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Acta Biol. Exp. 1969, 29: 125—134 

FURTHER ANALYSIS OF SLOW SURFACE-NEGATIVE 
POTENTIALS OF THE CORTEX: 

ACTION OF X-RAYS AND ANALGESICS 

A l e x a n d e r I . R O I T B A K 

I n s t i t u t e of Phys io logy , Georg ian A c a d e m y of Sciences, Tbilisi , U.S.S.R. 

(Accepted January 3, 1969) 

It is well known that a single electrical stimulus of liminal in-
tensity applied to the surface of the cortex evokes an electrical reaction 
around the stimulating electrodes in the form of a negative potential 
of 20—30 msec duration — a dendritic potential (DP); it is an expression 
of the EPSP of apical dendrites. Upon intensification of the stimulation 
it is followed by a slow negative potential (SNP) of 500—3000 msec 
duration (under Nembutal anesthesia). The SNP was described in detail 
in the articles of Goldring and O'Leary (1960), Goldring et al. (1961) and 
Roitbak (1963, 1965). There .are several hypotheses of the nature of the 
SNP. (i) The SNP is a result of the excitation of apical dendrites by 
a special system of synapses, which differs in its properties from the 
synaptic system that conditions the DP (Goldring and O'Leary 1960). 
(ii) The SNP is an "field effect" reflecting hyperpolarization (IPSP) of 
the cell bodies of pyramidal neurons (Li, Chou 1962). (iii) The SNP is 
a result of depolarization of afferent fibers which penetrate the cortex 
radially and ascend to its surface (Eccles 1963). These three hypotheses 
have one idea in common: the SNP is regarded as a postsynaptic poten-
tial. In one case it is considered a result of activation of axodendritic 
synapses, in the second case, axosomatic and in the third case, axo-
axonal. (iv) The SNP is not a postsynaptic process, but is conditioned 
by accumulation of K + ions in the gliadendritic clefts and is associated 
with the activation of neuroglia (Roitbak 1963). Important facts recently 
obtained by American authors can be used in favor of the last assump-
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126 A. I. Roitbak 

tion. Firstly, in experiments with recording intracellular potentials of 
unresponsive cells of the cortex it has been established that stimulation 
of the surface of the cortex with an intensity which evokes a SNP leads 
to depolarization of the membrane of these cells; depolarization of the 
membranes of unresponsive cells corresponds in configuration and dura-
tion to the SNP on the surface of the cortex (Karahashi and Goldring 
1966); these cells have been histologically identified as neuroglial (Kelly 
et al. 1967). Secondly, it has been discovered that stimulation of fibers 
of the frog's optic nerve depolarizes the membrane of glial cells in this 
nerve, the depolarization evoked by a single stimulus lasting several 
seconds; the amplitude of the response increases upon intensification of 
the stimulation, thus depending on the number of stimulated axons; 
while rhythmic stimulation results in a summation of responses. Theoretic-
ally the glial cell, whose membrane potential possesses greater sensitivity 
to changes in the external concentration of K + than does the neuron 
membrane, registers the amount of total activity in its neighbourhood: 
each impulse leaves a K + increment in the clefts and the level of the 
membrane potential of the glial cell thus indicates the number of 
impulses that have passed (Ruffler and Nicholls 1966). A similar me-
chanism may be assumed to be operating in the cortex during genera-
tion of the SNP. 

Our experiments were performed on cats under Nembutal anesthesia 
(50—100 mg/kg). The cerebral cortex was exposed and its temperature 
was controlled. Ag-AgCl electrodes served to lead off the potentials 
from the cortex. The stimulating triple electrode consisted of silver wires 
100 nm in diameter cemented into a triangle; two of the stimulating 
electrodes were connected with one pole of the stimulator and their 
potential was regulated by two potentiometers; the third electrode was 
connected with the other pole (Landau 1956). The stimulation was ef-
fected with square wave pulses from the stimulator with a radiofrequency 
output, a 400 ohm output resistance and an output for sweep syn-
chronisation. The first ("active") electrode was placed near the stimulat-
ing electrode, the second on the bone. In the experiments with registering 
the potentials evoked by skin stimulation the "active" electrode was 
placed at an appropriate point of the somatosensory area I. The neuro-
pharmacological substances were administered intravenously or were 
applied locally under the "active" electrode, for which purpose a cotton 
ball was soaked in a solution of the given substance heated to the 
temperature of the surface of the cortex. In the experiments studying 
the influence of X-rays mild Roentgen radiation with a mean energy 
value of 30 kev was used; the irradiation was effected on a PYM ap-
paratus with a dose of 40 kr/min. The potentials were amplified by DC 
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Surface-negative potentials of the cortex 127 

amplifiers (yMIIIl-2 or Kossor) or an AC amplifier with a large time 
constant. The recording was done by means of a cathode-ray oscillograph 
(3HO-1 or Cl-19). 

Studies of the effect of X-rays on the direct response of the cortex 
(DP+SNP) assume particular interest since there are electron micro-
scopy data indicating a special sensitivity of neuroglia to ionising radia-
tion (Maxwell and Kruger 1965, Miquel and Haymaker 1965, Caveness 
et al. 1967). In our study (Roitbak et al. 1967) the first to weaken and 
disappear under the action of X-rays in a dose of 25—30 kr was the SNP. 
Intensification of direct responses could be observed under the action 
of a dose of about 10 kr (Fig. 1A1B). Fig. 1C shows that after a repeated 
irradiation (20 kr) the DP did not change, nor did the positive potential 
change noticeably, but the SNP was eliminated (no reaction of the pial 
vessels was observed). After the third irradiation (40 kr) the direct 
responses disappeared completely; they did not arise upon intensification 
of the stimulus and were not restored in the course of time (Fig. 1DEH). 
After irradiation of the left hemisphere the direct responses sharply 
increased in the right hemisphere (Fig. 1FG); this may be supposed to be 
the result of cessation or sharp weakening of the impulsation through 
the corpus callosum. 

Our experiments have shown that the SNP may be selectively 

Fig. 1. Se lec t ive depress ion of t h e s low nega t ive po ten t i a l (SNP) b y X - r a y s . C a t ; 
N e m b u t a l 80 m g / k g ; AC ampl i f i e r w i t h l a rge t i m e cons tan t ; a r r a n g e m e n t of e lec-
t rodes is s h o w n in t h e d i ag ram; in tens i ty of s t imul i — 1 0 v, d u r a t i o n — 0.05 msec . 
L e f t p a r t of F i g u r e shows responses in l e f t h e m i s p h e r e b e f o r e a n d a f t e r X - r a y 
ac t ion: A, b e f o r e i r r ad ia t ion , B, a f t e r f i r s t i r r ad i a t i on (10 kr) , C, a f t e r second i r -
r ad ia t ion (20 kr) , D, E, H, a f t e r t h i r d i r r ad i a t ion (40 kr ) ; f i gu res a b o v e cu rves i n -
d ica te t ime in m i n u t e s e lapsed a f t e r i r r ad ia t ion . R igh t p a r t of t h e F i g u r e shows 
responses in r i g h t h e m i s p h e r e : F , b e f o r e i r r ad i a t i on of t h e l e f t h e m i s p h e r e , G, 
a f t e r t h i r d i r r ad i a t i on . T i m e m a r k i n g s fo r r eco rds A—E, 20 msec , f o r r e c o r d s 

F—H, 200 msec ; vo l tage ca l ib ra t ion — 0,5 m V (Roi tbak et a l . 1967) 
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128 A. I. Roitbak 

eliminated by action of X-rays without an appreciable change in the DP 
(and other electrical reactions of the cortex, for example, the primary 
response). This was observed under the action of comparatively small 
doses of radiation (Fig. 1). In the course of postradiation action of com-
paratively large doses of radiation the SNP disappeared much sooner 
than the DP; in the course of the postradiation restoration of the res-
ponses the DP appeared much sooner than the SNP. Fig. 2A shows 
a record of a direct response (DP + SNP) made at a distance of 2.5 mm 
from the stimulating electrodes (the sweep of the ray used shows only 

A 

B 

Fig. 2. Select ive depress ion of S N P by X - r a y s . Cat ; N e m b u t a l 80 mg/kg ; DC ampl i -
f ier . S t imu la t i ng a n d r eco rd ing ("active") e lec t rodes at a d i s t ance of 2.5 m m f r o m 
each o ther on gyr . sup ra sy lv iu s dex. D u r a t i o n of s t imul i — 0.5 msec; in tens i ty — 
50 v. A, r e sponse consis t ing of D P and S N P b e f o r e i r r ad i a t i on . B, 15 min a f t e r 
i r rad ia t ion of t he r i g h t h e m i s p h e r e (dose — 25 kr) . C, 34 min a n d D, 67 min a f t e r 
i r rad ia t ion . E, a f t e r r e p e a t e d i r r ad ia t ion (dose — 25 kr). Ca l ib ra t ion : 20 msec, 

0.25 m V (Roitbak et al. 1967) 

the initial part of the SNP). Eleven minutes after irradiation (28 kr) the 
DP decreased and, characteristically, the SNP completely disappeared 
(Fig. 2B); the duration of the DP increased to 40—50 msec. Thirty-three 
minutes after irradiation the amplitude of the DP increased to 75—80% 
of the initial, but the SNP did not arise (Fig. 2C), 67 min after irradia-
tion the direct responses were restored and the SNP became even more 
clearly marked than before irradiation (Fig. 2D). Repeated irradiation 
resulted in complete disappearance of direct responses in the irradiated 
hemisphere (Fig. 2E). 
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Surface-negative potentials of the cortex 129 

The fact of higher sensitivity of the SNP to radiation, compared with 
the DP, whose neuronal origin gives rise to no doubts, reinforces the 
hypothesis of the neuroglial origin of the SNP. Hardly improbable is the 
selective action of X-rays on definite synaptic structures in the cortex, 
which should be assumed on the basis of the hypothesis that postsynaptic 
potentials of neuronal elements underlie the SNP. 

