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“Rebound” Recovery from Deprivation of Paradoxical Sleep in the Rabbit.* 
(28725) 
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“Paradoxical sleep” (PS) in mammals has 
been described as a distinct phase of sleep, 

dence of PS when sleep was again undis- 
turbed(4). 

apparently profound, characterized by a total 
loss of postural tone and by rapid eye move- 
ments. I t  has an abrupt onset in the course 
of ordinary “spindle sleep,” and its electro- 
encephalographic (EEG) correlate consists of 
low voltage fast cortical activity similar to 
that of arousal(1-3). In man the PS phase 
has been associated with dreaming, and depri- 
vation of PS by awakening the subject a t  
the onset of each PS episode led to psycho- 
logical disturbances and an increased inci- 

In rabbits a pattern now recognized as PS 
was described(5) as a phase in the “EEG 
afterreaction” to coitus in the female with 
“chronic” electrodes implanted in cortical and 
subcortical regions of the brain. The EEG 
record was characterized by a fast (8c/sec) 
high amplitude theta rhythm in the hippo- 
campus and related regions (called the phase 
of “hippocampal hyperactivity”) and a de- 
pression of intrinsic activity in the olfactory 
bulb. During this phase the rabbit’s head 

*Supported by U.S.P.H.S., N.I.H. grant. was on the floor with her ears depressed and 
the only notable motor activity Was a twitch- 
ing of the eyelids and jerky movements of 
the jaws. The reaction could be induced by 
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FIG. 1. Comparative EEG recordings at low speed (0.6 mm/sec) and moderate speed 

(15 mm/sec). Note the easily diagnosed changes in the record during the 3 states, alert, 
spindle sleep, and paradoxical sleep. Abbreviations : FC, frontal cortex; OB, olfactory bulb ; 
CG, central-gray ; bHPC, dorsal hippocampus. 

frequency stimulation of the hypothal- 
amus or regions of the limbic system(6). 
During these experiments which were con- 
ducted in a noisy room with a “white” mask- 
ing noise, PS seldom if ever occurred spon- 
taneously. Under those conditions the stimu- 
lation threshold for the induction of PS 
varied with the hormonal condition of the 
animal(7). More recently it has been noted 
that the induction of paradoxical sleep can 
be conditioned to a neutral tone(8). Para- 
doxical sleep in the rabbit has also been de- 
scribed by Faure (9). 

In  studying EEG correlates of sleep pat- 
terns in rabbits in a sound attenuated obser- 
vation room we observed several spontaneous 
episodes of paradoxical sleep after the rabbit 
had become adapted to the room(l0). This 
observation suggested a more extensive inves- 
tigation of the frequency and duration of 
these spontaneous episodes under a variety 

of experimental conditions. The present re- 
port describes the relative incidence of sleep 
with spindles and slow waves, paradoxical 
sleep and wakefulness throughout the day 
and night periods and the effect of a mask- 
ing noise on these patterns. 

Materials and methods. Observations were 
made on 10 mature ovariectomized New Zea- 
land White rabbits with electrodes implanted 
chronically in such regions as frontal cortex, 
olfactory bulb, septum, dorsal hippocampus, 
amygdala, central gray and midbrain retic- 
ular formation by methods described earlier 
( 5 ) .  The rabbits were caged in a light con- 
trolled room with 12 hours of darkness per 
day, but the observation room during record- 
ing sessions was constantly illuminated. Con- 
tinuous EEG recordings were made with a 
Grass EEG apparatus for periods up to sev- 
eral days during which the rabbit was dis- 
turbed minimally. This excluded the acute 
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FIG. 2. Incidence of episodes of paradoxical sleep recorded continuously for 3 days. A 
white masking noise was presented during the second 24 hours. Note the highest incidence of 
PS (rebound7 during the-third day. 

- 

stress factors commonly encountered in short 
term experiments. The frequency and dura- 
tion of PS and ordinary sleep were then 
analyzed for successive 2 4-hour periods under 
control and experimental conditions. The re- 
sults include 10 sets of continuous recordings 
over 3-day periods each consisting of 24 
hours of control record, 24 hours of masking 
noise and 24 hours of recovery. The white 
masking noise level registered 78 decibels 
(db) as compared with an ambient back- 
ground level of 52 db measured with a Gen- 
eral Radio Co., Type 1551-A sound-level 
meter. 

