circadian
rhythm of SWS than did the initiation of deprivation.
Turning to the REM density data (Figure 14, Table

XXV), a pattern very similar to that described for W3 emerges

with REM density increacing significantly during deprivation

and returning to pre-deprivation levels during post-depriv-
ation recording (F = 27.41, p<.01; Hy i Xpre = XDep' t = 6.71,

t = 0.63, p>»05). Division of the

p<.005; H 1X = X

.0 “Pre Post!

deprivation group mean into six deprivation day means and
comparing these wi;? the overall group_meah for pre-
deprivation reveéied that REM density on deprivation day one
and on all subsoquéh£ deprivation days was significantly
greater than during pre-deprivation {all p'5€.005). Individ-
ual subject data (Figures 15 to 17) conformed to the average
data except 1t should be noted that the REM density of sub-
ject NO6 (Figure 15) was tending toward preﬁ@eﬁrivation

leveis by deprivation day fourteen.

When standard scores of REM density averaged over
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successive eight hour block: were plotied and an autocorrel-
ational analysis similar to the one used for the sleep-waking
cycle was employerd, no circadian rhythm in REM density was
found (Figuré 18; Table XXVI). An analysis of variance por-
formed on the group data (Row 5; Table XXIV) showed that the
degree of rhythmicity in REM density did not significantly
cﬁange across conditions. It will be noted in Table XXVI,
however,- that there was a tendency for REM density to po 1-as
arfhythmic during deprivation than during pre-deprivation.

This was true for all animals except Cat 411,

*
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DIGCUSSION

A comgarison of the percent time spent in differeng
sleep stages under "standard laboratory conditions” reveals
some startling differences across studies. The fact thaf
cats in the present astady slept only as much as thos» cited .
in other studiss when they were in "sensory deprivation”
suggests that what i3 commonly considered to be a standard
laboratory environment is pather an impoverished sensory
environment. This i3 particularly true in éloep‘studios,
where precautions are taken to ensQrc that the animal is not
disturbed by any external influence. Thus, the use of social
isolation, sound attenuated chambers (Dmlorme et, al., 196i;
Sterman et. al.vlloof; Ursin, 1968) and masking white noise
(Sterman et. él., 1965) may have produced a set of ¥onditions
‘which were actually as severe as those used in the present
experiment dufing sensory deprivation. The fact that cats in
Delorme et. al's. study slept a greatef®™ proportion of the
day than those in any other study may have been due to the
fact that these workers used a day-night cycle of 10 hours
light; 14 hours dark. This intéppretation is consistent with
the experiment of Fishman & Roffwarg (1972) where it was
found that the proportion of time that rat spent in SW35 and
REM sleep was different during a 12 hour light; 12 hour dark

schedule than during either continuous darkness or continuous

87
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It is interesting to note that the additional time
spent in REM and U5WS in the studies tv Delorme et. al.,
Sterman et. al. and Ursin, when compar-d to the presant
study, was due to a longer duration of SWS and REM sleep

episodes and not to a greater number of epicsodes. This stands

to contrast to the results obtainQ% during sensory depriva-

tion where additional sleep time 5;: gained by the animal

[

having a greater number of episodes of UWS accompanied by a

slight reduction in the mean episody duration. Furthermere,

T

the fact that the increase in SWS during sensory deprivation

was not accompanied by an increase in REM sleep nuggests it

%

may be incorrect to assume that cats in this study osimply
attained a proportion of sleep during sensory deprivation

that is more characteristic of laboratory kept animals. 1If

- ~—

this were true, one would have expected both GWS and REM

sleep time to increase by an increase in eplsode duration.

The fact that the ingrease in SWS was due to aﬁ in-
.crease in light SW3 is consistent with the increase in number
of episodes of GWS dufing deprivation.f since light GWS is
the first phase of sleep thaE the animal Enters into when
going’to sleep, one would expect a number of transitions be-
twgen quiet Waking and sleep to oc?uf‘before deep SW3 was

entered. Thus, if the proportion of this phase of sleep
« o

increased, as it did during deprivation, a greater number of

| ' DT
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episodes of SWS would be gercrated. X .

The fact that the increase in light SW3 was not
accompanied by any change in deep SW3 or REM sleep appears
to conflict with what is khown about the relationship be-

tween light SWS, deep SWS and REM sleep. Ursin (1968) report-

" ed that the percent time spent in deep SWJ over a twenty-four

—~

period Was<§%sitively correlated with the percent time spént
in REM sleep: Light SWS was negatively correlated with
deep SWS and also tended to be negatiygly correlated with
REM sleep. According to these relationships, one wou%d have
expected the increase in light SWS to be accompanied ﬁy a
decrease in bozh REM sleep and deep SWS Mhad total sleep t;me\
remainedVCOnstant.' However, total sleep time increased ar
hthus, the increase in light SWS was accompanied by a decreage
in time gpent awake.

Dividing waking time into active and quiet waking
showed that active waking_but not quiet‘waking was reduced
by sensory deprivation. When active waking was further sub-
d&vided into different classes'of behavior accbrding to how

much movement was anvolved in the activity by the activity

detection-timing circuit, it was found that less time was

‘spent in vigofous behavidrs during deprivation than during

pre:deprivation or post-dep ;@ﬁtion: These results are con-
sisteént with behavioral observations where play and explor-

atory behaviors, behaviors which depended heavily on vision

[
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for their execution, clearly occurred leos dhrinﬁ deprivation
than during pre-deprivation. This was particularly evident

4
in animals that had a high baseline level of activity.

The failuye of sensory deprivation to cause a dis-
ruption of the sleep-wake cycle ia perhaps, not surprising
since there was only one id&ntifiable ~rifebor in these
experiments, the fixed feeding time, and this time marker
remained constant across conditions. With,§uch a calient
cue markiﬁg the beginning of a new day, igvseems likely that
a twenty-four hour cycle would be adopted. This intmfprotat—
ion is consistent with experiments which show‘that feeding
time can serve/}o entrain circadian rhythms (Edmondé &

Adler, 1977a; b; Sulzman et. al., 1977). £ven if the animal

had a free running cycle though, it is unlikely that it would

be detected since the longest period of uninterrupted re-

cording was only six days, hardly long enough to 6;;;;\phq§e

J

shifting if the cycle was only marginafﬁy longer or shorter
than twenty-four® hours. In addition, the perturbance in‘the
sleep-waking cycle caused by the beginning and particularly,
the ending of deprivation, made interpretation of the cycle
after thesg¢ events.difficult.

The changes observed.in REM density during sensory
deprivation were vef; large and reliably obtained. Further

analysis of this phenomenon, however, will be presented in

Experiment II, so discussion of this aspect of the first
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experiment will be delayed t 11 then. Neverthelecs, i1t should
be noted here that the change in REM dens{ty observed in these
experiments, clearly parallels the effect of sensory depriva-
tion on REM density in humans (Cowepare Figure 14 to Figure
19 and Figures 15, 16 & 17 to Figure 20). The two sets of
results differed in that the average REM density for cat
under baseline conditions was about five times greater than
thét found in humans. Thus, the human suSﬁects showed a
larger percent ;ncrease in REM density during deprivation ,
while the cat subjects had a laréer absolute increase. In
addition, cat responded more rapidly to the onset and term-
ination of deprivation than did the human subjects but both
tended to reach plateau levels by the third or fourth
deprivation day.

A comparison of the effect of sensory deprivation on
the percent time spent in-different sleep stages for cat
(Figure 1) and human (Figure 21) reveals further similarities
between the human and cat data. Thus, both responded to
deprivation by‘decreasing time spent awake, with a significant
reduction occurring on deprivation day one for cat and during
the first two days of deprivation f?r human subjects. This
additional sleep time was spent i; light SWS by cat and
stage I and stage 11 sleép by humans. In the case of the

human subject, though, the. increase in stage II,time was

significant only during the first two deprivation days while -
g
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the effect on stage I was sisnificant on deprivation days
one to six. The effect of sensory deprivation on REM sleep,
stage III and stage IV sleep failed to reach significance.
The fact ithat sensory deprivation causes an increase
in the amount of time spent in the light phases of sleep for
both human and cat, but not in the sleep characterized by the
presence of large amplitude slow waves (i.e. deep SWS and
stage 111 & stage IV sleep) or REM sleep, is good evidence
that the effects of sensory deprivation on sleep of human
and cat are the same. The REM density data provide addition-
al support for this hypothesis. Thus, on the basis of these
results, one can tentatively conclude that the procedures
employed in this experiment to produce sensory deprivation
in cat provide a satisfactory model of huggn sensory depr%v—
ation experiments. It is interesting to note in this regard
that Dallaife & Ruckebusch (1974) have recently reported that
ponies deprived of visual and auditory input increased their
time spent in SWS without altering REM sleep time as in the
present experiment. In contrast to the present results
though, REM sleep time increased above baseline levels
during post-deprivation. No data on REM density was given
50 that it is not known whether this parameter changed during

sensory deprivation.
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Table I - Mean percent of recording time (* 3.D.) spent in

different sleep stages compared across studies.
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Table II - Mean percent of total sleep time (* S.D.) spent

in different sleep stages compared across studies.
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Table IIIA - Mean percent of recording timeg;nd total sleep
time (% S.D.) spent in light and deep slow wave sleep

compared across studies.
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Table IIIB - Mean duration and number of slow wave sleep

and REM sleep episodes plus the mean duration of the interval
between sleep cyvcles compared across studies (Mean & 3.D.).
(In this Table and all subsequent Tables where time duration

is reported, the units of time are given in minutes.)

“
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Table IV - Percent time cpent in total wakine, active waking,
quiet waking, slow wave sleep and REM sleep during pre-

deprivation, deprivation and post-deprivation (Mew. ¥ S E.).
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Table V - Repeated measures ANQOVA on percent. time spent in
different stages of waking and sleep during pre-deprivation,

deprivation and post-deprivation.
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Table VI - Dunnett's multiple t test comparing all depriva-
»tion day group means with pre—dopr‘ivéltion means for total

waking, active waking and slow wave sleep.
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Table VII - Percent time spent awake by each subject during

pre-deprivation, deprivation and post-deprivation.
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Table VIII - Percent time spent in active waking by each
subject during pre-deprivation, deprivati®n and post-

deprivation.
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Table IX - Percent time spent in quiet waking by each

-
7

subject during pre-deprivation, deprivation and post-

il

deprivation.
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Table X - Percent time spent in slow wave sleep by each
subject durineg pre-deprivation, deprivation and post-
deprivation.
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Table XI - Percént time spent in REM sleep by each subject

during pre-deprivation, deprivation and post-deprivition.
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Table XII - Percent time spent in light slow wave sleep and
deep slow wave sleep during pre—depf&vatiop. deprivation and

post-deprivation.
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Table XII

Deprivation

118

Pre- P'ost-
Deprivation Day 3 Deprivation
f 4
NO6 15.5 20.9 16.3
"
5 Qo1 15.5 - 19.0 1h.4
%ﬂ Q03 3.8 32.8 18.14
A 411 13.6 22.1 11.1
X 17.1 23.7 15,1
S.E. 2.2 3.1 1.5
NO6 23.0 22.8 20.3
wn | \*
= Q01 18.4 26.7 16.8
2 Q03 21.7 26.5 27.5
[¢}] .
R L11 18.3 15.2 20.0
-
X 20.3 22.8 21.1
S.E. 1.2 2.7 2.3
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Table XIII - Episode duration (Mean, S.E., F test) for

active waking, quiet waking, slow wave aleep, REM sleep
and the sleep cycle during pre-deprivation and deprivation

days one and three.
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Table XIV -. ation of the interval between succesgive
epigodes (Mean, E., F test) of active waking, quiet waking,
slow wave sleep, REM sleep and the sleep cycle during pre-

deprivation and deprivation days one and three.



122

T0° >dux Go*>ds

0£° 0 649 6762 986 gg° 0f 65 ¢ 12°62 aToLp desT1s

21°0 06" L Ggr € 16'6 98°9¢ 96° € 88" 2€ deatTs WY
#%x86°21 €60 gz*s 64°'0 v ge "1 60°1 oL deas ®a®pM MOTS

96°0 11°1 LS9 007 mdfm GE*0 00'9 SUTHEN 33TND

Le 'y 7§ ALY 1€°6 62°52 S6° 7 69°81 SUTINBL 9ATLOY

J RS X CREoN X ‘43S X

¢ -deqg 1 +*daqg *deg-aag
AIX ®Tqel

v kel




123

Table XV - Episode duration and thé duration of the intervals
between successive episodes of active waking (Mean * S.E.)
for five animals during pre-deprivation and deprivatiion days

one and three.
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Table XVI - Episode duration and duration of the intervals

~
™~

between successive episodes of quiet waking (Mean t S.E.)
' for five animals during pre-deprivation and deprivation days

3
one and three.

L IR,
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Table XVII - Episode duration and duration of the intervals

between successive episodes of slow wave sleep (Mean t S.E.)

ha
N

for five animals during pre-deprivation and deprivation days

one and three.
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Table XVIII - Episode duration and duration of the intervals

between successive episodes of REM sleep (Mean * S.E.) for
3

five animals during pre-deprivation and deprivation days

one and three.
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Table XIX - Episode duration ahd duration of the intervals

between successive episodes of the sleep cycle (M%§n * 5.E.)

for five animals during pre-deprivation and deprivation days

one and three. ' l ,
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Table XIX - Episode duration ahd duration of the intervals
between successive episodes of the sleep cycle (Mign t S.E.)

for five animals during pre-deprivation and deprivation days

one and three. ' l
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Table XX - Autocorrelation cdefficients derived from the
c¢ircadian rhythm data for active waking during pre-

deprivation, deprivation and post-deprivation.
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Table XXI - Autocorrelation coefficients derived from the
circadian rhythm data for quiet waking during pre-deprivation,

deprivation and post-deprivation.
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Table XXII - Autocorrela&}on coefficients derived from the

f circadian rhythm data for slow wave sleep during pre-
% deprivation, deprivation and post-deprivation.
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Table XXIII - Autocorrelation coefficients derived from the
circadian rhythm data for REM sleep during pre-deprivation,

deprivation and post-deprivation.
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Table XXIV - Summary of ANOVA of autocorrelation coefficients
derived from the circadian rhythm data for active waking,

quiet waking, slow wave sleep, REM sleep and REM density.
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Table XXV - REM density for six subjects during pre-

deprivation, deprivation and post-deprivation.
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Table XXVI - Autocorrelation coefficients derived from the

/

REM density data during pre-deprivation, deprivation'and

post-deprivation. ',r
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Figure 1 - Average percent time spent in active waking, quiet

waking, slow wave sleep and REM sleep for six cats during

= r.mn.:.'.{:.rb-’ LR SE

. pre—aeprivation, deprivation and post-deprivation

(Mean t S.E.).
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Figure 2 - Percent time spent awake, in slow wave sleep and

REM sleep for Cat NO6 during pre-deprivation, deprivation

-~

and post-deprivation.
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Figure 3 - Percent time spent in active waking, activity,
quiet waking, slow wave sleep and REM sleep for Cat 007

during pre-deprivation, deprivation and post-deprivation.
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1 y -
Figure 4 - Percent time spent in active waking, guiet
waking, slow wave sleep and REM sleep for Cat Q01 during

pre-deprivation, deprivation and post-deprivation,
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Figure 5 - Percent time spent in actjve waking, quiet waking,

slow wave sleep and REM sleep for Cat Q03 during pre-
~

deprivation, deprivation and post-deprivation.
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Figure 6 - Percent time spent in active waking, quiet waking,

slow wave sleep and REM sleep for Cat 403 during pre-

deprivation, deprivation and post-deprivation.
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Figure 7 - Percent time spent in active waking:" quiet waking,

Slow wave gleep and REM sleep for Gat 411 during pre- ™

Yeprivation, deprivation and post-deprivation.
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&
» Figure B - Sleep-waking pattern of Cat Q01 on pre-deprivation

day seven and deprivation days one and three (A = Active

waking, Q = Quiet waking, S = Slow wave sleep, R = REM

sleep).
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Figure 9 - Sleep-waking pattern of Cat QO3 on pre-depriva-

tion day five and deprivation day three (A = Active waking,

Q = Quiet waking, S = Slow wave sleep, R = REM sleep).
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Figure 10 - Percent time spent in slow wave sleep for

successive eight hour blocks of time during pre—depri\%ion,

deprivation and post-deprivation.
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Figure 1i - Percent time spent in REM sleep for successive
eight hour blocks of time during pre—depriva'tior}, depriva-

tion and post-deprivation.
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-~

Figure 12 - Standard scores of percent time spent in slow
wave sleep for successive eighf hour blocks of time during

pre-deprivation, deprivation and post-deprivation.
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Figure 13 - Standard scores of percent time spent in REM
sleep for successive eight hour blocks of time during

pre-deprivation, deprivation and post-deprivation.

LN



-

ay
430-.504 NOILYATNSDIQ 430 -328e
(sdopg 2 ] w m ¥ h 4 4 1 L 4 k3 1
) =] Q = .
xmu.
! 4ro-
4 1 H -y
ot - N
-1 Lo zo-
; B
: | » oo
oL ]
\ 180
4 c -
!
_ ' o1
i i ]
’ R ST - F LS | 2
(XCrw iv Orn vL0ew
(si00) g 2 L 28 r £ 2 1 5 z !
= ¥ r ¥ ¥ * » ¥ * ' ¥ ¥
o [ ri-
n_q .
- ﬂ m, ) 10 -
\ ~ d .
. ’ M .
! “fe0 -
k , : qzo:
}

, J
e i
SRR { 30
IRI! 4

1 L 2-]
1 L
o
M 101
4
L 6. 4 0 3 & 8 0 & ° . 4w
680N 6 0¥ S0
-~
_
,

430-150¢ NOILVAIMG 2D 430-3u4 )
L1 2 ' k I LI 2 ! L3 1 [
wpimmac v v ¢ v oty
v . e ﬂ e -
- 9 qo1 -
o 4
lvo-
= L
4
1zo-
w lﬂ‘o
[ *0
O -4
= . Ho1
) -
o © )
h— . . o N PR " M N i, Ive
ClO- ¥ 110-»u oLonN oo
€z | o £ ¥ g 2 .+ & T
$ ¥ * ’ $ ¥ ’ ¥ Yt vy
o (] o @ 491 -
r - -1
“o+ -
“1s0-
., ~zo-
. . 1zo
. . J
L - w 4so
) #
b 'S do
.
i N U - DU P U, VPR, L
T I) vi0eu 0oV,

* Q\ >
]
4320-1804 NOILYAINEIT d30-38d
[ - c. v f¢ 2 1 £ T 3 .
. L L3 L1 ~ LJ LD ¥ L] LA L]
[ ° e o *
~
’ o
. .
[ 4
; ,
1 AR
- U
. |
8 I
- [.
2 vl L L r vl '] ’ 1 e 4
8104 208 aro'e |
s .3 € . £ 2 1 & T
. N } oy Yot
9 o -7
. . .
1. ) A
- o
P
- R .
k]
FF - B - 1 o Y
” Q
o 3
4 ri A M1 4 A
SL QN ¢ YOOy
.
- &
. LV
i . .
o
» -
. .



. ' 1773

“*

o

4




e e e T SR N AT TE TR VAt 5 N e e v

£y

NOILVAlIYdd3A

'd30-150d
(shop)g/ 2 1 9
v | | I
) 1
/.f.
Y- \

G b € 4 |
1

I 1 1

'SP

0¢

SS

09

g9 .

02

Gl

JLINANTW /7S,W3Y8 40 Y3IE8WNN



\

175

-
’

Figure 15 - Average REM density for Cats N06 and 007 during

pre-deprivation, deprivation and post-deprivation.

P -

—— =




It~

/\«/1/1
I'e
7
P
d34a-1S0d NOILVAISd3d d430-34d .
(SAVQ) 2 1 € Il 6 ¢ § € va € 2 1
/#] | A NN SENDEY NN SN SHNM GEDNS SN RENSE U SENN SNNE GEE | s eua— 3
. : Jos
./IQ
—409
—4 0L
-1 08
90N 1lvD
206
(SAVQ) & € 2 { C S 14 € 4 } S 4 € 4 i
f 14 T - r T T 1 1 1 _ T T T 4 Uu
= ™ Jov

L

£00 1VO |

1=

09

oL

o8

JLNANINW /7 SIN3Y d39INNN



e

177

Figure 16 - Average REM density for Cats Q01 and Q03 during

pre-deprivation, deprivation and postkdeprivation.
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Figure 17 ~ Average REM density for Cats 403 and 411 during

pre-deprivation, deprivation and post-deprivation.
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Figure 18 - Standard scores of REM density for successive
eight hour blocks of timé during pre-deprivation, deprivation

and post-deprivation. ,
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Figure 19 - Average REM density for eight human sub’jects
during pre-deprivationl deprivation and post-deprivation

(Mean t S.E.).
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A

Figure 20 - Average REM density for ind®idual human subjects

during pre-deprivation, deprivation and post-deprivation.
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-

.(’ Figure 21 - Average percent time spent awake and in different

]

&
sleep stages for eight human subjects during pre-deprivation,

deprivation and post-deprivation (Mean t S.E.).
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EXPERIMENT 11

In experiment I, REM density was found to increase

significantly above baseline levels during sensory depriva-

~ tion, Since REMs are typically accompanied by FGO waves and

are thought to be initiated as a result of activation of
oculomotor neurons by the pontine generator, it is possible
that the REM density effect is due to an increase in the
frequeﬁcy at which PGO waves are generated during sensory
debrivation. This‘hypothesis was tested in the present ex-
periment by calculating the average daily PGO density (i.e.
mean number of PGO waves per minute of REM sleep) for two
cats during pre-deprivation, deprivation and post-deprivation.
Since other characteristics of the pontineégenerator might
also have changed during sensory deprivation, a number of
other meaéurements related to péntine generator function were
made. Thus, time interval histograms'of PGd wave occurrence
and‘the temporal relationshiP between the occurrence of PGO
waves on one side of the br;in (Left LGN) and the other
(right LGN), between one structure (pontine reticular forma-
tion) and another (LGN), were described during pre—depfiva-
tion and deprivation. ﬂ - A

An alternati%e me¢hanism thaf might underiie the in-
creased REM density during sensory deprivation is suggested
bj the observation-of Brooks (1968b) that under normal con-

Il
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ditions not every PGO wave i~ accompanied by a REM, at least,
as measurea by the eléctro—oculographip technique. The fact
that the coupling between the occurrence of PGO waves and the
electromyograbhic rééponse of'the extraocular muscle appears
to be near perfect (Cespuglio et. al., 1976; Gadea-Ciria,
1972). however, suggests that a certain proportion of eye
muscle contractions are normally too weak to elicit a detect-
abledgEM. Thus, the REM density effect observed in Experiment
I may simply be a REM amplitude effect where previously
undetéctable eye movements during pre-deprivation become
suprathreshold (i.e. threshold set by an amplitude criterion)
countable eye movementéjduring deprivation. In order to test
this hypothesis, the average EOG amplitude was calculated on
selected days during pre-deprivation and deprivation for
four cats dnd the relationship between REM amplitude and
REM density was determined.

Since several laboratories have reported that the
frequency of hippocampal/theta,is more rapid during REM
sleep whert REMs (Sakai et. al., 1973; Sano et, al., 1973)
or muscle twitches (Robinson, Kramis & Vantlerwolf, 1977) are
present than when they are absent, an analysis .of the relat-.
tionship between REM densit&. PgO density and hippocampal
theta was made duringhpre—deprivation and deprivation.

Senéofy deprivation offers a unique opportunity to study

these relationships since, if REM density and theta frequency

NIRRT
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are positively correlated, ac has been reported, then one

_ , )
would expect that the average frequency of theta during
pre—deprivétion wouid be less than during deprivation.
Furthermore, previous studies have not taken into account the
faqt that the neural generator of REMs and gross motor activ-
ity during REM sleep can be active (as indicated by the -
occurrence of PGO waves) without the preseﬁce of detectable
movement; In view of the recent emphasis on the relationship
between hippocampal theta and movement (Vanderwolf, 1971),
it would be informative to know whether theta frequency 1is

higher during the occurrence of PGO and REMs than it is during

the occurrence of PGO waves alone.
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METHOD

PGO Wave Analysis

Two animals (Cat 403 and Cat 411) used in Experiment
I, had electrodes in the LGN and pontine reticular formation
which were optimally located to record clear%? identifiable,
easy to count PGO waves (Wave shape characteristics described
by Bizzi & Brooks{1963) and Brooks (1967? were used to
identify PGO waves). Since polygraphic records were taken
continuously during Experiment I, it was possible to obtain
a count of the total number of PGO waves generated during
REM sleep on each pre-deprivation, deprivation and post-dep-
rivation day. From this number the average daily PGO density
was calculated.-

’ Composite t%me interval histogram (TIH) distributions
for PGO waves were obtained by using thé PDP-8e time interval
histogram program (DEC-LB-U4O-B-D, Digital Equipment Corpor-
ation)_to analyze magnetic tape records of PGO waves. The
Schmidt.gate level on the computer was set to minimize false
detection by triggering on the first large amplitude compon-
ent of the PGO wave. The gate level was evaluated by dis-
playing the EEG signal being processed and the output of the
Qgpmidt triggetr on an oscilloscope. Using this procedure, a
cettain proportion of small amplitude PGO waves were not.

counted (See Figure 40 for some sample records). Since PGO

192
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waves occurring in bursts tend to be smaller in amplitude

than those occur;ing singly, the TIH distributions obtained
would likely provide an underestimate of the proportion of T
short intervals and an overestimate of the proportion of longer
intervals. However, siﬁce the signal/noise ratio appeared to
remain quite constant over time, it is likely that the gate
level selected for pre-deprivation and deprivation analysis
wéé similar, thereby allowing a comparison between pre-depri-
vation and deprivation to be made. In any case, computer
analysis agreed with the results obtained by manually .counting
the PGO waves, so it appears that no significant distortion

of the data was produced as a result of using the TIH program.

