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CHAPTER ONE

INTRODUCTION

In a sense; sleep is everyone's problem. As Kleitman
has stated; "gsleep is a subject on which almost every in-
dividual considers himself competent to Vrite because of per-
sonal interest and first hand experience.”™ (1939; Do 6) Yet,
despite this truly voluminous literature on the subject; the
mechanisms of sleep still remain a mystery to us.

Barly theories of sleep centred on the notion that
somehow fatigue substances accumulate in the organism during
wakefulness; and the action of these substances on the nervous
system causes sleep. Althdugh these ideas are over one hun-
dred years old we are still compelled to accept some variation
of them today. IModern electrophysiology has suggested that
the cite of action of these substances may be in the hypo-
thalamus or so-called activating systgm. However; why sleep
is necessary at all is still a puzzle.

Nauta has emphasized the difficulties that are a
result of our lack of knowledge:

"The essential role of the nervous system in the regu~
lation of the sleep-waking rhythm of higher animals is now
widely recognized. No less 2 person than von Economo, however,

drew attention to the fact that the phenomenon of sleep cannot
be accounted for by a mere functional change of the central
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nervous system from its condition during the waking state. It
is indeed an important fact that the function of sleep, instead
of being characteristic of higher animals, is also observed in
several organisms which do not possess a central nervous system,
and even in several vegetable species. It is therefore impos-
sible to attribute this mysterious function to any special
organ. Since 2all experimental work on sleep has hitherto been
confined to mammals, chiefly to cats and monkeys, practically
no data concerning the comparative physiology of this pheno-
menon are available." (1946, P. 285)

It is to this latter statement of Nauta's that the re-
search to be reported in this thesis is directed. Vhile, since
1946, several comparative studies have appeared, none have em-
ployed submammalian species as subjects. This fact is especially
remarkable, since, a2s we shall see, considerable emphasis has
been placed on the role of mammalian cortex by several modern
sleep theorists. If, as these authors seem to suggest, different
stages of sleep are a function of the activity of the neocortex,
wvhat would one expect from an organism lacking such a structure?

The present research represents an exploratory attempt
to answer some of these questions. To achieve this, electro-
encephalograms were recorded from different species over long
periods of time and under several different experimental condi-
tions. Specifically, we were interested in whether the typical
"sleep~type" EEG patterns which appear in mam:als, occur naturally
or could be experimentally produced in avian svecies. he study
is incomplete since no behavioral observations were mede. Fow-

ever, it was felt that finding out the extent of veriations in

the EEG records of birds would be of sufficient theoretical



interest to warrant such a design.






anemia" theories. VWith a better understanding of both the
function of the brain and of circulation; numerous authors
proposed that sleep resulted from either a change in the blood
composition or a change in the blood flow to the brain., 'Tith
the improved techniques of the last 50 years or so, most of
these early notions have been experimentally tested and the
results have either failed to show the apvropriate relation-
ship or have shown the exact opposite. T‘us; while tiiese ezrly
theories showed considerable imagination on the nart of the
authors; few have been borne out by modern facts.

With the many gains made in the latter half of the 19th
century in the understanding of both physiology and neurology,
numerous new theories of sleen were provosed. Xleitman (1939)
has classified these into two groups- humoral and neural. ‘e

shall therefore follow Kleitman's example.

Humoral Theories

Kleitman ascribes the following characteristics to
theories in this group: "The common feature thet characterizes
the humoral theories of sleep is the nroduction and accurulation
of certain substances, usually end products of metabolism;
either in the tissues, in general, or in certzin organs; such
as the brain." (p. 479) A number of these theories enphasize
the importance of the oxygen balance in the brain. One factor

leading to the attenuation of the oxygen concentration included
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accumulation of lactic =acid. Conversely; the accumuvlation of
carbon dioxide and its adverse effect on the brain (autonarcosis)
has been noted.

Several theories have postulated the existence of
certain fatigue substances (toxins). In these theories, the
fatigue toxin accumulates during the waking hours and causes
sleep., During sleep the fatigue toxin dissipates or is counter-
acted by an anti-toxin.

Similar to the toxin theories are those theories which
emphasize endocrine function. Here, hormones are released into
the blood 2nd consequently affect certain "sleep centres."”
Typical of the hormone theories is Salmon's (Kleitman; 1039).
Salmon proposed that the anterior lobe of the ayprovaysis »nro-
duced an antitoxic hormone that prevented the sleep toxins from
operating during wakefulness. The posterior lobe produced =z
vasoconstrictor hormone which inhibited the activity of the
sleep centres and lead to sleep. The support for Salmon's
theory came from three sources, as Kleitman (1939; p. 485)
has pointed out: "(1) +the production of sleep by the injec-
tion of posterior-lobe extracts into the brain ventricles; (2)
the favorable effects of these extracts in cases of hypoohysezl
syndromes with insomnia; and (3) the increase in sleepiness
in hypertrophy and hyveremia of the hypophysis (pregnancy; in-

cipient acromegaly, castration, hypothyroidism, 2nd inTections



such as influenza and encephalitis)." While Kleitman concedes
that Salmon's sleep centre may be located in the diencephalon
he argues that this cannot possibly be the dominant controi of
the sleep-wakefulness rhythm. The burden of proof for Xleitman
lies in the "well-known fact" that lesions in the hypophysis do
not result in continuous wakefulness or sleep.

Kleitman lists five reasons vhy both the toxin and hor-
mone theories are unacceptable: (1) They cannot explain whyr
the same concentration of the '"sleep-producing substance" in a
single individual can at one tine result in sleen but at another
- wakefulness. This might depend entirely on the circumstances.
In other words sleep, at least in adult humans, is a voluntary
act. (2) Babies, despite a minimum amount of activity; sleep
most of the time. (3) Parabiotic monsters, babies with two
heads and a2 single body and circulatory system, have been ob-
served when one of the heads was sleeping and the otaner nursing.
This observation has also been made on several sets of Sierese
twins. (4) Cross-blood circulation studies on dozs zlso shoired
that they sleep independently. (5) Kleitman's own observations
on humans that have been kept awake for several days have shown
that they do not get continuously sleepier; but rather follow a
periodic cycle of sleepiness. His subjects were much less sleepy
on the third day than they were on the second night. IIleitmen

also suggests that if the toxin-~hormone theories were valid, one
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would rise in the morning at the peek of efficiency, <rhereas
inAfact; this does not occur until several hours after rising.

The exponents of this group of theories could undoubted-
ly answer Kleitman's criticisms, some more easily than others.
For example; Kleitman's observations that sleep is a voluntary
act does not preclude the possibility that toxin substances exist.
It may be that the fatigue elements predispose certain neural nat-
terns and that sleep results from the integration of 2 number of
factors; including neural activity involved in the "voluntary
desire." The cyclic day-night pattern cormon to human adults
may be well within the critical fatigue level vwiiich would result
in "compulsory" sleep.

Thus, the fatigue substance theories are not a2 dead
issue but are implicit in much of the present day theorizing.
Failure to discover the ap»ropriate substance does not prove
the theory false. It might mean instead that the analytic tech-
nique used is inappropriate; or that the crucial substence is
rapidly dissipated in the blood stream, after affecting a ''sleep
centre." Hovwever, despite these possibilities; scientific interest
has generally shifted away from the hormone-toxin theories to the

group to be described in the next section - neural theories.

Neural Theories
The earliest strictly neurzl theories of sleon conmeared

toward the end of the last century. These theories generally



pertained to some change wvhich occurred within the indiwvidual
neuron or in the dendrites of the neuron. Duval (Kleitman; 1939)
originally proposed that during wakefulness, the dendrites of one
cell in the cortex gradually moved away from the comnecting cell
body. As this ameboid movemement reached a certain limit the
circuit was broken and sleep resulted. During sleep; the shrun-
ken dendrites again became elongated and the broken contacts
were reestablished causing the organism to awaken. A modified
and somewhat more complicated ameboid movement theory was pro-
posed by Cajal. However; since there is no evidence of histo-
logical changes during waking and sleep it'does not seem profi-
table to go into detail.