A striking effect is produced on the SNP by morphine. The mechanism 
of the analgesic action of morphine is still unknown (Valdman 1961, 
1963, Martin 1963, Batrak 1965, Zakusov 1966). Despite the large number 
of studies of the influence of morphine on the spontaneous electrical 
activity and evoked potentials of the brain there is no information on the 
changes in prolonged electrical potentials. The initial fact discovered by 
us (Roitbak 1963) was that the SNP was weakened or eliminated by local 
application of morphine hydrochloride in the lead-off region (Fig. 3ABC); 
concentrations of 0.2% and higher were effective; the effect appearing 
in 3 min and lasted more than one hour. The prolonged negative devia-
tions evoked by rhytmic stimulations of the cortex and the SNP in the 
somatosensory region of the cortex evoked by strong stimulations of the 

Fig. 3. Depress ion of S N P of the direct r e sponse of t he cor tex by local appl icat ion 
of morph ine , p r o m e d o l e a n d fen tany l . A—B, cat ; N e m b u t a l 100 mg/kg ; s t imula t ing 
and ac t ive r eco rd ing e lec t rodes on gyr. sup rasy lv ius med., spaced 1 m m apa r t ; DC 
ampl i f i e r . A, r e sponse to one s t imulus (50 v. 0.05 msec) be fo re poisoning. B, 3 min 
a f t e r r e m o v a l of l°/o m o r p h i n e f r o m t h e r eco rd ing e lec t rode (poisoning las ted 
3 min). C, 23 m i n a f t e r its r emoval . Leng th of exposu re —1.5 sec, vol tage ca l ib ra -
t i o n — 1 mV. D—F, cat , N e m b u t a l 110 mg/kg , t e m p e r a t u r e of cor tex — 33°C; s t imu-
la t ing a n d r e c o r d i n g e lec t rodes on gyr . s igmoid post., spaced 1.5 m m a p a r t ; AC 
ampl i f i e r w i t h a t i m e cons tan t of 0.7 sec. D, r e s p o n s e to one s t imulus (50 v, 0.2 msec) 
b e f o r e poisoning. E, 4 m i n a f t e r r e m o v a l of 1 % promedo le (poisoning las ted 2 min). 
F, 13 m i n a f t e r i ts r emova l . T ime m a r k i n g — 200 msec, vo l tage ca l ibra t ion — 
0.5 mV. G—I, cat , N e m b u t a l 80 mg/kg, t e m p e r a t u r e of cor tex — 34°C; s t imula t ing 
and r eco rd ing e lec t rodes on gyr. sup ra sy lv iu s med. , spaced 1 m m a p a r t ; AC ampl i -
f ier w i th a t i m e cons t an t of 0.7 sec. G, r e sponse to s t imulus (30 v, 0.05 msec) be fo re 
poisoning. H, 5 m i n a f t e r r e m o v a l of f e n t a n y l (0.005%), poisoning las ted 5 min. 
1, 60 min a f t e r i ts r emova l . T ime m a r k i n g — 20 msec, vo l tage ca l ibra t ion — 1 mV 
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130 A. I. Roitbak 

corresponding portion of the skin were also suppressed (Roitbak 1965). 
Other types of evoked potentials did not change or were intensified (den-
dritic potentials, primary responses, secondary responses). 

Thus the SNP was the only electrical reaction of the cortex to be 
eliminated as a result of local application of morphine to the surface 
of the cortex. Local application of a 1% solution of promedole (4-phenyl-
-4-propoxy-l,2,5-trimethyl-piperidine hydrochloride: analgesic) to the 
cortex also eliminated the SNP and, unlike morphine, also depressed the 
DP (Fig. 3DEF). Local application of a 0.005% solution of fentanyl (anal-
gesic) eliminated the SNP aind somewhat weakened the DP (Fig. 3GHI); 
restoration of the direct response took less than one hour. 

Fig. 4. Depress ion of S N P of t h e di rect r e sponse a n d of S N P of t h e p r i m a r y response 
by in t r avenous a d m i n i s t r a t i o n of morph ine . A—F, cat, N e m b u t a l 50 mg/kg, n a t u r a l 
resp i ra t ion , DC a m p l i f i e r ; e lec t rode a r r a n g e m e n t shown in d i a g r a m : r eco rd ing 
e lec t rode 1 on gyr . sup rasy lv ius m e d . 1 m m f r o m s t imula t ing e lec t rodes to record 
t h e direct r e sponse of the cor tex — D P a n d t h e fo l lowing SNP; record ing e lec t rode 
2 on gyr. s igmoid post, se rves to r ecord t h e p r i m a r y re sponse a n d t h e fo l lowing 
S N P evoked by s t rong s t imula t ion of t h e skin. A, d i rec t response to a s t imulus of 
50 v, 0.05 msec be fo re admin i s t r a t i on of m o r p h i n e . B, 7 min a f t e r i n t r avenous 
admin i s t r a t i on of 3.6 m g / k g of m o r p h i n e . C, 33 m i n a f t e r its admin i s t r a t ion . D, 
e lec t r ica l r eac t ion to s t imulus of 50 v, 2 msec, app l ied to skin of con t r a l a t e r a l fo -
re leg be fo re m o r p h i n e admin i s t r a t i on . E, 13 min a f t e r m o r p h i n e admin is t ra t ion . 
F, 42 min a f t e r its admin i s t r a t ion . T i m e ca l ibra t ion 100 msec, vo l tage cal ibrat ion — 
0.2 mV. G, t r acheo tomised cat, N e m b u t a l 60 mg/kg , control led resp i ra t ion , DC 
a m p l i f i e r ; s t imu la t i ng a n d ac t ive r e c o r d i n g e lec t rodes on gyr. suprasy lv ius med., 
spaced 1 m m a p a r t . Changes in S N P of d i rec t r e sponse evoked by s t imulus of 
50 v, 0.05 msec , a f t e r m o r p h i n e admin i s t r a t i on (5 mg/kg) ; f igures above curves — 
t i m e in m i n u t e s e lapsed a f t e r m o r p h i n e admin i s t r a t i on ; t ime m a r k i n g — 50 msec, 

vol tage m a r k i n g — 0.8 m V (Roi tbak and Linenko) 
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Surface-negative potentials of the cortex 131 

In the experiments conducted jointly with V. I. Linenko on cats with 
natural and controlled respiration intravenous administration of mor-
phine weakened and eliminated the SNP of the direct response of the 
cortex and the SNP of the somatosensory region evoked by a strong 
stimulation of the skin. Fig. 4 shows several records of one of these ex-
periments. The stimulus applied to the surface of the cortex evoked 
a direct response in the form of an initial negative potential and an SNP 
of about 500 msec duration (Fig. 4A). The SNP was ten times as weak 
after administration of 3.5 mg/kg of morphine (Fig. 4B). The SNP was 
restored after 33 min (Fig. 4C). Records D—F illustrate the similar 
influence of morphine on the SNP after the primary response. 

A dose of 10 mg/kg of morphine often completely eliminated the SNP 
several minutes after its administration; gradually weakening the effect 
lasted 60—180 min and longer. Fig. 4G shows the process of weakening 
of the SNP after administration of 5 mg/kg of morphine. In the second 
minutes no influence was as yet discovered; the weakening of the SNP 
could be clearly observed in the sixth minute; the maximum weakening 
of the SNP occurred in the tenth minute and remained at that level for 
20 min. Restoration of the SNP began to be clearly observed in the 
31st min. 

In the studies conducted by Fujita et al. (1953) intravenous ad-
ministration of morphine resulted in depression of the second negative 
potential of the direct response of the cortex, which in their records 
lasted about 30 msec; we cannot therefore with any certainty identify 
the second component of their record with the SNP which lasts 10—100 
times as long. They considered the depression of the second component 
an indication that morphine blocks the excitation of intracortical neurons, 
which is at variance with a number of facts, including the well-known 
fact of the strychninelike effect of morphine (Longo and Chiavarelli 
1962). 

According to the data from A. K. Sangailo's laboratory (Strelkov 1963) 
and our own data, morphine in a dose of 2 mg/kg raises the threshold 
of pain in cats, the criterion for this being the animal's external reaction; 
the maximum effect of subcutaneous administration occurs between the 
30th and 60th min and lasts 10—180 min. Thus there is a good cor-
respondance between the dose, development and duration of the analgesic 
effect of morphine in experiments on normal cats, on the one hand, and 
its depressing effect on the SNP, on the other. The fact that the SNP is 
eliminated by morphine (and other analgesics) is apparently the key to 
understanding the mechanism of the analgesic action. 

If this conclusion is justified, the factors eliminating the SNP should 
be expected to possess analgesic properties and, contrariwise, the factors 
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intensifying the SNP should intensify pain, i.e., possess antanalgesic 
properties. In our laboratory it has been established that the SNP is in 
some measure selectively depressed by strychnine, caffeine and bromine. 
Information is available to the fact that strychnine intensifies the 
analgesic effect of morphine and promedole (Chudakova 1955); the anal-
gesic properties of caffeine have been demonstrated (Batrak and Stets 
1966; Khrapov 1966); there are indications that bromine possesses anal-
gesic action (Verkhovskaya 1962). The SNP is intensified and prolonged 
by nembutal (pentobarbital sodium) (Goldring and O'Leary 1960, Gold-
ring et al. 1960, 1961); it is known that barbiturates have antanalgesic 
properties (Darbinyan 1967). 

The hypothesis of the neuroglial origin of the SNP warrants the 
assumption that the point of application of morphine and other anal-
gesics is the neuroglia and that the neuroglia is connected with the pain 
mechanism. 