Data selected for computer'analysis was taken at the

_same time of day from representative eight hour periods during
pre-deprivation and deprivafion.- The composite TIH distrib-
utions were constructed from four samples obtained under the
two conditions. . The individual TIH distributions that made

up the composite di§tribution were very similar to each

other. 1 p

In order to compare PGO to REM TIH distributions, a

\distripution of REM intervals for Cat 007 was obtained by“
manually measuring the duration of all inter-REM intervals
occurring during REM sleep peri'ods from comparable eight hour

blocks of time during pre-deprivatidn and deprivation., Com-

puter analysis was not fedasible here since the detection
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threshold required to discriminate .signal from noise using
E )
capaclity-coupled recording was so large as to prevent the

.8

detection of many of the REMs.

The same data that was used for calculating the PGO
wave time interval histograms was reanalyzed using a cross-
correlation program written for the PDP-8 computer. This
program required two inputs,\both of which were, in this case,
gated on PGO, waves recorded from different 8}ain loci. The
criteria for cetting the Srhmidt gate levels were identical

need in the PIH analysis. The cross-correlation
function wasudetermined by calculating the time intervals
between an input (as defined by the Schmidt trigger) on
channel one and all sabsequent inputs on cﬂannel two up to a
maximum interval of QO8 msecs. This calculation was done
for every input occurring on channel'one and a tally was made
of the fgéquency of occurrence of all intervals up to 408
msecs. with the bin width being equal to 0.8 msecs. At
the same time, an identical analysis was being performed on
channel two input. Thus, the time interval between an event
on channel two and all subsequent events on channel one.were
tallied, again up to a maximum of 408 msecs. From this
analysis, two separate distributions were obtained and
plotted back to back. Thus, 'in Figure 29, for example, time
zero marks the occurrence of a PGO wave in the ;eft PRF and

the histogréﬁ'appearing on the right hand side of the figure -
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is a frequency distributioﬁ(ﬂf the intervals between time
zerokgnd the occurrence of PGO waves in the right FPRF. Con-
versely, when considering the histogram on the left hand side
of the figure, time zero now marks theyoccurrence of a PGO
wave in the right PRF and the frequency distributh*m;on the

4

left side pertains to PGO waves occurring in the left PRF

after time zero. .

To guarantee that the relative gating levels betwegn
channéls was. constant from one analysis to the next, only
those analyses where the proportion of counts in one channel
with respect to the second were roughly the same across days were
considered. Figuyre 28 provides an illustration of what

happens to the cross-correlogram if the relative gating

levels are changed. Here the gating level on the left pontine

~reticular formation channel was optimally- get for PGO wave

detection. . The gating level on the right pontine reticular
formation channel was systematically increased in sensitivity
over repeated analysis of the same data. The results obtained
at the least sensitive setting are given in the top graph.of
Figure 28, while those obtained at the greatest sensitivity
appear in the bottom graph. The N values given'in the corners '
of each graph are the numbef\Qf PGO waves counted within the
respective channels; The RA values are the ratios of the:

number of counts occurring in the channel labelled on the

left hand side of the figure to the number of counts made in

/
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the channel labelled on the right. The change in sensitivity
in the right pontine channel is reflected by the increased

number of counts made in this channel. The decreasing number

of counts made in the left pontine channel are due to a change

in the relative sensitivity; a parameter which is better-des-
™~

cribed by the value of RA.

FORE P Y

The systematic shift in the peak of the c¢ross-correl -
ogram at different values of RA in Figure 28 was due to fhe
fact that as RA increased, PGO wave detection occurred lower

down on the PGO wave "form. The magnitude of the pehk shift

(about 8 to 10 msees.), therefore, provides an estifate of #ife
rise time of the PGO wave over the voltage range that the
detection threshold was varied., The fact that a disg}ibution
of intervals around the peak: value was obtained is likely due
to variability in the amplitude of PGO waves (Seé Figure 40
for an éxample). Thus, for a given threshold, small amplitude
PGO would be ;etected higher up on the rising phase of the

wave than would large amplitude PGO waves. o 3

EOG Amplitude Analysis

Data from four cats {(Cats 007, Q03, 403 & 411) were

selected for analysis on the basis of the magnitude of the

REM density effect observed in Experiment I. Although an )
attempt was made to obtain a representative sample, there may
have been & slight bias toward selecting cats that had a large

increase in REM densitj during sensory deprivation since two v
” ( > v
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animals that had the largest increase in REM density (Cats
Q03 & 403) were included while only one of two cats having
_intermediate effects (Cats 007 & NO6) was selected. To
counter this, one of two cats having the smallest Offeets
(Cats Q01 & 411) was also included (See Figures 13 to 15 and
Table XXV). The eight hour block of pre-deprivation data
chosen for analysis in these four cats was selected so that
the average REM density of this period was representative of
the daily REM density but the deprivation data was taken from
comparable eight hour blocks of time on deprivation days three
.and four when .the REM density effect was maximal.
The REM sleep periods occurring in the eight hours

of time selected for analysis during pre-deprivation and dep-
rivation *were d%fided into twenty second epochs according to

. @
page divisions of the raw record. For each epoch, three

measurermtents were mé?e: a count of the total number of REMs
occurring, a tally of the amplitude‘of each EOG deflection”
and:a calcylation of the average amplitude of all the EOGs.
The number of REMs and their average amplitude were then
entered into a scatterplot of REM density (number of REMs/

20 seconds of REM sleep) versus the mean EOG amplitude (See
Figure 34 for‘;n example) where the number of data points
equalled the number of twenty second epochs 'of REM sleep dur-
ing the eight hour block of time being considered. Sample

size was matched as closely as possible across conditions
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for a given animal.

Linear regression analysis was performed using equa-
tions described by Guilford (1965) to obtain the least square
lines needed to estimate variable X given Y and variable Y
given X. The centroid point at the intersection of the two
regression lines was tabulated as this represents the average
value of both the X and Y variables. The degree of correl-
ation between the two variables was also listed. Frequency
distribgtions of EOG amplitudes during pre-deprivation and

deprivation were also constructed (See Figure 38) and the

average EOG amplitude under the two conditions was calculated.

Statistical analysis of these parameters was made by using a
single factor, repeated measures analysis of variance.

Hippocampal Theta Analysis

Two animals run in Experiment I (Cats Q03 & #11) had
hippocampal electrode placements from which large amplitude,
rhythmic slow waves in the four to seven Hertz frequency
range could be recorded during REM sleep. For these cats,
eight hour blocks of time during pre-deprivation and depriv-
ation were selected on the basis of changes in REM density as
in the REM amplitude analysis. In these eight hour periods,
all REM sleep episodes greater than or equal to three minutes
ip duration were processed. Samples of record, one to two

th

seconds in duration, were taken from the 3Y94, 10%h, 1pth,

thh ... pages of record following the beginning of the REM




199

period (Page length = 20 seconds). If the desired sample
could not be found on the selected sample page, theg the
preceeding and succeeding pages were searched. If the sample
still was not obtained, then the preceeding and, succeeding
pages twice removed from the sample page were searched. The
process was continued till the desired sample was obtained.
Typically, samples were found on the target sample pages of
on immediately adjacent pages.

Three different types of samples were searched far
on each target sample page. The criteria fo; seTecting Type
1 samples was the presence of a large number of REMs and PGO
waves in a one or t;o second sample. Type 2 samples were
selected on the basis of the présence of a large number é%
PGO waves without many REMs and T§pe 3 samples were chosen
from record where there were neither REMs nor PGO waves
TEQL Figure 40). Once all the desired samples were obtained,
one experimgnter went over the sampled time'periods and
measuréd the frequency of the hippocampal theta rhythm. A
second experimenter then counted all the REMs and PGO wa&es
in each sample and.a mea;ure of the REM and PGO density (number
of events/second) in the samples was obtained. The mean and

standard error of REM density, PGO density and theta fre-

quency was tabulated for each sample type.
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Histology A/,//’ )
At the termination of the experiments, all cats were

deeply anaesthetized with barbiturate and perfused‘through
+

the heart with saline and 10% formal-saline. The brain was::

removed, fixed in formal-saline and then sectioned on a
freeze microtome. The sections were floated on'%to glass
slides and stainesl with thionin. Electrode trah@g/%ére
traced and the 1océtions of the tips of the deep electrodes
" werte reconsfructed on drawings taken from the atlas of -
Berman (1968). Only those electrodes froﬁggkich signals
such as PGO waves' and hippocampal theta were recorded and

analyzed were processed in this manner. -

[ &4
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: . RESULTS
The daily average PGO density of Cats 403vand 411
remained relatively constant across conditions in this exp-
eriment, in contrast to the significiant change in REM density

! . . .
that was found in Experimerﬂ:é during deprivation (Figure 22).

"~ This lack of change in PGO density during deprivation is also

evident in the time interval histogram for PGO waves recorded
bilaterally from the LGN of Cat 403 (Figure 23) andvfrom the
pontine reticular formation (PRF) and LGN of Cat 411 (Figure
24). 1In contrast, thefgrequency ﬁistogram of inter-REM inter-
vals for Cat 007 (Figu;e 25) showed ; large increasg in the
proportion of short in%ervals found‘during deprivation. These

contrasting effects of deprivation on PGO wave density and REM

density can be seen in the raw records (Figures 26 & 27). In

these figures, it is also clear that the single large peak
occurring at short intervals in the TIH distributions for REMs

and PGO waves is due to bursts of these phasic events while

.the'long intervals between bursts and between isolated oc-

currences of PGO waves and REMs make up the long tail of the
TIH distribution. The proportional increase of shoré inter-
REM intervals is reflected in the appearance of more bﬁrgts

of REMs in the raw record. Thus, when an arbitrary definition
of a REM burst was ‘made (Burst Criteria - (1) The occurrence

'
of at least four inter-REM intervals of 200 msecs.or less in

“
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succession. (2) If an inter-REM interval of 267 msecs. follow-
ed the last occurring 200 .msec. interval described in point #1,
then two additional 200 msec. intervals would have to occur in

succession after the 267 msec. interval in order to be classi-

" fied as part of the original burst. (3) If an inter-REM

interval of 333 msecs. followed the last occurring 200 msec.
interval described in point #1, then three additgonal 2@0
msec. intervals would have to occur in succession after the

333 msec. interval to be counted as part of the burst. (4) An
interval between successive REMs longer than 400 msecs. term-
inates any burst.), it was found that for equivalent durations

¢
of REM sleep, mean burst density (Number of bursts/minute of

REM sleep) and total burst duration were longer during depriv-

ation than during pre-deprivation while the mean burst dura-

tion was slightly shorter (Table XXVII).

The analysis of the temporal relationship between the
occurrence of a PGO wave in one’'brain structure relative to
another during pre-deprivation and deprivation have uniformly
éhown that sensory deprivation is without effect. Thﬁs,cin
Figure 29, PGO waves appear to originate on either side of
the brainstem with about equal frequency both during pre-dep-
rivation and deprivation. When considering PGO waves occurr-
ing in the pons versus those occurring in the LGN, hpwever, it

is clear that the pontine wave typicaliy precedes the LGN

wave by about 8 ta 14 msecs. (Fighres 30 & 31). Bilaterél

L
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occurrence of PGO Q;ves in the LGN, on the other hand, appe?r
to be delayed, one with-respect to £he other by about 8 to 10
msecs. even though one side does not preaominantly precede
the second (Figure 32). ‘When the analysis time was extended
to 408 msecs., the only additional piece of information ob-
tained was a confirmation of the tendency of PGO waves to
occur in bursts (Figure 33). This is indicated by the pre-
sence of multiple peaks in the cross—correlogrgm, a result
that is particularly ev%dent when the total number of events
counted was increased (Bottom graph, Figure 33).

Thus, while two indices of PGO wave generation have
remained invariant during sensory deprivation, REM parameters
have changed dramatically. This contrast was fué%her extend-
ed in the EOG amplitude analysis where é:significant positive
correlation between EOG amplitude and REM density was -found
during pre-deprivation for eagh set of Bata analyzed (Table
XXVIIIc, column 1; Figures 34 to 3%, Top graph). The fact
that the magnitude of the correlation wés unchanged by
deprivation (éable XXVIIIc, column 2; Figures 34 to 37,
bottom graph) means that the increase in REM density found in
Experiment I must be acébmpanied by an increase in EOG¢ampli-
tude. This is borne eut in Figures 3% to 37 where tﬁe shift
in tqe~centroid point of the scatterplots, when comparing
pre—deprivatiod to, deprivation is indicative of the simultan-

eous increase in the mean EOG amplitude and REM density
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(marked by ;rrows). Statistical comparison of EOG amplitude
and REM density‘across conditions in this subset of four cats
confirms these conclusions (Table XXVIIIA;,B). Further evid-
ence of the EOG amplitude effect is provided in the frequency
distribution of EOG amplitudes‘(Figures 38 & 39), where
larger amplitude REMs occur more _frequently during depriv-
ation. This is also noticeable’ in %he raw records shown in
Figure 27 and Figure 28.

The rather limited amount of data available on the
effects of sensory deprivation on hippocampal theta frequency
is proviéed in Table XXIX. Here one can see that the average
theta frequency tended to be less in Type 2 samples than %n
Type 1 samples, and less in Type . samples than in Type 2
samples (See Figure 40 for an example). For Cat 411, the
mean theta frequency of Type 1 samples was greater during
deprivation than during pre—depfivatiqn, while for Cat Q03,
theta frequency was about the same under both conditions.
Similar comparisons for Types 2 and J} samples suggest that
mean theta frequency during pre-deprivation is the same as
during deprivation.

The location of electrode tips, represented in

‘Figures 41 to 45 by small black dots, were in positions from

which other workers have successfully recorded large amplitude

signals (i.e. theta or PGO waves) in cat {Brooks & Bizzi,

1963; Brooks, 1967a; Brown, 1968). Thus, the hippocampal

HENE RN AN MM
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electrodes from which the th¢ta pattern shown in Fggure 4o

was recorded, were located directly above the CA, pyramidal

1
cell layer for Cat Q03 (Figure 41) and above the subicular
pyramidal cell layer for Cat %11 (Figure 42). The LGN
electrodes in Cat 403 from which the records shown in Figure
27 were™Qbtained, weré located such that the deeﬁ lateral
tip was at the border of the optic tract and layer 02 while
the shallow medial tip was located at borders of layers A1
and C (Figure 43) using the termindlogy of Kaas, Guillery &
Allman (1972). The LGN electr&de in Cat 411 from which PGO
waves shown in Figure 40 were recorded was similarly located
(Figure 44). The pontine PGO waves shown for’ Cat 411 in
Figure 40 were recorded from electrodes in the nucleus
reticularis gigantocellularis, approximately two millimeters
lateral from the midline and at the same depth and AP level
as the nucleus olivaris superior lateraiis, a prominent

S-shaped nucleus appearing at this level of the neuroakis

(Figure 45). -

+ Mk



DISCUSSION
These experiments clearly demonstraté that the large
increase in REM density during sensory deprivation is not
accompanied By a corresponding. increase in PGO density.
Similarly, the distribution of inter-REM intervals under-
goes a large change during do;rivation as dontho distribu-
tions of EOG amplitudes while the TIH distfibution for PGO
& o

waves, and the cross-correlation between PGO waves occurring |

in two brain loci Ere not altered. Thus, it appears that

'
!

parameters which characte%ize hEMs undergo modification
during deprivation while parameters which describe different
aspects of PGO wave generation remain unchanged. These
results appear to dontradict the currently held belief that
a brainstem generator is responsible for the production of

'Jﬁgth REMs and PGO waves. However, as can be seen in Figure

27, during pre-deprivation, many PGO waves occur unaccompanied

by REMs, while this rarely happens during deprivation. Thus,
‘ o

it seems reasonable to suggest that a proportion of eye

§

muscle contractions during pre-deprivation are too weak to

elicit a detectable EOG response despite the fact that a

PGO wave has been generated. During deprivation, though a
greater proportion of REMs accompany PGO waves, perhaps be-
cause the oculomotor® neurons are driven more intgggely or

!
because the extraocular muscles contract more vigorously to

206
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to the same input. Thus, according to this hypothesis, one
would expeét that PGO density would limit the maximum in-
crease in REM density that could be obtained. This expect-
ation is borne out in the experiment on Cat 403 :(Figure 22}
where REM density reached an asymtotic level during depriva-
tion whi;% @as roughly equivalent to the PGO density.

If REMs which are subthreshold for detection during
pre-deprivation become suprathreshold during deprivation,
“wen one would exvect that the average amplitude RENMs
during deprivation would be largep than REM recorded under
pre-deprivation conditions if both subthreshold and supra-
threshold ﬁEMs increase their amplitude. The present exper-
iment provides evidence which is consistent with this
hypothesis since the ppoportioh of large amplitude EOG
deflections increased during dpprivation. However, an in-
crease in the magnitude of)the corneo-retinal potential or in
the velocity of eye moveménts during deprivation could have a
simiiar effect on the amplitude of the EOG response. These
alternatives will be considered in the final discussion.

The facf that the temporal relationship between the
occurrence of PGO in/;wo brain loci- does not change during
sensory deprivation goes along with the lack of effect of
deprivation on the frequency with which PGO waves are gener-
ateé during EbM sleep. In addition, the cross-correlational

and TIH analyses provide data whichhagree with the description
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of these REM sleep phenomena that have bJZ;\;iyen by other

workers using differ?nt techniques. Thus, the cross-
correlograms between PGO waves recorded'simul£aneously in the
pontine reticular formation and the LGN (Figures 30 & 31)
support the idea that the PGO wave is generated by a brain-
stem structure. The cross-correlation between PGO waves
recorded on either side of the brainstem suggests that each
side precedes the other in generating PGO about equally

often (Figure 29). This is also true in .the LGN, only here

a PGO wave occurring on one side is followed by a PGO wave on
the other side after about an.eight msec. delay whereas in
the pontine reticular formation, this delay 1s much briefer.
Cespuglio,. Laurent & Jouvet (19?5)vobserved a similar delay
(5 to 6 msecéJ between PGO waves recorded in the LGN afiter a
brainstem hemisection was made in front of the pontine gener-
ator on one side. Under these conditions, the geniculate
ipsilateral to the hemisection is driven.only by the contra-
lateral generator via‘a pathway crossing the midline in the
region of the supraoptic dechssation. The geniculate contra-
lateral to the hemisection, on the other hand, receives a
more direct projection from the generator on the same side

of the brain. Therefore, the PGO Qave recorded here always
precedes the PGO ;ave recorded in thg opposiﬁe LGN, a fact
which can be.demonstréted by‘averaging simultaneously recorded

PGO waves.




The short delay betwcen the occurrence of PGO waves -
recordéd on one side of the pontiné‘reticular formation with
respect to those recorded on the other side, could be ex-
plained by the presence of an interconnection between sj €§>\

//\‘
This interpretation is supported by the fact that a mid-
saggital transection in the region of the abducens nucleus
abolishes the bilateral synchrony between PGO waves recorded
in this area of the brainstem {(Cespuglio, Laurent & Calvo,
1976) and unilateral stimulation of the brainstem elicits
bilaterally occurring PGO waves (Malcolm, Watson & Burke,
19?0). In all of these cross-correlograms, however, one must
bear in mind that the position of the peak of the distribution’
depends on the gating level selected. Thus, the bottom graph
of Figure 28 could be taken as evidence that the pontine
generator is unilaterally located in the right pontiné retic-.
ular formation. Therefore, interpretation based on slight
differences in the peak of the cross—correlogrgm can only be
takeh seriously if strong sup7qf§ing-evidence can be marshalled
from other sources.

The time interval histogram data‘illustrate that the
TIH distributions obtained for FGO waves recorded from the
LGN and. pontine reticular formation and for REMs are ver¥é
similar in shape. This result agrees with the fact that
REMs and PGO typically occur in close temporal contiguity with

each other‘(Figure 27). In addition, the distinction between
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the REM or PGO burst and the isolated occurrence of these
phasic events is also evident in the® TIH distributions’, and
provides further evidence'for the idea that different mech-
anisms are responsible for the gencration of these two types
of patﬁgrns. Indeed, Chouvet & Gadea-Ciria (1974}, on the
basis of similar data, have empirically derived a semi-
Markov model to represent the probability that one mechanism
for generating PGO waves will become active (e.g. Burst
generator) given the second FGO wave generating mechanicm
(isolated PGO wave 5§nerator) is already operatfve.

Further suppont for the hypothesis that separate
mechanisms exist for the generation of isolated and bursts of
PGO was obtained in a pilot study done on anaesthetized cats
which had been pre-treated with reserpine (Serpasil, Ciba;
0.25 to 0.40 mg/kg ip.). PGO waves recorded from the pontine
reticular formation and LGN under these conditions no longer
occur in bursts. Réther, single PGO wayes or at best, pairs
of PGO waves, reoccur at fairly uniform intervals of time
(Figure 46). This pattern is reflected in the TI; distrib- <
utions where the large peak appearing in the long interval
portion of the distribution corresponds to the regularly
spaced occurrence of PGO waves and the smaller peak in the
short.interval “"burst region” of .the distribution corresponds

to the occurrence of PGO wave couplets. Thus, reserpine seems

to produce a state in which the pontine generator “Twnctions
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quite differently from the wry it does in REM sleep since

the long intervals between isolated PGO become uniform in

length, in contrast to REM Sleif}:ii;i;::/ii:}ighiar interval
is favored althoggh there is ten : shorter intervals
to be generated tﬁan for longer intervals (Figures 23 & 24).
The burst pattern found in REM sleep clearly does not occur
after reserpine, but it is possible that the.couplets of PGO"
are the remnants of the bﬂrst pattern since the intervals be-
tween pairs of PGO fall within the "burst regd@n" of the TIH

distribution. These results agree well with those obtained

by Brooks and his colleagues (Brooks & Gershon, 1971; 1972;

H977; Brooks, Gershbn & Simon, 1972) in chronic cat which
had been pre-treated with {Sffrpine, and suggests that the
systems responsible for producing the isolated and burst
pattern of PGO may be differentially affected by reserpine.
Since the available evidence sugéests that there are
separate neural mechanisms for the generation of isolated
REMs and REM bursts, one wonders whether sensory éeprivation
has a differentia% effect on these systems. The fact that
in one cat, the proportion of short interval REMs, the number

of REM bursts and the total burst duration increased during

deprivation, is consistent with this idea. Jeannerod, Mouret

« & Jouvet (1965) have described another experimental treatment

which alters the proportion of burst type REMs-with respect

_to isolated REMs. They found that in normal cat, roughly

(LYY P I SRV
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fifty percent of all eye mov:ments occurring during REM
sleep are the burst type while following frontal-cortical
ablation, this proportion increased to greater than seventy
percent. For comparison, the sum of the first fiwve class
intervals in Figure 25 equals 55.5% during pre-deprivation
and 66.0% during deprivation. This rather gross similarity
between the effects of sensory deprivation and frontal-
cortical ‘ablation is unlikely to be of any importance though,
since Gadea-Ciria (1976b; c¢; 1977a; b) reported that the

TIH distributions for PGO waves were greatly altered

frontal-cortical ablation. 1In contrast, during sensory
deprivation, the PGO TIH distributions remained about the
same across conditions\aeSpite the large change in the
distribution for REMs during deprivation.

The positive relationship between REM density and
hippocampal theta frequency (Type 1 sample) found under pre-
deprivation conditions of the present experiment agrees with

the result obtained by Sakai e%. al. (1973) under similar

conditions. With the limited data available, it is impossible

to decide whether theta frequency during PGO waves,but in the
absence of'REMs (Type 2 sample), is intermediate between the
frequency obtained when REMs are present (Type 1 samples)

and when neither REMs nor PGO waves are present (Type 3
samples), as is suggested by the pre-deprivation data of Cat

411 (Table XXIX), or whether theta frequency in the absence of

i
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movement is the same (irrespe~tive of whether FGO waves are
occurring (Type 2 vs Type 3 samples) as is suggested by the
deprivation data for Cat 411 (Table XXIX).

The effects of deprivation on theta frequency are
ambiguous in these experiments since in one animal QCat 411)
a large increase in theta frequency was obtained whén
comparing pre-deprivation to deprivation mean frequency for
Type Tt samples, whereas theta frequency for the second
animal (Cat Q03) was about the same under both conditions.
In the case of Type 2 and 3 samples, the average theta
frequency obtained during pre-deprivation was approximately

the 'same as that found during depriwgtion.
LS 4
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Table XXVII - Mean burst density, mean burst duration and

total burst duration on pre-deprivation day three and

deprivatif¥Pn day five for Cat 007. ' (
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>
Table XXVIII - Average REM amplitude and REM density plus

the degree of correlation between REM amplitude and REM
density for four cats under pre-deprivation and deprivation
eonditions. (F statistic obtained from a repeated measures

ANOVA.)