A second group of neural theories which have proven in-
finitely more popular are those involving the concept of inhibi-
tion. While several inhibition-type theories have been pro-
posed; none have reached the prominence of the one proposed by
Pavlov (1927, Lectures XV & XVI). Pavlov's basic assertion is
that "sleep and what we call internal inhibition are one and the
same process." (p. 251) An example offered by Pavlov might
demonstrate this relationship:

"An animal has conditioned reflexes established to dif-
ferent stimuli, including one to a definite musical tone. During
the whole period the animal remains alert. The development of a
differentiation of a tone close to the positive one is now started,
and it is noticed that during the process, the animal gets drowsy.
The drowsiness gradually increases, and often culminates in a

deep sle?p with a complete relaxation of the skeletal muscles,
and snoring, so that when no other positive conditioned stimuli
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are administered and reinforced by food it is necessary to stir
up the animal and even to introduce the food foreibly into its
mouth to initiate the act of eating." (1927, p. 251)

In this "typical" experiment, he argues that excitation
of various cortical units was developed through reinforcement,
i.e.; after each stimulus element; food was delivered to the
animal. ‘hile initially only the food, (unconditioned stinulus;
US); elicited salivation, (uncéonditioned response, TR), later
the stimuli preceding the food; (conditioned stirulus, CS),
brought forth the conditioned resvonse (CR). Iollowing this; a
non-reinforced discrimninatory stimulus was presented for a number
of trials. This procedure, according to Pavlov; resulted in
widespread cortical inhibition (neural description) or sleep
(behavioral observation). Pavlov's explanation for this was:

(1) "...the cortical elements, which revresent the highest

point of develovment of the nervous system, are extremely sen-~
sitive and are therefore functionally exhausted with conparative
ease,""'and (2) "The progressively developing inhibition ... as-
sumes the role of a protector of the cortical elements, preventing
any excess fatigue or dangerous functionsl destruction of tais
highly semsitive structure." (p. 250) Thus; in the preceding
example, conditioning had resulted in establishing an excitztory
state in numerous cortical elements to a point (near exhsustion?)
where any discriminatory stimulus caused the antithesis of exci-

. oy s . .
tation - inhibition. Since a number of corticzl elements had been
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originally excited; this suppression of the zctivity of neural
units (inhibition) was considerably rore widespreazd tlhen +thae
type of inhibition which occurs during the alert state. Thus;
sleep resulted!

Pavlov cites several experiments in which various tech-
niques were used to achieve the same results. For exzample, if
a delay procedure was used (where the onset of the CS occurs
prior to the US and continues until the presentation of the UTS)
and the CS-US interval (time between the onset of the CS and the
onset of the US) was extended beyond 45 seconds; an inhibitory
state occurred during the early stages of the CS presentation.
In other words, whén the CS was first vresented and there iwes 2
"quick transition from full alertness into true physiologicel
sleep" no salivation was elicited. (p. 253) Toward the end of
the CS-US interval, the dogs suddenly awakened and salivated
copiously. (See Figure, p. 262)

‘ While Pavlov s behavioral observations are convincing
("The eyes close, the head droops, the whole body relaxes, and
hangs on the loops of the stand, and the animal emits an oc-
casional snore." p. 261) some serious theoretical acuestions can
be asked concerning his explanation of this phenonenon. *Although
localized inhibition of a cortical ares adjacent to one in waich
excitation is occuring is comnonly =zccepted, Tavlov states thet

during sleep, inhibition "applies to 211 the celluler ctruciuvres
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of the cortex equally." (p. 250) Thus, the dynanic state of
suppressed inhibitory activity pervades the entire cortex.

If; in fact, Pavlov were correct; Kleitmen (p. 272-4)
suggests some obvious problems for inhibition theory. (1) If
the entire cortex is inhibited, where does this iahibition cone
from? (2) What is responsible for meintaining this inhibition?
(3) If inhibition is a result of exhaustion; how is it that the
animal falls asleep with each stimulus presentation (employing
the long delay CS)? (4) How could dreaming be possible while
in a state of complete inhibition? Vhile this list could be ex-

tended ad infinitum, let us instead consider some direct evidence

in the form of electrophysiological recordings from the cortex.
Evarts (1960, 1961, 1962) has recently done microelectrode re-
cording from single units in the visual cortex of the cat during
wakefulness and sleep. His results clearly show that the majority
of cells from which he has recorded spontaneously fire at a higher
rate during sleep. It is doubtful whether these results would
have been predicted on the basis of Favlov's innibition <ti:eory.

In fact, Evarts has suggested; on the basis of recordinss from
Betz cells in the motor cortex; wiich show very rapid bursts
during sleep, that sleep involves the Ffatigue of inhibitory Ren-
shaw cells., He feels that this idea fits in with such phenomena
as the increased susceptibility to seizures during sleep of eni-

leptic patients.
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Thus; it can be seen that none of these "early" +theories
of sleep have proven to be entirely satisfactory. Ilany were
based on propositions which at the time of their vresentation
could not be proven; or were not capable of incorporating newer
discoveries. In the 1930's there was a tendency to move away
from attempts at complex theories and to apply the increasing
electronic technology to elucidate the mechanisms of sleep. The
following section is devoted to the early electroencephalographic
studies of sleen and the changes thet these brought in the

theoretical outlook.

Modern Theory

"That slow potentials appear in the record when a sub-
ject is asleep was one of the first observations to be esta--
blished in electroencephalography; and since Berger's (1932,
1933-34, 1935) original demonstration of this change, it aas
been plentifully confirmed by subseguent workers." (Brazier,

1949, p. 195)

The significance and importance of this observation of
Berger's was quickly realized by a number of workers in the '30's.
For the first time an effective monitoring device was available
40 measure the electrical activity of the brain. 3Blake and
Gerard (1937, p. 692) have stated: "EZElectrical rotential of the
hunan brain; led from the intact scalp, afford an objective mea-
sure of the activity of this orzan wi:ich may be correlciad +writh
other physiological or psychological states." Thus; o considerable
number of papers were reported at this time that showed the various

changes which occurred in 335G patterns during wakefulness and sleep.
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Since the individusl papers are not particularly important for
our present purposes; only a surmery of the findings based on
review pavers will be described (Bleke and Gerard, 1937; Blake,
1937; Loomis; Harvey and Hobart; 1937; Davis, Davis; Loomis;
Harvéy and Hobart; 1938; Blake; Gerard and Kleitman; 1939).

It is probably generally agreed that the EZF represents
"massed synaptic potentials of apical dendrites of mainly pyra-
midal cells; becoming synchronous and oscillating as fields of
maximal amplitude." (Glaser, 1963, p. 6) Normal human EZG, in
the waking state but relaxed, usually has a dominant raythn,
called alpha; which varies between 8 and 13 cycles per second
(cps). The amplitude of these waves is in the range from 30 to
100 microvolts (uv); andé they appear most vrominently in the
parietal 2nd occipital regions of the brain. ~Ls well as the
alpha; other freaquencies may be present in these =rees, Hut nost
often in reduced amplitude. "aen the relaxed subject is »Hre-
sented with sensory stimuli; the alpna rhytun is "blocked" or
diminished in amplitude and there remains "beta" activity (15-
30 cps) which is faster than the 2lpha and of lower smnlitude.
During the early stages of sleep there is an increasing tendency
for the alpha to diminish and the gradual anpearance of irregular
activity in the 4-7 cps range; along wvith sharp positive weves.
Interspersed with this activity may be "spindling" (bursts of
symetrical waves) at 12-14 cps or low voltage; fast zetivity., is

sleep deepens the doninent rhythm apverrs os larze, slow, and

<.
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irregular waves. Periodic alteration also appear during this
phase of sleep. Waking does not necessarily follow the mirror
image of the sequence. It generally occurs as a sudden transi-
tion from quite slow high amplitude waves to normal alpha.
These changes are very dramatic, and occur in almost 211 subjects.
The effect of the EZG findings was to cause & tiieoretical
reorientation. Several functional aspects of the brain were norr
obvious. The spontaneous activity of the nervous systerm does
not cease during sleep: vwvhat apparently changes is the synchro-
nizing mechanism controlling popvlations of neurons. ITeither
is sleep an homogenous process. Different stages and depths of
sleep occur; and these are dramatically reflected in the 3=G
patterns. BREEG recordings during sleen show as much variation
as do records from the aweke subject. Thus interest was shifted
t0 more detailed studies of the controlling mechanisms which lead
to alterations in the electrical rhythms of the brain. Along
with this; the entire cuestion of the slezsp-wazkefulness crcle
changed from "Why do animels sleep?" +to "Whyr do =zninels stay
awake?" This latter change was largely dve to Kleitman's in-
fluence (1939, chapter XXXVI). Kleitmen's emvhasis on the wake-
fulness portion of the diurnal cycle lead him to prorose a two-

factor "evolutionary" theory which will now be discussed.