SUMMARY 

In response to a stimulus applied to the surface of the cortex a den-
dritic potential, i.e. EPSP of apical dendrites and slow negativity (SN, 
300—3000 msec) arise (Chang 1951, Goldring and O'Leary 1960). It was 
supposed (Roitbak 1963) that SN reflects depolarization of apical den-
drites resulting from the activation of glia in their victinity. Experiments 
were carried out on cats under Nembutal anesthesia with Ag — AgCl 
electrodes and DC amplifier. Under the X-ray action (15 kr) SN disap-
peared; dendritic potentials did not alter at such dose, they disappeared 
at higher doses of X-rays. This fact might be considered as an evidence in 
favour of the neuroglial nature of SN, for there are morphological and 
physiological data asserting that neuroglia is more sensitive to the 
X-rays than the neurons. Under local application to the cortex morphine 
does not affect dendritic potentials, enhances primary and secondary 
responses. SN is the only evoked potential of the cortex which is eli-
minated as a result of local application of morphine. Analgesics promedole 
and fentanyl also eliminate SN. Intravenous administration of morphine 
(3,6 mg/kg) causes weakening and elimination of SN of the direct cortical 
response and SN of the somatosensory area elicited by the strong skin 
stimulation. Latency of this effect and its duration correspond to the 
course of the analgesic effect in the experiments on normal cats. It may 
be supposed that neuroglia is related to the mechanism of pain and is a 
site of action of morphine and other analgesics. 
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It is now well established that in normal animals specific EEG pat-
terns in the brain reflect the behavioral states of alertness and sleep. 
With electrical stimulation of basal brain structures, Hess (1929, 1956) 
induced several behavioral patterns including sleep and excitation in 
cats. From the work of Moruzzi and Magoun (1949) there is general agre-
ement that high frequency electrical stimulation of the brain-stem re-
ticular formation in sleeping animals evokes EEG arousal and behavioral 
arousal. Applying low and high frequency stimulation to the same medial 
thalamic and midbrain reticular regions Monnier et al. (1963) were able 
to induce synchronization or desynchronization of EEG patterns, respec-
tively. More recently, brain-stem mechanisms related to sleep have been 
reviewed by Zanchetti (1967). 

However, it is difficult to stimulate sustained EEG and behavioral 
patterns reproducibly in the same animal; the induced EEG arousal 
response undergoes habituation. This occurs during extended or repeated 
stimulation by external alerting stimuli acting through receptors (Shar-
pless and Jasper 1956) or by a direct electrical stimulation of the cortex 
and amygdala (Ursin et al. 1967) or midbrain reticular formation {Glick-
man and Feldman 1961). Habituation of EEG arousal elicited by brain-
-stem electrical stimulation appears not only in the neocortex but also 
in the hippocampus (Drewczyński 1968). Even during a 30 sec stimulation 

1 P resen t addres s : Depar tmen t of Physiology, School of Medicine, Łódź, Po land . 
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period the resting EEG pattern returns after the first desynchronized 
phase (Bueno et al. 1968). 

The purpose of this study was to determine the midbrain energy 
thresholds for inducing a hippocampal theta rhythm during relative 
alertness and spindle sleep and for the reversion of the EEG pattern 
from spindle sleep to a continuous arousal pattern. The differences in 
energy thresholds between two midbrain stimulating points and their 
stability over a few weeks of testing for individual animals were taken 
into consideration. The hippocampal theta rhythm was used as the most 
sensitive indicator of EEG arousal in the rabbits (Green and Arduini 
1954; Petsche and Stumpf 1960). To eliminate the spontaneous fluctua-
tions in the cyclic recurrence of sleep and wakefulness in intact animals 
during the determination of the energy threshold for the reversion of 
the EEG pattern, we have adapted the stimulus brain response feedback 
loop method (Mulholland and Runnals 1962, 1964) for direct electrical 
stimulation of the midbrain in rabbits. 

METHODS 

Four t een m a t u r e f e m a l e New Zea land Whi te r abb i t s we igh ing 3.4 to 4.4 kg 
w e r e used. U n d e r pen toba rb i t a l anes thes ia seve ra l e lec t rodes w e r e i m p l a n t e d 
s te reo tax ica l ly into the b r a i n accord ing to the a t las of S a w y e r et al. (1954). T w o 
s i lver -ba l l e lec t rodes w e r e placed ep idura l ly over t h e f r o n t a l and l imbic co r t ex 
of t h e r igh t h e m i s p h e r e and bipolar concent r ic s ta in less steel e lec t rodes w e r e 
imp lan ted into t h e r igh t dorsal h ippocampus (P4, R5, H + 5), in to t h e m i d b r a i n 
re t icu la r f o rma t ion (RF) on t h e r igh t (P8, R2, H-3) a n d into t h e p e r i a q u e d u c t a l 
cen t ra l gray (CG) on t h e l e f t (PIO, L1.5, H- l ) . F ive l a rge mic roe lec t rodes w e r e 
also in t roduced into deep subcor t ica l reg ions bu t r ecord ings f r o m t h e s e wi l l be 
r epor t ed separa te ly . An i nd i f f e r en t s ta in less steel s c r ew and p la te e lec t rode w a s 
placed over the f r o n t a l bones and t h r e e g round ing sc rews w e r e f ixed to occipital 
and par ie ta l bones. Wires f r o m t h e e lec t rodes w e r e c r imped to f e m a l e contac ts 
fo r inser t ion in to a 17 recep tac le A m p h e n o l Socket wh ich was l a t e r f i xed to the 
skul l w i th acri l ic den ta l cement . Ant ibiot ics w e r e admin i s t e r ed local ly a r o u n d 
the assembly a n d in jec ted i n t r a m u s c u l a r l y for a f e w days fo l lowing su rge ry . Two 
or t h r e e weeks la te r t h e r abb i t s w e r e ind iv idual ly f ami l i a r i zed wi th t h e l a r g e 
e x p e r i m e n t a l s o u n d - a t t e n u a t e d c h a m b e r by placing t h e m in t h e c h a m b e r for 24 h r 
every 7—10 days. 

Energy thresholds for theta rhythm and for somatic responses. S t imula t ion 
and r ecord ing e x p e r i m e n t s began one m o n t h a f t e r imp lan ta t ion . In u n r e s t r a i n e d 
f r e e moving an ima l s e lectr ical ac t iv i ty was r eco rded f r o m dorsa l h ippocampus , 
f r o n t a l a n d l imbic cor tex wi th a Gras s Model I I I - D E lec t roencepha lograph . With 
Tek t ron ix Type 162 W a v e f o r m G e n e r a t o r s and a Grass Model S4 S t imu la to r t h e R F 
was s t imu la t ed fo r 5 sec every 30 sec. T h e e lect r ica l pulses w e r e mon i to red con-
s tan t ly on a T e k t r o n i x Type 502 Oscil loscope and r ead ings of c u r r e n t in m i c r o a m p s 
and of a m p l i t u d e in vol ts w e r e noted on EEG pape r . The e f fec t s of 5 sec t r a ins 
of s q u a r e w a v e pulses w e r e tes ted at f r e q u e n c i e s of 10, 20, 30, 40, 80, 150 a n d 
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300 c/sec a n d dura t ions of 0.05, 0.1, 0.5, 1.0 msec w e r e tes ted. Comple t e t r i a l s w e r e 
g iven t h e f r e q u e n c i e s of 30 a n d 300 c/sec, cons tan t dura t ion 0.1 msec and a m p l i -
t udes g r adua l l y increased by 0.1 or 0.2 V steps. In all t r ia l s po la r i ty of t he pulses 
w a s t h e s a m e : t h e b a r r e l of t he concen t r ic e lectrodes, ca thode and t h e t ip, t he anode . 

In each t r i a l t h e f i r s t t r a in was app l i ed wh i l e the a n i m a l was s i t t ing qu ie t ly 
b u t fu l ly a l e r t according to the EEG records and behavior wh ich w a s observed 
t h r o u g h a o n e - w a y w i n d o w and noted on the EEG paper . The ene rgy th resho ld 
per t r a in f o r t h e h ippocampa l the ta r h y t h m in a l e r t an ima l s (THTA) was es tab-
l i shed as t h e lowest energy wh ich changed t h e h ippocampa l e lec t r ica l ac t iv i ty 
s l ight ly. This t h r e s h o l d s t imulus was usua l ly r epea t ed ten t imes. By increas ing 
the a m p l i t u d e of t he pulses in success ive t r ia l s it was possible to es tabl ish t h e 
ene rgy t h r e sho ld for t h e h ippocampa l t he t a r h y t h m du r ing sp indle s leep (THTS): 
t h e t he t a r h y t h m appea red each t i m e t h e s t imulus w a s appl ied . F u r t h e r increases 
in a m p l i t u d e induced somatic responses such as con t r a l a t e r a l or ips i l a te ra l t u r n i n g 
of t h e head , r e l axa t ion of neck musc les wi th the head d ropp ing to t h e f loor and 
f ina l ly g e n e r a l behav io ra l exc i ta t ion w i t h s tamping , c i rc l ing or r u n n i n g . The 
th re sho lds of t hese man i f e s t a t i ons could be m e a s u r e d (TSR). 

The ene rgy of t he squa re w a v e e lect r ica l pulses was ca lcu la ted f r o m the 
f o r m u l a : 

Ene rgy per pulses in m ^ W s = U X i X t 
U = a m p l i t u d e of pulse in vol ts 

i = c u r r e n t of pulse in m i c r o a m p e r e s 
t = du ra t i on of pulse in mil l i seconds 

mj-iWs = mi l l imic rowat t - seconds 
The ene rgy of t h e t r a i n w a s ca lcula ted f r o m t h e f o r m u l a : 
Ene rgy p e r t r a i n in ra^Ws = m(.iWs/pulse Xf X T 
f = f r e q u e n c y of pulses 
T = d u r a t i o n of t r a in in seconds 
The energy threshold for continuous EEG arousal pattern. A f t e r ini t ial e x -

p e r i m e n t s h a d been comple ted to obta in t h e ene rgy th resho lds for induc ing t h e 
h i p p o c a m p a l t he t a r h y t h m du r ing a l e r tness (THTA) a n d sp indle s leep (THTS) a n d 
f o r somat ic r e sponses (TSR), au toma t i ca l ly modu la t ed s t imula t ion w a s appl ied . 
Fo r th is p u r p o s e an e lectr ical c i rcui t was developed conta in ing t w o T e k t r o n i x 
T y p e 162 W a v e f o r m Genera to r s , a G r a s s Model S4 S t imu la to r w i th s t imula t ion iso-
la t ion uni t , a Gras s Model I I I - D E lec t roencepha lograph , T e k t r o n i x Type 502 
Osci l loscope a n d our own ca thode fo l lower , f e e d b a c k contro l device a n d s t imulus 
m o d u l a t o r . T h e gene ra to r s a n d s t imu la to r p rov ided au tomat i c s t imula t ion of t h e 
R F w i t h 1.5 sec or 2 sec t r a ins s epa ra t ed by 1.5 sec or 2 sec in te rva l s . Rec tangu la r 
w a v e pulses of 30 or 300 c/sec f r e q u e n c y a n d 0.1 msec dura t ion w e r e used. The 
c u r r e n t a n d vo l t age of t he pulses w e r e cons tan t ly mon i to red on t h e oscilloscope. 