Table XXVIII
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&Y X 0.55 0.50
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Table XXIX - Average PGO and REM densfTy (N3pber/second)
plus mean theta frequency obtained for twd cats under pre-
deprivation and deprivation conditions for sample Types 1,

2 and 3. (See text for differences between sample types) .
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Figure 22 - Average REM and PGO density for Cats 403 & 411

sduring pre-deprivation, deprivation and post-deprivation.
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Figure 23 - Time interval histograms of the interval between
the successive occurrence of PGO waves recorded from the LGN

of Cat 403 during pre-deprivation and deprivation.
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Figure 24 - Time interval histograms of the interval between
successive occurrence of PGO waves recorded from the PRF and

LGN of Cat 411 during pre-deprivation and deprivation.
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Figure 25 - Time interval histograms of the interval between
the successive occurrence of REMs for Cat 007 during pre-

deprivation and deprivation.
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Figure” 26 - EOG (top trace of pair) and EEG (visual cortex)

records taken during REM 'sleep episodes of Cat 007 on pre-
>4

[

®
deprivation day three and deprivation day five. {(The episodes
were eight minutes long and each set of traces is the last
twenty seconds of each minute.) - o *
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Figure 27 - EEG and EOG records taken during REM sleep
episodes of Cat 403 on pre—deprivation day one and depriva-
-tion day three. (The episodes were seven minutes long and

each set of traces is the last twenty seconds of each minute.)
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Figure 28 - Cross-correlation between the accurrence of PGO
waves in the left and right PRF of Cat 411 as a function’of
changing the Schmidt gate level for detecting PGO in the

right PRF. '
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Figure 29 - Cross-correlation between the occurrence of PGO
waves in the left and right PRF of Cat 411 on pre-deprivation

day two and deprivation day two.
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Figure 30 - Cross-correlation between the occurrence of PGO
waves in the left PRF and right LGN of Cat 411 on pre-

deprivation day two and deprivation day two.
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Figure 31 - Cross-correlation between the occurrence of PGO
waves in the right PRF and LGN of Cat 411 on pre-deprivation

day two and deprivation day two.
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Figure 32 - Cross-correlation between the occurrence of PGO

waves in the left and right LGN of Cat 403 on pre-deprivation

day three and deprivation day four (40 msec. correlogram).
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waves in the left and right LGN of Cat 403 on pre-de

Cross-correlation between the occurrence of PGO
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t v
privation

Bay three and geprivation day four (400 msec. qorreloé;a ).
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Figure 34 - Scatterplot of the relationship between the
number of REMs occurring in twenty second epochs of REM
sleep and their mean amplitude on pre-deprivation day four

and deprivation day three for Cat 007.
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Figure 35 - Scatterplot of the retationshif between the
number.of REMs occurring in twenty second epochs-of REM
sleep and their_ﬁean amplitude on pre-deprivation day nine

and deprivation day four for Cat Q03. k‘
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Figure 36 - Scatterplot of the relationship between the
nu%ber of REMs occurring in twenty second epochs of REM
sleep and their mean amplitude on pre-deprivation day three

and deprivation day four for Cat 403.
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Figure 37 - Scatterplot of the relationship hetween the
number  of REMs occurring in twenty second epochs of REM
sleep and their mean amplitude on pre-deprivation day three

and deprivation day three for Cat 411.
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Figure 38 - Frequency distribution of the amplitude of REMs
’ [ ]

occurring during an eight 'hour sample taken on pre-depriva- .

tion days three and nine and deprivation day four for Cats

403 and Q03 respectively.
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Figure 39 - Frequency di;;;éhgﬁion of the amplitude of REMs
occurring during an eight hour é&mplo taken on pre-depriva-
tion days four and three and on deprivation day three for

Cats 007 and 411 respectively.
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Pigure 40 - Relationship between the frequency

and PGO waves (Type 1 sample), PGO waves alone

sample) and neither REMs nor PGO waves {Type 3
y ) ’

(All samples occurred within twenty seconds of

under pre-deprivatiorr conditions). §§>

T

I

theta,rhythm,éuring REM sleep and the presence

256

o% hipbocampal
of both REMs
(Type 2
sample) .

each other
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Figure 41,- Location of the tié of the’hippoghmpal electrode

1

in Cat Q03 which was usgd in the theta frequency analy§ié.

hJ

(Brain section redrawn from Berman, 1968.)
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Figure 42 - Location of the tip of the hippocampal electrode
in Cat 411 which was used-in the theta frequency analysis.
(Brain section redrawn from Berman, 1968.)
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Figure 43 - Bilateral locatipn of the .tips of the LGN

o

electrodes in Cat 403 which were used to record PGO waves

during REM sleep. (Brain section redrawn from Berman, 1968.)
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FPigure 44 - Location of the tips of the LGN electrodes in

Cat 411 used to record PGO waves during REM sleep. {Brain

section redrawn from Berman, 1968.)
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Flgure 4g - Bilateral locatlon of the tlps of the PRF

-

électrodes in Cat 411 used to record PGO waves during REM

sleep. (Brain section redrawn from Berman, 1968.)
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Figure 46 - PGO waves recorded from the LGN and pontine

reticular formation of two cats after pre-treatment with

reserpine. :

LT T o

XX

T Et

o~

-



vy

. '$D3S €

L

ii%%.,.f?f{fi__,P_%??z}r?ié_?z?},f_‘.;_. it S

e SE{‘??K?EE{}? : wxomua
20N LVD T
; } ) !
| R -

T | | et L N9 o
J?zts?}ij. ‘fée;rti%t}g, . LHONN . .

i
i

I'ON 1V2D .



AT T W el

270

"

Figure 47 '- Time interval histograms of the interval between
the succeséivé occurrence of PGO waves recorded from the
right LGN and the right and left PRF of an anaesthetized
at which had been pre-treated .with reserpine (Data from

0. 1).
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EXPERIMENT III

In Experiment I, some clear effects of sensory depri-

e sleep of adult cat were demonstrated. In order

e

té determine how sensory deprivation caused these changes to

oceur, it was first necessary to discover the minimal cond-
itions needed to produce these effects. Experiment III was

designed with this objective in mind. Since the deprivation

procedure used in Experiment I not only prevented the animal
from receiving an& patterned visual or auditory input but also

caused a reduction in the intensity of light reaching the eye

and an increase in the amount of auditory stimulation, it was
important to determine whether the effects of this procedure
on sleep were due to (a) the loss of patterned visual and
auditory input; (b) the change in the intensity of light
réaching the eye; (c) the change in the amouﬁt of auditory
stimulation; or (d) the fact that the eyelid was held closed
over the eyeball. u ' |

he human experiments suggested that changes in light

intensity \was not an important variable since the light dif-

R ATt Tt Ty T A I
S~
-
L 3

fusing mask used in those experiments did not cause a large

Sy

reduction in light intensjty-(Potter & Heron, 1972). 1In fact,

Lo

there is some evidence indicating that total light déprivatioﬁ
may actually have less of an effect on some physiological
hﬁfi/h\\\\EE}anters than does' patterned visual deprivation (Zubek &

272
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Welsh, 1963).

At the'outset, it also seemed unlikely that the effect

[ v’
was due to eyelid suture per se since the masks worn in the

Trhar e oapgtgeedtn L

23

human experiment did not interfere ;Bth eyelid movement.

"However, there was a tendency for human subjects to leave

FT n PREA T i di

their eyes‘cLosed when wearing a mask of this type (personal
observation).

Thus, by a process of elimina;ion, one is left with
the hypothesis that cats in Experimeﬁt I slept more during
deprivation because pat{érned visual and auditory st%mulation

was not available to them. This hypothesis is more com-

pelling if one views sleep as a passive phenomenon that Hecurs
-

=

whenever the arousing effect of external or internal pertur-
bances abate (See Moruzzi; 1964 for the historical develop-
; ment of this idea). Consistent with this ‘hypothesis is the

observation that deafferented animals, animalzwhich are dis- L

turbed less frequently by external or internal sources ,of /
) A
stimulation, sleep considerably more than normal animals * ™

:
!
'
|

(Hagamen, 1959; Vital-Durand.-& Michel, 1971). Since this
additional sleep time is spejg;in LSWS without ény increase

in DSWS or REM sleep (foal-Durandn& Michel, 1971), an obvious
parallel exists between the effects of sensory deprivation
‘and chronic deafferentation. Therefore, in addition to try-
ing to determine the sensory deprivatién conditions needed to
produce the sleep effects, a comparison of effect of visual

7]
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deprivation with the effect ~f chronicbvisual deafferentation

was sought.

\
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METHOD . ‘
Ca%s Q03, 403 and 411 from the lid sutur® experiment’ <
were subsequently run in other conditions. These conditions
were Similar to\thé lid suture experiment in that they con-
sisted of a pre-deprivation, deprivation and post-deprivat-
ion period of continuous‘EEG }ecording. The deprivation
period &as different in that one of the following treatments
was administered.

Condition A: Lid Sutur;\\J

Experiment I.

Condition B: Light Deprivation

The animal was placed in total darkness and subjected to 78
db white noise during the entire deprivatjon period.

Condition C: 1id Suture and Light Deprivation

The animal was placed in total darkness witﬁ itg eyelidsl
sutured shut and exposed to 78 db white noise for the entire
perioed.,

Condition D: Goggles

The animal was habituated to wearing a set of goggles

(Figure 48, Top photograph) which were mounted in front of

the cat's eyes by meané of twd~a1umfnum rods inserted into

4
aluminum tubing that was embedded in dental cement on the
cat's head (Figure 49). The goggles were 1ef¢;on continuous-

ly except for one hour a day %f feeding time. During pre-

275
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deprivation and post-deprivation, transparent, 3 mm. thick,
lucite screens were in place (Figure 48, Top photograph)
while during deprivation, white translucent teflon screens
were used (Figure 48, Bottom photograph). This screen was
illuminated at a fairly uniform igtensity (Figure-50) by a
light bulb inserted in a hole in the back of the goggles
(Figure 51, Toﬁ photograph). A Ganzfeld was achieved by
shin;pg the point source of light emitted by the light bulb
through, a ping pong ball hemisphere (Figure 51, Bottom - |
photograph) onto the teflon screen. This intensity was
selected so as to match the intensity of light calculated to
reach the eye through sutured eyelids in Experiment I. A
regulated power supply was used to illuminate the light bulbs
in order to eliminate the effects of fluctuation in line
voltage and a precision ten turn potentiometer was used to
rheostatically control the intensity of light emitted at the
screen's surface. Light intensity was calibrated against the
potentiometer setting by using a brightness spot meter

(Model UB %; Photo Research Corp., Hollywood, California) in
feference to a standard source of known intensity.

During deprivation, the goggles were removed for a
- 4

one hour period at feeding time, as during pre-deprivation,
but the animal was left in total darkness. The 78 db white

noise, however, was left on as usual.

.
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Condtion E: White Noise Plus Blindness

The animaf,was blinded under general anaesthesia by
making a slit in the ornea and removing the entire contents
of the eyebal%. The gy9p§ll was” packed with gelfoam and the
eyelids were then sytured together. Three weeks later, the
eyelid sutures were removed. By this time the corned incision
had closed and the eyeball appeared to be normally inflated.
Pre-deprivation recording was beguﬁ a week later. Depriva-

tion was initiated simply turning on the 78 db white ngise.

Condition F: - Blindness Plus/ velid Suture G

Deprivation under this condition consisted of sewing
the eyezzag\ﬁf the blind animal -shut under gas anaestﬁesia
and then subjecting the animal to a 78 db white noise.

These conditions were not run in the same order for
every animal, and conaitions‘BJ C and % were only done for
Cat 403. A minimum of two weeks elapsed between conditioﬁs,
and in some césés, it was as long as a month ki.e. Condition
E). Records were scored using the procedures‘described in
iExperiment I but statistical analysis was minimized since

there were too few subjects in each condition. 1In the follow-

ing resulf-section, the effects of these conditions on SWS

" time and REM density were emphasized since these two para-

.

meters were the ones most influenced in the 1lid suture

experiment.




RESULTS
) Comparing the effects of 1id suture and total light
depriVation’on the percent time spent in SWS (Figures 52, 53,
54; Conditions,A & B) ind%gates that while light deprivation
" 'may cause a small inc}ease in SWS time, it is not of the
maghitude obéerved following 1id suture (Table XXX). 1In the
oﬂe’experiment’where eyelid sufg;e was coupled with light
depriva%;on (Figure 530), the increase in SWS time was com-
parable to that observed following 1id sutur; alone. In the
goggle éondition.'where the intensify of light reaching the
eye ﬁolibwing 1id sutugé\was approximated, the percent t}me
spent in SWS remained constant (Figure 53D). The effects of
being exposed to white noise after having been blind for one
month were inconsistent across animals. On deprivation day .
1, Cat Q03 hadAthe largest increase in SWS time observed in
ény of these experiments (Figure S2E; Figure 55), although
there was a trend toward pre-deprivation levels on depriva-
tion days 2 and 3. ‘Cat 403, on the other hand, underwent a
slight decrease in SWS time én the first few days of depriv-
ation (Figure 53E). - ..

Tﬁe pattern of the results observed fBr~REM'density
wasﬁsimilar to that found for the percent’time spent in S.\\
Thus, while the effect of 1id suture on REM density was large
and reliabl& obtained, the effect of total light deprivation
. '
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was neg%ig;ble (Figure 56; Figure 57, Conditions A & B,
Table XXXI). However, when eyelid suture was coupled with
light deprivation, REM density increased in a fashion similar
to that observed following eyelid suture alone (Compared
Condition A & C of Figure 57). The gogzle condition produced
a result similar %9 that observed following light deprivation
if the result of the first day of lightAdaprivation‘was dis-
regarded (Figure 57D). Exposing Cat 403 to white nojge after
it had been blind for one month had no effecé on REM%g%nsity
(Figure 57E) but it should ge noted that this animal did not
change its sleep time under these conditiong either (Figure
53E). Eyelid suture performed six weeks after the animal
was blinded (Figure 57F) did not have as large,or as sustain-
ed an effect on REM density as was observed when eyelid
suture was performed before blinding (Figure S7A & C).
Finally, it should be noted that the effect of 1lid
suture on eithéﬁ REM density or the percent time spth in
SWS did‘not degpﬁdlon the” order in which the conditions were
run. Thus, C#t 411 had the usual increase in REM density
(Figure 56A) and SWS time (Figure 54A) following 1lid suture
despité the fact thgg this animal was subjected to the light
udeprivation,condition prior to being run in the 1lid sutur;
condition. Similarly, Cat 403 had an increase in REM density
and SWS time fbilowing 1id suture plus light deprivation \

ey

equivalent to fthat obtained following 1id suture alone (Figures

Attt

L e ey | LaMta ke M-



280

53 & 57; A & C) even though  light deprivation condition
was interposed between these two experiments. Pre-depriva-
tion baseline levels of REM density and sleep-waking para-
meters fluctuated sightly from one condition to the next,
however, and some of the changes in baseline may have been
due to the order in which the conditions were administered.
As in Experiment I though, REM density changes occurred
independent of changes in PGO density (Figure 58). This

was true both within and between experimental conditions.




DISCUSSION

The total light deprivation précedure used in this

was prevented, light intensity was reduced and the animal was
exéosed to the same masking white noise. Desplte these
similarities, the effects of }ight deprivation on SWS time

and REM density were murginal and would probably fail to reach
statistical significance even if a lafge number of subjects
had been run using a completed counterbalanced design. ‘The
fact that total light deprivation plus lid suture prodmcedA'
results nearly identical to 1id suture alone indicates that
the failure of light deprivation to have an effect cannot be
attributed to differences between 1id outure and light depri-=e
vation procedures in terms of how much the intensity of light
was reduced during the experimental period. Furthermore,
since the same intensity of,white noise was usedesdin both

these conditions, one can conclude that white noise alone is
not responsible for the sleep effects. Finally, the fact

that PGO density was about the same during light deprivation
alone as it was during 1id suture plus light deprivation in-
dicates that light deprivation 5y itself does not have an
effect on the frequency of PGO wave generation. This result
rules out the possibility that the effect of light deprivation

-
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on REM density is masked by » simultaneous decrease in GO

density.

By a process of elimination, one is left with the
conclusion that 1id suture per se is the condition needed in
order to obtain the sleep effects. However, this conclusion
may be drawn prematurely since the losd of patterned vision
achieved by subjecting the animal to total darkness may be -
fundamentally different from tthlo@G of pattern vision ob-
tained when\fhe animal is forced to view a Ganzfeld throurh‘\

closed eyelids. Thus, the Goggle cond1t1on was run to see

if the results from Experiment I could be replicated without
sewing the cat's eyelids shut. GSince this condition would .

MWave been critical in distinguishing between the two methods .

of producing a loss of pattern vision only if the Experiment

I results were replicated, the failure to r;plicate the effect
of 1id suture may simply mean that the goggle condition did '
not adequately reproduce the field of view that the animal
experlenced when it had its eyellds sutured shut. One obvious
difference between the field of view the animal had when it
was looking at the illuminated screens of the gogeles versus

. «
when it was seeing through closed eyelids was the. fact that

with the goggles on, the cat saw a circulaf disc of light

surrounded by a metal ring which was in turn engulfed in ‘
. 1]

*

darkness. However, if the animal brought its head close to

P

a surface such as the wall or the floor of the cage, the light

R, sy

.,
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reflected off the animal's f-ce may have been bright enough
to permit peripheral vision of things in its environment.

It might be argued that had precaution§ been taken to elimin-
ate this type of’visioni the goggle condi tion may have

worked.

\J

H

Another difference between 11id suture condition and

——

the lighz/aeprivation and goggle conditions was the fact that

A
as anaesthesia was used only in the 1lid suture condition.

]

wever, the administration of anaesthesia cannot be consider-
ed the cause of the sleep effects since the animals in the
1lid suture experiment were als& anaesthetized at the termin-
ation of deprivation, yet the sleep pgrameters rapidly returned
to baSeline levels. In addition, the human experiments, which
produced.eﬁfects similar to that observed in the cat experi-
ments,{us%d neither anaesthesia nor lid suture.

The fact that a substantial increase in sleep time

was observed in the blindness plus.white noise condition for
Cat Q03 withéﬂt the use of lid suture or anaesthesia suggests
that the parallel between deafferentation and sensory depriv-

ation may provide some insi§ht into the mechanism underlying

the sleep effects obBtained during sonsory.depriVétion. Thc'

., failure of one animal to show thig type of change was not

7

coﬁqidered‘to present a serious difficulty since others have
reported that chronigglly deafferented cats show a large,

reliablé, sustained increase in SWS time (Hagamen, 1959;

»
+
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Vital-Durand & Michel, 1971). These studies differ Yrom the
present work in that their animals were more completely
deafferented (Hagamen's animals webe blind, deaf and anosmic,
while Vital-Durand & Michgl's animals were capable of re-
ceiving only proprioceptive input from eye muscles and
visceral input carried by the 1xth $o xIrth cranigl nerves).
Thus, it seems likely that the blind cats in the present
study were able to adjust to paftial deafferentation, perhaps
by‘félying more on other sensory modalities. This inter-
pretation is supported by the fact that after one month of
visual deafferentation, blind animals were spending a norm%;/)
proportioQ/pf their time in SWS. According to this view, the
_tran§i§ﬁgjincrease'in SWS observed in Cat Q03 when white
noise was coupled with blindness was due to a temporéry
failure in the animal's ability to compensate for loss of

input.
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Table XXX - Mean percent time spent in SWS during pre-
deprivation, deprivation and post-deprivation of the 1lid

suture and light deprivation conditions. (Mean t 3.E.).

—
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Table XXXI - Average REM density during pre-deprivation,

deprivation and post-deprivation of the 1lid suture and

light deprivation conditions.
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Figure 48 - Goggles worn by Cat 403 during pre-deprivation
and post-deprivation (Top photograph) and during deprivation

(Bottom photograph).
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Figure 49 - Cat 403 wearing goggles under pre-deéi§iation

.l '
condﬁflons.
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Figure 50 - Regional differences in the inténsity of light

(foot-lamberts) emitted by teflon screen when back T

~

~

illuminated through ping pong ball hemisphere.
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Figure 51 - Internal structure of goggles worn by Cat 403

during deprivation.
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Figure 52 - Percent time spent in differeqt stages of

wakefulness and skeep by Cat Q03 compared across conditions.
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Figure 53 - Percent time spent in different stages of

wakefulness and sleep by Cat 403 compared across conditions.
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Figure 54 - Percent time spent in different stages of

wakefulness and sleep by Cat U411 compared across conditions.




F— / B L
430 ~1S0d NOILVAINE 30 d30-34d 430 —-1S0d
(shopy ¢ 2 g ¢ v ¢ 2 | € 2 | € 2 1
L N o 1 L | T 1 v T T T i L R 1
c .
ol
Fa¥ 0

d3sis W3Y D--O
buistom oind @--@
Bunom 8Al1150 O—O

deajs aADm mo|s B—8

v 1vO

33nL1ns AN3A3

<l

02

1T

og

13

ot

St

0s

SS

NOLLVAINGIQ

. d3Q -3¥dd
£€ ¢

&

9 § ¢ € ¢ |
LARERE BASNS I NN ERSNS

\

\

\

1
\
[ ]

)

NOILVAIYd3Q LHOIT

4

¥

AWIL ONIQYO0I3Y¥ VLIOL LN3DJ¥3d



T T e e T T AT

23

303

Figure 55 -~ SEgep—waking patterﬁ of Cat Q03 on pre-
deprivation day two and deprivation days one and three
(A = Active waking, Q = Quiet waking, S = Slow wave sleep,

R = REM sleep).
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2

Figure 56 - Average REM density of Catg Q03 (Top diagram)

and 411 (Bottom diagram) compared across conditions.
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Figure 57 - Average REM density of Cat 403 compared across

conditions.
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Figure 58 - Average REM and PGO density of Cats 403 and 411

compared across conditions.
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EXPERIMENT IV

< During brief periods of sensory deprivation, human
subjects have been reported to lose up to érkilogram of body
weight despite apparently normal or perhaps increased food
consumption (Zubek, 1969b, p275). No comparable studies on
the effécts of sensory 5;privation on body weiéht and food
cqnsumption of adult animal have been done, though Miller et.
al. (1969, 1971) reported that adult rhesus monkeys, that
had been feared in total isolation during the first year of
life, ate and drank about thirty percent more than normally
reared mon%sys. Thus, on the basis of these data, one might .
expect that some change in food consumption and body_weight
might occur during sensory depriva&ipn in cat. There are
several other lines of evidence whigg lead to the same
conclusion. N

Schapiro et. al. (1970a; b; 1971; 1973) have found
that destruction of the vigual, auditory, vestibular or olfac-
tory'sensory modalit;éb cause a permanent reductioﬁpzh
stomach acid and pepsin secretion in dog in response to in-
jgctions of histamine or insulin. Since‘a teporary reducti§h
in secretion in response to sham feeding or teasing with meat
was also obtained in.blindfolded animalé (Schapiro et. al.,
1973), and since parqtid secretion is 4lso known\to be less

in darkness than in light (Pangborp & Sharon, 1971; Shannon
. w e

.
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et. al., 1972; 1975), it is possible that secretion of diges-

tive juices mighggzz§9fbe decreased during sensory deprivation.

Such an effect mi

»~

account for the reduction in body weight
described by Zubek ahd perhaps,-the- increased food consump-
tion reported by Miller'(e;q al. In any case, these data on
stomach and parotid secretion force one to consider the
possibility that sensory deprivation has a much larger spec-
trum of effect than has been demonstrated so far in this
thesis.

Another piece of evidence which suggests that sensory
deprivation might be affecting a number of systems beside
those controlling sleep comes from experiments dealing with
the‘role of hypothalamic-midbrain structures in sleep
_ processes. It is well known that hypothalamic lesions result
in 1mpairme?§§;n the regulation of food and water intake;
effects which are usually attributed to damage of specific
hypothalamic nuclei (Morgane, 1961). Conversely, the effects
9f hypothalémic lesions on sleep are usually considered to be |
due to damage of tracts passing through the hypothalamic
area (Nauta, 1946; Ranson, 1939). Nevertheless, Nauta &
Haymaker (iéég) have suggested,‘on the basis of the exten-
sive interconnections Between tﬁe basal forebfain, hypo-
thalamus and midbrain reticular regions, and because of the
great similarity invneuronal‘cytoarchitecture in these areas,

that control of specific function will not be sharply
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delineated. According to this view, the fact that lesions
of the brainstem reticular formation (Bellingers Bernardis,
1976; Roussel, 1976) and hypothalamus (McGinty, 1969a;
Nauta, 1946; Ranson, 1939) cause disturbahcgs in sleep as
well as disrupt the regulatton of food consumption, body
Qeight and body core temperature can be taken as evidence of
a joint control of sleep and other regulatory processes by a
hypothalamic—midbrain system. Further support for -this

idea comes from studies which demonstrate that the regula-
tion of sleep, food consumgtion, body weight and bgdy core
temperature are jointly affected by other ﬁ}perimental

treatments (Andersson & Larsson, 1961; Magoun, 1938; Parmeg-

%ggiani & Rabini, 1970; Roberts et. al., 1969; Roberts &

Robinson, 1969; Schmidek et. al., 1972) and often covary
under normal cenditions (Siegel, 1975). Therefore, it seems
likely that sensory deprivation, which has large effects on
sleep processes, might also have an effect on these other
regulatory systems. Consequently, food consumption, body
weight and body core temperature were measured in Experiment
I.to determine whether these parameters changed during

sensory deprivation.