Kleitman's Ivolutionary Theory

. ' : s s .
From Kleitnan's view, it is not sleep which recquires
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explanation; but rather wakefulness. Ile states; "In spite of
sleep being frequently designated as an instinct; or global
reaction, an actively initiated process; by excitation or in-
hibition of cortical structures, there is not a single fact
about sleep that can not be equally well internreted as a2 let-
dovn of the waking activity." (1939, p. 502) Having thus enm-
phasized the wakefulness pert of the cycle, leitmen describes
two kinds of wakefulness- (1) wekefulness of neceszity, -rmich

is under +the direct control of uuocortlc 1 structures, znd (2)

a supplementary wekefulness of caq;gg, which alony witih the
typical diurnal sleep wakefulness cycle of adult humans; is a2
corticcl function. *Wakefulness of necessity, which nes cs its
counterpart, primitive sleep, is demonstrated in decorticated
dogs and human neonates. In these examples, (primitive) sleep
is the dominant mode of ex1stence, and is only disturbed by
strong external stimuli or unpleasant internal stinmuli. Tae
latter might be represented by hunger pzins or excretory func-
tions: when the state of the organism is returned to its normsl
equilibriuvm (by feedinz or elimination) the interocentive stinuli
are reduced, and the organism returns to the sleening state.
Similarly, decorticate dogs can be croused by strong; sansor:
stlmulatlon, but auickly return to sleen after the terminction

of the stimulus (Kleitman and Cﬁm~’“e, 1932).

In contrast, wekefulness of choice is =zn associative
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function resultinzg from "a social acculturation to the fanmily
and comrmumnity pattern of living." (Kleitman; 1957; n. 365)

This is a mejor noint hen comnaring Kleitman's theor] to

earlier models. The early toxin and hormone theories immlied
that sleep is regular end unevoidabvle. Howvever, conventionzl
sleeping habits of hunens are probably a convenience dicteted

by our day-night cycle. Xleitmen (1952) has shown thet daily
metabolic rhythms can be altered by avoiding daylight and srti-
ficially creating "days" of different lengths. Similerly, Oswzld
(1962, p. 172) reports that two of his colleagues "“adanted" to a
48 hour "day". 7‘mile they originelly took T7.5-8 hours of sleep
daily, they only reguired 11-12 hours of sleep every two days at
the end of the experiment. Thus; Fleitman avoids many of the
earlier pitfalls encountered when trying to exnlain She "ray" of
sleep. The primitive form of sleep reéuires no s»eciel neclhcnisn
other than the cessation of external end internal stimuli. “fake-
fulness of choice and the diurnal sleep-~weckefulness cycle ere

accounted for by social influence cnd day-ni.-ht zlterstions.

The Sleep-Vakefulness Centre Problem

Central to Kleitmen's evolutionary theory is the concent
of a wakefulness centre, i.e., 2 sub-corticzl srea or nucleus
responsible for the maintainence of "cortical" and behoviorsl

7l eit 1 g ' o orrd Y s a
wvakefulness. Kleitman's ovm work with decorticsie dogs suggested

that incoming sensory stimuli vpessed to or throush such = weke-
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fulness centre. This resulted in arousal. Yowever, wvithout this
afferent stimulation the dogs could not stay awake. Aifter re-
viewing the evidence; Kleitman (1939, chapter IXXV) concluded
that the location of such a centre must be in the thalanus of
hypothalamus., It is significant that this also revresents the
location of the last synaptic relay stetion to the cortexz. ‘n
important role of this wakefulness centre in Kleitman's origin=l
formulation was to "turn off" afferent sensory stimulation to the
cortex. However, several lines of research have shown that dis-
turbance of the classical pathways is not crucial.

Bremer (1935) was the first worker to show the effects
of various brein stem sections in the cat. If the section was
made below the medulla (encébhale isolé); the I7G showed normal
alternating vatterns of sleev and wakefulness. Hovever; if thae
upper midbrain of the cat wee sectioned (cerveau isobé), the
animal showved continuous sleep-like slouv raythms. 3rener felt
that this prevaration had reduced the totzl afferent inflor to
the cortex to such 2 degree that the cortex lacked suficient
input to maintain normal wakefulness patterns., Tais interpretc-
tion was maintained until the discovery of the zctivating pro-
perties of the brain stem reticular formation (BSRF) by loruzzi
and Magoun (1949).

Moruzzi and Magoun (1949), measured EZG change from the
surface of the cortex in anesthetized cats; vhile rapidly stimu-

lating (up to 300 pulses/sec.) the BSRT with a low voltage (1-3



19

volts) pulses. This resulted in immediate desynchronization of
the EEG rhythm; comparable to the change that occurs when the
cats awoke from sleeping. This change could not be accounted
for by direct afferent fibres; since single stinuli to the BSRF
did not.elicit evoked potentials at.the cortex. Ais well; reti-
cular stimulation did not effed the classical pathways. The
authors concluded from their observations: "that 2 background

of maintained activity within this ascending brain stem acti-
vating system may account for wakefulness; while reduction of

its activity either naturally; by barbituates; or by emperimental
injury end disease; me.y respectively vrecipitcte norial :lce;;
contribute to anesthesia or produce pathological somnolence.*
(1949, p. 472) This latter thesis was confirmed in a subsequent
study by Lindsley, Bowden, and Ilagoun (1949). various lesions
were made throughout the reticular activating system and EZG re-
cordings were made after recovery. Recordings after making le-
sions in the hypothalamic regions of the diencephalon and through
the tegmentum showed sleep-like KEG patterns or patterns resulting
from barbituate anesthesia. ILarge, slow waves predominated, with
recurrent spindle bursts. ILindsley, Schreiner, Knowles, and
Magoun (1950) subsequently demonstrated that midbrain lesions

of the classical afferent pathways, sparing the tegmentum, left
the EEG alterations undisturbed. Normal patterns of sleep and

wakefulness still appeared. Thus, the results of ragoun and his
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co-workers clarified the findings of Bremer, and indicated
the presence of a sleep-wakefulness control centre in the
brain stem which is independent of classical afferents.

The role of the BSRT in sleep and arousal has sub-
sequently been confirmed in behavioral studies, Segundo, Arana,
and French (1955), for example, demonstrated that the normal
sleeping monkey could be awakened by reticular stimulation.
Thus, it can be seen that the BSRF is functionally close to
Kleitman's concept of a wakefulness centre. There is, however,
one important difference (other than location) that should be
noted. Kleitman viewed the (hypothalamic) wakefulness centre
as a blocking device on the classical afferent paths. Noruzzi
and Magoun (1949) suggest the BSRF diffusely projects to the
entire cortex thus maintaining "brain tone"™. It is apparent
by his later review (Kleitman, 1957) that Kleitman accepts
these modifications to his theory.

Despite the intense interest shown in the BSRF and its
possible function as a wakefulness centre, a second group of
workers have concentrated on a complex of ascending structures
in the diencephalon. Reminiscent of Kleitman's analysis these
workers have experimentally demonstrated the importance of the
hypothalamus and certain non-specific nuclei of the thalamus.
Gellhorn (l957)lhas shown that generalized cortical excitation

can be achieved by direct stimulation of the posterior hypothalamus
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in the cat in a manner similar to the results from reticular ac-
tivation. Similarly, he demonstrated that stimulation of this
same area during the presentation of an auditory stimulus aug-
mented the response in the auditory cortex. He concludes from his
numerous studies that this “"hypothalamic-cortical discharge" is
necessary in the maintainance of wakefulness and attention.
Nauta (1946) has also emphasized the importance of the
hypothalamic structures. In an extensive series of experiments,
he has shown that various lesions and transections in this area
of the rat caused significant alterations in the occurrence of
behavioral sleep. Bilateral transections or lesions in the
hypothalamus resulted in a decrease in the waking capacity.
Unilateral lesions in the same area disturbed wakefulness to a
lesser degree. However, control sections between the anterior
and posterior commissures, 5mm wide, and extending to the vent-
ral border of the thalamus failed to produce variation in the
sleep-wakefulness pattern. Nauta concluded from these experi-
ments: "The location of lesions which cause disturbances of
the function of waking indicated the existence of a structure
in the caudal hypothalamic region and in the adjacent part of
the midbrain tegmentum, which is of specific importance for the
capacity of maintaining the waking state during the absence of

external stimulation ("waking centre").* (1946, p. 314)

These and other observations (Hess, 1957) on the functional
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role of the hypothalamus in wakefulness may in fact not be
inconeistent with the previous discussion of the reticular
formation. ILindsley (1960) points out that "the reticular sub-
stance extends in to the posterior hypothalamus and the upward
efferent projections from it extend to and beyond the hypotha-
lamus.* (1960, p. 1561) Gellhoxrn himself recognizes this rela-
tionship for he states: "Both structures have_certain functions
in common, and the excitability of the posterior hypothalamus
seems to depend on the reticular formation.* (1957, p. 4) It
appears fairly clear from these connections that the activating

system of the brain stem includes this part of the diencephalon.