Results and discussion. Even at  a paper 
speed as slow as 0.6 mm/sec, which was the 
usual speed used, the characteristic patterns 
of alertness, ordinary sleep and paradoxical 
sleep are easily distinguishable (Fig. 1 ) . 

The 24-hour sleep record of the well 
adapted rabbit in the sound-attenuated cham- 

ber shows 10-1 2 hours of spindle sleep almost 
evenly spaced and 20-30 episodes of PS rang- 
ing from 30 seconds to 6 minutes (Fig. 2) .  
No clear diurnal rhythm was noted. Different 
rabbits revealed sleep patterns sufficiently in- 
dividualized in their frequency, duration and 
distribution of episodes as to permit identifi- 
cation of the subject. PS periods were in- 
frequent until the animal became thoroughly 
adapted to the observation room. 

White masking noise almost obliterated the 
PS episodes for 20 hours or more after which 
the rabbit gradually became habituated to it. 
In the course of a week the animal became 
dishabituated, for a second session with 
masking noise a week later was equally in- 
hibitory to PS. Surprisingly, spindle sleep 
was not inhibited by the white noise; if any- 
thing, there was a slight increase in the 
amount of ordinary sleep during the 24 hours 
of noise. 



ELECTRON MICROSCOPY OF CELO VIRUS 539 

Termination of the masking noise was fol- 
lowed by a “rebound” increase in the fre- 
quency and duration of PS episodes (Fig. 2 ) .  
This was invariably true in each of the ten 
3-day records involving 24 hours of noise. In 
the subsequent quiet day the rabbit appeared 
to “recover” all of the PS it had missed dur- 
ing the noisy period. The results are remin- 
iscent of Dement’s findings relative to the 
deprivation of PS and dreaming in man(4). 
I t  is impossible to determine whether the rab- 
bits were dreaming, but the apparent need 
to recover the missing episodes of PS suggests 
that PS may play a fundamental and essen- 
tial role in the normal physiology of sleep in 
the lower mammals as well as man. 

Summary. Spontaneous episodes of “para- 
doxical’’ sleep are plentiful in the rabbit 
adapted to its surroundings. The phenome- 
non is almost completely inhibited during 24 
hours of noise which does not prevent ordi- 
nary sleep with spindles and slow waves. 
Following the masking noise period the ani- 

mal recovers the missing paradoxical sleep 
episodes, indicating that the latter may be 
of fundamental physiological importance. 

The authors thank Mrs. Enid Busser for technical 
help and Mrs. Suzanne Arlen for preparing the fig- 
ures. 
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Electron Microscopic Structure of Chicken Embryo Lethal Orphan Virus.”f 
(28726) 

S. K. DUTTA AND B. S. POMEROY 
Department of Veterinary Bacteriology and Public Health, College of Veterinary Medicine, 

University of Minnesota, S t .  Paul 

Horne et aZ(3) reported on the electron 
microscopic structure of adenovirus type 5.  
The virus showed the cubic symmetry of an 
icosahedron possessing 2 52 capsomeres. The 
diameter of the virus was 70 mp and the dis- 
tance between the centers of adjacent cap- 
someres was 70 A. Davies et a,?( 1) reported 
that the virus of infectious canine hepatitis 
also was an icosahedron possessing 252 cap- 
someres. The diameter of this virus was 82 
mp and the distance between the centers of 
adjacent capsomeres was 90 A. 

~~~ 
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The chicken embryo lethal orphan 
(CELO) virus is widely spread as an inap- 
parent infection in chickens and turkeys. 
Yates and Fry(8) isolated several strains of 
CELO virus from embryonating chicken eggs 
that were inoculated with various tissues or 
exudates. In characterizing the CELO virus, 
Yates( 7 )  reported that this virus did not pass 
through a 50 mp membrane filter, and by 
electron microscopic study he indicated the 
virus to be 80 m p  in size. Petek et aZ(6) 
studied sections of cell cultures infected with 
CELO virus under the electron microscope 
and reported the virus to be approximately 
70 mp in size. This paper presents the struc- 
ture and size of the CELO virus as studied 
with negative stain techniques under the 
electron microscope. 