™




METHOD -
Total food and milk consumption duri each twenty-

four hour period of pre-deprivation, deprivation and post-

deprivation were dete

by calculating to e nearest

0.1 gram (1 ml) th differences between the weight (volume)
of the fresh food (milk) and that recovered at the end of the
period. No correction was made for evaporative loss but this
1ikély remained the same across conditions sinée the room
temperature and the relativs hpmidity fluctuated within'
narrow limits (21 % 2%C; 50 * 2% relative humidity). Body
weight was measured daily to the nearest 0.2 kg.

Rectal temperature was measured at 1200 hours by
inserting a thermometer eight centimeters into the rectum
for three ﬁinutes. °A(continuous record of body core temper-
ature was derived from a thermistor implanted in the intra-
peritoneal space near the midline in the region of the small
intestine. Post-mortem examination of Cat Q01, the one animal
where technically'satisfactory results were obtained,
rewealed that the thermistor lay within four centimeters of
the tip of the thermometer when the thermometer was inserted
eight centimeters into the rectum. Insulated wires @ere'
run subcutaneously from the thermistor to the headcap where |
they were Eonnected to pips irf an amphenol plug.

A continuous measurement of body core temperature was

/ 314
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made by using a Wheatstone bridge circuit (Figure 59) which
was balanced at the istor resistance equivalent to a
temperature of 37.;;i%%£?;halanco in the circuit due to
changes in the thermistor's resistance, Ryo caused a potential
difference to develop between the inputs to the amplifier ey

and e,. The magnitude of this potential (e1 - 92) was equal

Ry

+ Ru

Ry

t * R2 R

to E

in.[R ; ] . The gain of the amplifler was

set so that a one centgmeter pen‘déflection was equiyalent

to a i°C€change in the thermistor temperature above its zero

- value of 37.5OC' Total current floﬁing through the thermistor

at body temperature was approximately 30y amps, a value low
enough so as not to significantly alter the thermistor's
temperature.

A representation of changes in body core temperature
over the twenty-four hour period was obtained from the contin-
wous record by measuring the temperature at two minute inter-
vals. Five successive two minute samples were averaged and

these ten minute averages were plotted.



RESULTS )

Table XXXII gives the average daily rectal temper-
ature for two animals during pre-deprivation, deprivation and’
post-deprivation. Both of these cats tended to have a lower
rectal temperature during’deprivation than during either
prefdeprivation or post-deprivation. These results were con-
firmed for Cat Q01 in Figure 60 where the twenty-four hour ‘
fluctuations in the thermistor derived core temperaturé are
plotted. In addition to the overall reduction in itemperature,
there appears to be a flattening out of the circadian rhythm
in body temperature during deprivation. The fact that a large
positive correlation existed between rectal temperature and
the thermistor derivégz;emperatpre (r = 0.94, t = 14.76;
p<.001) indicates that thre was a good agreement between
the two methoés used for recording temperature. This result
was expected since the thermistor was located in close prox-
imity to the tip of the rectal thermometer when it was in-
serted a fixed distance into the rectum.

Table XX%IIIA presents the body weight and [food con-
sumption data for thfee cats that tended to increase their
food consumption during sensory deprivation. When a test of
the difference between the mean food consumption during six
pre—deprivafion days and six deprivation days was made for

each of these aﬁimals, it was found that food consumption

i
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was significantly greater du'ing deprivation (Appendix A,
Table XXXVI, Rows 1 to 3). Milk consumption also tended to
be greater , but this effect was significant for only one
animal (Cat 411). A fourth animal (Cat N06) also showed
this pattern of increased food consumption during deprivation,
but no quantitative data was obtained. However, it was noted -
that during pre-deprivation, a large portion of the animal's
food ration was left at the end of the day while during depri-
vation, the animal ate all the food given to it. '
Two out of the six animals run in Experiment I did

not significantly alter their food or milk consumption during
deprivation (Cats Q03 & 403, Table XXXVI) and when the data
from all five cats was pooled (Table XXXIIIB) and subjeétii'
to analysis of variance,'there was no significant treafment
effect on food (F = 1.70, p>.05) or milk (F = 0.62, p>.05)"
consumption,abut body weight did change (F = 9.78, p<.05).
Multiple t tests indicated that mean body weight during pre-
deprivation differed significantly from body weight during
deprivation (t = 3.26, p<.01) and post-deprivation (t = 4.22,
p<.01). CL

« Food and milk consgmption also tended to be greate
on dgys when the animal was exposed to total light deprivation .
and white hoise'(Data collected in Experiment III) than on
pre-deprivation days (Table XXXIV), but again, these effects

were non-significant (F = 2,10, p».05; F = 3.15, p>.05,

Y R——

[ e )
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respectively). Within subje~t analysis of these data led to
the same conclusions (Table XXXVI). The apparent effect of
light deprivation on milk consumption in Cat Q03 can pro-
bably be disregarded since the absolute magnitude of the
effect is extremely small (Table XXXIV). 1In fact, it is like-
ly th?t most of the 15 to 20 ml of milk that this cat was

recorded as consuming was actually lost in evaporation.
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DISCUSSION

The results of the present éxperiment, while not
conclusive, certainly suggest that the regulation of body
weight, body core tem;erature and food and milk consumption
may be affected by sensory deprivation since four out of six
animals increased theilr food and milk congumption. (Cats
listed in Table XXXIIIA plus Cat NO6 where the effect of
deprivation was first noticed), and two animals decreased
their body core temperature. (Temperature data was not
obtained from other cats because they either were recalcitrant
when it came to taking rectal temperature measurements or
else thermistors had not been implanted or they failed to
function prior to the experiment.) These effects were
reversible in that post-deprivation values tended to be
similar to pre~deprivation levels. This was not the case
for body weight, though, since the average body weight
during post-deprivation was signi@}cantly greater than during
pre-deprivation. Whether post—deprivation weight eventually
returned to pre-deprivation levels is unknown since the cats
in this experiment were.not followed for a long enough period

of time in post-deprivation. It seems unlikely that the

increase in body weight from pre-deprivation to deprivation
to post-deprivation was part of a growth curve since the

animals used in this experiment were fully mature.

319
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The reason for the foailure of Cats Q03 and 403 to
chaﬁge their food and milk consumption is unclear. Both of
these animals had as large an increase in SWS time and REM
density as other cats that increased food consumption during
deprivation (Compare Cat Q01 to QO03; Table XXXIV; Figure 4 to
Figure 5; Figure 16; Compare Cat 403 to 411; Table XXXIV;
Figure 6 to Figure 7; Figure 1?). Although all animals
tended to spend less time actively moving about during depri-
vation than in pre-deprivation, differences in the magnitude
of this effect dg.pot seem to be related to aifferenoesJin
food consumption patterns between animals since Cat QO1
(Figure 4) and Cat 403 (Figure 6) exhibited a similar change
in active waking during deprivaéion, despite differential
effects of deprivation on food and milk consumption. Similar
comparisons in regard to REM sléep time (See Siegel, 19753
Compare Cat 403 to 4113 Cat Q03 to 007) and body core temper-
ature (Compare Cat Q01 to Q03; Table XXXII) suggest that the
effect of deprivation on food and milk consumption may be
unrelated .to its effect on these other parameters. However,

more research is required before any firm conclusion can be

made.

There are many hypotheses which could be advanced
to account for the apparent effects of deprivation on food
consumption, body weight and body core temperature. For

example, an increase in body weight could be due to an



increase in food consumption or a decrease in activity levels
while an increase in food consumption might be used as
mechanism for raising body temperature during deprivation.

To come full circle, it may be that the initral drop in tghp-
erature occurs as a result of decreased activity levels.
Alternatively, sensory deprivation may be having a more
fundamental effect on regulatory systems, cendocrine systems
and metabolism.

In any case, more research is‘required to establish
the validity of these effects of deprivatzagmand determine
why it is certain animals are not susceptible. Furthermore,
the‘apparent discrepancy between the human and cat experiments
y in terms of the effect of deprivation on body weight needs to
;He resolved and %ge dbgstion of why animals would increase By
their food consumption Kp'these experiments, when energy
expenditure is likely to be less than normal as a result of
decreased activity levels aq? perhaps lower body temperature,
needs' to be answered. Perhaﬁa\?his latter effect is related
to the reduction in gastric juice secretion repofted by
others after sensory deafferentation which may be only a
small part of a more general effect of sensory deprivation

on digestive processes.
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Table XXXII - Average daily rectal temperaturgd( °C) measured
at 1200 hours d?lring pre-deprivation, deprivation and

post-deprivation for Cats Q01 and QO03.
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Table XXXIIIA - Mean body weight (kg.) and average daily food
(g.) and milk consumption (ml.) for Cats 007, Q01 and 411

during pre-deprivation, deprivation and post-deprivation.
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w Table XXXL1IA
' Body Food Mikk
o Weight Consumed Consumed
o 007 3.48 . 178.6 109 7
(@) v ; 3
o
- Q01 3.47 134, 175.2
>
.g‘, B11° -==- 178.1 63.3
= X 3.48 L163.7 . 99,2
. .
£ | s.E. 0.01 14.6 . 43.¢
007 3.78 246,73 135.0
§ Q01 3.79 226.4 - 172.2
£ ’ ,
g b1y, - 205.3 118.0
o —
%* e 3.79 226.0 141.,7
2 | s.E. 0.01 11.8 15.9
. ) . ‘ v
* . £ 007 3.90 254.3 (166.7
.4,-_-,{ . N L4 - .
. @ | et 3.78 J,4ﬁ£i2 (/109.6
. {1}
Jh| e i S 143.0 62.5
o —
////’ﬂ”“ii&? X 3.84 185.2 112.9
4o
3 S.E. 0.06 34.8
[ s PN
e, 4 :
- ‘—\

o




326

Table XXXIIIB - Mean body weight (kg.) and average daily
food (g.) and milk consumption (ml.) during pre-deprivation,

deprivation and post-deprivation for five of the cats run

in Experiment I.
: -

| e



Table XXXIIIB

Body Food Milk
Weight .Consumed Consumed
; 007 3.48 178.6 4 109.2
S | Qo1 3.47 134.5 125.2
P Q03 6.93 213.8 61.2 -
.E 403 3.92 180.1 81.0
2 | L1 ———— 178.1 63.3
i X L. s " 177.0 88.0
H | s.E. 0.83 12.6 12,7
007 3.78 246.3 135.0
g | ao1 3.79 226.4 172.2
= | Q03 7.08 200.5 27.5
‘g 4073 3.96 182.7 . 79.2
RS —-- 205.3 118.0
a X I.65 212.2 106.4
S.E. 0.81 11.0 24,7
| o007 3.90 254 .3 166.7
§ Qo1 3.78 158.2 109.6
s | Qo3 7.20 . 228.0] 38.0
'g‘ a3 3.97 190. 94 .0
g | b11 - 143.0 62.5
S X .71 194.8 9l 2
S | s.E 0.83 20.8 22.0°
¢




328

Table XXXIV - Average daily food (g.) and milk consumption
(ml1.) for Cats QO03, 403 and 411 during pre-deprivation,

deprivation and post-deprivation of the light deprivation

experiment.




Table XXXIV

329

Food Milk
Consumed Consumed
- Q03 197.9 18.0
Té 403 190.5 94,0
.E 411 160.,9 53.0
g‘ 3 183.1 550
g S.E. 11.3 22.0
Q03 208.6 16.2
.§ 1403 203.8 133.5
E b1t 190.47 100.7
B 3 200.9 83.5
A S.E. 5.4 34.9
g Q03 198.14 21.0
tg 403 - 215.2 67.3
'g b11 162.3 b1.0
a- X 192.0 43.1
§ S.E. - 15.6 13.4
£ . .
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Figure 59 - Wheatstone bridge circult used to measure body

core temperature.
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Figure 60 - Changes in body core temperature over a twenty-

four hour period for Cat Q01 during pre~deprivation,
deprivgﬁion and post-deprivation.
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CHAPTER III

I. Summary of .Results

The main findings of Experiments I to IV will be
listed here and their interpretation and relevance will be
discussed in %he next section.

(1) In Experiment I, it was demonstrated that during sen-
sory deprivation adult cat significanfly increased the pro-
portion of time spent in LSWS without altering the amount of
time spent in DSWS or REM sleep.

(2) The increase in LSWS was obtained by inbreasing the
number of episodes of SWS and not by iné}easing episode dura-
tion. 1In fact, episode duration of SWS, REM sleep, active
and quiet waking tended to be shorter during deprivation
than in pre-deprivation. “

(3) The increase in-sleep time was accompanied by a cor-
responding decrease in time spent awake. When wéking time
was further divided into active and guiet waking, it was

found that the proportion of time spent in active waking  —

tended to be less during deprivation but only the deprivation

~day one result reached statistical significance. Time spent

in quiet waking was also less during deprivation for some
animals.
(4) REM density was significantly greater on all ‘deprivation

days than on pre-deprivation days.
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(5) The effects of sensory deprivation on sleep in cat were
similar to those obtained from human subjects since in the
human studies, the light phases of sleep (Stages I & II).
and REM density both increased during deprivation.

(6) In E¥periment II, it was found that several character-

istics of PGO wave genération such as PGO wave density, the

distribution of time intervals between successive PGO waves

and the temporal relationships between PGO waves occurring

in two brain loci rema%ned the same*during deprivation as in
pre-deprivation while REM density-and the distribution of
time intervals betweenvsuccessiVe REMs changes significantly.
(7) A significant positive correlation between REM' density
and the average EOG amplitude was discovered. Since the
magnitude of this correlation was not affected by éensory
deprivation, the increase in REM density was found to be
accompanied by a significant increase in the average ampli-
tude of REMs. \
(8) The relationship between the occurrence of REMs and
hippocampal theta frequency described by others;was confirmed
and some new data on the relationship between theta frequency
and the occurrence or absence of PGO waves was obtained.

In addition, a preliminary account of the effects of sensory
deprivation on these rélationships was given.

(9) 1In Experiment III, the minimum condition needed to obtain

the effeéts of sensory deprivation onAéleep was found to be

v
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the 1id suture procedure used to prevent vision in these
experiments. Thus, potal light deprivation and white noise
had only marginal effects while light deprivation.and white
noise coupled with 1id suture had the same magnitude of effect
as 1id suture plus white noise.

. (10) The increase in LSWS,described by others following
nearly complete sensory deafferentation,was similar ' to that
obtained during sensory deprivation though cats which had
been blind for one month werfJ’ nd to spend a normal pro-
portion of their time asleep; Ho evex, ong’blind cat, when ™
exposed to the same intensity white noise as used during the
1id suture experlment had a large trans1ent increase in SWS.
(11) In Experiment -IV, some cats were found to significantly
increase their food consumption and body weight during sen-
sory deprivation and/or decrease their body core temperature.

-~

Other animals failed to show these effects.



II. General Discussion

(A) Validity of the Animal Model Approach to the Study of

Sensory Deprivation Effects

'In designing Experiment I, an attempt was made to
replicate the conditions of the human sensory deprivation ex-
periment. Perhaps the best indicator of the success of this
attempt is the fact that the sleep of both human and cat was
similarly affected by‘éensory deprivation. Thus, both groupé
increased the percent time spent in the light stages of SWS
without changing time spent in deep SWS or REM sleep. In
“addition, botn groups increased their REM density during
deprivétion, with the onéet and offset of the effect being
roughly the same in'each group. Differences between these
exéerimehts were also present, bothsin terms of the way sub-
jects responded to deprivation, and in terms of the experi-
mental conditions. For example, the increase in sleep tiﬁe
in the human experiment lasted only a few days whereas it
tended to persist throughout the entire deprivation period in
the cat‘étudy and the absolute magnitude of the increase in
REM density was larger in the cat experiment while the rela-
tive increase was greater in the human study. fh regard to
differences in experimental conditions, pattern vision was
prevenfed by 1id su%ure irY cat whereas human subjects were

required to wear a light diffusing mask which attenuated light
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much less than did closed eyelids in cat. Furthermore, a

greater degree of control over tactile input and general act-

ivity levels was obtained in the human experiment than in cat

experiment because of the greater compliance of human subjects.
After considering the similarities and differences

between the human sensory deprivation experiments and the

present work, one could speculate on whether the effects ob-

served in these two seté of experiments are being produced by

a factor that is common to both situations and that is operat-

ing through similar mechanisms. This question is obviously

important since its answer woulq”ﬁetermine whether or not /

conclusions reached in the‘animal studies are appiicable to j

the human situation. The fact that the’ experimental conditions

and the subjective’responses are similar, atrleast in a gross \

way, suggests that the generalization across experfments may

be possible, although the presence of these similarities

certainly cannot be regarded as critical proof that we are

indeed dealing with fhe same‘phenomena; Nevertheless, we are

justifie& in adopting the working hypothesis that the sensory

deprivation effects obtained in the human and cat experiments

are being produced through similar mechanisms..

L
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- needed to obtain stimulus-induced sleep was repeti

(B) Effect of Sensory Deprivation on SWS » Deaaiefentation

or Stimulus-Induced S;een

|

The increase in SWS time during sensory'ﬁeprivatioﬁ
mighit be interpreted as either agstimulus-{;duced slgep or as
a deafferentation-like sleep. Aécording to the former

hypothesis, the monodonous characteristic of stimulgtion

during deprivation is responsible for the increased &leep. -

It will be recalled, however, that the‘critical variable

stimulation at low frequency. The continuous stimulation
(Z.g. white noise‘and continuodé illumination) used in thg?e
expériﬁ%nts, whilé maybe moné%onous, is.certainly not repe?i-
tive. Thus, a parallel:between éleep obtainedAayring sens$§¥
deprivation and stimulus iéduced sleep cannot be drawn.

In the case of the deaffe?éhtation hypothesfé,*it ig
known that chronic deafferentation 1eads’to_éh increase in the
proportion of time spent in light SWS (Vital-Durand & Michei; ;
1971) without éffectinngther sleep &tages, just as sensory X

deprivation does. In,addition, acdte deafferentation in

brainstem transected preparations also results in cortical

T Y o ]

-~

synchronization. This, a Strong parallel exists between the
effects of deaffefentation and éensory:deprivation« This does ¢

not necessarily mean that sensory deprivation produces a con-

P ";" - . . s )
dition of decreased sensory input, as deafferentation obvious-

"1y'.does, Rather, in the sense of Kleitman's and Bremer's
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deafferentation theory of sleep, it is presumed that fewer
stimuli caﬁable of eliciting or sustaining wakefulness are

present during sensory deprivation. This return to a

~passive theory of sleep induction, where the amount of sen-

sory input awvailable to the organism determines how much
sleep is obtained, while ﬁaybe adequate for handling the in-
crease in LSWS during sensory deprivation and follqying
sensory deafferentatio%, cannot explain the results of sleep

deprivation experiments which demonst that powerful,

sleep-promoting influences arise frpm withiR the orgghism

after long periods of sledplesshess. Howeverj sjfce only the
amdunt of time sﬁent in ngs (Stages III & IV in humans) and
REM‘sieeg is compensated for‘after sleep deprivation, while

LSWS (Stages I & II) is not well regulated, perhaps the ‘
'amounf;of LSWS obtHined is determined mainly by envi nmental
coisgtibﬁs while processes within the brain é;b resp:i:ible

for the regulatlon of DSWS and REM sleep.

Ig&pay ‘be argued that total 1light deprlvatlon used in

Experime t III also 1mposes a, condltlon where there are fewer .

-

stimuli avallable to awaken the anlmal, yet the cats 1nbthls

experlment only marglnally incredsed thglr sleep tlme, if at

~e«ald., It is dlfflcult to 1solate the crltlcal difference be-

tween the llght deprlvatlon and 114 suture procedures, but it
should be stated that in the human sénsory deprlvatlon exper- -

1mehts, 11ght deprlvatlon ‘and silence»typlcally is also 1ess

bys
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éffective in altering reponse measures than is unpatterned
stimulation. Similarly, Claes (1939 - cited by Arduini &
H%rao, 1959) found that eyé enucleation led to a synchroniza-
tion of cortical EEG in encephale iso0lé cat while dark adapta-
tion did not. Arduini & Hirao (1959) obtained similar results
in the midpontine pretrigeminal préfaration, but also found
that continuous illumiﬁétion was capable of inducing synchrony
in cortical EEG just as deafferentation did. Therefore, {he:e
may be something unique about optic nerve activity duringg
unpatterned light stimulation which is capable’ of eliciting

4

cortloal synchronlzatlon.\ The fact that omne c?t subjected
to total light deprlvatlon and 11d suture had as large an
increase in sleep tlme as when exposed to 1lid suture alone,
suggests, however, that continuous illumination is not crit-
ical for obtaining the sleep effects described in thié thesis.
(C) Effects of Sensory Deprivation on REM Sleep

(i) REM Density

-
'

In Experiment II, it was suggested that the change in
" REM density observed during sensory deprivation,aoccurred as
a result of an 1ncrease in the amplltude of REMs. Although
this hypoth981s is con31stent with the fact that the average
EOG amplltude of REMS occurring during deprivation was larger

than those occurrlng in pre«deprlvatlon, other 1nterpreta—

tions are pos31ble. Thus, a similar increase 1n EOG amplltude '

could be obtalned if elther the size of the corneo-retinal

-
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potential (the potential difference that exists from the front
to the back of the eyeball) or the velocity at which the eyes
moved, increased, since the amplitude of thé\capacitance-
couple EOG response is directly proportional to both of these
variébles as well as to the degree of eye rotation (Kris, 1960;
Mowrer, ;936; Shackel, 1967). It is impossible to decide’ bet-
ween these altérnative mechanisms for increasing EOG amplitude
without direct experimental evidence but they can be ranked
in terms of which seem more likely bn the basis of data col-
lected in these experiments and on information available in

the literature,
Tgt source of the potential difference acraoss the eye-
ball is not known (Marg, 1951), but it does not depend entire-.
ly on fhe_presence of the retina since an EOG response can
still be recorded fo}lowing eye evisceration (Pasik et. al.,
‘1965) even though the degree of dark adaptation influences |
the magnitude of the corneo-retinal pOtentlal in the intact
eye (Arden & Kelsey, 1962; Gonshor & Malcolm, 1971; Kris, 1958)
Exposing thg completely dark adapﬁed’eye to normal room light-
ing causes a damped oscillation of the corgeo—retinal poten-
tial which begins with a large increase followed by a smaller
“decrease and s¢ on through two cycles which-take about an
hour befare the potentlal 1s back to baseline levels (Gon- -
" shor & Malcolm, 1971; Homer~e$. al., 1967; Krlg, 1958). In
| cﬁntraét,’trahsition from a lightéd environment to totqi
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darkness causes an initial transient increase in the corneo-
retinal potential‘which»is followed by a sustained decrease
12 the potential at a value which is slightly less than the
baseline level (Kris, 1958). Therefore, on the basis of
these results{ one would expect that, if anything, the cor?eo—
retinal pgtential would be less following 1id suture than be-
fore. The fact that total Fight deprivation without 1id
suture had little eﬁuect on REM density suggests thet a light-
induced change in the corneo-retinal potential is not respon-
sible for the effect of 1id suture on REM density. ’

The corneo-retinal potential has been reported,to
undergo diurnal variation (Kr;s,‘195?) as well as systemic

increase during the course of a night's sleep (Aserinsky,

1955, Jacobs et. al., %9?3) Unfortunately, none of these ex-

periments controlled for changes in the ability of the subJect
to shlft fixation from one target to a second. Such a con-
trol is cr1t10al since ‘the amplltude of the corneo-retinade
Jpotential ﬂs typlcally evaluated by measuring the size of
potentlal change produced by eye rotation through a known
angle. Sinoe Berger & Walker (1972) have presented evidence
which suggests that oculomotor function may be less eff1c1ent
at some times than at others, effects Wthh others have
attrlbuted to'changes in corneo-retinal potential may, in ’
fact, be due to changes in oculomotor ablllty In Splte of

this weakness in the data, it is possible that eyelid suture
7\
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does cause an incfease 5n the corneo-retinal potential by
affecting the normal physiological variation in thié potential.
Perhaps the closing of the eyelid over the cornea exerts some
preséure on the eyeball which leads to change in the potential
or somehow changes volume conduction. Stepanik (1958 - cited ‘
by Shackel, 196%),.however, found that increasing intraocular
pressure had no immediate effect on the corneo-retinal pot-
ential although releasing the pressure did cause the potential
to increase. Arden & Kelsey (1962) reported that an equiva-
lent decrease invcorneo—retingl potentiai was obtained
following the elimination of light irrespective of whether the
eye was left open and the light was simply turned off or the
eye was closed and bandaged shut. Therefore, it appears tbat
in the short term, eye closure ané perhaps mild pressure
exerted on the eyeball does not have an effect on the corneo-
retinal potentlal
Both the degree and the velocity of eye,fotation are

known to vary over a large range in the awake human (Rdbinson,
| 1964 Westhelmer, 1954) and cat (Crommellnck & Roucoux, 1976,
_Stryker & Blakemore, 1972) w1th the large amplitude saccades
‘usually occurring at a hlgher velocity than smaller amplitude
saccades. Although the eye movements occurring during REM
sleep have a velocity whlch is lower.than tﬁat obtalned

during waklng (Fuchs & Ron, 1968, - Jeannerod et, al., 1965), -

the relatlonshlp between eye movement velocity and amplitude
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has not been as carefully described. If one assumes that a
posif;ve correlation exists beéweeh hese vafiables during,
REM sleep, as it does during waking, and that deprivation -
does not disrupt this relationship, then the EOG amplitude
effect described in Experiment II likely is made up of both
an amplitude and a velocity component, '

Bn another level of explanation, REM density has been
related to other variaelesd For example, Aserinsky (1969;
1971; 1973) reported a positive correlation between REM
eensity and the accumulation df sleep in excess of normal.
A siﬁilar relationship existed in the present study since
REM density and the’ proportlon of tlme spent in SWS tended
to covary w1¥¥ each other...This was also- true for REM
density gnd stage I sleep in the human study, but not for
total sleep time. Whether these variables are causally

related to edach other or to some other unknown factor -

v
1
'

remains to“be determined..
Berger (1969) proposed that REM den81ty is 1nverse1y
‘proportional tJ’the amount of oculomotor activity that occurs
durlng waklng. It is known that human subaects wearing black
eye patches decrease the ‘number of w£§§hg eye movements
(Adams et.. al., 1973) and’ there is a hint from observatlons

made by subjects exPosed to sensory deprivatlon that a

ﬁlmllar effect may be obtained with a translucent mask, s1nce

&
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~ subjects seem to prefer leaving their eyes c¢losed under such
conditions. This éeemé reasonable since the;alternat;ves are
#0 attempt to focus on the inside surface of the mask, an
impossibility since the near point of the eye is far exéeéded,
or to stare with.the eyes focused“gzxfheir maximum focal -
length. Therefore, accordlng to Berger's hypothe81s, human
and cat subgects both 1n0reased their REM density during -
sensory deprlvatlon because fewer waking eye movements were
made during this period than normal. In the case of the ﬂuman
subjects, this may hafg ocgurred because of voluntary eye |
closure whereas in the batvexperiments, this was aéhievgd by
enforced éye closure. Sﬁch an,inferpretation could also
explain, the lack of effect of total light deprivation on REM
density since waking eye movements might occur normally ﬁnder
this condition. This is all highly speculative, though, and
e&en if it was confirmed by direcﬁ measurement that the fre-
quency'of waking eye movements was different under these
various conditions, a causal relationship between the
occurrence of waking eye movements and REM sleep eye movements

" would then have to be established.