Modern vomparative studies on Sleep nechanisms

By far the most intensively studied laboratory animal
during sleep and wakefulness has been thecat. A number of
studies have reported that the changes which occur during the
transition from wakefulness to sleep are similar to human changes
(Clark and Ward, 1945; Uement, 1958; Horovitz and chow, 1961;
Hess, Koalla, and Akert, 1953; Hubel, 1960; Jouvet, 196la,
1961b). The earlier studies (Clark and ard; Hess et 2l) noted
that during the onset of behavioral sleep there was a tendency
toward a general slowing of the 1iG pattern and an increasing
number of spike and slow wave complexes. Hess et al studied
both normal cat sleep and artificially induced sleep. “The arti-

ficial sleep was induced by stimulating non-specific thalamiec
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nuclei, This latter observation suggests a possible relationship
between the activating system of the brain stem (BSRF) and the
diffuse thalamic projection system. However, the details of
this interaction are still unclea:r.'.l

Horovitz et al and Hubel described a deeper phase of
sleep as well as the “slow wave" phase. In this phase, low
voltage fast patterns appeared similar to those recorded from
an alert animal. During this phase the behavioral arousal thres-
hold was increased considerably. These observations have been
plentifully confirmed by Jouvet (196la, 1961b) whose extensive
research has suggested a possible controlling mechanism for
these different phases.

Jouvet (1961b) analyzed the 173G records of 60 chronically
prepared cats. Of this number, there were 15 normals, 11l totally
or partially decorticate, 20 with total or partial brain stem
section, 12 with partial coagulation of the brain stem, and 2 in
which there was total ablation of the cerebellum. lsach animal
was studied from 6-12 hours a day for a minimum of one week. As
wéll as BEG, eye movements and neck muscle potential were recorded
from each cat. 'the results of the normal controls showed two
distinet "types" of sleep varifying the earlier observations. In
the first phase (slow sleep) there was a general tendency for the

EEG to slow dovn. As this phase continued, large spikes appeared

1 For a full discussion of this relationshiv the reader
is referred to Linkley (1960).



24

(300-500 uVv) in the limbic system. Heart rate and neck muscle

potential both dropped "discreetly." During the second phase of
sleep, (rapid, paradoxical, or rhombencephalic) low voltage, fast
activity appeared in the cortex and mesodiencephalon. These ULEG

patterns were indistinguishable from wakefulness. it the same

time, 6-8 cps activity was recorded from the region of the pon-
tile reticular formation. This phase was also marked by the
complete disappearance of EMNG activity from the neck muscle and
the occurrence of rapid eye "jerks." Behavioral arousal tests
showed that in this latter phase, the threshold was raised 2-3
times. Similarly, auditory stimulation insufficient to cause
behavioral arousal would return the patterns to the former "slow"
phase., Jouvet concluded from these various measures that the
rhombencephalic phase represented a much deeper and "profound"
sleep than the "slow" phase.

The results of the various lesion and section prepara-
tions showed the following patterns: Cats with complete removal
of neocortex showed considerable alteration in the EZG patterns
recorded from subcortical structures. There was an apparent
lack of slow wave and spike activity, 90% of the record being
dominated by rhombencephalic sleep rhythms. Sections at the
base of the diencephalic formations (cerveau isolé, Bremer, 1935)

showed continuous slow wave and spike activity when records were

made in the cortex above the section. If the recording was from

below the section, however, there was rapid activity during
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wakefulness and spindles during sleep. Also during sleep,
there was a distinct loss of neck muscle potential.

Jouvet concluded from these observations that (1) the
slow phase of sleep is a result of the activity of the cortex
and/or diencephalic structures, and (2) rapid or rhombencephalic
sleep is triggered by the action of structures within the BSRF,
probably in the region of the pontile nucleus. +rthis latter
hypothesis was tested by making 3-4mm lesions in the pontile
regions. ‘hese animals exhibited typical slow sleep and arousal
patterns, but no trace of rhombencephalic sleep.

the general conclusion from Jouvet's work is that there
are two distinct "phylogenetically+ different phases of sleep.
Slow sleep Jouvet calls “neosleep* since it is probably under the
control of neocortical structures. rhombencephalic sleep, being
triggered by subcortical structures is classified as -archisleep.-”

This classification system is somewhat reminiscent of
Kleitman’s (1939) two-fold theory. It will be recalled that
Kleitman described a primitive sleep along with its complementary
state, wakefulness of necessity. “his he held to be of a sub-
cortical nature. In contrast, wakefulness of choice and the
diurnal cycle were cortical events. However, it is clear from
Kleitman's examples (p. 14) that these phases were representa-
tive of different experimental conditions or developmental stzges.
rhe studies of lumans and cats (as well as other species, as we

shall shortly see) show that archisleep and neosleep appear in
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the normal intact subject during one sleep session. ‘“his cri-
ticism is not serious since the nervous system of mature mam-
mals represents both hizher and lower brain structures. How-
ever, a further problem is created by Kleitman's example of
human neonates. If Kleitman's primitive sleep and Jouvet's
archisleep are analogous, one would predict a typical rapid or
rhombencephalic sleep pattern from human neonates. In fact,
recordings from the scalp of neonates do not show these pat-
terns but rather show slow adtivity more similar to "slow" sleep
(Glaser, 1963, pp. 6-9). One must, however, be cautious in the
interpretation of these resulits since the functional development
of the neocortex in neonates is low and ascending transmission
may be sparse. Possibly one crucial test of this Kleitman-

Jouvet analogy would be sub—cortical recording from neonates!

Dement (1958) has also recorded x7HG activity from cats
along with measuring rapid eve movements (REIis). His resulis
showved complete agreement with Jouvet's. Both phases of sleep
ratterns were clearly recognizable., During the ravid phase
(which Dement termed "activated") the low voltage, fast activity
was accompanied by considerable REIls.

These observations of the cat have been subseguently
confirmed for other species. Veitzman (1961) recorded EEG fronm
the monkey during a continuous eight hour sleep. The results

were similar to those of the cat in that both forms of sleep were
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apparent. Associated with low voltage fast activity were RElis.
These two phenomenon occurred together 16% of the time during
a night's sleep.

The electrical activity of the brain of the rat measured
over long periods has been reported by two workers. Swisher
(1962) measured EEG activity from the surface of the brain while
making behavioral observations. He showed two distinct "types™
of sleep. The first, slow sleep, was similar to that found in
other mammals., The "activated" pattern, however, appeared as a
remarkably synchronized 6~8 cps rhythm. This rhythm always fol-
lowed slow sleep and was characterized by increased arousal
threshold. Vhile this phase appeared to be similar to the "archi-
sleep" of Jouvet and others, Swisher reported that there were

behavioral "shifts" in muscle tonus instead of EMG inactivitye.

Later, nall (1963), in reply to Swisher's paper, reported that
muscle potential, when recording sMG from permanently fixed elec-
trodes, did disappear during activated sleep. According to dHall,
Swisher's observations could be explained by the fact that to-
ward the end of the activated sleep period, the animal exhibited
sudden “jerks." These, however, were short lasting and apparent-
ly did not effect the level of the neck &IMG activity.

It is of interest to note that these 6-8 cps spindles
have been recorded in the cat during rhombencephalic sleep only
in the BSRF, they appear on the surface of the cortex in the rat,

while wEG records from the cat cortex are considerably faster and
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of lower amplitude. ‘“hese differences will be considered in
later discussion.

As well as the animals previously mentioned, Ruckebusch
(1963) has recently reported a study of KEG activity during
sleep in sheep. Both phases of EiZG activity were noted, simi-
lar to those reported by Jouvet and others.

1hus, as we have seen, there are two distinctly separate
phases of deep sleep in the mammals represented.2 The first of
these, "slow wave" sleep is characterized by a pronounced slowing
of the EEG pattern, slight attenuation of neck muscle potential
and heart rate, and regularity of breathing. The deeper sleep,
(rapid, paradoxical, activated, or rhombencephalic) is associated
with complete attenuation of neck muscle potential and RIlis. The
BEG during this latter phase varies from low voltage, fast ac-
tivity similar to that found in the alert waking state (thus,
"paradoxical") in most of the animals studied, to 2 synchronous
6-8 cps activity in the rat. Jouvet has attempted to show tThat
the first of these stages is under cortical control, while the

latter is triggered in the pontile reticular formation.