Whi le h i p p o c a m p a l ac t iv i ty w a s be ing r eco rded e lec t roencepha lograph ica l ly 
t h e s t imu lus m o d u l a t o r was cont ro l led t h r o u g h a ca thode fo l lower a n d f eedback 
con t ro l device con ta in ing 7.5 c/sec b a n d pass f i l t e r s fo r t h e h ippocampa l e lectr ical 
ac t iv i ty . T h e a m p l i t u d e of pulses appl ied to t h e R F decreased au tomat i ca l ly w h e n 
t h e h i p p o c a m p a l t h e t a r h y t h m a p p e a r e d and inc reased w h e n it d i sappeared . The 
r a n g e of a m p l i t u d e of t h e pulses w a s a d j u s t e d fo r each a n i m a l wi th respec t to t h e 
E E G a rousa l (h ippocampal t h e t a r h y t h m ) th re sho ld d u r i n g a l e r tness (THTA) and 
sp ind le s leep (THTS). T h e amp l i t ude of t h e pulses w a s cons tan t ly mod i f i ed by 
t h e m o d u l a t o r b e t w e e n m i n i m u m a n d m a x i m u m a m p l i t u d e depend ing on t h e EEG 
p a t t e r n . T h e th re sho ld w a s es tab l i shed for cont inuous EEG arousa l p a t t e r n , TCAP, 
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i.e., t h e lowes t ene rgy t r a i n wh ich r e p e a t e d l y conver ted t h e s leep EEG p a t t e r n into 
a h i p p o c a m p a l t h e t a r h y t h m a n d cor t ical desynchron iza t ion and m a i n t a i n e d t h e m 
f o r 10 min . 

Two-way reversion of the EEG pattern. A f t e r t h e t h r e sho ld e n e r g y f o r con-
t i nuous EEG arousa l had been es tab l i shed the pu l s e a m p l i t u d e r a n g e w a s sh i f t ed 
d o w n w a r d to a level cons is ten t w i t h r eco rd ing t h e deepes t sp ind le EEG p a t t e r n . 
W h e n t h e dens i ty of EEG spindles f r o m the cor t ical l eads w a s s u f f i c i e n t l y high 
t h e pu l se ene rgy was e leva ted to t h e th resho ld fo r a cont inuous E E G a r o u s a l p a t -
t e r n (TCAP) fo r 30 sec per iods a n d t h e n lowered aga in to t h e in i t ia l level . 

Fig. 1. Block d i a g r a m of f e e d b a c k loop cont ro l l ing EEG arousa l . T h e s t imu la t i ng 
e l ec t rode lies in the m i d b r a i n r e t i cu l a r f o r m a t i o n a n d t h e r e c o r d i n g e l ec t rode in 
t h e dorsa l h ippocampus . Boxes r e p r e s e n t : 162, Tek t ron i c Type 162 W a v e f o r m G e -
n e r a t o r s ; S. 4, Grass Model S4 S t i m u l a t o r ; S. I. U., G r a s s S t imu la t i on Isolat ion Uni t ; 
t h e s e w e r e t h e i n s t r u m e n t s gene ra t i ng t h e t r a in s of s q u a r e w a v e e lec t r ica l pulses . 
EEG, G r a s s Model I I I - D E lec t roencepha log raph ; C. F., C a t h o d e Fo l lower ; Fb . C„ 
F e e d b a c k Cont ro l Device fo r r eco rd ing a n d f i l t e r ing h i p p o c a m p a l e lec t r ica l ac t iv i ty ; 
MOD, S t i m u l u s Modula tor which m o d u l a t e d the a m p l i t u d e of s q u a r e w a v e e lec t r ica l 
pu lses ; SCOPE, T e k t r o n i x Type 502 Oscil loscope f o r m o n i t o r i n g vo l t age a n d c u r r e n t 

of each pulse 

S imi la r t r i a l s w e r e given CG s t imula t ion to es tab l i sh e n e r g y t h r e s h o l d s f o r 
t h e t a r h y t h m , for somat ic responses , f o r t h e cont inuous EEG a r o u s a l p a t t e r n a n d 
f o r t w o - w a y reve r s ion f r o m sp ind le s leep to EEG a rousa l p a t t e r n . 

At t h e complet ion of t h e e x p e r i m e n t a l p r o g r a m di rec t c u r r e n t was passed 
b e t w e e n i n d i f f e r e n t a n d ac t ive e lec t rodes and each r a b b i t w a s ki l led w i t h a n 
ove rdose of p e n t o b a r b i t a l i.v. The b r a i n was p e r f u s e d w i t h isotonic sa l ine fo l lowed 
by 10% f o r m a l i n con ta in ing a solut ion of po tass ium f e r r o - a n d f e r r i - c y a n i d e for 
t h e P r u s s i a n Blue reac t ion w i t h i ron ions. Coronal his tological f r o z e n sections w e r e 
m a d e t o d e t e r m i n e t h e e lec t rode posi t ions in t h e b r a i n . 
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R E S U L T S 

Energy thresholds jor hippocampal theta rhythm and somatic responses 

RF stimulation. Histological verification of the position of the elec-
trode tips showed that stimulation had been applied to the midbrain re-
ticular formation in all 14 rabbits (Fig. 2). During 5 sec stimulation of 
the RF at a frequency of 30 c/sec in relatively alert animals a theta 
rhythm (THTA) appeared at a stimulus energy level of 705+165 mM-Ws/ 
/train (mean ± standard error) in 13 animals. Repetition of the 5 sec 
stimulation trains at 30 sec intervals led to a gradual decrease in EEG 
arousal, and spindles appeared in the cortical leads during the intervals 
as well as during stimulation. Increasing the pulse energy restored EEG 
arousal but spindles appeared more frequently and were more prono-
unced during the intervals. The excitability of the brain fluctuated 
constantly and whereas some trains evoked EEG arousal during stimula-
tion most of them eventually failed. 

S U M . : 
3 0 c / s e c , O.lmsec, 5 sec A RELAXATION 

300c /sec , O.lmsec , 5sec • RELAXATION 
- » - - » - w IPSILAT. HEAD MOV. 

- " - • C0NTRALAT. HEAD MOV. 

Fig. 2. Corona l sect ions of r abb i t b r a i n s t e m w i t h t h e d i s t r ibu t ion of s t imu la t i on 
po in t s in the r e t i c u l a r f o rma t ion (RF) of 14 an imal s . S t imu la t i on of each po in t w i t h 
5 sec t r a i n s of pulses of 30 or 300 c/sec induced a t h e t a r h y t h m in t h e do r sa l h i p p o -
c a m p u s . Wi th f u r t h e r inc rease of ene rgy in t h e t r a i n s somat ic r eac t ions w e r e 
obse rved inc lud ing r e l axa t ion of neck muscles , a n d ips i la te ra l a n d c o n t r a l a t e r a l 

ton ic head m o v e m e n t s . One of t h e 14 a n i m a l s was not s tud ied a t 30 c/sec 

Reaching a mean energy of 6,675-t795 mM-Ws/train, each train induced 
an EEG arousal pattern in 13 animals but during the intervals the 
spindle sleep reappeared. This is the energy threshold for EEG arousal 
during spindle sleep (THTS). With further increase in the stimulus energy 
the EEG arousal pattern was maintained throughout the whole interval 
and some somatic responses were observed. 
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During the spindle sleep episodes the rabbits were lying on the floor 
with their ears elevated. If they stood up and moved the -trains were not 
applied again until a minute after they sat or lay down on the floor. 
This type of behavior was like that observed in unstimulated animals. 

The somatic response for which the threshold was established in 13 
animals was a slow lowering of the head probably due to relaxation of 
neck muscles. The mean energy threshold for this response (TSR) was 
higher than that for EEG arousal during spindle sleep: 11,880±: 
±1,260 mnWs/train. With an increased energy train in one animal the 
downward movements of the head were accompanied by an ipsilateral 
tonic turning of the head and in another animal with rapid rebound 
movements when the stimulus train terminated. With still higher levels 
of stimulation the animals usually stood up and moved or stamped. 

RAB0T * 3 I :3 : I967 
RF STIM- 30 c/sec, 01 msec 
A 

XI .I.il»»i< iinHMMHf» 

495m>jWs 4 9 5 m/iWs D 2 , 4 0 0 m j u W s 5 , 4 6 0 m/jWs 

IIKHIiWi m m m m m m m * I 

6 ,300m/ iWs 6 , 3 0 0 m/jWs 8 , 6 4 0 mjuWs 8 , 6 4 0 m/jWs 

Fig. 3. EEG r eco rds in f r o n t a l c o r t e x (FC), l imbic co r t ex (LC), a n d dorsa l h ippo-
campus (HPC) du r ing s t imu la t ion of t h e r e t i cu l a r f o r m a t i o n (RF) fo r 5 sec, w i th 
30 c/sec t r a i n s (ST). A, s t imu la t ion ait t h r e sho ld e n e r g y — 495 m ^ W s / t r a i n induces 
H P C the t a r h y t h m in a r e l a t ive ly a l e r t an ima l . B a n d C, du r ing sp ind le s leep 
energy levels 2,400 and 5,460 m ^ W s / t r a i n w e r e be low a n d 6,300 m ^ W s / t r a i n w a s 
a p p r o x i m a t e l y a t t h e t h r e sho ld f o r EEG arousa l (THTS). D, t h e ene rgy level 
8,640 mj. iWs/train w a s be low t h e t h r e sho ld for a somat ic response (TSR) — r e l a x a -

t ion of neck musc les 

At a stimulation pulse frequency of 300 c/sec in the same animals 
the hippocampal theta rhy thm and cortical desynchrony (THTA) ap-
peared at an energy level of 1,800±195 m^Ws/train. The mean energy 
threshold for EEG arousal during spindle sleep (THTS) was 7,500± 
±1,095 m^Ws/train. The trains evoked somatic responses at the mean 
energy threshold (TSR) 10,650±1,500 m^Ws/train. The somatic responses 
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were multiform. Only one animal lowered its head while nine showed 
ipsilateral and three contralateral tonic head turning. The thresholds 
for the somatic responses (TSR) and for EEG arousal during spindle 
sleep (THTS) were closer together than during the 30 c/sec stimulation. 
In three animals the thresholds were identical. 