(;i.' REM Sieep Time .
' h. Pespite the fact that sénsory deprivation had a large \'
effect on rapid eye movements occurring during REM sleep,
the proportion of time épent‘in this stage of gleep was not
significantly altered. . This résulﬁ is consistent with the

i
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hypothesis that the systems controlling the REM sleep cycié-
are different from those thaf control events occurring

during REM sleep (Jouvet, 1972), aﬁd may call into question
hypotheses which assume an interaction between these systems
(Hobson et. al., 1975; McCarley & Hobson, 1975b). However,

in view of the fact that several parameters characterizing
PGO wave generation were unchanged by sensory deprivation,

and the mechanism for the change 1n REM density was not work-
ed out, it seems a little premature to address these larger |
issues. .

(D).. Effects of Sehsory Deprivation_on_ Regulatory Systems

Moruzzi (1969) propeséd that sleep is a consummatory
act with clearly defined appetitive bshavior preceding it and
satiation occurring after. The sleep deprivation studies have
carrled this idea one step further by showing that prolonged
waklng is followed by increased sleep. Thus, it has been
proposed that some shemical factor progressively increases
in écncentrgfion in the brain during waking and is éfadually
dissipated during sleep (Dement et. al., 1970; Jouvet, 1969;
Stern & Morgane, 1974). Stated in. another way, one couldAsay
that sléep is a regulsfory mechanism thch serves to maintainr
the internal miléau of the brain within set limits. Within
this context, 1t seems reasonable to suggest that “the hypo-
thalamus should be 1nvolved in the control of sleep since

-it participates in the control of other regulatory behaviors
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and ﬁpat interaction between these regulatory systems might
obcur. The demonstratiéﬁ that sensory deprivation has amr
effect on both sleep and on food consumption, body weight
and body core temperatﬁfe may Be éyidence of such interaction.
. It ié realized that the evidence for an effect of
deprivation on food consumptibn, body weight and body core
temperature is weak, and that even if such effects were pres-
ent, they.could be secondary to some other effect of depriv-
ation.- Nevertﬁgless, these results are potentially the most
interesting of all tﬁose obtained in the‘pfeseﬁt experiments
since they provide the opppertunity for establishing sleep on
,pér wi%%:o@her regulatory processes’as‘weli as proQidiAé a way
nof~synthesizing some of the other effects of deprivation.
For example, the'frequency ?f the alpha rhythm is‘known to de-
crease significantly during sensory deprivation but thefe
have ﬂeeﬁ no good explanations of how this might_occur (Tait,
1977). However; since alpha frequericy is positively cofrel-
ated.with vody core temperature (Hoagland, 1936; Jasper'&
Aﬁdrews, 1938) éﬁdibasal metabolic rate—(Ross & Schwab,
1939; Rubin et.'all, 1937) it is possible that the Hypo—
thermia observed in'cat during sensory deprivation may also
occur iﬁ human éubjects and underlie the change in aigﬁg

frequency.
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(E) Conditions Needed to Produce Sensory Deprivation Effects

\

One of the objectives of this thesis wass to determine
the minimum conditions needed to obtéin the effects‘of sen-
sory deprivation on sleep. Some progress has been made in
this regard since in Experiment III, the presence of white
noise, the reduction Sf the intensity of light reaching the
eye and the loss of vision per se have been ruled out as
bgi;E critical. Lid suture,-on the other‘hand, appeared to
be'necessapy. A subset qf'effects that might occur as a
result of 1id suéhre such as the alteration of the corneo-
retinal potential and changes in eye motility during waking
have aire%dy been discussea, as have’the possible interrela—
tionships between the various effects of deprivation. Fur-
ther research, ﬁoth in the human and gat,.should help to

establish the causal -sequence of events which underlie the

changes seen during sensory deprivation.-'

(F) Effects of Sensory Deprivagion During Development and
in the Mature Animal ‘

It is generally believed tﬁat there exists a critical
period during devélop;ent when the visual system is particu-
larly susceptible to the effects of éensdry deprivation
(Berman & Daw, 1977;‘éaw & Wyatt, 1977: Hubel'&1Wiesel, 1970;
Wiesel & Hubel, 196%;; b). .Depri;ation imposed outside of
the eritical period is thought to have no effect and recovery
from deprivétion effects produced during the critical period

‘ \\
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is assumed to be impossible once the critical period has
ended (Blakemore & van Sluyters, 1974; Cragg et al., 1976;
Dursteler et. al., 1976; Movshdﬁ & Blakemore, 1974; Movshon,
1976a; b; Wiesel & Hubei, 1965b; Yinon, 1976). Recently,'
however, several laboratories have found evidence of plaétic-
ity in the visual system of adult cat which is -analagous to
that seen during development (Brown & Salinger, 1975; Creutz-
feldt & Heggelund, 1975; Florentini & M;ffei, 1974; Hoffman
& Cynader, 1975; Kratg et. al., 1976; Salinger et. al., 1977a;b).
Functional plasticity also appears to be present in
the vestibulo-oculomotor system of adglt human and cat since

the vestibulo-ocular reflex undergoes almost total phase

"inversion within two weeks of reversing visual input in the

hqrizontal plane (Davies & Jones, 1976; Jones & Davies, 1976).
The present results on the effects of sensory deprivation on
oculomotor function during REM sleep provide additional
evidence of plasticity in the'oculomotd£ system of adult cat.
At first glénce, it may seem that there can be no
pgssiblp relationship between plasticity in the morphology
and functional cénnectivity of the visual éystem and, plastie-

ity in oculomotor function. However, it is known that the

development of ocular allgnment occurs at about the time that

~ the visual system becomes most susceptlble to the effects of

env1ronmenta; factors (Sherman, 1972). Furthermore..exper-

imental conditions which are knaqwn to affect the development

¢
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of the visual system also result in the pathological devel-
oﬁﬁent of oculomotor function (Riesen, 1961a; b; Turkel, 1974)
and experimentally produced ocular misalignment leads to
functional changes in the visual system (Gordon & Gummow,
19753 Hubel & Wiesel, 1965; von Noorden et. al., 1970; von
Noorden, 1973: Yinon et. al., 1975). W;th this type of inter-
action between the development of visual and oculomotor func-
tion, the question has néturally been raised as to whether
deficiencies in ocular alignment cause the visual system to
de&elop abnormally or whether abnormal developmeht o£~the
visual system causes tﬁe pathology fgund in the oculomotor
system (Turkel,’1974)f Maffei & Fiorentini (1976) present
evidence from adult cat which supports the former hypothesis.
They founq that immobilization of one eye produced by cutting

rd ond IvER

the lateral rectus muscie and sectioning the III
cranial nerves caused a change in the.ocular dominance of
cortical neurons which occurred independent of whether or not
the animal w?s permitted to see during the expgrimental
period. Since immobilization of both eyes had go effect ?n
ocular dominance, Maffei & Fiorentini (1976) concluded that
asymmetry in eye motility was sufficient for producing a
.change in ocular QOmiﬁaﬁce.

‘ ,'Althougb the mechanism responsible for the shift in
ocular-ﬂomlnance in adult cat reported by Maffel & Florentlnl

(1976) may not be the same as that underlylng changes in
Q
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plasticity in the adult and the developing animal is
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ocular dominance produced by sensory deprivation {Wiesel &
Hubel, 1963b) or by experimentally produced ggular misaligﬂ-
ment during development (Hubel & Wiesél. 1965; Yinon,~1976).
it is reasonable to ask whether this is indeed trug. Similar-
ly, there may be ne link between the effécts produced by
monocular eye immobilization in Maffei's studies and t EM
density effect reported here, or between the REM dengity
effect and the effects of seﬁsory deprivation during develop-
ment (See Fishbein et. al., 1966; Vital-Durand & Jeannerad,
1975). Nevertheless, in view of the almost dogmatic -accept-

ance of the concept of the critical period; further work on

indicated.
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IIT. Summary and Conclusions

jfThe effects of sensory deprivation on sleep of human
and cat wefe’similar in that in both experiments, the propor-
tion of time epeet in the_light phases of sleep, and the
average REM density %ncreased during deprivation and returned
to pre-deprivation levels durigvjpoet-deprivation recording.

: AN
Since the increase in SWS obtained during sensory deprivation

was similar to that found following sensory deafferentation,

it was suggested that a common mechanism may underlie each
of these phenomena | It was proposqe that sensory deafferent-

atlon and sensory deprivation both produced a condltloﬂ

‘Wwherse there are fewer s%lmuli available whlch might keep

the animal .awake and consequengly, sleep time increases.

$

.This interpretation is in accord with the deafferentation

hdtheory of Sleep prqppsed by Kleltman.

.4
' ,The cause of the increase in REM den81ty that oceurs

~

durlng sensery deprlvatlon was not determened but some

) mechanlsms seemed to be more likely than others.~ For example,

the den31ty effect did not appear to ‘be due to an increase in

.\\

"'the frequency W1th which the ppntine generator 1nitiated gye

hovemenﬁs since the average PGO &ensity remalned conetant

A

across cond;tions.' The fact that the coupllng between the

occurrence of PGO waves and detectable REMS was 1mproved .

qPduring. sensqyy'deprlvetlon.p;us the fact thap}the average E0G
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amplitude‘was larger ﬁuring deprivation spggested that the’
increase in REM density eecurred as a result of an increase

in the size and likely the velocity of REMs during depriv-
ation. Specifically, it was prepoeed that eye movements
which were{sg?th;eeﬁold for detection during pre-deprivation
became suprathreshold in deprivation. This reeult may have
occurred as a result of eculomoeor peurons being driven more
intengely by. the pontine generator during. deprivation. Altef-

natively, the respon31v1ty of the oeulomotor system may have

‘ 1ncreased during deprlvatlon as a result of lack of use.

V.

‘during waking or betause, of altered sensory input.

‘Lid - sufure appeared to be the necessary conQ1tlon for

produc1ng both the increase in sleep tlme and the,lncrease 1n
REM den31ty. Several.a}ternatlve mechanisms whereby 1id f

suture might cause these changes were considered. In the

\

author' 3 oplnlon, the following sequence of events,follOWLng

-

ild suture seems most plauslble, The ellmlnation of vision

and the masking out of nolses made by other .catg in the

'y

¢

experlmental chamber 1nsured that during deprivatlon there

were fewer stimull avallable which might awaken the’ anlmal
when asleep or which might sustain wakefulness after the

anlmal had.been awakened hyeother causes (e.g. hunger, thirst,.

ktthe need ﬁo urinete and defeeate, the temlnation of 2 sleep

*

cycle) k The addltlonal eleep tmme we epent 1n”1ight phases

1‘9 “ N

m‘.oi' s,leep. wh:l.ch appeanl ta be 1arge1y af "i'iller" .stage of .
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sleep, while deep SWS and REM sleep, which have been shown

&
by sleep deprivation studies to be more precisely regulated,

were left unchanged. "
- /

Since a decrease in activity levels accompanied the
increase in sleep time, the resulting change in vestiﬁular\_
input may have had an ;ffect on oculomotor functlon. This
hypothesis is in accord w1th studles whlch have demonstrated

an effect of vestlbular stlmulatlon on REM sleep and with

~ Aserinsky's reported correlation between time spent in SWS

tpnd REM densltya In additien, it is eoneistent with

”
Pompeiano's w0rk oh the role of’ vestlbular nuclel in the

genésms of rapld eye movemenxs during REM sleep. ’ N 'Q,

+ ¢

A second,. equally plau31ble explanatlon for the
effects . of deprlvatlon on REM den31ty derives from Berger's
hypothe81s that eye movements durlng REM sleep serve to main~
taln coabrdlnatlon in the oculomotor system. Berger S pre-
dlctlon that there IS an 1nverse relatlonshlp between the
dens;ty of eye movements durlng waklng and REM’den31ty would

obvlously have to be modlfled in order “to brlng 1t 1nto line

wlth the fact that the 1ncrease in REM density during deprlv— é%ﬁf

ateon is probably due to an 1ncrease in the average REM
ampiltude and vel&kity Nevertheless, the baszc 1dea ‘that
obulomotor fungtlon durlng waking 1nfluenees oculomotor | .
act1v1ty dgrlng sleep is a nOVel and ex01t1ng Qheu If such

recmprocal interactley between systems controllzng REMs ?nd
T e R . Lo ",
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waking eye moyements occurs, gﬁen one would expec% that
- waking eye movements might bé altered by the sensory depriv-
ation procedure. Although there is little data_avﬁilable on
this question, it certainly seems plausib;e since similar
parts of the brainstem appear tp be critical for the genesis
of REMs and saccadic eye movements (Cohen, 1971).. Eufther-'
more, the fieid potential associated with the occurfence of
REMs and saccadicmeye movements.{i;e. PGO waves recorded
during waking and’'REM sleeé) hgve many chara;teristics in
common (Brooks, 1968b; Coheﬁ & Feldman, 1§68; Sékai, 1973;
Sakai & Ceépuglio, 1976; éaka; et..al,-léfé). _
The question of Qhéthér the .changes observed in body
Weiéht, food¢consumption and body core &empefature occur in
response[to some\other effect of‘deprivation;or occur as part
of a generalﬂ?ffeét,of deprivatién on regulatory systgiéﬂ
including éleep; éannof be answered witﬁbut.furthér ex’eri-
““ﬁeﬁtat;on. Similarly,'more‘inforﬁation about the effécfs of

sensory deprivation on the relationship between the occurrence

of PGO waves, REMs and the frequency of hippocampal theta

A
A

iS I‘equii‘ed . .' [ . ?

\



. . v S G Y S REET
W ed Fn e en SRS LB 28T

PESR Y

e

BIBLIOGRAPHY

Adams, G.L., Yee. ﬁ.D., Hahn,'P.M. & Pearlman, J.T. Effect
of binocular and monocular patching on eye movements.
Archives of Ophthalmology, 1973, 90," 117-120.

'Ake§t, K., Koella, W.P. & Hess, R. Jr. Sleep prohuced'by

electrical stimulation of the thalamus. American
Journal of Physiology, 1952, 168, 260-267.

S . [ -
. Allen, S.R., Oswald, I.,.Lewis, S. & Tagney, J. The effects

" Arduwimi-—A. &-Hirao, T. On the mechanism of the EEG sleep

of distorted visual input oh sleep. Psychophysiology,
1972, 9, -498-504.

Andergson, B. & Larsson, B. Influence of local temperature
- _changes in- the- preoptic area and rostral “hypdthalamus

-on the regulation’ of food and water intake.. Acta
S Physiologica Scandinavica, 1961, 52, 22789.

Angelert,’ F., Marchesi,-G.F: & Quattiini, A.lBffects of
! “.».chronic thalamic lesions qggzg%’eléctrical activity

FK' y -of “the neocortex and on-sl¥ey. ' Archives italiennes

(> 7+ 'de Biclogie,” 1969; 107,.633-6 M\ :
b %rden, G.B. & Kelsey, J-H. . Changes produced.by light~in thé

A

standing potentia;\of the human eye. Jourpal of '~
Physiology, 1962, 161, 189-20k. N

patterns elicited by acute visuval deaff rentation.
< ' Archives italiennes de Biologie, 1959, 97, t40~-155.

Arduini, A. & Hirao, . EEG synchronization elicited by
light. Archives italiennes de Biologieyy&?éO, 98,
:275-292. S : .- \

X ‘ L4

Arduini, A. &.Pinneé. L.R. .Properties of the retina in

o response to steady illumination. ‘Archives italiennes

de Biolégie, 1962, 100, 425-448.

: Aéchoff;'J.5.Desynchroﬁiéatiﬁn;and4resyﬁchronizatibn of . human

circadian rhythms. ' AerSspace Medicine.-1969, 40, .
~81&4—8h:9" : ’ Co e . LR Lo ‘ .

|

" Aserinsky, E. "Effects of iliumination apd Sleep upon ampli-

* " tude ‘of ‘electroroculogran.
- 1955, 53y 542546, RS .

% Pt s
¥

Aré%;vgg of Qpptha;ﬁongyf



y

L

358

Aserinsky, E. The maximum capa01ty ‘for sleep: Rapld eye

movement density as an ‘index of sleep satiety. o
Biological Psychiatry, 1969, 1, 147- -159. ‘

" Aserinsky, E. Rapid e é movement densmty and pattern in the

sleep of normal young adults. Psychophysiology,
1971, 8, 361-375.. |

Aserinsky, ‘E. Relat;onshlp of rapid eye movement den31ty to

the prior ‘accumulation of sleep and wakefulness.
Psychophy31ology, 1973, 10, 5&5 558,

‘Aserinsky, E. & Kleltman, N. Regularly aoccurring periods of

eye motility and concomitant phenomena during sleep.
SclenCe, 1953, 118, 2?3—274

Aserlnsky E. & Kleitman, N.. Two typés of_ocular motility

.

occurring during sleep. Journal of Applied Physiology,
1955, 8, 1 10 ) . :

Baekland, F. Exerc1se deprlvatlon Sleep and psychologicai

Baker, J

N Batini \,

»

Batini,

. ,

Bat:.nl s

Batlnl;

reactions. Aréhlves of General Psychiatry, 1970,
22, 365-369. . .

., Gibson, A.; Glickstein, M. & Stein, J. Visual
cells in the pontine nuclei of the cat. Journal of

Physiology, 1976, 255, 415- 433. .- . “
C. Magnl, F.," Palestlnl, Poss1, G.F. & Zanchetti,
A, \Neural mebhanlsms\underlylng the endurlng EEG

and behavioral activation in the midpontine pretri- .
geminal cat. Archives.italiennes de Biologie, 1959b,
13 -25. ‘ /

C., Moruzz1, G., Palestini, M., ROSSl, G.F. & .
Zanchetti, A. Persistent patterns of wakefulness
in the pretrigeminal mldpontlne prepartion. Sclence,
1958 128 30 32. . ‘

- C., Moruzz;, G., Palestlnl § 3 ROSSl, G.F. &

" Zanchetti, A. Effects of complete pontine, fransections
. on the slegpzwakefulness rhythin:  The midpontine
pretrlgemlnal preparatlon. ‘Ardplves 1tallennes de.
Blolcgle, 1959a, 97, -12 .

QL. Palestrnl. Rossi,‘G Fi & Zanchettl, A. EEG
activatlon.patt ns in theé midpsntine pretrigeminal
.cat following 5ensory | deafferentatlcn. Arthives
1ta11ennes de.B&olog&e, 1959c. 9?”26 32~

3 . -7

-

. ,' P . . N foe e v Ny v . ~
& a0y "n.’l o . ' P Yo s “ Cs ' A
_— * ", PP . » o Y o « 1Y [}
o o ., . LA, . % ' ' T
- » 0 P - ‘o 3 A * *
A oW, w w e et e .

A



'Berlucchl, G., ‘Maff el, L.,~Moruzz1, G. & Strata, P. EEG and .

\ : . v | 359

Batsel, H.L. Electroencephakbgraphlc synchronization and
desynchronization in the chronic "cerveau lsole"
of the dog. Eléctroencephalography & Clinical
Neurophysiology, 1960; 12, 421-L430.

Batsel, H.L. Spontaneoug desynchronlzatlon in the thronic
cat "cerveau isole™. ArcHhives 1ta11ennes de Biologie, ®

1964, 102, 547 565.

Baust, W & Bohnert B. The regulatlon of heart rate during

sleep. Experlmental Braln Research 1969,
169-180. . ' 7

-~

- Bell, C., Sierra, G., Buendia.'N. & Segundo, J.P. Sensory

properties of neurons in the mesencephalic reticular
gggmaglon. Journal of Neurophysiology, 1964, 27, . )
~987 A PN

”Bellinger. L{L. & Bernardis, I.L. Mesencephalit lesions

followed by normophagia bq; decreased body weight.

Journal of Neuroseience R earch 1976 2, 47-56. \

o

Berger, R.J. Characteristics of REM Sleep following dlfferent
. rates of waking eye movement in the monkey. - .
Perceptual & Motor Skllls, 1968, 27, 99- -117. '

Berger, R.J.. Oculomotdr controlt “A’ p0331b1e function of
REM sleep.. Psychologlcal Rev1ew. 1969, 76, 1h4h-164,

Berger,.R.J. & Walker, J. M Oculomotor coordination following -
- . REM and non~REM sleép periods. -Journal of Experi-
mental Psychology, 1972 94, 216- g2,

behavioral effects elicited by_coollng of medulla and
pons. Archives 1ta11ennes de Blologie, 1964 102,
372-392. : : o

t”Berlucchl, Geye Maffel, L‘w Moruzz1, O & Strata, P. Mecanlames :

ypnogenes du tronc de 1' encephale antagonigtes du ‘
systeme retlculalre activateur, In: M. Jouvet (ed.) s
- £ onctlonnels de la ph 51010 ie du
5*sommei; " pp89=105. Gentre Natmonal~de la Recherche
Sc¢ent1fxque, Paris, 1965 : . S :

,,,,,,

i Berman, A. L. 'Egg Brg;n Sjem of the Cat« kucitoérdh;tectonlc

,Atlas with':Steteotaxic. Coordinates. 'The University
\af wlsconsin Press, Madigon, Wlscon51n, 1968,, :

.....

“\ A \!_ kY \\
. « b2 4 . . .‘. . « . | f

o™i,

,
.




. 360
Berman, N. & Daw, N. w. Comparison of the critical periods

for monocular and directional deprivation in cats.
Journal of Physiology, 1977, 265, 249-259.

~

Bexton, W.H:, Heron, W. & Scott, T.H. Effécts of decreased
-variation in the sensory enviromment. Canadian
Journal of Psychology, 1954, 8, 70-76.

N ) N

Beyer, C., Almanza,.J,, De La Torre, L. & Guzman-Flores, C.
Brain stem multi-unit'activity during "relaxation"
behavior in the female cat. Brain Research, 1971a,
29, 213-222, -

- Beyer, C., Almanza, J. De La Torre, L. & Guzman-Flores, C.

Effect of genital stimulation of the brain stem
multi-unit activity of anestrus and estrous cat
y Bralh Research. 1971b, 32, 143-150,

‘ BIzzx, E. & Brooks, D.C. - Functional connections between pon-

tine retlcular formation and lateral“genlculate
nucleuys during deep sleep. Archives italiennes de
Blologle, 1963, 101, 666-680. .

# .
Bizzi, E., Pompeiano, 0. & Somogyi, I. Spontaneous activity
. of single vestibular neurons of unrestrained cats
*  during sleep and wakefulness. Archives italiennes
de Biologie, 1964, 102, 308 -330, .

‘Blzzl. E. & Spencer, W.A. Enhancement of EEG synchrony in

the acute "cerveau isoleé". Archlves italiennes de
Bnologle, 1962, 100, 234-247. ’ s

',Blakemore, C.'& Van Sluyters, R.C. Reversal of ‘the physiol-

. " ogical effects.of momovcular deprlvatlon in kittens: -
‘Rurther: evidence for a sensitive perlodg Journal
of PhySLOIOgy, 1974, 237, 195- -216.

’ Bohiin.’G. Monotonous stlmulatlon, sleep onset and -habit-

1“Boland. B. D, & Dewsbury, D.A. Gharacterlstlcs of. sleep

wation of the orienting reaction. Electroenceph- ‘
.alogggphy & Cllnical Neurophys1ology, 1971, 31,
593"' 010 .

“following sexual ‘detivity and wheel running i aie

rats, Phy51ol é? & Behav;er. 1921,:6 1h ~1h9 ?

. B ,A‘n\‘.. N .
v - UL L ot L N . . A !