2 It should be noted that rapid sleep has also been re-
corded from human subjects. This phenomenon was first reported
by Blake and Gerard (1937) but attracted little interest until it
was shown to be associated with dreaming by Dement and Kleitman
(1957). These latter authors demonstrated that when low voltage,
fast activity occurred with REIl's, awakened subjects reported that
they had been dreaming. Since 1957, a considerable number of
clinically oriented studies have appeared using KEG and eye move-
ment measures as monitors for dreaming.
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The Present Problem

The present status of our information about sleep has
now been reviewed, and it is quite obvious that there are
large gaps in our knowledge. One such gap, as pointed out
by Nauta at the beginning of the paper, is our total ignorance
about sleep and the neural mechanisms of sleep, particularly
as seen in submammalian forms of life;

This fact is most surprising wﬁen one considers the
emphasis placed on the function of the cortex in sleep. A4s
we have seen, Jouvet, has attributed one phase of sleep to
this structure, and much of his evidence comes from decorticate
preparations - certainly a messy and truamic procedure at the
best of times. Might it not be instructive to look at altera-
tions in EEG rhythm in an intact animal, such as the bird, which
lacks a neocortex?

Furthermore, contemporary theorists all appear to make
the assumption that sleep is a biological necessity, for homio-
thermic animals at least. This assumption is so impliecit, in
fact, that the question is seldom raised. VWhile it has been
shown that sleep deprivation in some mammals can be fatal (Kleit-
man, 1927) there is little information concerning the problem in
lower species, especially birds. In fact, what little observa-
tion there is, seems to suggest that perhaps certain members of

this class do not sleep! Take, for instance, certain behavioral
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observations which have been reported in the literature about
the pigeon. Wendell Levi, an eminent authority on the pigeon,
writes, *In forty years of pigeon breeding I have been unable
to come upon any pigeon at any time that was sleeping, although
everybody seems to understand that they do." (1937, p. 365)
This observation is largely based on the fact that pigeons rarely,
if ever, close their eyes for longer than a fraction of a secéond
(Levi, 1957). While this phenomenon has been noted in mammals,
including humans, its incidence is generally quite rare.

Skinner (1960) has informally reported that pigeons in
his laboratory have maintained pecking behavior on various

schedules for periods up to 1500 hours. In a more detailed

paper, Skinner and Morse (1958) reported that by using alter-
nating LRL, ¥R, and VI schedules they could maintain pecking
behavior for over 100 days. vetailed analysis, however, showed
the birds did, in fact, take numerous short breaks from their
routine., ®There still remains several runs in which a high level
of activity was maintained. OUnelird, for example -worked» for

12 days with only two pauses greater than 10 minutes. 5o analysis
for pauses less than 10 minutes were reported. Although it is
possible that these birds may have slept during the short pauses
which occurred, it was certainly not the type or quality of sleep
found in mammals. ‘the cumulative records show that during the
DRL schedule, the animals typically took a break which was only

sufficient to produce another reinforcement.
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rurther, while the pigeon has proven to be an invaluable
subject for behavioral and genetics studies, there are no data
concerning its normal BEG patterns. Only one study appears in
the literature which reports chronic &EG recording for any bird.3
Silva, kstable, and Segundo (1959) studied KEG activity in

various structures of the “tero"™ bird (Belonopterus chilensis

lampronotus) in the normal state and during “hypnosis.” This

was achieved by suddenly inverting or rotating the_animal while,
at the same time, firmly restraining all movement. In their very
brief report on this bird, the normal EEG was measured from the
corticoid surface of the hemispheres, corpus striatum, cerebellum,
optic tectum and mesencephalon. These records, when subjected to
electronic frequency analysis, showed a 4-12 cps range sugzgesting
a lack of the synchronization apparent in mammals. During hypno-
sis, there was a tendency toward slower frequency and increased
amplitude. Although these authors attempt to establish a re-
lationship between the records obtained during hypnosis and the

sleep state, they admit in a foornote: "So far, the authors have

not encountered a situation in which it (the tero bird) exhibited

behavior and EEG conforming to a satisfactory picture of sleep

for a prolonged period. At night time, in a quiet environment

and with little illuminetion, preparations tended to show

3 Peter, Vonderahe and Powers (1958) have revortedc the
EEG and eye movement records for day old chicks and chick embryos.
These workers were, however, primarily interested in the response
to photic stimulation and therefore did not repvort any changes
over time.
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intermitently large amplitude, slow (1.5-3.5, 8-12 cps) Waves."4

(1959, p. 175) This work thus suggests that EEG rhythms appear
quite different than those of the mammals discussed earlier
both in wakefulness and sleep. There is also the suggestion
that if, in fact, the tero does sleep, it may well be that
there exists only one stage in contrast to mammals., It is of
some interest that this stage, if it exists, is slow sleep,
rather than "aréhisleep" as Jouvet's theory would seem to sug-
gest.

Thus, proﬁpted both by this scanty previous evidence,
and the theoretical importance of information from submammalian
animals, three experiments were designed employing the pigeon.
In each experiment, electroencephalograms were recorded in
orde? to determine the extent of variation that occurs. As
well as the EEG, which has proven to be the most sensitive
indicator of the state of awareness, two other physiological
measures were made, eye movements and neck muscle potential.
Wherever possible, the chicken and the rat were used as controls.
The rat was selected because of its convenience, and because not
much information is available about its sleep patterns. The
brief reports in Science by Swisher (1962) and Hall (1963) are
to some extent contradictory, and do not give any evidence about

eye movement patterns. <The chicken was used, again, because it

4

Italics ours.






CHAPTER THREE

IMETHOD

FPour separate experiments were carried out. In EXperi-
ment 1, samples of the BEG were taken at regular intervals over
a T2 hour period to see whether characteristic HEG patterns
appeared. In Experiment 2, the effects of experimental "fatigue-
were investigated by observing how a 48 hour period of wake-
fulness effected the BEG. Experiments 3 and 4 were designed to
study the effects on the 1EG pattern of nembutal and "hypnosis-
respectively. Ais the same general method was used for all ex-
periments, it will be outlined below. “he specific procedures

followed in each experiment will be described in the next chepter.

Subjects and Apparatus

While the major interest in this study was the common

pigeon (Columba domesticza), two other species were employed for

control purposes. “he hooded rat served as a mammalian control
and the domestic chicken (Hyline,; as an avien control. In &ll,
14 animals were used: nine male pigeons weighing between 325
and 410 grams, 3 male rats weighing between 320 and 345 grams
and two hens 860 and 1100 grams.

The epparatus used for the electrophysiologiczl re-

cording was a four chan:iel ilodel IV Grass electroencephalogranh,

34
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which was fitted with an electronic sampling timer which con-
trolled a set of ST relays between the last amplifier stage and
the recording pens. This adaptation allowed the amplifiers to
be running continuously and thus avoided a "warm-up" period at
the beginning of each sample. The paper drive was also discon-
nected when the pens were inactive. In Experiments 1 and 2, the
timer was set to record 48 seconds every 12 minutes. Tor I3G re-
cording, the low filters were set &t 1.0 and the high at 35 cps;
for muscle potential and eye movements, 5 and 70 cps. In several
instances it was necessary to lower the high band pass filter in
order to attenuate 60 cps interference. The paper drive speed
was either 15mm or 3Omm/sec.

The EEG machine was located in the hallway near the
soundproofed recording room. During recording, Ss were kept
in a plywood and wire cage, comparable in size to their home
cage, and food and water were available at all times. The out-
side walls of the cage were covered with grounded wire sereening
t0 reduce interference. Since the door of the recording room was
closed and since much of the recording was done in the dark, E
could not observe the animals behavior during Experiments 1 and
2. The arrangement gave E the advantage, however, of being able
to record for several days without disturbing the Ss.

In Experiment 2 which dealt with "fatigue" a treadmill

vas used. This consisted of a box 18" x 5" and 14" high with a
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plastic window along one side. (For a photograph of this ap-
paratus see Appendix I). The floor of the box was a motor
driven continuous canvas belt moving at the rate of 36"/min.
This was a relatively slow rate and the box was sufficiently
large for most Ss to turn around. No apparent discomfort on
their part was noticed during the walking period. Recording
during this phase of the experiment was not attempted since

it was felt that 1) most of the record would have been domi-
nated by movement artifact, and 2) interference from the motor
drive would have been picked up by the recording units, thus

rendering any analysis abnormally difficult.