RABBIT # 7 11:260966 
RF SUM.; 30c/sec, 0.1 msec o n n 

LC 

ST 
!20rivuWs 90m/ jWs 

C D 

2,415 m/jWs 2,415 rrijuWs 

8 , 8 2 0 MJUWS 10,800 m/jWs l5,8i0m/jWs 10 tec 18,900 m>uWs 

RF SUM. 300 c/sec 0.1 msec 
E F 

IXI^NM'^^ 

HPCIH I I M ^ ^ I I I ^ M ^ J M ^ ^ ^ I W ^ 

S T — L - — R I — * 1 — • 1 — R -
2 , 8 5 0 mpWs 2 , 8 5 0 mjuWs 7 ,050 myuWs 7 ,050 myuWs 

Fig. 4. E E G r e c o r d s d u r i n g R F s t i m u l a t i o n a t d i f f e r e n t f r e q u e n c i e s . F r o m A to D 
t h e p u l s e f r e q u e n c y w a s 30 c/sec a n d E a n d F, 300 c/sec. A, in t h e r e l a t i v e l y a l e r t 
r a b b i t 120 m n W s / t r a i n w a s t h e t h r e s h o l d f o r H P C t h e t a r h y t h m (THTA). B a n d C, 
d u r i n g s p i n d l e s l eep t h e e n e r g y leve l 2,415 m ^ W s / t r a i n w a s b e l o w a n d 8,820 m ^ W s / t r a i n 
w a s c lose t o t h r e s h o l d f o r E E G a r o u s a l (THTS) D, t h e t h r e s h o l d (TSR) f o r a soma t i c 
r e s p o n s e ( r e l a x a t i o n of n e c k musc les ) w a s 15,810 m ^ W s / t r a i n . E a n d F, e n e r g y l eve l 
2,850 m f t W s / t r a i n w a s b e l o w a n d 7,050 mf. iWs/ t ra in w a s a b o v e t h e t h r e s h o l d f o r H P C 
the t a r h y t h m d u r i n g s p i n d l e s l eep b u t s t i l l b e l o w t h e t h r e s h o l d (TSR) f o r a soma t i c 

r e s p o n s e ( c o n t r a l a t e r a l t on ic h e a d m o v e m e n t ) 

The energy threshold for EEG arousal during spindle sleep (THTS) 
was more definite than the other two. There was little difference betwe-
en the energy levels applied to the RF at 30 and 300 c/sec to produce 
this response (p = 0.6—0.5). 

CG stimulation. Histological study of the electrode positions showed 
that in 12 of 14 animals the electrode tips were in the mesencephalic 
periaqueductal central gray matter and in the other two animals, close 
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m no 1 pe 

STIM.: 
30 c/sec , 0.1 msec , 5 sec A RELAXATION 

300 c/sec , 0.1 msec , 5 sec • RELAXATION 
- • < - w IPSILAT. HEAD MOV. 
- » - - » - - M - " CONTRALAT. HEAD MOV. 

Fig. 5. St imulat ion points in t he mesencephal ic pe r iaqueduc ta l cen t ra l g ray (CG) 
in 14 rabbi ts . A the ta r h y t h m was induced in t he dorsal h ippocampus by low energy 
s t imulat ion of each of these points. With higher energy t r a ins of s t imula t ion somatic 
react ions were observed as in Fig. 2. Two of the 14 an imals w e r e not studied at 

30 c/sec and one at 300 c/sec 

RABBIT # 3 t 3:1967 
CG STIM.: 30 c/sec, 0.1 msec 
A 

HPCi ' " " " ' 

ST 
270m> jWs 

n'M"1*»«1^ 

3 7 5 m/jWs D 3 7 5 m/jWs 3 , 2 4 0 m/uWs 

3 , 2 4 0 myuWs 1 7 , 3 4 0 m/jWs 17,340 m/jWs 10 sec l 7 , 340m/ jWs 

Fig. 6. EEG records dur ing CG st imulat ion. A, in the re la t ive ly a le r t rabbi t 
270 mnWs/ t r a in was below and 375 mtiWs/ t ra in was at threshold for H P C the ta 
r h y t h m (THTA). B and C, dur ing spindle sleep an energy level h igher t h a n 
3,240 mnWs/ t r a in was needed to induce the HPC the ta r h y t h m (THTS). D, t h e energy 
level of 17,340 m^Ws/ t r a in was above threshold (TSR) fo r the somatic response 

(relaxation of neck muscles) 
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to this region. Stimulation with this electrode placement induced EEG 
arousal in all 14 animals. 

The mean energy threshold for inducing hippocampal theta rhythm 
by CG stimulation in alert animals (THTA) was 900+230 m^Ws/train 
for 30 c/sec and 2,700+825 m|J.Ws/train for 300 c/sec stimulation. Repe-
tition of the trains resulted in spindle sleep with RF stimulation. The 
mean energy threshold for theta rhythm during spindle sleep (THTS) 
was 5,715+600 m^Ws/train for 30 c/sec and 13,350+4,200 mj^Ws/train 
for 300 c/sec stimulation. The difference was not significant (p = 0.1— 
0.05). 

Fig. 7. T h r e s h o l d s of EEG a rousa l (HPC t h e t a r h y t h m ) du r ing a rousa l (A = THTA) 
a n d s leep (S = THTS) a n d for somat ic responses (SR = TSR). Ba r s r e p r e s e n t m e a n 

ene rgy in m ^ W s / t r a i n and b racke t s , t h e s t a n d a r d e r ro r of t h e m e a n 

The mean threshold for somatic responses (TSR) was 14,460+ 
+1,815 mnWs/train for 30 c/sec and 23,550+720 m^Ws/train for 300 c/sec; 
the difference was not significant (p = 0.3—0.2). The 30 c/sec trains 
caused relaxation of the neck muscles and a slow lowering of the head 
in 12 animals in which this threshold was studied. Somatic responses 
evoked by 300 c/sec were as follows: lowering of the head in 9 animals, 

2* 
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in 3 of which tonic contralateral head movement was also observed. In 
4 animals tonic head movements appeared alone, contralateral in 3 cases 
and ipsilateral in the other. 

The energy threshold for continuous EEG arousal pattern 

The energy thresholds established above for hippocampal theta rhy-
thm were taken into consideration during trials of the automatically 
controlled modulated stimulation. The range was set so that the mi-
nimum modulated stimulus energy was close to the threshold in the 
alert animal (THTA) and the maximum stimulus energy was below the 
threshold during spindle sleep (THTS). 

RF stimulation. In automatically controlled and modulated RF stimu-
lation spindle sleep was induced by both frequencies (30 and 300 c/sec) 
in all animals. The density of the spindle sleep records in the cortical 
leads usually increased after each 30 sec in which the minimum and 

RABBIT * 3 1:15=1967 
RF STIM. HPC FEEDBACK CONTR. 
A 30 c/sec. QJ msec B A ^ r r \ M *4*\(*t¡(M, i 

Wfl^W^ 1 

c D 0 s e c 

M f t ^ ^ f t f ^ ^ ** W ' 

ST ŷtt̂si yviii i try i B > yiTM 
4 7 3 - 7 , 1 9 1 m/jWs 

E 3 0 0 c/sec Q l msec F 

. . . . r ' ' ' 
S T - r W T i t V t V T V T ^ T V r M ^ 

1 , 2 1 5 - 5 , 4 0 0 m/ jWs 

Fig. 8. EEG records du r ing modu la t ed R F s t imula t ion u n d e r H P C feedback control 
w i t h 1.5 sec t r a i n s and 1.5 in te rva l s (ST). T h e a r r o w s ind ica te the s t imula t ion ene rgy 
was increased . In A to D the pulse f r e q u e n c y was 30 c/sec. C, episodes of p a r a -
doxical sleep. D, The ene rgy which induced a cont inuous EEG arousa l p a t t e r n 
r anged f r o m 473 m|. iWs/train m i n i m u m to 7,191 mji.Ws/train m a x i m u m (TCAP). In E 
and F t h e pu l se f r e q u e n c y was 300 c/sec. F, A cont inuous ly aroused EEG p a t t e r n 
w a s induced by a r a n g e of 1,215 m.uWs/train to 5,400 m ^ W s / t r a i n m a x i m u m (TCAP) 
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maximum amplitude of the pulses were jointly shifted upward. In some 
animals paradoxical sleep appeared giving way to spindle sleep if RF 
stimulation was continued after 20—150 sec of paradoxical sleep. If the 
minimum and maximum amplitude of the pulses was adjusted still 
higher a continuous EEG arousal pattern appeared, i.e., the reversion 
threshold (TCAP) had been reached. The arousal pattern could be main-
tained in immobile animals for 10—60 min or longer. The mean energy 
threshold for the continuous EEG arousal pattern (TCAP) was 4,185± 
±590 mnWs/train for 30 c/sec and 3,285±540 muWs/train for 300 c/sec 
stimulation. Again the difference between these thresholds was not 
significant (p = 0.3—0.2). The reversion threshold (TCAP) was calcu-
lated only for maximal energy trains since during spindle sleep the 
hippocampal theta rhythm did not appear and the unmodulated pulses 
reached their maximum. 

3 0 c / s e c , HPC feedback control 

Fig. 9. M a x i m u m ene rgy levels (TCAP) r e q u i r e d to conver t induced sp indle s leep into 
con t inuous EEG a rousa l (mean ± s t a n d a r d e r ro r in 12 animals) . The s t imu lus was 
m o d u l a t e d u n d e r H P C f e e d b a c k contro l w i t h 1.5 sec t r a in s and 1.5 sec i n t e rva l s 
a n d pulses of 30 a n d 300 c/sec f r e q u e n c y w e r e de l ivered to t h e m i d b r a i n r e t i cu la r 

f o r m a t i o n (RF) a n d pe r i aqueduc t a l c e n t r a l g ray (CG) 

CG stimulation. Stimulation of the central gray with the automatic-
ally controlled and modulated system with 30 and 300 c/sec trains gave 
results similar to those following stimulation of the RF. The range be-
tween minimum and maximum amplitude of pulses was again established 
according to the theta rhythm thresholds. The mean energy threshold 
for conversion from spindle sleep into the continuously aroused EEG 
pattern (TCAP) was' 5,009+463 mM-Ws/train for 30 c/sec and 8,685± 
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±1,215 m^Ws/train for 300 c/sec. This difference between thresholds is 
significant (p < 0.05). 