361

~

Bonvallet, M. & Allen, M.B. Jr. Prolonged spontaneous and
evoked reticular activation following discrete bulbar
lesions. Electroencephalography & Clinical Neuro-
physiology, 1963, 15, 969-988. :

Bonvallet; M. & Bloch, V. Bulbar control of cortical
arousal. Science, 1961, 133, 1133-1134.

[4

Bonvallet, M. & Dell, P. Contrdle bulbaire du systéme activ-
ateur. In: ‘M. Jouvet (ed.) Aspects anatomo-

fonctionnels de la physiologie du gommeil. Centre
National de la Recherche Scientifique, Paris, 1965.

Bonvallet, M. & Sigg, B. Etude electrophySLOloglque des
afférences vagales au niveau de leur penétration
dans le bulbe. Journal de Physiologie (Paris),
_1958' 50 63‘74

Bowker, R.M. & Morrison, A.R. The startle reflex and PGO .
.- spikes. Braln Research, 1976, 102, 185-190.

Bremer, F. Cerveau "isole" et’ physiologie du-sommeil.
Comptes Rendue de Societe de Blblogle (Paris), 1935,
118, 1235 1241. .

Bremer, F. L'act1v1te cerebrale au cours du soﬁmell et de
: la narcose. Contribution & 1'étude du mecanlsme du
zgmmgll ‘Bull. Acad. Roy. Med Belg., 1937, &4
8 \

ﬁfemery F. ‘Lfactivitg lectrique de 1'ecorce cérébrale et -
le probleme physiologique du "sommeil. Boll. Soc. -
Ital. Biol..Sper., 1938, 13, 271-290. S

. - “;
Bremer, F. Discussion of Hess' report p136: Hess, W.R.
- The ‘diéngphalic ‘sleep centre, pi17-136, In: , E.D.
Adrian, F. Bremer'& H H. Jasper (eds.) Brain
‘ Blackwel%a Oxford,

Bronz1 0, J., Mongane, P,J. & Stern, W C. EEG synchronization
v \following application of seyrotonin ta area postrema.
American Journal of Phy31ology, 1972, 223, 376«383.

Brooks. D. C. Local;zatlon ‘of "the 1a¢era1 genlculate nucleus
.monophasic waves, ‘aggociated with paradoxical sleep in
the cats Electroencephaiography & Cllnlcal Neuro-

;.phy51010gy, 1967a, 23,,123-133. « _

; O

. Ty

. ..*"". ke L :
. & [ ' . * )

sa N T e T . o

- - A i ~ L]

+ LI S RN

XL 1 kd L A
TN, “ . . . a

i



362

Brooks, D.C. Effect of -bilateral optic nerve section on
visual system monophasic wave activity in the cat.
Electroencephalegraphy & Clinical Neurophysiology,

\ 1967b, 23, 134-3h1.

Brooks, D.C. Localization and characteristics of the coxtical
waves associated with eye movement in cat. Exper
imental Neurology, 1968a, 22, 603-613. :

Brooks, D.C. Wa&es associated with eye movement in the awake
\ and sleeping cat. Electroencephalography & Clinical
Neurophysiology, 1968b, 24, 532-541, ‘

~ Brooks, D.C. & Bizzi, E. Brain stem electirical ac{ivity -7
during deep sleep. Archives italiennes de Biologie,
1963, 101’ 6“’8‘7665' - -

Brooks, D.C. & Gershon, M.D. Eye movement potentials in the
. oculomotor and visual systems of the cat: A compar-
. ison of reserpine induced waves with those present
~during wakefulness and rgpid eye movement sleep.
Brain Research, 1971, 27, 223-239.

Brobks, -D.C. & Gershon, M.D. ,An analysis of the effect of
. reserpine upon pontojﬁkniculo—qccipijal wave activity.
in the %atn Neuropharmacology, 1972, t1, 499-510.

Brooks, D.C. & Gershon, M.D: _Amine repletion in the reser- -
pinized cat: Effect upon PGO waves and REM sleep.
--Electroencephalography & Clinical Neurophysiology,

' 1977, 42:; 35"'“’?0 ) Ctw e .
Braoks, D.C., Gershon, M.D. & Simon, R.P. Brain-stem serotonin
: depletion and ponto-geniculo-occipital waves activity

in the cat treated with reserpine. Neuropharmacology,
1972, 11, 511-520. ~

[

. ¥ +
Brown,YB.B. Frequency and phase of hippocamp&lftheta:activ- \
' t . Vity in the -spontanecusly beHaving cat. Electro- W
: encephalography & Clinical Neurophysiology, 1968
. 2"4’“ 53“"62,_'_ o S - , . .

" Brown, D.L, & Salinger;.W.L.. Logs of X-cells.in lateral .
gefiiculate nucleus with monocular ‘paralysis: Neural
oplasticity in the adult cat. Science , 1975, 189,.
o -1011-1042, ¢ . o0 S Ty

\ "

v




363

]

Buchtél, H.A., Berlucchi, G. & Mascetti, G.G. Modifications
in visual perception and learning following immob-
ﬁ ‘ ilization of one eye in cats. Brain Research, 1972,

b . 37, 355.

* ) ‘
Buisseret, P. & Imbert, M. Visual cortical cells: Their
. ¢ developmental properties in normal and dark reared

kittens. Journal of Physiology, 1976, 255, 511-525.

3 Burke, W. & Hayhow, W.R.  Disuse in the lateral geniculate

nucleus of the cat. Journal of Phy51ology, 1968,
194, 495-519,

" Calvet, J., Calvet, M.C, & Langlois, J.M. Diffuse activation
waves during,. so-called desynchronized EEG patterns.
Journal of Neurophys;ology, 1965, 28, 893-907.

Camacho~Evangellsta, A. & Relnoso—Suarez, F. Aotlvatlng and

s synchronizing centers in cat brain: Electroencephalo-
p : grams after le31ons.\ Sclence, 1964, 146, 268-270.

¢ Candia, 0., Rossi, G.F. & Sekino, %. Brain stem structures
i . responsible for the electroencephalographic patterns

of desynchronized sleep. Science, 1967; 155,

g ‘ 720-722. -

] Carli, G. Anlmal hypnosis in the rabbit. The Psycﬁological
Record, 1977, 27(1), 123-1437 ‘

Carli, G., Armengol V. & Zanchettl, A. Bralnstem—llmblc‘°
. connectlons, and the electrog§aph1c aspects of deep

sleep in the cat. Archives italiennes de Biologie,
1965» 103, 725-750. :

Carll, G & Zanchettl, A. A study of pontlne le51ons supp-
.. ressing deep sleep in the cat. Archives 1tallennes
~ - - de ?lologle. 1965, 103, 751v788.‘

! Cespugllo, ., Laurent, J.P. A Calvo, J.M. Organ satlon
. ‘ anatomlque des act1v1tes phas1que provoguees par la

a

réserpine au niveau_du systeme oculo-moteur.

Eleétroencephalography-& Cllnlcal Neurophy31ology, l\ .
1976 4o, 1z~2u.y - .

Cespuglio, R., Laurent, J P. & Jouvet, M.. »Etude des relations '
. entre 1! ractivité pcntO*genxeulonocc1p1tale (PGO) o
e} la motricité oculaire chez le chat sous reserplne.
Braln Research, 19?5, 83, 319~335

.u‘ - T

4
Y, ~ " . . «
A . i
. N - . ' . o 0
- . , . A [ N . .
f . .
- . ’ N Al ‘ M - ’ b Il . LY
“wooee s L. K N
i - N " PR ] " . N A i .
. - . N . . Y, e
3 . N . . TN - - - » t . TR
Lt . . - - . . L . .
. s . . M . ‘, . . " N N R e e o
] W . L. s . R i - . . . . .
- ol - - . ’ T e P R T PR . -
AT e e ™ N Ly, o
’ B ~
.o ) P A




i
=

_— | 364

T T S U
e "“,"? o

- e
T &

Chase, M.H., Nakamura, Y., Clemente, C.D. & Sterman, M.B.
Afferent vagal stimulation: Neurographic correlates
of induced EEG synchronization and desynchronization.
Brain Rese?rch, 1967, 5, 236-249,

Chase, M.H., Sterman, M.B. & Clemente, C.D. Cortical and
subcortical patterns of response to afferent vagal

: sgiﬁulation. Experimental Neurology, 1966, 16,

kS 36-49, -

Chouvet, G. & Gadea-Ciria, M. Analyse sequentielle de 1'
: activité PGO chez le ‘chat. Electroencephg}ography
& Clinical Neurophysiology, 1974, 36, 597-607.,

e g ol

Chow, K.L. & Stewart, D.L. Reversal of structural and
. functional effects of long-term visual de rivat%on

' in cats. Experimentdl -Neurology, 1972, 34,
. 09-433. a’ :

\ ’

Chu, N.-S. & Bloom, F.E." Activity patterns of catecholamine-
¥ ‘ " containing pontine neurons in the dorso-lateral
ﬁg ) tegmentum of unrestrained cats. Journal of _.

' Neurobiology, 1974, 5, 527-54k, ‘ v

"
L.

L}

Claes, E. Contribution a 1'étude physiqlogique de la fonction
visuelle. I. Analyse oscillographique de l'activité
spontanée et sensorielle de l'aire visuelle corticale

- chez J® chat non‘anesthesié.. Arch. Int. Physiol.,

B e g T TORTE LR
S AT et Ral L

T, J) v:ir"

S
e b

Clausen, J., Sersen, E,A. & Lidsky, A. Sleep patterns in
'~ mental retardation: Down's syndrome. Electroen-
, cephalography & Clinical Neurophysiology, 1977,
43, 183-191. , S

Clemente, C.D., Sterman, M.B. & Wyrwicka, W. Post-reinforce- *
‘ . ment EEG synchronization during alimentary behavior..
. ﬁ Electroencephalography & Clinical Neurophysiology,.

‘ co o , : e o :
o Cohen, B. Vestibulo-ocular relations, pp105-1&8. In: P. Bach
' ", Y~-Rita & C.C. Collins (eds.) The Control of.Eye :

i

1 DI "\ Movements.| Academic Press, N.Y., 1971. ... -
] Co * Cohen, B. E'Eéldmgn,'MQ‘ Reia%idpship Qf,ele¢t§§c31 activity
Eé ", in pontine reticular formation and Iateral geniculate

% o ..~ body ‘to 'rapid eye movemen}s, ‘Jourhal of Neuro-

; -*. .7 .. vphysiologyy. 1968;. 31; 806-817. T

: ’ N : '\‘,’;"I“‘. SN

T .t “ y
- Ky . = v
. - e . N [
’ L. . . .-uf&: .
[ + b’r,"

VAR

. . . ., . B g
¥ 1 N e - LT ce v . A 11 oew a

e
—
P

8



365

Cohen, H.B., Dement, W.C. & Barchas, J.D. Effects of chlor-
‘ promazine on sleep in cats pretreated with para-
cglorophenylalanine\- Brain Research, 1973, 53,
363-371.

Cragg, B., Anker, R. & Wan, Y.K. The effect of age on
reversibility of cellular atrophy in the LGN of the
cat following monocular deprivation: K A test of two
hypotheses about cell growth. Journal of Comparative
Neurology, 1976, 168, 345-354,

t Crawford, F.T. & Prestrude, A.M. {(eds.) Animal Hypnosis:
Research and, Theory. ' Psychologicdl Record, 1977,
27 special issue (1), 1-218.

Creutzfeldt, 0.D. & Heggelund, P. Néural plasticity in visual
cortex of adult cats after exposure to visual
patterns. Science, 1975, 188, 1025-1027.

Crommelinck, M. & Roucoux, A. Characteristics of cat's eye
saccades in different states of alertness.. Brain
Research, 1976, 103, 574- 578

Cynader, M., Berman, N. & Hein, A. Recovery of function in
+ +cat visual cortex following $rolonged deprivation.
Experimental Brain Research, 1976,425, 139-156. '
Dallaire, A. & Ruckebusch, Y. Sleep patterns in the pony
_with-observations on partidl perceptual deprlvatlon.
Physiology & Behav1or, 1974, 12, 789-796,

Davies, P. & Jones, G:M. An adaptive neual model compatible
with plastic changes induced in the human vestibulo-
ocular reflex by prolonged optical reversal of
V181on. Brain Research, 1976 103, 546-550.

A %aw, N.W. & Wyatt, H.d. Klttens reared in an unidirectional
enviromment: Evidence for-a critical period.
. Journal of\Phy81ology, 1976, 257, 155-170.

De La Pena A., Zarcone, V. & Dement, W.Ct Correlation
%ween measures of the rapid ‘eye movements of
wakefulness and sleep. Psychopbysiology, 1973,
10 488""5000 L ‘. _

Dell,\P & Padel, Y. Rapid falling asleep provoked by
gelective stimulation of vagal afferents in the cat.
Electroancephala%raphy-& Cllnlcal Néurophsylology,
1965 , 18 ‘?20-?2 ) ‘

. . .-
- s v -~
. " .
. ' R . ] A f \
N . P ’ ! " ,” .- Y . f



366

Delorme, F., Froment, J.L. & Jouvet, M. Suppression du
sommeil par la p-chloromethamphetamine et p-chloro-
ghenylalanlne. Comptes Rendus des Seances de la

ociete de Biologie (Paris), 1966, 160, 2347-2351.

Delorme, F., Vimont, P. & Jouvet, D. Etude statistique du
cycle veille-sommeils chez le chat. Comptes Rendus
Des Seances deé la Societe de Blologle (Parls), 1964,
158, 2128-2130. ' .

Dement, W.C. The occurrence of low voltage, fast, electro-
encephalogram patterns during behavieral sleep in the
cat, Electroencephalography & Clinical Neuro-
physiology, 1958, 10, 291-296. :

A
« Dement, W. The effect of dream deprlvatlon. Science,«1960,\

Dement, W., Ferguson. J., Cohen, H. & Barchas, J. Non-chemi -
cal methods and data using a biochemical model: The
REM quanta, pp275-325. In: A. Mandel (ed.) Some
Current Issues in Psychochemical Research Strategies
in Man. Academic Press, New York, 1970. -

Dement, W.C. & Kleitman, N. Cyclic variations in EEG during
sleep and their relation t6 eye movements, body
motility and dreaming. Electroencephalography &
Cllnlcal Neurophy81ology, 1957a, 9, 673-690.

Dement, W.C. & Kleitman, N. The relatlon of .eye movements
during sleep to dream activity: An objective method
/" Tor the study of dreamlng Journal of Experimental
Psychology, 1957b, 53, 39 346, ‘

Dempsey, E.W. & Morison, BR. S. The productlon of rhythmlcally
recurrent cortical potentlals after localized
' thalamic stimulation. American Journal of PB’slology,
1911'2? 1351 293 300- “ -

* Dews, P. B. & wlesel T.M. Consequence :of-monocular depriv-
ation on visual behavior in kItlens. <Journal of to
Physxology, 1970, 206 437~ 455. - .

L]
.

o<

Doane, B.K. Changes in Vlsual Functlon wlth'}ercepzual .
. Isolatlon, Doctoral Thesis,. McGlll Unlver51ty, 1956

= Doane, B K., Mahatoo, Wey, Heron. He & S ott, T.H. Changes
'~ . - in perceptual function after iselation. Oanadlan
Jodrnal of* Psychology, 1959. 13» 210 219 :

g .
‘.‘. LR

Py



367

Doty, R.W. Potentials evoked imr cat cerebral cortex by
. diffuse and by punctiform photic stimuli. Journal
of Neurophysiology, 1958, 21, 437-L64.

Fg
"

Dirsteleéx, M.R., Garey, L.J. & Movshon, J.A.” Reversal of
- thg_morphological effects of monocular deprivation
in the kitten's lateral geniculate nucleus.
Journal of Physiology, 1976, 261, 189-210.

Edmonds, 5.C. & Adler, N.T. Food and light as entrainers of

clrcadian/running activity in the rat. Physiology &
Behavio¥, 1977a, 18, 915-919.

Edmonds, S.C. & Adler, N.T. The multiplicity of biological
oscillators in the control of circadian running

activity in the rat. Physiology & Behavior, 19770,
18, 921-930.

Ephron, H.S. & Carrington, P. Rapld eye movement sleep and

cortical homeostasis. Psychological Review, 1966,
73, 500-526.

Favale, E., Loeb, C., Rossi, G.F. & Sacco, G. EEG synchron-

' ization and behavioralssigns of sleep following low
frequency stimulation of the brain stem rgticular
formation. Archives italiennes de-Biologle, 1961, 99,
1-22. .

Feinberg, 1. Eye movement activity during sleep and intellec-
tual function in mental retardation. Science, 1968,

159, 1256.

Ferguson, J. & Dement, W. The effect of variations in total
slesp time on the occurrence of rapid eye movement
sleep in cats. Electroencephalography & Clinical
Neurophysi8logy, 1967, 22, 2-10. :

Fiorentini, A. & Maffei, L. Change of biocular properties
of the simple cells of the cortex in adult cats
following immobilization of one eye. Vision Research,
1974, 14, 217-218. \

Fishbein, W,M Schaumberg, H. & Weitzman, E.D. Rapid eye \\
movements during sleep in dark-reared kittens. /
Journal of Nervous & Mental Disease, 1966, 143, e
281-283. i . P

-

T e




& . ‘ 368

. Fishman, R. & Roffwarg, H.P. REM sleep inhibition by light

in the albino rat. Experimental Neurology, 1972,
36, 166-178. . a

. Fleming, T:C. & Evarts, E.V. Multiple response to photic
stimulation in cats. American Journal of Physiology,

1959, 197, 1233-1236.

Foutz, A.S., Ternaux, J.P. & Puizillout, J.J. Ies 4tades

: du sommeil de la preparation encephale isole: II
Phases paradoxales. Leur declenchement par la

, Stimulation des afferences baroceptives. Electro-:
encephalography & Clinical Neurophysiology, 1974,
37, 577-588.

Fuchs, A.F. & Ron, S. An analysis of rapid eye movements of
sleep in the monkey. Electroencephalography &
Clinical Neurophysimlogy, 1968, 25, 2u44-251.

Gaarder, K. A conceptual model of sleep. Archives of
General Psychiatry, 1966, 14, 253-260.

Gadea~Ciria, M. Etude des latences entre les activites
ponto-geniculo-occipitales au niveau du pont des
noyaux genicules lateraux et des muscles droits
externes chez le chat. Comntes Rendus des Sceances

de la Societe de Biologie (Paris), 1972, 166, 634-639,

Gadea-Ciria, M. Cerebellar control of activity of the feline
oculomotor system during paradoxical sleep.
Experimental Neurology, 1976a, 51, 263-265.

Gsdea-Ciria, M. Plasticity of ponto-geniculo-occipital
waves during paradoxical sleep after frontal lobe
lesions in the cat. Experimental Neurology, 1976b,
53, 328-338.

Gadea-Ciria, M. Sequential discharges of phasic activities -

" (PGO waves) during paradoxical sleep after selective

cortical lesions in the cat.® Archivec ftaliennes de
Biologie, 1976¢, 114, 399-408. <

Gadea-Ciria, M. Contribution of the frontal lobes to modula-
tion of phasic activities in the oculomotor system
during paradoxical sleep in the cat. Brain Research,
19773, 1209 314‘7“353' )

f

-
n b . ————




369

)

Gadea-Ciria, M. Sequential discharges of phasic waves in the
pontine oculomotor system during paradoxical sleep in
chronic mesencephalic and decorticate cats.
Electroencephalography & Clinical Neurophysiology,
1977b, 42,0R09-712.

Ganz, L. & Fitchy/M. The effect of visual deprivation on

perceptual behavior. Experimental Neurology, 1968,
22, 638-660.

Ganz, L., Fitch, M. & Satterberg, J.A. The selective effect
of visual deprivation on receptive field shape deter-
mined neurophysiologically. Experimental Neurology,

‘ 1968, 22, 6114'—637. -

Gastaut, H. & Bert, J. Electroencephalographic detection of
sleep induced by repetitive sensory stimuli, pp260-
283. In: G.E.W. Wolstenholme & M. O'Connor (eds.)
The Nature of Sleep. J. & A. Churchill Ltd.,
London, 1961.

Gonshor, A. & Malcolm, R. Effect of changes in illumination
level on electro-oculography (EOG). Aerospace
Medicine, 1971, 42, 138-140.

Gordon, B. & Gummow, L. Effects of extraocular muscle section'

on receptive fields in cat superior colliculus.
Vision Research, 1975, 15, 1011-1019.

Groves, P.M., Miller, S.W., Parker, M.V. & Rebec, G.V,
Organization by sensory modality in the reticular
formation of the rat. Brain Research, 1973, 54,
207"22}4- ’_“/"j

e

Guilford, J.P. Fundamental Statistics in Psychology and

Education. McGraw Hill Book Company, Toronto, 1965.

Hagamen, W.D. Responses of cats to tactile and noxious
stimuli. Archives of Neurology, 1959, 1, 203-215.

Harrison, . F. An attempt to produce sleep by diencephalic
stimulation. Journal of Neurophysiology, 1940,
\3' 156—1650

Headon, M.P. & Powell, T.P.S. Cellular changes in the

' eral>¢eniculate nucleus of infant monkey after
suture of “the eyelids. Journal of Anatomy, 1973,
116, 135-145

Hebb, D.0. The Organization of Behavior. A Neurophysiolog-
ical Theory. John Wiley & Sons Inc., New York, 1949.

A et BP0 o i, AT 73 o ot R R S T At A




370

Hernandez Peon, R. & Chavez Ibagra, G. Sleep induced by
‘electrical or chemical Stimulation of the forebrain.
Electroencephalography & Clinical Neurophysiology,
1963, Supplement 24, 188-198, iﬁ

Heron, W. The pathology of boredom. Scientific American.
1957, 196, 52-56.

Heron, W. Cognitive and‘physiological effects of perceptual
/ isolation, pp6-33. In: P. Solomon et. al. (eds.)
Sensory Deprivation. Harvard Universiry Press,
Cambridge, 1961.

Heron, W., Doane, B.K. & Scott, T.H. V¥isual disturbances
after prolonged perceptual isolation. Canadian
Journal of Psychology, 1956, 10, 13-18.

Heron, W., Tait, G. & Smith, G.K. Effects of prolonged
perceptual deprivation on the human electroencephalo-
gram. Brain Research, 1972, 43, 280-284,

Hess, E.H. Imprinting. Science, 1959, 130, 133-141.

Hess, W.R. The diencephalic sleep centre, ppl17-136. In:
E.D.- Adrian, F. Bremer & H.H. Jasper (eds.)
Brain Mechanisms and Consciousness. Blackwell,
Oxford, 1954.

Hickey, T.L., Spear,, P.D. & Kratz, K.E. Quantitative stué}es
of cell size in the cat's dogsal lateral geniculate
nucleus following visual deprivation/ Journal of
Comparative Neurology, 1977, 172, 26§-282.

Hoagland, H. Temperature characteristics of fhe "Berger
rhythm" in man. Science, 1936, 83, 84¥B5.

Hobson, J.A. The effects of chronic brainstemg%esions on
" cortical and muscular activity during eep and
waking in the cat. Electroencephalography &
Glinical Neurophysiology, 1965, 19, 41-62.
Hobson, J.A. Sleep after exercise. ., Science, 1968, 162,
1503-1505. ’

Hobsori, J.A., Alexander, J. & Frederickson, C.J. The effect
of lateral geniculate lesions on phasic electrical
activity of the cortex during desynchroniz sleep
in the cat. Brain Research, 1969, 14, 607%?21.

v’

2
.
4
H
:
¥
-
3
i
4
v
¢




-
¥

371

Hobson. J.A., McCarley, R.W., Freedman, R. & Pivik, R.T.
Time course of discharge rate changes by cat pontine
brainstem neurons during sleep cycle. Journal of
Neurophysiology, 1974b, 37, 1297-1309.

Hobson, J.A., McCarley, R.W., Pivik, R.T. & Freedman, R.
Selective firing by cat pontine brain stem neurons in
desynchronized sleep. Journal of Neurophysiology,

1974a, , 497-511.
974a, 37, 497-5 —~

Hobson, J.A., McCarley, R.W, & Wyzinski, P.W. Sleep cycle"
oscillation: Reciprocal discharge by two brainstem
neuronal groups. Science, 1975, 159, 55-58.

reduced proprioceptive drive causgd by neuromuscular
blocking agents. Electroencephaldgraphy & Clinical
Neurophysiology, 1962, th, 220-232. _

Hodes, R. Electirocortical synchronizétiéé resul ting from

Hoffman, K.P. & Cynader, M. Recovery in the LGN of the cat
after early visual deprivation. Brain Research,
1975, 85, 179,

Homer, L.D., Kolder, H. & Benson, D.W., Jr. Parameter varia-
tions of a model of the oscillation of the human
corneoretinal potential. Pflygers Archives , 1967,
294, 103-112.

Horne, J.A & Porter, J.M. Time of day effects with standard-
ized exercise upon subsequefit sleep. "Electroenceph-
alography & Clinical Neurophysiology, 1976, 40, 178-
184.

Horne, J.A. & Walmsley, B. Dayfime visual load and the effects
upon human sleep. Psyfhophysiology, 1976, 13, 115-120:

HOShan, K. & Pompelano, 0. Selective discharge of pontine
neurons during the postural atonia produced by an
.anticholinesterase in the decerebrate cat. Archives
italiennes de Biologie, 1976, 114, 244-277.

Hoshino, K. ?ompelano, 0., Magherini, P.C. & Mergner, T.
The 080111atory system responsible for the oculo-
motor activity during the bursts of REMs. Archives
italiennes de Biologie, 1976, 114, 278-309.