Preparations

A1l Ss were prepared for recording with intraperitoneal
injections of pentobarbital sodium anesthetic (nembutal). tVhen,
on occasion, it was found that the initial dosage was insuf-
ficient, the anesthesia was maintained with ethyl chloride.
Nembutal dosage for the pigeon was 12 mg regardless of wéight,
and both chickens received 42 mg. *“he rats were injected with
60 mg/kg body weight.

r+he electrodes were made from .010" enamelled nichrome
alloy wire (Driver-Harris vompany, Harrison, u.J.). “he wire
was mounted on Amphenol “Subminax (27-9) connectors by scraping
2 or 3 mm of the enamelled finish away and soldering to the con-

nectors using 10% phosphoric acid as flux. wwo wires were soldered
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on each connector, twisted, and cemented in place using dental
cement (Nuweld; GCaulk). The electrodes were then cut to the
desired length and the bared tips were separated to 4mm.
¥rollowing anesthesia, Ss were placed in 2 headholder
for implanting. A standard stereotaxic instrument was used
for the rat. wror the pigeon and chicken, it was found that
the head could be rigidly held by clamping phone jacks in the
ears and supporting the beak. A small amount of skin (10mm x
20mm) was then removed from the skull and the skull scraped
clean and dried. Burr-holes were made for both the electrodes
and supvorting jeweller's screws. The screws and electrodes
were then inserted and the entire incision filled with dental
cement, It was found that by spreading the dental ceuent to the
open edges of the wound, infections were rare. Electrode place-
ments in the rat were in the cortex. In the chicken and pigeon,
they were situated in the neostriatum and at the base of the
cerebrum slightly posterior to the optic chiasm. The electrode
placements were checked at the termination of the experiments
by examining histological sections.

Two different techniques were used for recording eye
movements in the birds. At first, a twisted bipolar electrode
was inserted through a burr-hole in the skull situated directly
above the orbit, so that the tips entered the orbit and lay just

above the eyeball. In several subjects, two such electrodes were
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Summary of Subjects, Preparations, and Experimental Usage.

Subjects Bipolar ZRlectrodes

EBLG Neck Eye

PIGEON 1 2
2 2
3 2
4 2
5 2
6 1 1 1
7 2 2
8 2 1 1
9 2 2
CHICKEN 1 2 2
2 2 1 1
KAT 1 2
2 2 1 1
3 2 1 1

* Died from overdose of nembutal

Experiment Used

1 2 3 4

X

x
x

X

x X x*
X X

x X
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from all animals of each type used are similar, and the re-

cords shown are representative.

Pigeon: The first most striking feature of the records ob-
tained from the normal relaxed pigeon was the lack of syn-
chronous activity - that is, it was almost impossible to de-
tect any occasion on wvhich any one rhythm was dominant. The
normal pattern showed a mixture,of frequencies, varying fronm
about 4-12 cps.5 This observation is in agreement with the
findings of Silva et al (1959) on the EEG of the tero bird.
There weré extensive fluctuations in the pattern from second
t0 second; the relatively prolonged persistence of a parti-
cular pattern which is typical of higher mammals (and which
can even be seen in the rat) was not observed.

Figure 1 shows the EEG rhythm from the normal relaxed
animal. The amplitude varies from 80 to 140 uV., and the mix-
ture of frequencies is apparent. ILarge slow waves (3-5 cps)
occur, as do faster frequencies, a condition not usually ob-
served in the waking normal mammal. It can also be seen that
apparent synchrony never persists for longer than a few cycles.

The '"arousal reaction", however, is frequently observed.

2 vhe exact determination of the distribution of fre-
quencies is impossible without the benefit of an electronic fre-
quency analyzer, Although Silva et al reported that they had
used such an instrument in analyzing the sZG of the tero bird
they only reproduced the frequency histograms for their mammalian
subjects. +whis ommission probably suggests that the results of
the analysis were particularly variable.
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Any strong stimulation of the bird produces the anpeararce of
low voltage, fast activity, and the relative blocking of the
slower frequencies, thus causing aflattening of the tracing.

An example of this is shown in rigure 2. 9“he change is most
apparent on channel 1, where both electrodes are located in the
neostriaum. Such blocking could be persistent and was observed
to last for a matter of minutes. «whis flat EBEG pattern is also
seen to' occur “spontaneously# (without any apparent stimulation).

Over the 72 hour sampling period, further variations
in the EEG patterns were observed. Besides the types of records
shovn in rigures 1 and 2 there were periods in which slower
rhythms predominated. wigure 3 shows a typical record of this.
In this example there is an increase in prominence of the lower
frequencies in the range of 2-6 cps and amplitude of the waves
is larger (about 200 uv).

Of the three records presented showing range of varie-
tion of the KEG, Irigure 3 most closely resembles the records
obtained from sleeping mammels. However, it should be nointed
out that trains of slow waves may also be present in the bird
who is observed to be awake. This pattern can be seen in
rigure 4. ‘he record in this figure was made before the sam-
pling procedure was begun, vhile i was observing the bird. The
pigeon in this case had just been put into the recording box a

few minutes before. rhere were movements of the head, and, as
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the record shows, a high rate of eye movements. The prominent
artifacts in the second and third EEG channels are due to
twitching of the tail feathers.

There did not appear to be any differences in the EEG
patterns recorded in the light and in the dark, at least not
of the magnitude that could be detected by visual analysis.
The range of variation seen in iigures 1-3 was evident under
hoth conditions.

As we have seen in the introduction, one of the most
prominent indicators of what Jouvet has called "archisleep™
in the mammal is the appearance of large rapid eye movements.
In our experiments, therefore, electrodes for recordinz the
bird's eye movements were implanted in the orbits. The records
obtained from these electrodes, we can arbitrarily say, indicate
three different types of waves., The first and most distinctive
of these, the tremor or blink, consists of a rapid oscillation
varying from 25-40 cps and lasting for .08 to 1.0 second. This
process probably results from closure of the nictating membrane
and eyelids. Vhen the eye was carefully observed, it could be
seen that the oscillations in the record always occurred wvhen the
bird blinked, or on the rare occasions when the nictating membrane
alone could be seen sweeping across the eye with the 1lid oven.

The second wave is a slow wave (waich we will call the

"O" wave) which only occurs during some tremors and varies
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greatly in amplitude. This phenomenon can be seen in Figure

4 where the tremors occur. The origin of this wave is obscure;
it may indicate movement of the eyes, or be related to the
basic blink process.

The third type of wave (lM-wave) occurs indemendentily
of the tremor, and presumably reflects eye movements. These
are irregular in form and examples can be seen at the beginning
of kFigure 1. The records suggest that these movements occur
much less freguently in birds than they do in mammals. (This
is in line with the unpublished observations of Pritchard and
Heron.) This probably reflects the fact that the pigeon moves
its head instead of its eyes a good deal of the time.

There is some evidence to suggest that these different
types of eye movement may be related to specific EEG patterms,
and as well, to general level of arousal. Generally, when slow
EEG patterns are evident, the tremors occur less Irecuently,
the rate of oscillation is slower, the duration is longer, and
the 0 wave tends to be small or absent. They also occur at ir-
regular intervals. This can be seen in Figures 1 and 3. ‘hen
the record is flat, as in Figure 2, the tremors occur frequently,
the rate of oscillation is high and they tend to be superimposed
on O waves, The correlation between the ELEG pattern and the eye
movements however, is not a perfect one, since, as we can see in

rigure 4, a high rate of tremors is associated with large slow
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waves. uvuring this record, as wé have indicated previously,
the bird was wide awake and alert. ‘thus, it appears that the
recordings from the eye may be a better indication of the level
of arousal of the pigeon than the xEG.

In one pigeon, bipolar electrodes were implanted in
each orbit to find out whether then eyes moved independently
of each other. ‘'he records show (Fig. 5) that the tremors
usually occurred in both eyes simultaneously and were of the
same duration. Yhe m waves, however, were observed Vo occur
either simultaneously (Figs. 5 and 6) or independently in each
eye. (Record B, Fig. 6).

A dramatic difference in the rate of occurrence of eye
tremors was observed between recordings made in the light and
those made in the dark. ‘he change occurred within 10 seconds
of altering the conditions. By turning on the lights in a dark
room, the rate of occurrence of eye tremor shifted from once
every 5 seconds to once every 2 seconds. At the termination of
the light, the rate shifted back again to the pre-light level.
This change in the tremor rate due to the light conditions of
the room did not annear to habituate. buring the 72 hour samp-
ling period (48 hours dark followed by 24 hours light) a shift
in the tremor rate occurred at the beginning of the light neriod
which persisted to the end of the session. <This shift was plot-
ted for three pigeons and is showvm in rigure 7. AiS can be seen

from this figure, the percentage distribution of eye tremors for
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different frequencies is slightly skewed for both lizht and

dark samples, but the mode shifis to the higher frecuencles cduring
the light period. rhis change was not due to the initizl effect
of the light; the 24 hour light period was broken down into 6
hour periods and the pattern was identical for each veriod.