The stimulation of RF or CG in fully alert and freely moving animals 
with modulating trains of either frequency at energy levels below the 
threshold for continuously aroused EEG pattern markedly changed the 
animal's behavior. A few seconds af ter the onset of the modulated sti-
mulation the rabbits sat down or lay down and spindle sleep appeared in 
the EEG. 

R F S U M . H P C F E E D B A C K CONTR. . 30 c/sec, Qlmsec 

R A B B I T * I 2:io=i%7 

F c m t 
T 

RABBFT #11 2 : 1 3 : 1 9 6 7 
162- 5 , 4 7 2 m/ jWs 

HPC! wŵyy t tri y !f ; 
RABBIT « 1 5 2 - B'- I967 

9 1 8 - 9 , 5 0 4 m/iWs 

i m m m m m m m i m ^ 
M i i m m 

7 4 3 - 8 , 7 1 2 m/ jWs IO sec 

Fig. 10. EEG r e c o r d s of t h r e e r a b b i t s d u r i n g m o d u l a t e d R F s t i m u l a t i o n u n d e r H P C 
f e e d b a c k con t ro l w i t h 1.5 sec t r a i n s a n d 1.5 sec i n t e r v a l s a n d a p u l s e f r e q u e n c y of 
30 c/sec. T h e a r r o w s i n d i c a t e 30 sec p e r i o d s d u r i n g w h i c h t h e s t i m u l a t i o n e n e r g y 
w a s i nc r ea sed to t h e t h r e s h o l d f o r c o n t i n u o u s E E G a r o u s a l (TCAP). T h e f i g u r e s 
u n d e r each r e c o r d i nd i ca t e t h e r a n g e f r o m m i n i m a l to m a x i m a l e n e r g y pe r t r a i n 
n e e d e d to c o n v e r t s p i n d l e s leep to t h e i n d u c e d c o n t i n u o u s E E G a r o u s a l p a t t e r n 

Behavioral responses to the modulated stimulation showed two phases. 
In the first phase stimulation of the RF produced sleep spindles, but the 
animals occasionally stood up and moved around the chamber as during 
nonstimulation periods. During the second phase of stimulation, in which 
the continuous EEG arousal pattern was maintained, the animals usually 
remained motionless on the floor; they stood up and moved much less 
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frequently than during the first phase. In some animals rhythmic pal-
pebral movements could be seen during this motionless alert state coin-
cident with stimulation. 

Two-way reversion oj the EEG pattern 

After the energy threshold for the continuous EEG arousal pattern 
(TCAP) had been established the two-way reversion of EEG pattern was 
instituted. The minimum and maximum amplitudes of pulses were join-
tly adjusted to the range at which the deepest spindle sleep was recorded. 
Shifting the amplitude up to the level for continuous arousal immediately 
evoked desynchronization of the cortical record and a theta rhythm in 
the hippocampus. After 30 sec the amplitude of the pulses was shifted 
back down to the initial level and spindle sleep reappeared in a few 
seconds. 

This two-way reversion of the EEG pattern was repeated several 
times in each animal using 30 c/sec trains of stimulation of either RF 
or CG. The energy levels of the trains inducing the reversion remained 
quite constant for individual animals over a few weeks of testing. 

DISCUSSION 

Behavioral sleep and/or EEG sleep patterns have been elicited in 
many species by direct stimulation of various regions of the brain. Many 
of the experiments were done in cats in which hypnogenic areas were 
found in the thalamus (Hess 1929, 1956, Akert et al. 1952; Hess Jr. et al. 
1953; Hernández-Peón and Chavez Ibarra 1963; Parmeggiani 1964), mid-
brain reticular formation (Favale et al. 1961; Parmeggiani 1964), basal 
forebrain (Clemente and Sterman 1963), preoptic region and amygdala 
(Hernández-Peón and Chavez Ibarra 1963), mammillary bodies and hip-
pocampus (Parmeggiani 1964) and pontine reticular formation (Rossi 
1963). Sleep was also produced by stimulation of the thalamus in dogs 
(Akimoto et al. 1956), midbrain reticular formation in monkeys (Proctor 
et al. 1957) and in rats (Caspers and Winkel 1954). In rabbits sleep was 
induced by electrical stimulation of rhinencephalic-hypothalamie areas 
(Faure 1957, Kawakami and Sawyer 1959), and the medio-central in-
tralaminar thalamus and midbrain reticular formation (Monnier et al. 
1963). 

Our results are in agreement with their reports implicating the 
midbrain reticular formation as a hypnogenic area but they differ signi-
ficantly in the parameters of electrical stimulation. To induce spindle 
sleep in rats Caspers and Winkel (1954) used a stimulus frequency of 
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12 c/sec; in cats, Favale et. al. (1961) used 12 c/sec and Parmeggiani 
(1964), 4, 8.5 or 17 c/sec; in rabbits Faure (1957) Kawakami and Sawyer 
(1959) and Monnier et al. (1963) all used low frequency stimulation of 
4—6 c/sec. For triggering paradoxical sleep in rabbits Kawakami and 
Sawyer (1964) and Faure (1964) applied 5 c/sec to the central gray. 

However, Kaada et al. (1967) reported that the optimal stimulation 
frequency for producing synchronization in anesthetized cats was about 
100—300 c/sec and it also could be obtained with 30 c/sec. Prince and 
Shanzer (1966) also obtained rhythmic slow activity in the neocortex at 
moderate levels of anesthesia by stimulating the mesencephalic teg-
mentum at high frequency (40—250 c/sec) in cats. High frequency sti-
mulation of the midbrain reticular formation has also been employed in 
the spindle stage of sleep to trigger paradoxical sleep in cats (Jouvet et 
al. 1960, Rossi et al. 1961, Rossi 1963, Lissak et al. 1965). 

Our results indicate that the stimulus frequency is not the most cri-
tical parameter for elicitating behavioral or EEG sleep or arousal pat-
terns, but the amount of energy applied per second or per train. Stimu-
lating RF at frequencies of 30 and 300 c/sec, no significant differences 
attributable to frequency were found in the amount of energy per train 
for producing EEG arousal or reversion of spindle sleep into a continuous 
EEG arousal. The threshold energies for somatic responses elicited by 
the low and high frequency stimulation differed only insignificantly. 
From the same stimulation point in one animal two different somatic 
responses were elicited by low and high frequency stimulation of about 
the same amount of energy per train. Low frequency stimulation caused 
a lowering of the head with relaxation of the neck muscles, and high 
frequency did the same but with additional ipsilateral or contralateral 
tonic head movements which were more prominent. Such somatic re-
actions have also been observed in cats (Hess 1956, Skultety 1962) and 
in rabbits (White and Himwich 1957). Our observation did not confirm 
Ward's (1958) interpretation that stimulation of the medial part of the 
midbrain reticular formation elicited ipsilateral and the lateral part, con-
tralateral head turning. The somatic response to midbrain stimulation 
is more a function of stimulus frequency than of position of the electrode 
tips. 

Habituation did not occur to modulated trains in our experiments. 
This agrees to a certain extent with findings of Ursin et al. (1967) but 
does not confirm the findings of Glickmann and Feldman (1961) or 
Drewczyriski (1968). However, lack of habituation in our experiments 
does not prove that this phenomenon cannot be elicited from stimula-
tion of the midbrain. It seems rather that continual variations of pulse 
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and train energy interfered with habituation. Variations in the energy 
of sequential pulses in one train as well as the energy of sequential trains 
eliminated the repetitiveness of stimuli needed for habituation. 

In our experiments it has been rather difficult to differentiate se-
parate neural mechanisms for behavioral and electrical sleep patterns. 
Trains of both frequencies, with energy levels below the threshold for 
somatic responses, caused alert and moving animals to lie down after 
a few seconds and show spindle sleep. The animal's behavior and the 
induced electrical activity of the brain could not be differentiated from 
spontaneous sleep. 

It is likely that the neural mechanisms for spindle sleep as well as 
paradoxical sleep require a certain low amount of energy. The lowest 
amount of energy per second or per train induces spindle sleep followed 
sometimes by paradoxical sleep. Increases in energy per train step by 
step induce EEG and later behavioral arousal. The energy required for 
the induction of sleep can be applied by direct electrical stimulation of 
the midbrain or other brain structures or by peripheral nerve stimula-
tion (Pompeiano 1963). 

The induced continuous EEG arousal pattern is a peculiar stage from 
both behavioral and bioelectrical points of view: the stage of immobili-
zation with an aroused EEG pattern is difficult to classify. The position 
of the animal's body remains as during spindle sleep, prone on the floor 
with the head rather low and ears elevated. The frequency of the hip-
pocampal theta rhythm during each train is slower than during para-
doxical sleep (Kawamura and Sawyer 1964). In the 1.5 sec intervals 
between stimulation the theta rhythm was even slower. When the mo-
dulated stimulation was switched off there was usually a short phase 
of spindle sleep after which the animal alerted, stood up and moved. 
This suggests that the induced continuous EEG arousal pattern differs 
significantly from both paradoxical sleep and full alertness. It can be 
characterized as an induced cataleptic state with a desynchronized cor-
tical electrical pattern and a low frequency hippocampal theta rhythm. 

According to Bonvallet and Newman-Taylor (1967) there is evidence 
for differential organization in the midbrain reticular formation. Stimu-
lation of the dorsal part and the region immediately adjacent to the 
central gray is most effective for self-sustained reticular discharges in 
cats. The trains of energy applied to the midbrain in our unanesthetized 
rabbits were probably high enough to activate the neuronal intrareti-
cular circuits producing constant EEG arousal, but was perhaps too low 
to produce behavioral arousal or in some way suppressed it by an in-
hibitory action on the motivation centers. 
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S U M M A R Y 

An automatic feedback control system has been developed for main-
taining electrically stimulated spindle sleep or EEG arousal in unres-
trained, unanesthetized rabbits with chronically implanted electrodes. 
Hippocampal electrical activity was used to modulate the amplitude of 
electrical pulses automatically applied to the midbrain reticular forma-
tion or periaqueductal central gray in 1.5 sec trains with a frequency of 
30 or 300 c/sec and 1.5 sec intertrain intervals. In the development of 
this system energy thresholds were established for inducing a hippo-
campal theta rhythm during relative alertness (THTA) and spindle sleep 
(THTS) and for evoking somatic responses (TSR) (5 sec trains, pulse du-
ration 0.1 msec, 30 sec intervals, frequencies 30 and 300 c/sec). The 
energy thresholds at frequencies of 30 and 300 c/sec were generally 
similar, but arousal from spindle sleep with the stimulus applied to the 
central gray required a significantly higher energy for 300 c/sec trains 
than for 30 c/sec trains. With the automatically modulated system low 
energies of stimulation induced behavioral and EEG sleep patterns. Rais-
ing the energy level caused a reversal of the EEG pattern to arousal 
(TCAP) which could be maintained for several minutes; spindle sleep 
could be restored by merely lowering the energy of the stimulation train 
below arousal threshold. 