Howe, R.C. & Sterman, M.B. Cortical-subcortical EEG correlates
of suppressed motor behaviom during sleep and waking
in the cat. Electroencephalography & Clinical
Neurophysiology, 1972, 32, 681-695.

VY




, 372
‘, :

Howe, R/C. & Stermart, M.B. “omatosensory system evoked 2
potentials during waking behavior and sleep in the
cat. Electroencephalography & Clinical Neuro-
physiology, 1973, 34, 505-618.

Hubel, D.H. & Wiesel, T.N. The period of susceptibility to
the physiological effects of unilateral eye closure
in kittens. Journal of Physiology, 1970, 206,
L19-436.

L~]

o e s

Ingram, W.R., Barris, R.W. & Ranson, S.W. Catalepsy: An ’
experimental study. Archives of Neurology & ’
Psychiatry, 1936, 35, 1175-1197.

Iwamura, Y., Uchino, Y. & Kidokoro, Y. Blood pressure and
heart rate changes during pé?éwsleep in vagotomized
and atropinized cats. Brain Research, 1968, 7, -
182-190.

Jacobs, L., Feldman, M., Rabinowitz, M. & Bender, M.B.
Alterations of the corneo-fundal potential Jf the
eye during sleep. Electroencephalography & Clinical
Neurophysiology, 1973, 34, 579-586.

Jasper, H.H. Diffuse projection system. The integrative act-
jon of the thalamic reticular systems. Electro-
encephalography & Clinical Neurophysiology, 1949, .
1, L05-420. e .

Jasper, H.H. & Andrews, H.L. Electro-encephalography III.

Normal differentiation of occipital and precentral

regions in man., Archives of Neurology & Psychiatry,

1938, 39, 96-115. ‘

Jeannerod, M. & Kiyono, S. Décharge unitaire de la formation
rétigulée pontique-et activite phasique ponto-geniculo-
occipitale chez le chat sous réserpine. Brain
Research, 1969a, 12, 112-128.

Jeannerod, M. & Kiyono, S. Effets de la reserpine sur la .
reponse reticulaire aux stimulations sensorielles. ¥,
Brain Research, 196%9b, 12, 129-137. ‘

Jeannerod, M., Mouret, J. % Jouvet, M. Etude de la motricite
oculaire au cours de la phase paradoxale du sommeil e
chez le chat. Elec'troencephalography & Clinical
Neurbphysiology, 1965, 18, 554-566.




373

Jeannerod, M. & Sakai, K. Occipital and geniculate potentials
related to eye movements in the unanaesthetized cat,
Brain Research, 1970, 19, 361-377.

Jones, G. & Pasnak, R. Light deprivation and visual-cliff
performance in the adult cat. Psychonomic Science,
1970, 21, 278-279.

Jones, G.M. & Davies, P. Adaptation of cat vest®bulo-ocular
reflex to 200 days of optically revefrsed vision.
Brain Research, 1976, 103, 551-554.

Jones, G.M. & Sugie, N. Vestibulo-ocular responses in man

. during sleep. Electroencephalography & Clinical

i Neurophysiology, 1972, 32, 43-53. .

Jouvet, M. Recherches sur le structure nerveuses et les
mecanisms responsables des differentes phases du
sommeil physiologique. Archives italiennes de
Biologie, 1962, 100, 125-206. -

Jouvet, M. Neurophysiology of the states of sleep. Physiol-
I\\\v ogical Reviews, 1967, 47, 117-177. .

Jouvet, M. Biogenic amines and the states of sleep.
Science, 1969, 163, 32-41.

Jouvet, M. The role of monoamines and acetylcholine-con-

tainine neurons in the reguldtion of the sleep- 5
waking cycle. Ergebnisse der Physiologie, 1972, 64,
166-307.

Jouvet, M. & Michel, F. Corrélations electrmyographic du
sommeil chez le chat decortique et mesencephalique
chronique. Comptes Rendus des Sceances de la
Societe de Biologie (Paris), 1959, 153, 422-425.

Jouvet, M. & Renault, J. Insomnie persistante apres lesions
des noyaux du raphe chez 1e chat. Comptes Rendus des
Sceances de la Societe de Biologie, 1966, 160, 1461-1465.

Kaas, J.H., Guillery, R.W. & Allman, J.M. Some principles of -
organization in the dorsal lateral geniculate nucleus.
Brain, Behavior.and Etolution, 1972, 6, 253-299.

Karczmar, A.G., Longo, V.G. & Scotti de Carolis, A. A
pharmacological model of paradoxical sléep: The role
of cholinergic and monoamine systems. Physiology &
Behavior, 1970, 5, 175-18Z. e :



374

Kawamura, H. & Yamamoto, K. ~Specific activation and induced
spindle bursts in the auditory system. Japanese
Journal of Physiology, 1961, 11, 260-269.

Khananashvili, M.M. & Bogoslovskii, M.M. Electrographic
manifestations of sleep in the neuronally isolated
cat cortex. Neurofiziologiya, 1976, 8, 559-567.
(translated from Russian) i

Kim, C., Choi, H., Xim, C.C., Kim, J.K., Kim, M.S., Park, H.J.
& Ahn, B.T. Effect of hippocampectomy on sleep
patterns in cats. Electroencephalography & Clinical
Neurophysiology, 1975, 38, 235-243.

Kimura, D. Multiple response of visual cortex of the rat
to photic stimulation. Electroencephalography &
Glinical Neurophysiology, 1962, 14, 115-122. .

Kiyono, S., Kawamoto, T, Sakakura, H. & Iwama, K. Effects
of sleep deprivation upon the paradoxical phase of
sleep in cats. Electroencephalography & Clinical
Neurophysiology, 1965, 19, 34-~#0.

Kleitman, N. Studiés on‘the physiology of sleep. V. Some
experiments on puppies. American Journal of
Physiology, 1927, 84, 386-395.

Kleitman, N. Sleep and Wakefulness. University of Chicago
Press, Chicago, 1939. . .

Kleitman, N. & Camille, N Studies on the physiology of
sleep. VI. The behavior of decorticated dogs.
American Journal of Physiology, 1932, 100, 474-480. ©

Klemm W.R. Identity of sensory and motor systems that are
critical to the immobility reflex (Animal hypnosis):
The Psychological Record, 1977, 27(1), 145-159.

Koella, W.P., Feldstein, A. & Czicman, J.S. The effect of
para-ch ophenylalanine on the sleep of cats.
. Electrotncephalography & Clinical Neurophysiology,
1968, 25, 481-490.

Konorski, J. Conditioned Reflexes and Neuron Organization.
Cambridge University Press, Cambridge, 1948,

Konrad, K.W. & Bagshaw, M. Effects of novel stimuli on cats
reared inm a restricted environment. Journal of
' Compagative & Physiological Psychology, 1970, 70,
157-164,



375

Kratz, K. & Spear, P.D. Effects of visual deprivation and
alterations in binocular competition on responses of
striate cortex neurons in the cat. Journal of
Comparative Neurology, 1976, 170, 141-151.

Kratz, K.E., Spear, P.D. & Smith, D.C. Postcritical-period
reversal of effects.of monoculsr deprivation on
striate cortex cells in the cat. Journal of
Neurophysiology, 1976, 39, 501-511.

Kris, C. Diurnal variation in periorbitally measured eye
potential level. BElectroencephalography & Ckinical
Neurophysiology, 1957, 9, 382. -

Kris, C. Cornéoffundal potgntial variations during light
and dark adaptation. Nature,*1958, 182, 1027-1028.

Kris, C. Vision: Electro-oculography, pp692-700. In:
0. Glasser (ed.) Medical Physics, Volume 3. Year
BOél Publisher Inc., CRjcago, 1960.
' \

Kubzansky, .E. The effects of reduced environmental stimu-
lation on human behavior: A reviewp pp51-95. In:
A.D. Biderman & H. Zimmer (eds.) The Manipulation
of Human Behavior. John Wiley & Sons, New York, 1961.

Kuffler, S.W., Fitzhugh, R. & Barlow. H.B. Maintained
activity in the cat's retina in light and darkness.
Journal of General Physiology, 1957, k0, 683-702.

Laurent, J.P., Cespuglio, R. & Jouvet, M. Delimitation des
voies ascendantes de 1l'activité ponto-géniculo-
occipitales chez le chat. Brain Research, 1974,

65 [] 29"52 .

Laurent, J.-P. & Guerrero, F.A. Reversible suppression of
ponto-geniculo-occipital waves by localized cooling
during paradoxical sleep in cats. Experimental
Neurology, 1975, 49, 356-369. )

Laurent, J.-P., Guerrero, A. & Jouvet, M. Reversible sup-
pression of the geniculate PGO waves and of the
concomitant increase of excitability of the intra-
geniculate optic nerve terminals in cats. Brain
Research, 1974, 81, 558-563.

Lindsley, D.B. Common factors in sensory deprivation, sensory
distortion and sensory overload. ppl74-194. In:
P2 Solomon et. al. (eds.) Sensory Peprivation.
Harvard University Press, Cambridge, 1961.




376

Lindsley, D.B., Bowden, J.W. & Magoun, H.W. Effect upon the
EEG of acute injury to the brain stem activating
system. Electroencephalography & Clinical Neuro-
physiology, 1949, 1, 475-486.

Lindsley, D.B., Schreiner, L.H., Knowles, W.B. & Magoun, H.W.
Behavioral and EEG changes following chronic brain
stem lesions in the cat. Electroencephalography &
Clinical Neurophysiology, 1950, 2, 483-498.

Linnstaedter, L. The Effects of Operantly Conditioning
Lateral Geniculate Spiking During Wakefulness on
Paradoxical Sleep in the Owl Monkey (Aotus Triverggtusl@
PhD Thesis, Emory University, 1971.

LoPiccolo, M. Behavioral and Neuronal Effects of EEG Synchron-
izing Stimuli in the Cat. Unpublished PhD Thesis,
McMaster University, 1977.

Lorente de No, R. Vestibulo-ocular reflex arc. Archives of
Neurology & Psychiatry, 1933, 30, 245-291.

Lorenz, K. Uber die Bildung des Instinkbegriffes. Naturwiss,
19371 25, 289"3000

Maffei, L. & Fiorentini, A. Asymmetry of motility of the
eyes and changes of binocular properties of cortical
cells in adult cats. Brain Research, 1976, 105,
73-78.

'Magherini, P.C., Pompeiano, O.-& Thoden, U. Cholinergic
mechanisms related to REM sleep. I. Rhythmic activity
of the vestibdlo-oculomotor system induced by an
anticholinesterase in the decerebrate cat. Archives
jtaliennes de Biologie, 1972, 110, 234-259.

Magnes, J., Moruzzi, G. & Rompelano, O. Synchronization of
the EEG prodiced by low-frequency electrical stimu-
lation of the region of the solitary tract.
Archives italiennes de Biologie, 1961, 99, 33-67.

Magni, F., Moruzzi, G., Rossi, G.F. & Zanchetti, A. EEG

) arousal following .inactivation of the lower brain
stem by selective injection of barbiturate into the
vertebral circulation. "Archives italiennes de

Biologie, 1959, 97, 33-46.-



377

Magoun, H.W., Harrison, F., Brobeck, J.R. & Ranson, S.W.
Activation of heat loss mechanism by local heating of
the brain. Journal of Neurophysiology, 1938, 1,
101-11“"

Magoun, H.W. & Rhines, R. An inhibitory mechanism in the
bulbar reticular formation. Journal of Neurophysiol-
ogy, 1946, 9, 165-171.

Malcolm, L.J., Watson, J.A. & Burke, W. PGO waves as unitary
events. Brain Research, 1970, 24, 130-133.

Marczynski, T.J. & Sherry, C.J. Induction of sleep and
"reward contingent positive variation” by photic
stimuli in cat. Experimental Neurology, 1972, 34,
103-114.

Mafg, E. Development of electro-oculography. Archive
_of Ophthalmology, 1951, 45, 169-185.

Mazzella, H., Garcia-Austt, E. & Garcia-Mullin, R. Carotid
sinus and EEG. Electroencephalography & Clinical
Neurophysiology, 1956, 8, 155.

McCarley, R.W. & Hobson, J.A. Discharge patterns of cat
pontine brain stem neurons during desyn¢hronized
sleep. Journal of Neurophysiology, 1975a, 38,
751-766.

McCarley, R.W. & Hobson, J.A. Neuronal excitability modula-
tion over the sleep cPcle: A structural and mathe-
matical model. Science, 1975b, 159, 58-60.

McGinty, D.J. Somnolence, recovery and hyposomnia following
ventro-medial diencephalic lesions in the cat.
Electroencephalography & Clinical Neurophysiology,
1969a, 26, 70-79.

‘McGinty, D.J. Effects of prolonged isolation and subsequent
enrichment on sleep patterns in kittens. Electro-

encephalography & Clinical Neurophysiology, 1969b, 26,

332.

\McGinty, D.J. & Harper, R.M. Dorsal raphe neurons: Depres-
sion of firing during sleep in cats. Brain Research,
1976, 101, 569-575. ’

McGinty, D.J. & Sterman, M.B. Sleep suppression after basal
forebrain lesions in the cat. Science, 1968, 160,

1253-1255.

ORI E R WAV,




' 378

Melzack, R. Effects of early experience on behavior: Exper-
imental and conceptual considerations. pp?71-299.
In: P.H. Hoch & J. Zubin (eds.) Psychopathology of
Perception. Grune & Stratton, New York, 1965. .

Mendelson, J., Kubzansky, P., Leiderman, P.H., Wexler, D.,
DuToit, €. & Solomon, P. Catecholamine excretion and
behavior during sensory deprivation. Archives of
General Psychiatry, 1960, 2, 147-155.

quf eating

Miller, R.E., Caul, W.F. & Mirsky, I.A. Pattern
and drinking in socially-isolated rhesus mor
Physiology & Behavior, 1971, 7, 127-134.

Miller, R.E., Mirsky, I.A., Caul, W.F. & Sakata, T. Hyper-
phagia and polydipsia in socially isolated rhesus
monkeys. Science, 1969, 165, 1027-1028.

Mills, J.N., Minors, D.S. & Waterhouse, J.M. The circadian
rhythms of human subjects without timepieces or
indications of the alternation of day and night.
Journal of Physiology, 1974, 240, 567-594.

Morgane, P.J. Medial forebrain bundle and “feeding centers” of

the hypothalamus. Journal of Comparative Neurology,
1961, 117' 1"25.

Morison, R.S. & Bassett, D.L. Electrical activity of the
thalamus and basal ganglia in decorticate cats.
Journal of Neurophysiology, 1945, 8, 309-314. © g

Morison, R.S. & Dempsey, E.W. A study of thalamo-cortical
relations. Journal of Physiology, 1942, 135, 281-292.

Morrison, A.R. & Pompeiano, 0. Vestibular influences during
sleep. I1I. Effects of vestibular lesions on the
pyramidal discharge during desynchronized sleep.
‘Archives italiennes de Biologie, 1966, 104, 214-230.

Moruzzi, G. Synchronizing influences of the brain stem and
the inhibitory mechanisms underlying the production
of sleep by sensory stimulation. In: H.H. Jasper
& G.D. Smirnov (eds.) Moscow Colloguium, 1958.
Electroencephalography & Clinical Neurophysiology,
1960, Supplement 13, 231-256.

Moruzzi, G. Active processes in the brain stem during sleep.
*Harvey Lectures, 1963, 58, 233-297.

e

-



379

Moruzzi, G. The historical developemnt of the deafferentation
hypothesis of sleep. Proceedings of the American
Philosophical Society, 1964, 108, 19-28.

Moruzzi, G. 3leep and instinctive behavior. Archives
italiennes de Biologie, 1969, 107, 175-216.

Moruzzi, G. The sleep-waking cycle. Ergebnisse der
Physiologie, 1972, 64, 1-165.

Moruzzi, G. & Magoun, H.W. Brain stem reticular formation
and activation of the EEG. Eleptroencephalography
& Clinical Neurophsiology, 19u¢, 1, 455-473.

Mavshon, J.A. Reversal of the physiological effects of
monocular deprivation in the kitten's visual cortex.
Journal of Physiology, 1976a, 261, 125-174. A

Movshon, J.A. Reversal of the behavioral effects of mono-

: cular deprivation in the kitten. Journal of
Physiology, 1976b, 261, 175-187.

Movshon, J.A. & Blakemore, C. Functional reinnervation in
kitten visual cartex. Nature, 1974, 251, 504-505,

Mowrer, 0., Ruch, T.C. & Miller, N.E. The corneo-retinal
potential difference as the basis of the galvano-
metric method of recording eye movements. American
Journal of Physiology, 1936, 114, 423-428.

Murphy, C.W., Kurlents, E., Cleghorn, R.A. & Hebb, D.O.
Absence of increased corticoid excretion with th:;
stress of perceptual deprivation. Canadian Journ:i
of Biochemical Physiology, 1955, 33, 1062-1063.

Nakayama, T., Hammel, H.T., Hardy, J.D. & Eisenman, J.S.
Thermal stimulation of electrical activity of single
units of the preoptic region. American Journal of
Physiology, 1963, 204, 1122-1126.

Nauta, W.J.H. Hypothalamic regulation of sleep in rats. An
experimental study. Journal of Neurophysiology,
1946, 9, 285-316. ) '

Nauta, W.J.H. & Haymaker, W. Hypothalamic huclel and fiber .

connections, ppl136-209. 1In: W. Haymaker, E.
Anderson & W.J.H. Nauta (eds.) The Hypothalamus.
Charles C. Thomas, Springfield, 1969.

o~

L ] s

-

W AT 4 P R T e (7 e

Py




~

&

Netick,

Ornitg,

Ornitz,

£

Ornitz,

Oswald,

“

Oswald,

Oswald,

N 380

-

A., Orem, J. & Dement, W. Neuronal activity specific
to REM sleep and its relationship to breathing.

* Brain Research, 1977, 120, 197-207.

E.M. Development of sléep patterns in autistic
children, pp363-381. 1In: C.D. Clemente, D.P.
Purpura & F.E. Mayer (eds.) Sleep and the Maturing
Nervous pystem. Academic Press, New York, 1972.

E.M., Forsythe, A.B. & De La Pena, A. The effect of
vestibulay and auditory stimulation on the rapid eye
movements of REM sleep in normal children. Electro-
encephalography & Clinical Neurophysiology, 1973,
34, 379- 39QA

thé&\ E.R., Brown, M.B., La Franchi, 5.,
Parmelee, Ts & Walter, R.D. The EEG and rapid eye
movements during REM sleep in normal and autistie
children. Elec%roencephalography & C¥inical
Neurophysiology, 1969, 26, 167-175.

I. Experimental studies of rhythm, anxiety and cere-
bral vigilance. Journal of Mental Science, 1959,
105, 269-294. - )
I.' Falling asleep’'open-eyed during intense rhythmlc
stimulation. British Medical Journal, 1960, 1,
1450-1455.

I. Human brain brotein, drugs and dreams. Nature,
1969, 223, 893-897.

Pangborn, R.M. & Sharon, I.M. Visual deprivation and parotid

response to cigarette smoking. Physiology & Behavior,
1971, 6, 559-561. .

ad

Parmeggiani, P.L. Sleep behavior elicited by electrical

A o

s#timulation of cortical and subcortical structbures
in the cat. Helvica Physiologica Acta, 1962, 20,
3“7—367 '

s &

Parmegglanlv P.L., Agnati, L F., Zamboni, G. & Cianci, T.

Hypgthalamlc temperature during the sleep cycle at
different ambient temperatures. Electroepcephalo-
graphy '& Clinical Neurophy81ology, ‘1975, 38, '
589*596‘

‘ -
v )

P ——




381

Parmeggiani, P.L., Franzini, C., Lenzi, P. & Zamboni, G.
Threshold of -respiratory responses to preoptic
heating duting %leep in freely moving cats.
Brain Research, 1973, 52, 189-201. ¢

Parmeggiani, P.b. & Rabini, C. Sleep and environmental

temperaturé. . Archives italiennes de Biologie, 1970,
108, 369-387. ’

3 ParmeggianY, P.L. & Sabattini, L. Electromyograpq;c aspects
. of postural, respiratory and thermoregulatory mechan-
\ isms in sleeping cats. Electroencephalography & X
Clinical Neurophysiology, 1972, 33, 1-13.

. !

Pasik, P., Pasik, T. & Bender, M.B. .Recovery of the electro- ’
oculoggam after total ablation of the retina in
monkeys. Electroencephalography & Clinical
Neurophysiology, 1965, 19, 291-297.

\
Pavlov, I.P. Conditioned Reflexes. An Investigation of the
® Physiological Activity ef the Cerebral Cortex.
| Translated by G.V. Anrep. Dover Publications Inc.,
New York, 1927.

Perenin, M.T. & Jeannerod, M. Lesions internucleaires: Effets
sur la motricite oculaire pendant 1l'eveil et le
. sommeil paradoxal chez le chat. Brain Research, 1971,
32, 299-310.

. Perenin, M.T., Maeda, T. & Jeannerod, M. Are vestibular
nuclei responsible for rapid eye movements of para- '
doxical sleep? Brain Research, 1972, 43, 617-621.

Petre-Quadens, 0. & de Lee, C. Eye-movements during sleep:
A common critefion of learning capacities and endo-
crine activity. Developmental Medicine & Child
Neurology, 1970, 12, 730-740.

2] ’ . ] 3
Az?ettigrew, J.D. The effect of visual experience on the o
development of stimulus specificity by kitten cortical

neurones. Journal of Physiology, 1974, 237, 49-74.

Pivik, R.T., ‘McCarley, R.W. & Hobson, J.A. Eye movement -
associated discharge in brain stem reurons during
desynchronized sleep. Brain Research, 1977, 121,
59-76.




' 382

, {
Pompeiano, 0. Mechanisms of sensorimotor integration durin
sleep, ppl-179. 1In: E. Stellar & J.M. Sprague (eds.)

Progress in Physiological Psycholoey (Vol.13).
Academic Press, New York, 1970.

Pompeiano, 0. & Hoshino, K. Tonic inhibition of dorsal
pontine neurons during the postural atohia produced
by an anticholinesterase in the decerebrate cat.
Archives italiennes de Biologie, 1976, 114, 310-340.

Pompeiano, 0. & Morrison, A.R. Vestibular influence during
sleep. I. Abolition of the rapid eye movements of
desynchronized sleep following vestibular lesions.
Archives italiennes de Biologie, 1965, 103, 5$69-595. %

Pompeiano, 0. & Morrison, A.R. Vestibular influences during
sleep. III. Dissociation of the tonic and phasic
inhibition of spinal reflexes during desyncHronized
sleep following vestibular lesions. Archives
italiennes de Biologie, 1966, 104, 231-246,

Pompeiano, 0. & Swett, J.E. EEG and behavioral manifestations,
of sleep induced by cutaneous nerve stimulation in
normal cats. Archives italiennes de Biologie, 1962a,
100, 311-342.

Pompeiano, 0. & Swett, J.E. Identification of cutaneous and
muscular afferent fibers producing EEG synchronization
or arousal in normal cat. Archives italiennes de
Biologie, 1962b, 100, 343-380,

Pompeiano’ 0. & Swett, J.E. fctions of graded cutaneous and
nmuscular afferent volleys on brain stem units in the
decerebrate cerebellectomized cat., Archives
italiennes de Biologie, 1963, 101, 553-583.

Pompeiano, 0. & Valentinuzzi, M. A mathematical model for
the mechanism of rapid eye movements induced by an
anticholinesterase in the decerebrate cat. Archives
italiennes de Biologie, 1976, 114, 103-154,

Potter, W. & Heron, W. Sleep during perceptual deprivatibn.
: Brain Research, 1972, L0, 534-539.

Puizillout, J.J. & Foutz, A.S. Vago-aortic nerves stimulation
and REM sleep: Evidence for a REM-triggering and a
REM-maintenance factor. Brain Research, 1976, 111,
181-184,




383

Pu1z1flout J.J. & Ternaux, J.P. Endormement vago-aortique
apres section saggittale mediane du tronc cérebral
et apres administration de p-chlorophenylalanine,
ou destruction des noyaux du Raphe. Brain Research,
1974, 70, 19-42.

Pujol, J.-F., Buguet, A., Froment, J.-L., Jones, B. & Jouvet,
M. The central metabolism of serotonin in the cat
. dyring insomhia. A neurophysiological and biochemical
udy after administration of p-chlorophenylalanine
or destruction of the raphe system. Brain Research,
1971, 29, 195-212.

Ranson, S.W. Somnolence caused by hypothalamic lesions in
the monkey. Archives of Neurology & Psychiatry,
1939, 41, 1-23.

Riesen: A.H. The development of visual perception in man ’
and chimpanzee. Science, 1947, 106, 107-108.

Riesen, A.H. Excessive arousal effects of stimulation after
early sensory deprivation. pp34-40. In: P. Solomon
et. al. (eds.) Sensory Deprivation. Harvard Univers-
ity Press, Cambridge, 1961a.

Riesen, A.H. Stimulation as a requirement for growth and
function in behavioral development. pp57-80. In:
D.W. Fiske & S.R. Maddi (eds.) Function Varied

Exzerience. The Dorsey Press Inc., Homewood, Ill.,
19 1bo ‘

Riesen, A.H. Effects of visual deprivation on perceptual
function and the ‘neural substrate. ppl7-66.
J. de Ajuriaguerra (ed,) Desafferentation Experlmentale
~et8011n1que. Georg & Cie S.A., Geneve, Switzerland,
1965.