These results suggest that the eye tremors are associated with
perceptual functions. However, that they are also related to

the degree of arousal in the bird, is indicated by the fact that
records taken in the dark, in which the 3G shows a typical a-
rousal pattern, show a2 fast rate of occurrence of the tremor.

A pattern of activity which bears some resemblence to
Jouvet's "archisleep* in the cat was occasionally detected in
the pigeon. In records made in the dark i waves occurred a2t the
same time that the E3ZG pattern showed low voltage activity. .n
example to demonstrate this phenomenon is presented in rigure 8.
In this continuous recording low voltage 151G activity replaces
the slower waves during the presence of the eye movements.
Shortly after the eye movements cease, the slow activity returns.
This pattern of eye movement was not normally seen during slow
activity of the LEG, but was observed when the pigeon was known
t0 be awake (from movement artifact or direct observation) and
in the light.

From Jouvet, we know that the crucial characteristic of

archisleep in the memmal is the drastic reduction of activity
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in the neck muscles. In the case of the pigeon, however, the
only time that the neck muscle activity was seen to change was
wvhen the bird moved. At this time it showed an increase.
Never, when II waves and flattening of the EEG occurred, wes there
a decreaée in muscle potential. Thus, if we teke this evidence
into account it appears that the pigeon pattern diffsrs srectly
from that of the mammal.,

Chicken: The range of variation in the chicken IZG recordings
was similar to that seen in the pigeon. The lack of synchrony
and mixture of frequencies covered approximately the same range.
In the normal relaxed bird, waves appeared varying in frequency
from 4-12 cps. There is however, a greater tendency for slower
rhythms to occur,

The range of variation of the ELG records is presented
in Figure 9. Record A (Fig. 9) shows the 3G rhythm of the
normal relaxed bird. The amplitude of the waves varies fron
80-140 uV. ILarge waves (3-5 cps) cen be seen intermixed with
higher frequencies.

The arousal pattern is also observed in the chicken.
When this occurs slower waves are attenuated and the record
appears to flatten. This pattern can be seen in Record B
(Fig. 9). Here the amplitude is reduced to 80 uv.

Besides these two patterns, slow rhythms appeared which

showed a high proportion of waves under 6 cps whose amplitude
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often exceeded 230 uV. These waves were considerably slower and
of greater amplitude than those observed in the pizeon records.

The eye movements of the chicken were characterized by
the same eye tremor as that of the pigeon. The oscillations,
however, were slower (16-25 cps). The duration of the tremor
wag as much as 2 seconds, which was double the maximum length
seen in the pigeon. The same change in the rate of occurrence
of eye tremors during.light and dark conditions was seen. ‘his
is shown in rigure 10. As in the pigeon, there was a tendency
for a greater number of eye tremors to occur when the bird was
in the light than when it was in the dark.

the M waves occurred even less freocuently then they did
in the pigeon, and were almost entirely absent. as well, O
waves seemed to be less prominent. w1his can be seen in all
three samples of rigure 9.
Rat: The electrophysiological records fron the rat are quite
different from those of either pigeon or chicken. ‘he extent
of this variation is presented in rigures 11l and 12. Record A
(Fig. 11) shows the EEG, neck and eye recordings in the normal
awake animal,. ''he amplitude of the rEG varies from 80 to 150 uv.
During arousal the amplitude decresses to 50-80 uv with less Ire-
quent large waves (Record B, Fig. 1l1l). ILizht sleep oxr clow sleed
(Swisher, 1962) is characterized by the high voltage sloir vcves

as seen in record A (Fig. 12). The deever form of sleep or
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activity are the true homologues of rapid or rhombencephalic
sleep in higher mammals. If, as Jouvet suggests, the trig-
gering mechanism for "archisleep" is subcortical, the evidence
from the rat suggests the 6-8 cps pontile rhythms may undergo
considerable modification at the cortical level. This hypo-
thesis will be examined further in the Discussion.

On the basis of the three electrophysiological monitors
used, an attempt was made to determine the amount of tine spent
in the various stages of wakefulness and sleep. Given the pre-
sent sampling method and lack of behavioral observation, these
figureé are, at best, only crude estimations of the total pic-
ture. However, they have proven to be reasonably reliable with-
in a single rat. Table II shows the percentage of time during
two 24 hour periods (24 hours light followed by 24 hours dark)

spent in the different stages of wakefulness and sleep for Rat 3.

TABLE II

Percentage of Samples KHepresenting vifferent
stages of ‘ekefulness and Sleep in rat 3

24 hrs dark 24 hrs liznt
AWAKE
HMovement 30 19
Alert 21 32
Transitional (Drowsy?) 13 14
SLEEP
Slow sleep 28 30

Activated sleep 8 5
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(The criteria for this classification are essentially the
*typical" records shown in rigures 11 and 12. Occasionzlly
medium amplitude waves appear which we have called "trensi-
tional+#,) As can be seen from this table, totzl time sleeping
in light was 35% while the total time sleeping in the dark was
36%. Activated sleep accounted for 5-8% of the total time.
The proportion of time spent in activated sleep in two other
rats was in the range from 5-10%.

It is interesting to nde that the total sleeping time
of the rat is not dissimilar to that of the human. Tae pat-
tern, however, is radically different. ‘The rat tends to sleep
frequently and for brief intervels; +the longest duration of
sleep-type records was 4 consecutive samples, equivalent to
36 minutes. “here is still no way of knowing, of course,

whether the animal was sleeping between samples,

Experiment 2

The first experiment, then, has not given us any clear
indication that birds sleep. On the other hand, there was g
slight suggestion in some of the records from the pigeon that
brief patterns of eye movement activity, associzted with low
voltage EEG did occur, and it is possible that this mney be re-
lated to activated sleen. Since e muscles potenticl records
showed no change during these periods, however, no coaclusions

could be drawn.
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It seemed reasonable to supvose that if we were to keep
the birds ~awake* and working at some task for a prolonged
period, a comparison of the records before and after this
treatment might differ.

Frive pigeons, two chickens and one rat were used in this
phase of the study. 211l Ss had electrodes for EZG and eye move-~
ments, the rat and one chicken had electrodes for recording
neck muscles as well. The procedure was to put the Ss in the
recording box for one day's adaptation. Recordings were then
taken for 24 hours in the dark (Pretest;. Following this, they
were put on the treadmill for a 48 hour period. (The chicken
was only subjected to this procedure for 24 hours since it
tended to lie on the treadmill.) A half-hour break was given
at the end of 24 hours for feeding and watering. Immediately
on removal from the treadmill, §§‘were replaced in the recording
box and records taken for 12 hours, in the dark (Test). . com-
parison was then made between the Pretest and Test neriods.

The effects of this treatment on the pigeon were generzl-
ly quite limited. All of the electrophysiological neasures taken
in the Test period seemed normal and there apveared no extensive
change due to the "walking." Test records were similer to the
Pretest records, and of course, to those reported in =xperiment 1.
Since gross inspection of the records seemed to show no differences,

various forms of analysis were carried out. As all of these were
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based on the oscillograph tracings, and because of the veriation
apparently typical of the avian brain, they were necessarily crude.
Pirst, an attempt was made to find out whether walxing
had any effect on the percentage of time that low voltage ac-
tivity dominated the EZG pattern. This analysis revealed no
differences between the Pretest and Test records. In the Pre-
test period, blocking in the pigeon occurred between 16 and
27% of the time, while in the Test records the variation was
from 17 to 305. Within a2n individuzl bird, the change wes
never grester than 3%,
Next, a2 wave count analysis or the type suggected dY
Engels et al (1944) was employed. This was done by counting
the number of waves in each one second interval, and calcu-
lating the percentage of the total time that intervals with
the various numbef of waves occurred. ‘his was done for samp-
les within the first four hours of the “est period and conmpared
to an equal interval at the corresponding tine of the Pretest
day. "he results of this analysis for a typical bird =re
shown in wable III. It is apparent that this technigue showed
no differences beyond those exnmected from random variation.
the distributions of wave counts before and after welking ere
very similar. It is possible, oI course, that diflere:uces ncy
have been obscured by the fact that pvigeon EIZG patierns contoir

a mixture of frequencies, and this technique is most novwerful
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LTABLE ITI

Percentage of fave Counts at Different rregquencies
in Pretest and west vonditions for Pigeon 2

FREQUZNCY

6 7 8 9 10 11 12 L

Pretest

(EOURS 1-4) 4 10 23 33 10 3 3 13
Pest

FOURS 1-4) 4 9 26 33 10 3 2 14

when applied to records which show a dominent raytam.

