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D. I. F.liminoshviH [3] observed in monkeys suffering from a neurosis, or hypnotized into a slumbering or 
an alert condition, changes in the electrocardiograph indicating disturbance of the coronary circulation. Ana- 
logous changes have been described in hypnosis in man [6, ?]. Clinicalobscrvations have indicated the occur- 
rence of cardiac crises [4,8] and the occurrence of unpleasant sensations in the region of the heart [2] during 
short spells of sleep. In this connection it would seem wortlrwhilc to investigate the oculo-vagal reflex in 
monkeys during pharmacologically induced sleep, and to attempt to explain changes in the reflex which occur 
during the various phases of cortical inhibition found in studying the relation between the cortex and the lower 

centers in various cortical conditions. 

M E T H O D  

After a preliminary study of the oculo- vagal reflex in monkeys, we investigated the same reflex in har- 
bamyl'-induced sleep in 6 rhesus monkeys, including 3 practically healthy animals (Muruk, Dergach, Muflon) 
and three suffering from various pathological conditions (Karabas-clearly shown neurosis, T ig e r -  prolonged 
hypertension, and F a t a -  marked vagotonia, and fatness due to long confinement in a small cage).. 

A subcuta,leous injection of 80-85 mg per kg body weight of 10% barbamyl was given in the spinal region. 
Sleep lasted about 4 hours. The experiments were carried out in a sound-proof room, and an electrical recor- 
ding of the pulse rate was made. Lead 2 of the electrocardiogram was by needle electrodes and the recording 
made on an ink recorder. After the animals had become used to the experimental setup , and the baseline of 
the norton1 rhythms had been established and recorded, a record was made of the oculo- vagalreflex when the 
animal was alert, drowsy, in deep sleep, or waking.; The reflex was elicited every 10-15 minutes by pressure 
of the finger on the right eye for 45 seconds. For each of the phasic conditions, pressure was applied for an 
average of 4 times~ The strel~gth of the reflex was measured as the percentage change of the initial heart rate 
caused by each application of pressure to the eye. The value for the initial strength of the reflex in the alert 

condition was taken as the mean of several determinations. 

RESULTS 

Shortly after thebatbamyi Injection, we observed in the healthy monkeys, over a period of 20-30 minutes, 
a gradual increase in the value of the oculo- vagal reflex from its value in the alert stat~. As the sleep became 
deeper the value of the reflex progressively fell to zero. This second phase of the induction of sleep lasted 

about 2o minutes. 
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I)tlriltg dctp sleep the re[leg iuctcascd s~)mcwhat In strc~lgtli a~d attained a value intcmlcdiate between that 
of illdllctlou al,d awakening periods. Durlug the 2lid half of tile period of sleep the reflex attained or slightly 
exceeded the illitlal value. Ou arousal the strength of the reflex was as a rule at first greater and then fell to 
its original value. 
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Fig. 1. Changes ill the oculo- vagal reflex in normal monkeys. 
/0 Muruk0 Experiment 6/15/1_.955; 8) Muflon. Experiment 
9/23/i955; C) Dergach, Experiment 6/14/1955: Strength of 
the reflex expressed as a percentage of its original value for 
each application of pressure to the eye. Below-- time in 

hours and minutes. 

This sequence of changes in the oculo- vagal reflex during the different phases of cortical inhibition was 
repeated as a rule in all the normal animals ( f ig.  1). The increase in the strength of the reflex during the first 
half of the period of induction aud on arousal was found to be the same in each of the two groups. Nevertheless 
the pathological group showed several differences (Fig. 2). Although the reflex gradually diminished during the 
second half of the induction period, it did not become reduced to zero. In the second half of the sleep period 
the reflex value was stronger than at first, though more frequently it had a strength somewhat below the maxi- 

mum value characteristic of the period of arousal. 

The series of changes just descrlbedln the strength of the oculo-vagal reflex during the different phases of 
sleep can be explained in terms of the relations between the cortex and the subcortex. 

In the first half of the period of sleep induction, we may suppose that the increase in the strength of the 
reflex is brought about by positive induction from the cortex, where the inhibitory process begins to become 
concentrated on the subcortical centers and on the vagal nuclei in particular. The progressive weakening or 
inhibition of the reflex in the second half of the induction period correspond s to the process of gradual irradia- 
tion of the inhibitory process from the cortex Into the subcortex. The growth of the reflex during the period of 
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deep sleep Is a tesult of tile dew:lopment a,M ilm'r~asc ht strength of the process of dishthibition; this commetlccs 
in the lower tegions of tile subcortcx) im'luding tile vagal Iluclei, alld later teaches the higher sub cortical centers 
as a result of a weakening of the itlhibition associated with sleep. At the end of |lecp the iP~ibitory process in 
the cortex has bccontr w~akcu~d to such all extellt that it is no louger able to counteract thc growing strength 
of the disll~hibito~ process in the tubc ortc~, and it is evidemiy this which leads tO awakening. We may suppose 
that the increase ill strength of the reflex is brought about by positive induction from the cortex irwin the subcor- 
sex which has been released front the effects of ilihibition. 
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Fig. 2. Changes in the oculo- vagal reflex in monkeys with patho- 
logical disorders. A) Karabas0 Experiment 9/1511955; B) Fata, 
Experiment 11/2C/1954; C) Tiger, Experiment 10/~1954. The 
strength of the reflex is expressed as a percentage of its initial 
value for each application of pressure to the eye. Below- time in 

hours and minutes. 

These explanations agree eutirely with 1. P. Parlor 's view [5], that mutual induction occurs during changes 

in the condition of sleep or wakefulness. 

The differences between the changes of the oculo- vagal reflex in the two groups is probably due to a dis- 
turbance of the processes of mutual induction, brought about by a weakening of the inhibitory power of the cor- 
tical ceils, and disruption of the normal central regulation of autonomic function, as a result of the neurotic im- 
balance in the affected group. The different forms of insomnia which are present in nervous disorders can prol>- 
ably be explained in the same way. it is therefore necessary in such patients to strengthen and deepen the no- 
cessary coucentration of the inhibitory process in the cerebral cortex, by sleep therapy. 

Our experiments showed that the strength of  the unconditioned oculo- vagal reflex depends on the extent to 
which the inhlbitory procc~sesare dlstriba~e,! over the different levels of the brain during sleep, axed on the induc- 
t ive relationships between the cortex and the subcortical eeuterL At the SaI l l e  tilxle the ocnlo-vagal reflex may 
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tewe at an Index of the depth of sleep, attd the cttat~ges it undergoes may rcvea! the functional relatioutJdp of 
cortex to tubcortcx both in health at~d in various futlctional nt:rvous dimrdert. 

SUMMARY 

The investigation was conduct~on six rhesus monkeys-three normal and three neurotic. Sleep was l~Iduc~-d 
by hypodermic injections of barbamyl. Thr reflex(Aschner reflex) was electrocardiographically 
registered when the monkeys were awake, fatting to fleep, during deep and when waking up. The magnitude of 
each reflex elicited by pressure on the right eye was rated on a percentage Ica!e of the initial reflex rhythms. 

Typical alterations of the reflex change of die heart rhythm were found for the abov~-mentioned ttaget of 
sleep and wakefulness. 
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