Riesen, A.H. Sensory deprivation pp117-147. In: E. Stellar
& J.M. Sprague (eds.) Progress in Physiological-
Psychology. Academic Press, New York, 1966.

Rizzolatti, G. & TPradardi, V. Pattern discrimination in ‘
monocularly reared cats. Experimental -Neurology, *
1971, 33, 181-194. ‘




384
B

Roberts, W.W., Berquist; E.H. & Robinson, T.C.L. Thermoreg-
ulatory grooming and sleep-like relaxation induced by
local warming of preoptic area and anterior hypo-
thalamus in opossum. Journal of Comparative &
Physiological Psychology, 1969, 67, 182-188.

Roberts, W.W. & Robinson, T.C.L. Relaxation and sleep induced

by warming of preoptic region and anterior hypo-
thalamus in cats. Experimental Neurology, 1969,
25, 282-294,

Robinson, D.A. The mechanics of human saccadic eye movement.
Journal of Physiology, 1964, 174, 2u45-26U4,

Robinson, T.E., Kr¥mis, R.C. & Vanderwolf, C.H. Two types
of cerebral activation during sleep: relations to
behavior. Brain Research, 1977, 124, 844-549,

Rodieck, R.W. Maintained activity of cat retinal ganglion
cells. Journal .of Neurophysiology, 1967, 30,
1043-1071.

Roelofs, G.A., Van Den Hoofdakker, R.H. & Prechtl, H.F.R.
Sleep effects of subliminal brain stimulation in
cats. Experimental Neurology, 1963, 8, 84-92.

Roffwarg, H.P., Muzio, J.N. & Dement, W.C. Ontogenetic
development of the human sleep cycle. Science,
1966, 152, 604- 619.

Roger, A., Rossi, G.F. & Zirondoli, A. Le rdle des nerfs
craniens dans le maintien de l'etat vigile de la
preparation "encephale isole". Electroencephalo-
graphy & Clinical Neurophysiology, 1956, 8, 1-13.

Roitbak, A.I. Electrical phenomena in the cerebral cortex
.during the extinction of orientation and conditioned
reflexes. Electroencephalography & Clinical
Neurophysiology, 1960, supplement 13, 91-100.

Ross, D.A. & Schwab, R.S.  The cortical alpha rhythm in
thyroid disorders. Endocrinology, 1939,.25, 75-79.

Roth, G.I., Walton, P.L. & Yamamoto, W.S. Area postrema:
Abrupt EEG synchronization following close intra-
arterial perfusion with serotonin. Brain Research,
1970, 23, 223-233. '

S

Py



7 385

Roth, S.R., Sterman, M.B. & Clemente, C.D. Comparison of
EEG correlates of.reinforcement, internal inhibition
and sleep. Electroencephalography & Clinical
Neurophysiology, 1967, 23, 509-520.

Roussel, B:, Pujol, J.F. & Jouvet, M. Effets des lesions du
tegmentum pontique sur les etats de sommeil chez le

rat. Archives italiennes de Biologie, 1976, 114,
188-209. .

rch. Entwicklungsmech. Organ.

Roux, W. Einleitun%.
1895, 1, 1-k2.

Rubin, M.A., Cohen, L.H. & ¥oagland, H. The effect of art-
ificially raised metabolic rate on the electro-
encephalogram of schizophrenic patients. Endocrino-
1Ogy' 19‘371 21: 536“52"'0' ’

Ruch~Monachon, M.A., Jalfre, M. & Haefely, W. Drugs and PGO
waves in the lateral geniculate body of the curarized
cat. V. Miscellaneous compounds. Synopsis of the
role of central neurotransmitters on PGO wave activity.
Archives Internationales de Pharmacodynamie et de
Therapie, 1976, 219, 326-346.

Ruckebusch, Y. & Gaujoux, M. Sleep patterns of the labora-
tory cat. Electroencephaloﬁraphy-& Clinical
Neurophysiology, 1976, 41, 483-490.

Rusak, B. & Zucker, I. Biological rhythms and animal behavior.
Annual Review of Psychology, 1975, 26, 137-171.

Sazito, H., Sakai, K. & Jouvet, M. Discharge patterns of the
nucleus parabrachialis lateralis neurons of the cat
during sleep and waking. Brain Research, 1977, 134,
59"72 .

Sakai, K. & Cespuglio, R. Evidence for the presence of eye
movement potentials during paradoxical sleep in cats.
Electroencephalography & Clinical Neurophysiology,
1976, b1, 37-=48. |

Sakai, K., Petitjean, F, & Jouvet, M. Effects of ponto-
N mesencephalic lesions .and electrical stimulation upon
\\} PGO waves and EMPs in unanaesthetized cats. Electro-
(- ﬁnceﬁhaéography & Clinical Neurophysiology, 1976,

1, 9-63. '




- 386

Sakai, K., Sano, K. & Iwahara, S. Eyé movements and hippo-
campal theta activity in cats. Electroencephalo-
graphy & Clinical Neurophysiology, 1973, 34, 547-549.

Salinger, W.L., Schwartz, M.A. & Wilkerson, P.R. Selective
loss of lateral geniculate cells in the adult cat
after chronic monocular paralysis. Brain Bgsearch,
1977a, 125, 257-263. 2§

Salinger, W.L., Schwartz, M.A. & Wilkerson, P.R.. Selective
cell loss in the lateral geniculate nucleus of adult
cats following binocular 1lid suture. Brain Research,
1977b, 130, 81-88.

Salzarulo, P., Pécheux, M.-G. & Lairy, G.C. A vecto-oculo-
graphic approach to fast sleep eye movements in man.
Electroencephalography & ‘Clinical Neurophysiology,
1973) 341 539'5”2'

Sano, K., Iwahara, S., Senba, K., Sano, A. & Yamazaki, S. Eye
movements and hippocampal theta activity in rats.
Electroencephalography & Clinical Neurophysiology,
1973! 35v 621'6%5'

Sawyer, C.H. Some effects of hormones on sleep, Experimental
Medicine & Surgery, 1969, 27, 177-186. L

Schapiro, H., Britt, L.G. & Dohrn, 0.D. Sensory deprivation
on visceral activity. IV. The effect of temporary
visual deprivation on canine gastric secretion.
American Journal of Digestive Diseases, 1973, 18,
573-575.

Schapiro, H., Britt, L.G., Gross, C.W. & Gaines, K.J.
Sensory deprivation on visceral activity. III. The
-, effect of olfactory deprivation on canine gastric
; secretion, Psychosomatic Medicine, 1971, 33, 429-435,.

Schapiro, H., Gross, C.W., Nakamura, T., Wruble, L.D. &
Britt, L.G. Sensory deprivation on visceral activity.
II. The. effect of auditory and vestibular deprivation
on canine gastric secretion., - Psychosomatic Medicine,
.L97oar 321 515"521'

Schapiro, H., Wruble, L.D., Britt, L.G. & Bell, T.A. Sensory
deprivation on visceral activity. I. The effect of
visual deprivation on canine gastric secretion.
Psychsomatic Medicine, 1970b, 32, 379-395.

-




387

Scheibel, M., Scheibel, A., Mollica, A. & Moruzzi, G. Con-
vergence -and interaction of afferent impulses on

- single units of reticular formation. Journal of
Neurophysiology; 1955, 18, 309-331.

Schmidek, W.R.,.Hoshino, K., Schmidek, M. & Timo-Iaria, C

Influence of environmental temperature on the sleép-
wakefulness cycle in the rat. Physiology & Behavior,
1972, 8, 363-371.

Schultz, D.P. Sensory Restriction: Effects on Behavior.
' Academic Press, New York, 1965.
¢
Scott, T.H.,

#
!

Bexton, W.H., Heron, W. & Doane, B.K.
effects of perceptual isolation.

of Psychology, 1959, 13, 200-209.

Cognitive
Canadian Journal

Segwin, J.J., Magherini, P.C. & Pompeiano, 0. Cholinergic
mechanisms related to REM sleep. I1I. Tonic and
phasic inhibition of monosynaptlc refleXes 1nduced
by an anticholinesterase in the decerebrate cat.
Archives italiennes de Biologie, 1973, 111, 1-23.

Senden, M. von. Raum-und Gestaltauffassung bei operierten
Blindgeborenen vor und nach der Operation. J.
Barth (ed.) Leipzig, 1932. -English translation. ¥
Space and Sight. Free Press, Glencoe, Illinois, 1960.

Shackel, B. Eye movement recording by electro-oculography.

. pp299-334. In: P.H. Venables & I. Martin (eds.)

e A Manual of Psychophysiological Methods. North-
Holland Publishing Co., Amsterdam, 1967.

v

Shannon, I.L., Feller, R.P. & Suddick, R.P.” Light deprivation

and parotld flqw in the human., Journal of Dental
Research, 1972, 51, 1642-1645,

Shannon, I.L., Feller, R.P. & Wescott, W.B. Environmental
llghtlng ‘and human salivary gland function. Proceed-

ings of the Society for Experimental Biology &
Medicine, 1975, 148, 758-761.

Shaplro, c.Mm., Moore, A.T., Mltchell D. & Yodaiken, M.L.

How well does man thermoregulate during sleep?
Experientia, 1974, 30, 1279-1280.

N e e
A BT e P A

A S M 5 TN e




388

Sharpless, S.K. Hypnotics and sedatives. 1I. The barbitur-
ates. In: L.S. Goodman & A. Gilman (eds.) The
Pharmacological Basis of Therapeuticg. Collier-
MacMillan Canada Ltd., Toronto, 1970, pp98-120.

Sharpless, S.K. & Halpern, L.M. The electrical excitability
of chronically isolated cortex studied by means of
permanently implanted electrodes. Electroeneephalo-
graphy & Clinical Neurophysiology, 1962, 14,
2Ul-255,

Sharpless, S. & Jasper, H: Habituation of the arousal
reaction. Brain, 1956, 79, 655-680.

Sherk, H. & Stryker, M.P. Quantitative study of cortical
orientation selectively in visually inexperienced
kitten. Journal of Neurophysiology, 1976, 39, 63-70.

Sherman, S.M. Development of interocular alignment in cats.
Brain Research, 1972, 37, 187-203. -

Sherman, S.M. Visual field- defects in monocular and binocu-
larﬁy deprived cats. Brain Research, 1973, 49,
25-45,

Sherman, S.M. Permanence of visual perimetry deficits in
monocutarly and binocularly deprived cats. Brain
Research, 1974, 73, 491-501. .

Sherman, S.M. & Wilson, J.R. Behavioral and morphological /
evidence for binocular competition in the postnatal
development of the dog visual system. Journal of
Comparative Neurology, 1975, 161, 183-195.

Sheu, Y.-S3., Nelson, J.P. & Bloom, F.E. Di;;girge patterns
of cat raphe neurons during sleep afid ,waking.
Brain Research, 1974, 73, 263-276. '

Sidis, B. An experimental study of sleep. Journal‘of
Abnormal Psychology, 1908, 3, 1-32.

Siegel, J.M. REM sleep, predicts subsequent food intake.
Physiology & Behavior, 1975, 15, 399-403.

~ Siegel, J.M., McGinty, D.J. & Breedlove, S.M. Sleep and
waking activity of pontine gigantocellular field
, neurons. Experimental Neurology, 1977, 56, 553-573.




\/"/ J

4 389

Simon, R.P., Gershon, M.D. & Brooks, D.C. The role of the
raphe nuclei in the regulation of ponto-geniculo-
occipital wave activity. Brain Research, 1973,
58, 313-330.

Singer, w. & Tretter, F, Unusually large receptive fields
in cats with restricted visual experience. Exper-
imental Brain Research, 1976, 26, 171-18%4.

Slomin, V. Jr. & Pasnak, R. The effect of visual deprivation
on the depth perceptlon of adult and infant rats and
adult squirrel monkeys (Salmf?i Sciurea). Vision
Research, 1972, 12, 623-626.

Slosarska, M. & Zernicki, B. Wakefulness and sleep in the
isolated cerebrum of the pretrigeminal cat. Archives
italiennes de Biologie, 1971, 109, 287-304. .

Snyder, F., Hobson, J.A., Morrison, D.F. & Goldfrank, F.
Changes in respiration, heart rate and systolic blood
pressure in human sleep. Journal of Applied
Physiology, 1964, 19, 417-422.

Spinelli, D.N:, Hirsch, H.V.B., Phelps, R.W. & Metzler, J.
Visual experience as a determinant of the response
characteristics of cortical receptive fields in cats.
Experimental Brain Research, 1972, 15, 289-304.

Spiro; R.H. & Kolbert, G.S. A new technique for functional
visual deprivation. lectroencephalography &
Clinical Neurophysio¥ogy, 1974, 37, 654-656.

Stepanik, J. Dag bes d potential des auges und die
experimentel}Ye steigerung des intraccularen druckes
bein mensch¢n. Graefes Archives of Ophthalmology,
1958, 160, 226-235.

Sterman, M.B. & Clemente, C.D. Forebrain inhibitory mechan-
isms: Cortical synchronization induced by basal
forebrain stimulation. Experimental Neurology, g
1962a, 6, 91-102.

Sterman, M.B. & Clémente, C.D. Forebrain inhibitory mechan-
isms: Sleep patterns .induced by basal forebrain
stimulation in the behaving cat. Exper1men§31

- Neurology, 1962b, 6, 103-117. ;
E.Y

\/‘2




390

™~
Sterman, M.B. & Clemente, C.D. Forebrain mechanisms for the™ ~—
onset of sleep. pp83-97. In: O. Petre-Quadens &
J.D. Schlag (eds.) Basic Sleep Mechanisms. Academic
Press, New York, 1974.

Sterman, M.B., Knauss, T., Lehman, D. & Clemente, C.D.
Circadian sleep and waking patterns in the laboratory
cat. Electroencephalography & Clinical Neurophysiol-
ogy, 1965, 19, 509-517.

Sterman, M.B. & Wyrwickagfw. EEG correlates of sleep:
Evidence for sepdrate forebrain substrates. Brain
Research, 1967, 6, 143-163.

A}

Stern, W.C. & Morgane, P.J. Theoretical view of REM sféep
function: Maintenance of catecholamine systems in the
central nervous system. Behavioral Biology, 1974,
11) 1"’32-

Strykera M. & Blakemore, C. Saccadic and disjunctive eye
movements in cats. Vision Research, 1972, 12,
2005-2013. ‘

Suedfeld, P. Changes in intellectual performance and in
susceptibility to influence. ppl126-166. In:
J.P. Zubek (ed.) Sensory Deprivation: Fifteen Years
oféResearch. Appleton-Century-Crofts, New York,
1969. ’

Suedfeld, P. The benefits of boredom: Sensory debrivation

reconsidered. American Scientist, 1975, 63, 60-69. ht

Sulzman, F.M., Fuller, C.A. & Moore-Ede, M.C. Feeding time
synchronizes primate circadian rhythms. Physiology
& Behavior, 1977, 18, ?775-779. : .

Szentagothai, J. The elementary vestibulo-ocular reflex arc.
Journal of Neurophysiology, 1950, 13, 395-407.

Tagney, J. Sleep patterns related to rearing rats in
enriched and impoverished enviromnments. Brain
Research, 1973, 53, 353-361.

Tait, G. The Effect of PercepfualaDgprivdtion on the Human
EEG. Unpublished PhD thesis. McMaster University,
197%7. . !

e et e 8



391

Thoden, U., Magherini, P.C. & Pompeiano, 0. Cholinergic
mechanisms rclated to REM sleep. II. Effects of an
gntlgholinesterase on the discharge of central vest-
lbular neurons in the decerebrate cat. Archives
italiennes de Bivlogie, 1972; 110, 260-2873.

Thompson, W.R. & Schaefer, T.Jr. Early environmental stimu-
lation. pp81-105. In: D.W. Fiske & S.R. Maddi
(eds.) Function of Varied Experience. The Dorsey
Press, Inc., Homewood, 1961.

Tizard, B. Repetitive auditory stimuli and the development
of sleep. Electroencephalography & Clinical
Neurophysiology, 1966, 20, 112-121.

Turkel, J. Perceptual Environment and Development of Cat '

Visual System. Unpublished PhD thesis. McMaster
University, 1974.

Ursin, R. Two stages of slow wave sleep in the cat and their
relation to REM sleep. Brain Research, 1968, 11,
347-356. ° )

Vanderwolf, C.H.. Limbic-diencephalic mechanisms of voluntary
movement. Psychological Review, 1971, 78, 83-113.

Van Hof-Van Duin, J. - Development of visuomotor behavior in
- normal and dark reared cats. Brain Research, 1976a,
104, 233-241. :

Van Hof-Van Duin, J. Early and permanent effects of monocular
! depmivation on pattern discrimination and visuomotor
behavior in cats. Brain Research, 1976b, 111,
261-276. :

Vernikos-Danellis, J., Leach, C.S., Winget, C.M., Rambaut, P.
C. & Mack, P.B. Thyroid and adrenal cortical rhythm-
icity during bed rest. Journal of Applied Physiology,
1972, 33, 6%4-6&8.

Vernon, J.A., McGill, T.E., Gulick, W.L. & Candland, D.K. The
effect of human isolation upon some perceptual and
motor skills. pp#1+57. 1In: Solomon et. al. (eds.)
Sensory Deprivation. Harvard University Press,
Cambridge, 1961. . ' »

Vertes, R.P. Selective firing of rat pontine gigantocellulart
neurons during movement and REM sleep. Brain
Research, 1977, 128, 146-152.



392

Villablanca, J. The electrocorticogram in the chronic
"cerveau isole” cat. Electroencephalography &
Clinical Neurophysiology, 1965, 19, 576-586.

Villablanca, J. Behavioral and polygraphic study of "sleep"
and "wakefulness"™ in chronic decerebrate cats.
Electroencephalography & Clinical Neurophysiology,
1966a, 21, 562-577.

Villablapca, J.’ Ocular behavior in the c¢hronic “cerveau
isole" cat. Brain Research, 1966b, 2, 99-102.

Villablanca, J. Electrocorticogram in the chronic "isolated
hemisphere" of the cat.. Effect of atropine and
eserine. Brain Research, 1967, 3, 287-291.

Villablanca, J. Role of the thalamus in sleep control:
Sleep-wakefulness studies in the chronic diencephalic
and athalamic cats. pp51-81. 1In: 0. Petre-Quadens
& J.D. Schlag (eds.) Basic Sleep Mechanisms.

Academic Press, New York, 1974,

Villablanca, J. & Marcus, R. Sleep-wakefulness, EEG and
behavioral studies of chronic cats without the neo-
cortex and striatum: The diencephalic cat. Archives
italiennes de Biologle, 1972, 110, 348-382.

“Villablanca, J.R., Marcus, R.J. & Olmstead, C.E. Effects of
caudate nuclei or frontal cortex ablations in cats.
II. Sleep-wakefulness, EEG and motor activity.
Experimental Neurology, 1976, 53, 31-50.

Villablanca, J. & Salinas-Zeballos, M.E. Sleep-wakefulness,
EEG and behavioral studies of chronic cats without
the thalamus: The athalamic cat, Archives
italiennes de Biologie, 1972, 110, 383-411.

Villablanca, J. & Schlag, J. Cortical control of thalamic

spindle waves. Experimental Neurology, 1968, 20,
Cb32-4b2,

Vital-Durand, F. & Jeannerod, M. Eye movement related activ-
"ity in the visual cortex of dayk-reared kittens.
Electroencephalography & Clinicgl Neurophysiology,
1975, 38, 295-301.




& 393

Vital-Durand, F. & Michel, F. Effets de la desafferentation
peripherique sur le cycle veille-sommeil chez le

chat. Archives italiennes de Biologie, 1971, 109,
166-186.

Vital-Durand, F., Putkonen, P.T.S. & Jeéﬁn@rod, M. Motion
detection and optokinetic responses in dark-reared
kittens. Vision Research, 1974, 14, 141-142.

Von Bernuth, H. & Prechtl, H.F.R. Vestibulo-ocular response
and its state dependency in newborn infants.
Neuropadiatrie, 1969, 1, 11-24.

von Noorden, G.K. Experimental amblyopia in monkeys. Further
behavioral observations and clinical correlations.
Investigative Ophthalmology, 1973, 12, 72¥-726.

von Noorden, G.K., Dowling, J.E. & Ferguson, D.C. Experi-
mental amblyopia in monkeys. I. Behavioral studies
of stimul deprivation amblyopia. Archives of
OphthalmoYogy, 1970, 84, 206-214.

Webb, W.B. & Agnew, H.W., Jr. Sleep and waking in a time-
free environment. Aerospace Medicine, 1974, 45,

617-622.

Westheimer, C. Mechanism of saccadic eye movements. Archives
of Ophthalmology, 1954, 52, 710-724. :

Wiesel, T.N. & Hubel, D.H. Effects of visual deprivation on
morphology and physiology of cells in the cat's
lateral geniculate body. dJournal of Neurophysiology,
1963&, 2 y 978'993'

Wiesel, T.N. & Hubel, D.H. Single-cell responses in striate
cortex of kittens deprived of vision in one eye.
Journal of Neurophysiolggx, 1963b, 26, 1003-1017.

Wiesel, T.N. & Hubel D.H. Cogparison of the effects of uni-
lateral and bilateral *eye closure on cortical unit -
responses in kittens. Journal of Neurophysiology,
1965a, 28, 1029-1040, .

Wiesel, T.N. &  Hubel, D.H. Extent of recovery from the

‘ effects of visual deprivation in kittens. Journal
of Neurophysiology, 1965b, 28, 1060-1072.

g

L e R A

s




394

Wineﬁ, R.J. Statistical PrincipTes in Experimental Design.
McGraw Hill Book Comfﬁhy, Toronto, 1962.

Winget, C.M., Vernikos-Danellis, J., Cronin, S.E., Leach, C.
3., Rambaut, P.C. & Mack, P.B. Circadian rhythm -
acynchrony in man during hypokinesis. Journal of

Applied Physiology, 1972, 33, 640-6U43.

Wit, A. & Wang, 5.C. Temperature-sensitive neurons in
preoptic/anterior hypothalamic region: effects of
increasing ambient temperature. American Journal

of Physiology, 1968, 215, 1151-1159. \\\}iuy// ,
S .
Yinon, U. Age dependence of the. effect of squin cells 1in
kitten's visual .cortex. Experimental Brain Research,
1976, 26, 151-157.

Yinon, U., Auerbach, E., Blank, M. & Friesenhausen, J. The
ocular dominance of cogrtical neurons in cats developed
with divergent and cdhvergent squint. Vision
Research, 1975, *15, 1251-1256. |

Zanchetti, A., Wang, S.C. & Moruzzi, G. The effect\of vagal
afferent stimulation on the EEG pattern of the cat.
Electroencephalography & Clinical Neurophysiology,
1952, ’4' 35?"361' ’

Zarcone, V., Gulevich, G., Pivik, T., Azumi, K & Dement, W.
REM deprivation and schizophrenia. Biological
Psychiatry, 1969, 1, 179-184.

Zernicki, B. Pretrigeminal cat. Brain Research, 1968, 9, 1-14.

Zimmerman, J., Reite, M. & Stoyva, J. Inverted vision and
REM sleep: Experiments with adult cats. Sleep
Research, 1974, 3, 112.

Zimmerman, J., Stoyva, J. & Metcalf, D. Distorted visual
. feedback and augmented REM sleep. Psychophysiology,
“1970. 7, 298.
ZzubekK, J.P. Counteracting effects of physical exercise
. performed during prolonged perceptual deprivation., =
Science, 1963, 142, 504-506. '

“ [}
Zubek, J.P. Sensory and perceptual-mator effects. pp 207-
253. In: J,P. Zubek (ed.) Sensory Deprivation:
. “Fifteen Year£ of Research. Appleton-Century-Crofts,,
NEK“EE;ELJ}ééga'

Ry



2

395

Zubek, J.P. Physiological and biochemical effects.
pp254-288. In: J.F. Zubek (ed.) Sensory Depriva-
tion: Fifteen Years of Research. Appleton-
Century-Crofts, New York, 1969b.

Zubek, J.P., Aftanas, M., Hasek, J., Samson, W., Schludermann,
" E., Wilgosh, L. & Winocur, G. Intellectualland .
’ perceptual changes during prolonged perceptual
- deprivation: Low illumination and noise level.
Perceptual and Motor Skills, 1962, 15, 171-198.

Zubek, J.P & MacNeill, M. Effects of immobilization:
Behavioral and EEG changes. Canadian Journal of
Psychology, 1966, 20, 3%6-336.

Zubek, J.P. & Schutte, W. Urinary excretion of adrenaline .
and noradrenaline during prolonged perceptual
deprivation. Journal of Abnormal Psychology, 1966,
71, 328-334, -

Zubek, J.P. & Welch, G. Electroencephalographic changes
after prolonged sensory and perceptual deprivation.
Science, 1963, 139, 1309-1210. )

Zuckerman, M. Perceptual isolation as a stress situation.
Archives of General Psychiatry, 1964, 11, 255-276.

Zuckerman, M. Variables affecting deprivation results.
pp47-84. In: J.P. Zubek (ed.) Sensory Deprivation:
Pifteen Years of Resedrch. Appleton-Century-Crofts,
New York, 1969.

Fy

-~y




399

Table XXXVI - Test of the difference between the mean
consumption of food and milk during pre-deprivation and
deprivation of the 1id suture and light deprivation

experiments (matched pair t test for correlated means,

Guilford, 1965, pl84).
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