It will be recalled from earlier that [ waves accon-
panied by blocking of the EZG occurred in the pigeon (Fig. 8),
and that it was felt that this might be similar to the acti--
vated sleep pattern of mammels. Although these data were only
available for one pigeon, the results of our procedure tended
to show a slight decrease in the occurrence of the eye movement
and flat EEG complex. In the first 8 hours of the “est period,
this phenomenon was seen only three tiies for a2 mean duration
of 4,0 seconds. During the corresponding Pretest period, it
was present 12 times for e mean duration of 5.4 seconds. ‘Tetaer
this change is significant, will have to await verificction from
further experimentation, but it strongly suggests that, at any
rate, the walking procedure had little or no effect on the length
of time this pattern appeared. On the basis of the duration &
the pattern, it seems obvious this phase is not similar to ac-

tivated sleep in the mammal. In the rat, for example, the
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incidence of eye tremors were also mede for the Pretest and

Test periods and no difference was seen. [fs in the pizgeon,

TABLE IV

Percentage Wave Counts at Different Freguencies in
Pretest and Test Conditions for Chicken 2

FREQUEI'CY

6 T 8 9 10 11 12 134+ L

Pretest

(HOURS 1-4) 5 11 21 20 18 11 8 6
Teat

(HOURS 1-4) 2 11 18 18 20 14 8 7

the Test records of the chicken appeared similar to both the
Pretest samples and to those shovn in ZExperiment 1.

The BZG records from the rat were analyzed by eye for
two periods, the first 20 hours during the Fretest and the first

six hours of the Test. The results of this analysis are shown

TABLE V

Percentage of Samples Showing Different Stages of ‘akefulness
and Sleep During Pretest and Test Conditions in Rat 2

20 hr Pretest 6 hr Test
Awake
Movement 40 17
Alert 27 43
Transitional (Drowsy?) 10 17
Sleep
Slow sleep 13 17

Activated sleep 10 6



58

in Table v. It can be seen that the walking procedure caused
a drastic reduction in the amount of movement of the animal,
and that there is an increase in the a2nount of the "drowsy"
type record. Little change, however, occurs in the total

rercentage of records showing slow and activated sleep.

Experiment 3

As attempts to modify the K3G patterns of the pigeon
and chicken by the walking procedure seemed to have no effect,
it seemed reasonable to see what results would be produced by a
barbituate anesthetic. As this is known to have potent effects
on brain stem mechanisms in mammals and causes large slow waves
(wvhich are somewhat similar to those seen in sleep) to apzecr in
cortical and subcortical structures, it seemsd of interest to
find out how the vattern of the bird's IZZG would be a2Zfected.

The procedure was as follows: The enimal wes »ut in
the recording box and a sample record tazken. It was then in-
jected intraperitonezlly with nembutal (40-60 mg/xg for the birds,
60 mg/kg for the rats) and the experimental recordinc was bezun,
and continued for one hour. Three pigeons, one chicken, aznd
one rat were used.

The records for a pigeon are shown in kigure 14. Tt con
be seen that slow waves begin to appear after 2% minutes. ifter
10 minutes, frecuencies in the renge of 3-6 cps are most oroui-

nant. Xowever, it should be noted that even under these conditions
?
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are presented in rigure 17. Immediately on release of the
bird (at first arrow), the EZG pattern apvears generally flat
(Record A, Fig. 17), and the eye tremor rate is about 1 per
second, This flat record continues for about 30 seconds vhen
large slow (3-5 cps) weves begin to anmear (Record =, Fiz. 1T).
With this slowing of the 323G, the eye tremor rate drops sligatlyr.
After one minute, the E3G is dominated b:r the slower waves (Re-
cord ¢, Fig. 17). Record D (Fig. 17) offers an exarmple of a-
rousal under hypnosis. The arrow represents the tine at waica
E clapped his hands. This ection resulted in a sudden at-
tentuation of the slower waves and a slight increase in the
rate of eye tremor. Record E (Fig. 17) is a continuation of
Record D. The duration of this "blocking" pattern was from

60 to 80 seconds. At the end of this period, the slow wave
pattern returned, and remained until blocked by stinuletion

or until the bird ceme out of im.ohilization.

Behavioral observations show that chaages occur oaly
during the early stages of hypnosis. During the flat I3
pattern, the eyes remain open, claws are stretched out rigidly,
and the head undergoes shifts in position. After the first 60
seconds, however, the animal appears to reach a deeper state.
The eyes close, the claws curl under the breast and there ap-
rears to be a general relaxation of muscle tone. During the

early stages, twitching of the head and legs often occur in
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response to auditory or visual stimuli. However, during deeper
stages as characterized by the slow uZG patterns, there is lit-
tle behavioral reaction to these same stimuli. In Record D
(Fig. 17) for example, the stimulus which caused such a pro-

found change in the EEG patterns failed to evoke any behavioral

response.’

Recovery from hypnosis was sudden and usually occurred
naturally. E rarely woke the bird by presenting auditory or
visual stimuli. However, the slightest tactuwal stinuli
(touching the bird or knocking the cage) had the effect of

immediately arousing the bird to full wakefulness.
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suggest that it would be of great interest to carry out in-
vestigations similar to thiose which were done on mnamn:als to
demonstrate ?he recruiting and augnenting responses, to see
whether there are equivalent syncaronizing mecharisms in the
bird,

As we have said, the s3ZG and eye movement patterns do
not give any indication that sleev occurs. ‘'rhere were no general
changes in EEG activity noticed over the 72 hour sampling neriod,
nor could any changes be detected after the birds had been
wakling for 48 hours. However, slow waves do occur, and there
are periods in waich they are more prominent than in others.
In addition, these periods are frecuently zssocizted with the
long, multioscillation eye-blink pattern not superimoosed on
the 0 waves, 2 pettern which iz atyvnicel of the alert anirmel.
However, it should be noted that slow 432G patterns zlsc occur
in the alert bird (see rig. 4), end thet 0 wave "iremors*, zc-
companied by high voltage slow waves in the 4EG are found in
the "hypnotized* chicken. 4Yhe sugzestion is very strong that
in this case the bird is awake, since very weak stimuli czuse
a dramatic blocking of the %3G. Thus, like Silva et al, we are
forced to conclude that there is no clear electrophysiological
evidence for sleep in birds.

If they do sleep at all, the results suggest that the

state is probably associated with slow waves., ‘he "activeted®
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sleep pattern which presumably would be predicted by Jouvet,
occurs rarely, and then only for periods of a few seconds.

Ags far as the rat is concerned, the study shows that
the activated sleep pattern is accompanied by eye movements,
thoﬁgh these are apparently less frequent and prominent than
in the case of higher mammals, as far as can be gathered fronm
published accounts. The 7 cps rhythm reported by Swisher and
by Hall is very prominant, and persists for longer periods of
time than our samples (48 seconds). The results agreé with
Hall in finding that muscle tone disappears during this period,
and do not £it in with Swisher's observations.

The mechanisms involved in causing the 7 cps rhythms
which appear at the cortical level in rats but not in higher
mammals is still obscure. It is possible, of course, that
they are triggered by the pontile system as Jouvet suggzests,
and are in synchrony with this system. One observation which
was made which is of interest was theat frequently, during tze
7 cps rhythm, blocking occurred for brief periods of = Iew seconds.
Thus, it may be that the higher brain stem systems resnonsible
for cortical blocking are not as effective under these con-
ditions in the rat, but are still operating.

The action of the nembutal was somewhat diflerent for
the birds than for the rat. In both the chicken and the »nigeon

the EEG waves appeared both slower and of greater smplitude theon



those seen at any time in the normzl state. “he rat I
under the barbituate was quite similer to that seen during
slow sleep. "Thus, these resulis suggest that different con-
trolling mechanismes for normal and barbituate induced slow

wave EEG patterns exist for birds and mamnzls,

The results of this study had indicated severzl direc-—
tions for future research. i'irst, since the electrovhysio-
logical measures did not give clear indication of slean nat-
terns in the birds, it would be interesting to stuldy any veria-
tions in the arousal threshold snd attempt to correlate this
with the E3G patterns. Possibly a prograrme similar to thet
of Horowitz and Chowv mizht be informative. “hnese workers
tested the cortical arousal threshold during different 31
patterns to varying levels of brain stem stimulation.

More interesting, vperhaps, is the problem oi brain
control mechanisms. Vhet structures in the bird's brain, for
example, are responsible for the extrzordinerily large slow
waves that apnear in the chicken durins hrpnosis? ‘hat does
the activity of the brain ster 2ctiveting system loo™ lilke
during hypnosis? If knowledge of the chonzes in these struc-
tures were available, greater understanding of the avian brain

and its relation to the mammalian brain would be forthcominz.
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