This inves t igat ion w a s suppo r t ed by g r a n t s f r o m t h e Na t iona l Ins t i tu t e s of 
Hea l th , N B 01162 a n d t h e F o r d F o u n d a t i o n . 

We t h a n k Virginia Hoover , A r l e n e K o i t h a n a n d Beve r ly B e d a r d for t echn ica l 
he lp , Ke iko Tan i for d r a w i n g a n d l e t t e r i n g i l lus t ra t ions and Rudo lph Sabbot for 
pho tog raphy . 
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The fixation reflex plays an important role in the perception processes 
in the vertebrates with a part of retina specialized for detailed vision. 
However, the behavioral and particularly the neural properties of the 
fixation reflex are unsatisfactorily known. This is mainly due to the 
technical difficulties: the fixation reflex is absent under narcosis while 
the recording of the eye movements in an unanesthetized animal is 
difficult. To avoid these difficulties the cats with pretrigeminal brain 
stem transection (Batini et al. 1959, Żernicki 1968a) were used in the 
present series of studies. In the pretrigeminal cat the fixation reflex is 
preserved (Batini et al. 1959, Affanni et al. 1962) while due to the re-
straining of the cat in a stereotaxic apparatus the accurate recording of 
eye movements is possible. 

In the first paper of the series (Żernicki and Dreher 1965) the 
behavioral properties of the fixation reflex were studied. In the second 
paper (Dreher et al. 1965) some facts concerning the reflex arc of the 
fixation were established. It was found that the fixation reflex is absent 
after removal of the superior colliculi (even without damage of the 
pretectal area), and is seriously impaired after bilateral ablation of the 
visual cortex. On the other hand, after bilateral lesion of the frontal 
oculomotor cortex the fixation reflex was not impaired, and in some 
cats it appeared to by very resistant to habituation. The further analysis 
of the last finding is the objective of the present paper. 
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M E T H O D S 

Apparatus. The s ame e x p e r i m e n t a l c h a m b e r as in t h e p r eced ing p a p e r s of th is 
ser ies w a s used. T h e chamber was opt ical ly i so la ted and i l l umina ted w i t h a s t rong 
d i f f u s e d l ight (the i l lumina t ion a t t h e eyes w a s 650 luxes) . T h e cat w a s p laced in 
the chamber a f t e r p r e t r i g e m i n a l t r ansec t ion , r e s t r a i n e d in a s t e reo tax ic a p p a r a t u s . 

Fo r evok ing t h e f i xa t ion r e f l e x 3 sec ro ta t ion of a b lack " X " s h a p e d f i g u r e of 
a n g u l a r d i a m e t e r 12° w a s used. T w o " X " f i gu re s w e r e located on a t a n g e n t wh i t e 
sc reen . One of t he f igu res w a s 25° a b o v e t h e hor i zon ta l p lane t h r o u g h t h e nodal 
po in t of t h e a n i m a l ' s eyes (see V a k k u r e t al. 1963) and t h e o ther 25° be low th i s level . 

As the con t ro l s t imuli , t h e odors of v a l e r i a n e a n d bu ty r i c acid w e r e used (see 
Ze rn ick i e t a l . 1967). The odors w a s in t roduced in to both nos t r i l s of t h e cat us ing 
a modi f i ed b l a s t in jec t ion m e t h o d : fo r about 3 sec, 400 ml of t h e a i r was b l o w n 
in t h r e e s t rokes by a p u m p ; t h e air passed t h r o u g h a 100 m l bo t t l e con ta in ing 
20 ml of t h e odorous l iguid. 

T h e r i g h t eyebal l was f i lmed (for t e chn ique of f i lm analys is see t h e f i r s t pape r 
of t h e series). The ECoG act ivi ty w a s r eco rded b ipolar ly wi th an i n k w r i t e r f r o m 
v i sua l a reas . 

Procedure. 1. P r e o p e r a t i v e gene ra l examina t ions . The locomotor behav io r based 
on v i sua l cues w a s tes ted in an e x p e r i m e n t a l room. D u r i n g t h e e x a m i n a t i o n of 
ocu la r act ivi ty , t h e head of t h e cats w a s r e s t r a i n e d by hand . T h e v i sua l s t imul i w e r e 
a p iece of wh i t e cot ton wool and a p iece of m e a t . They w e r e m o v e d r h y t h m i c a l l y 
in f r o n t of t h e ca t ' s eyes a t d i s t ance of abou t 40 cm wi th a speed 30°—50°/sec. 

2. B i l a t e ra l cor t ical abla t ion. T h e opera t ion w a s done by suct ion in s te r i le 
condi t ions u n d e r N e m b u t a l narcos is . 

3. P o s t o p e r a t i v e gene ra l e x a m i n a t i o n s (see abovel . They w e r e s t a r t ed t h r e e 
days a f t e r t h e cor t ical opera t ion . 

4. P r e t r i g e m i n a l t r ansec t ion . This was done 7—17 days a f t e r t h e cor t ica l abla t ion. 
T h e t r ansec t ion w a s p e r f o r m e d in t r acheo tomized cats u n d e r e t h e r anaes thes i a (for 
t e c h n i q u e see t h e f i r s t pape r of t h e ser ies a n d Zernicki 1968a). To a l low be t t e r 
observa t ion of t h e eyeballs , t h e n i c t i t a t ing m e m b r a n e s and t h e u p p e r eyel ids w e r e 
p a r t i a l l y r emoved . Fo r ECoG act iv i ty r ecord ing , s i lver e lec t rodes w e r e imp lan t ed 
s u p r a d u r a l l y in v i sua l a reas . 

5. Session I. This began 2 h r a f t e r t h e p r e t r i g e m i n a l t r ansec t ion . The session 
consis ted of t w o pa r t s . In t h e f i r s t pa r t , t h e f i x a t i o n r e f l e x to t h e ro ta t ion of one 
or t h e " X " f i g u r e (the " X " f i g u r e p roduc ing a s t ronger r e sponse w a s used) w a s 
hab i t ua t ed . M a x i m a l n u m b e r of t r i a l s was 250. T h e f i r s t 30 i n t e r t r i a l in te rva l s 
l as ted 60 sec, and t h e fo l lowing ones, 30 sec. The f ixa t ion r e f l e x w a s cons idered 
h a b i t u a t e d w h e n it w a s absen t in t h r e e succesive t r ia l s . For check ing d i shab i tua -
t ion, t h e ro ta t ion of t h e opposi te " X " f i g u r e w a s appl ied . 

In t h e second p a r t of t h e session, t h e ocular responses (eye m o v e m e n t s , 
pup i l l a ry di la ta t ion) and ECoG responses to t h e odor of va l e r i ane w e r e hab i tua t ed . 
M a x i m a l n u m b e r of t r i a l s was 60. T h e f i r s t 30 i n t e r t r i a l i n t e rva l s las ted 2 m i n 
a n d t h e fo l lowing ones, 1 min . S imi l a r ly as w i t h t h e v isua l s t imulus , t h e c r i te r ion 
of h a b i t u a t i o n w a s t h e lack of responses in t h r e e succesive t r ia ls . For t es t ing dis-
hab i tua t ion , t h e odor of t h e bu ty r i c acid was used . 

6. Session II . This s t a r t ed 90 m i n a f t e r t h e end of t he session I. Dur ing th i s 
t h e f i xa t i on r e f l e x usual ly f u l l y r ecovered . T h e f ixa t ion r e f l e x w a s r e h a b i t u a t e d in 
the s a m e w a y as in the session I. Howeve r , due to t h e s low t i m e course of t h e 
spon taneous r ecovery of t h e r e sponse t o the odor of va l e r i ane (see Zern ick i et al. 
1967), t h e o l fac to ry s t imul i w e r e not app l ied in t h e session II . 
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7. Tes t ing of t he fo l lowing r e f l ex . T h e r e f l e x w a s tes ted to t h e m o v e m e n t of 
a piece of w h i t e cot ton wool as descr ibed above. In addi t ion , in some p r e p a r a t i o n s 
the fo l lowing r e f l e x w a s tes ted c a r e f u l l y in an opt ical ly isolated chamber . T h e 
s t imulus w a s a beam of l ight mov ing on t h e pe r ime te r . The eye m o v e m e n t s w e r e 
recorded w i t h a t e c h n i q u e developed by D r e h e r and Kozak (to be publ i shed) : t h e 
m o v e m e n t of t h e b e a m of l ight , r e f l ec t ed by a m i r r o r connected to t h e eyeball , w a s 
recorded w i t h a p h o t o k y m o g r a p h . 

Nursing care. D u r i n g e x p e r i m e n t s t he t e m p e r a t u r e of t h e cat w a s m a i n t a i n e d 
f r o m 38° to 39°. B e t w e e n t h e e x p e r i m e n t a l sessions t h e eyes w e r e closed w i t h 
bandages soaked wi th sal ine. 

Statistics. Only t h e P r inc ipa l E x p e r i m e n t w a s analysed s ta t is t ical ly . In t h e 
Tables t h e d i f f e r ences b e t w e e n t h e e x p e r i m e n t a l Groups and t h e control G r o u p 
above p < 0.05 w e r e m a r k e d . For all s ta t is t ics two- t a i l ed tes ts w e r e used. 

The experiment was performed on 32 cats. The control group (Group 
Con) consisted of 11 cats. The extent of lesions in the experimental 
groups was based on our recent finding (Dreher, Santibanez-H. and Żer-
nicki, in preparation) that in unaneasthetized cats (pretrigeminal and 
encephale isole preparations) the eye movements may be obtained from 
a large frontal region comprising the whole anterior sigmoid gyri on the 
lateral and medial aspects of hemisphere. In the first experimental group 
(12 cats) the frontal oculomotor area on the lateral aspect of the hemi-
spheres was only removed (Group LOM) (Fig. 1). In the second ex-
perimental group (9 cats) the frontal oculomotor area was totally removed 
(Group TOM) (Fig. 2). 

Fig. 1. L a t e r a l f r o n t a l oculomotor (LOM) abla t ions . Above, r econs t ruc t ions of m a -
x imal (st ippled area) a n d m i n i m a l (shaded area) lesions. Below, r e p r e s e n t a t i v e 

cross sections (st ippling indica tes gliosis) 

R E S U L T S 

Principal experiment 
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I f f f f # 
Fig. 2. Total f r o n t a l oculomotor (TOM) ab la t ions . O the r denota t ions as in Fig. 1 

Observations before pretrigeminal transection 

The behavior of the cats with oculomotor lesions was only slightly 
changed. Their movements showed some stiffness, and they jumped 
down from boxes unwillingly and unskillfully. Besides, both visual and 
tactile placing responses were absent. 

The vertical and horizontal "spontaneous" ocular activity was present 
in all cats. The eye and head components of the vertical and horizontal 
fixation and following reflexes, and the eye and head movements toward 
the auditory stimuli were also unaffected. 

Observations after pretrigeminal transection 

Ocular and ECoG background activity. The oculomotor lesions did not 
affect the position of the eyeballs. The pupillary diameter was also 
similar in all groups of animals (Table I). 
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Table I 
Background diameter of pupils (in 

millimeters) 

Groups 

Con LOM TOM 

0.2 0.3 0.3 
0.3 0.4 0.3 
0.4 0.4 0.4 
0.5 0.5 0.4 
0.6 0.5 0.7 
0.8 0.5 1.0 
1.0 0.5 1.0 
1.6 0.5 1.1 
1.8 0.6 1.6 
2.2 0.7 
2.3 1.0 

1.1 

Median 0.8 0.5 0.7 
Mean 1.1 0.6 0.7 

In accordance with the previous description of the ECoG activity in 
the pretrigeminal cat (Zernicki et al. 1967), in some cats of the control 
Group the ECoG activity was continuously desynchronized, while in 
other cats the desynchronized ECoG activity was mixed in different 
proportion with synchronized activities. Similar results were obtained in 
the experimental Groups (Table II). 

Table II 
Percentage of cats with permanent 

desynchronization of ECoG activity 

Groups 

Con 
( N = 11) 

LOM 
(N = 12) 

TOM 
( N = 9) 

54 42 44 

General character of the fixation reflex. The oculomotor ablations 
also did not seem to change the essential properties of the fixation reflex 
(see the first paper of the series). In all Groups of animals both single 
and serial fixation reflexes were observed. In the single reflex four 
phases (saccadic movement toward the "X" figure, maintenance of fixa-
tion, return movement and tonic fixation) were present. The phase of 

3 Acta Biologiae Experimental« 

http://rcin.org.pl



158 B. Dreher and B. Zernicki 

maintenance was usually longer-lasting than the "X" figure rotation. In 
the serial reflex the characteristic train of "after-fixations" (the cats 
fixated fully or abortively the already motionless "X" figure) was 
observed. 

Duration of the fixation reflex. Because of the habituation of the 
reflex (see below) the first trial of the sessions only was analysed in this 
respect. In both experimental Groups the time when cat fixated the 

Table HI 
Duration of fixation (in seconds) in the 

first trial (means from both sessions 
are given) 

Groups 

Con LOM TOM 

2.8 2.3 5.6 
5.3 3.1 6.1 
5.7 3.3 7.9 
6.0 5.6 8.0 
6.4 5.8 10.5 
6.7 7.7 14.2 
7.3 8.2 14.6 
7.8 10.6 19.8 
8.1 11.8 27.0 
8.3 15.9 

11.0 18.5 
20.3 

Median 6.7 8.0 10.5 
Mean 6.9 9.4 12.6* 

* p < 0 . 0 5 (Mann-Whitney U test). 

Table IV 
Percentage of cats with serial fixation reflex in the 

first trial 

Groups 

Con 
(N = 11) 

LOM 
(N = 12) 

TOM 
(N = 9) 

In one session only 18 50 33 

In both sessions 0 25 22 

Totally 18 75* 55 

* p <0 .025 (Fisher exact probability test). 
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stimulus was increased. This was manifested in two ways. First, the 
phase of maintenance of fixation was longer-lasting (Table III). Second, 
the after-fixations were more common (Table IV). Both these effects 
were positively correlated (Table V). 

Table V 
Duration of fixation (in seconds) in the 
first trial in cats of Groups LOM and 

TOM with sincle reflex in both sessions (on 
left) and serial reflex in both sessions (on 
right) (means from both sessions are given) 

Table VI 
Dilatation of pupils (in millimeters) to 

the odor of valeriane in the first triala 

Groups 

Cats with Cats with 
single reflex serial reflex 

2.3 10.5 
3.1 11.8 
3.3 15.9 
5.6 18.5 
6.1 19.8 
7.9 

14.2 

Median 5.6 15.9 
Mean 6.1 15.3* 

Groups 

Con LOM TOM 

0.3 0.4 0.5 
0.5 0.4 0.7 
0.8 0.5 0.9 
1.4 0.5 
1.8 0.6 

1.2 
1.4 
1.6 
2.0 

Median 0.8 0.6 0.7 
Mean 0.8 0.9 0.7 

* p = 0.01 (Mann-Whitney U test). a In some cats the data were not available. 

In some cats for control in the end of experiment the rotation of 
the "X" figure was much prolonged: to 20 sec or even to 7 min. In 
response to such stimulus the phase of maintenance of fixation was 
usually also much prolonged in the experimental Groups (some cats 
fixated the rotating "X" figure even for 7 min) but not in the control 
Group (see also the first paper of the series). 

The pupillary and ECoG components of the reflex to the rotation of 
the "X" figure were also recorded. However, the comparison of their 
strength in different groups of cats was difficult for two reasons (i) under 
our experimental conditions the accurate estimation of the pupillary 
diameter during eye movements was not possible, and (ii) there were 
considerable individual differences in the background ECoG activity. 

On the other hand, the pupillary dilatation to the olfactory stimuli 
could be accurately measured. Table VI shows that the dilatation to the 
odor of valeriane was similar in all groups of animals. 

Habituation of the fixation reflex. The general character of the 
habituation of the fixation reflexes seemed to be similar in all groups and 
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in accordance with the original description of habituation in the pretrige-
minal cats given in the first paper of the series. The following features of the 
habituation may be noted: (i) the after-fixations usually habituated within 
a few trials, (ii) the fixation reflexes became gradually abortive (iii) the 
tonic fixation became gradually larger, (iv) a pause of 5 min resulted 
in a partial recovery and a pause of 90 min usually in a full recovery of 
the fixation reflex, and (v) a dishabituation of the fixation reflex could 
be always evoked by a single application of the rotation of the opposite 
"X" figure. 

Table VII 
Resistance to habituation (in trials) of 
fixation reflex (means from both sessions 

are given) 

Groups 

Con LOM TOM 

3 16 16 
6 17 17 
7 18 33 

12 20 50 
14 21 61 
14 32 71 
15 45 73 
24 79 151 
38 82 245 
52 90 

91 
235 

Median 14 38 61 
Mean 22.9 73.1 • 84.7* 

Table VIII 
Resistance to habituation (in trials) of 

fixation reflex in cats of Groups LOM and 
TOM with single reflex in the first trial 
of both sessions (on left) and with serial 
reflex in the first trial of both sessions 

(on right) 
(means from both sessions are given) 

Groups 

Cats with Cats with 
single reflex serial reflex 

16 45 
17 79 
18 151 
20 235 
50 245 
73 
82 

Median 20 151 
Mean 39.4 151* 

* p < 0 . 0 2 (Mann-Whitney U test). * p = 0.03 (Mann-Whitney U test). 

On the other hand, in both experimental Groups the resistance to 
habituation of the fixation reflex was strongly increased; the mean 
number of trials needed for habituation was approximately three times 
higher than in the control Group (Table VII). In addition, this difference 
was obviously much reduced by the shortening of the intertriai intervals 
from 60 sec to 30 sec after the first 30 trials. Even under these conditions 
in two cats (one cat from Group LOM and one from Group TOM) during 
cne session the fixation reflex was not habituated within 250 trials. The 
increase of resistance to habituation was positively correlated with the 
presence of after-fixations (Table VIII). 
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Table IX presents the data concerning the habituation of the un-
specific responses (pupillary dilatation and ECoG arousal) to rotation of 
the "X" figure. Their habituation is presented jointly because in some 
cats the pupillary dilatation was more resistent to habituation and in some 
cats the ECoG arousal. We see that in both experimental Groups some 
trend for an increase of resistance to habituation was present. However, 
it could be simply a secondary phenomenon due to the increase of 
resistance to habituation of the fixation reflex itself: the change of visual 
field during the eye movement may be an additional arousal producing 
stimulus (see the first paper of the series). 

Table IX 
Resistance to habituation (in trials) of pu-
pillary dilatation and ECoG arousal to 

rotation of " X " figure Table X 
(means from both sessions are given) Resistance to habituation (in trials) of 

Groups 

Cona LOM TOM 

4 1 3 
5 2 5 
5 5 11 
8 12 12 

14 14 16 
16 16 23 

16 24 
17 35 
29 59 
30 
45 

150 

Median 6.5 16 16 
Mean 8.7 28 20.9 

pupillary dilatation and ECoG arousal to 
odor of valerianea 

i 
Groups 

Con LOM TOM 

8 1 4 
10 1 4 
11 3 5 
12 7 5 
25 9 6 
37 9 9 

10 52 
10 
26 
60 

Median 11.5 9 5 
Mean 17.2 13.6 12.1 

In some cats the data were not available. In some cats the data were not available. 

In both experimental Groups the resistance to habituation of pupillary 
dilatation and ECoG arousal to the odor valeriane was not increased 
(Table X). The same was true for the habituation of a small dawn ward 
eye movement produced by the odor; it usually disappeared a few trials 
earlier than the pupillary dilatation and ECoG arousal. 

Following rejlex. The oculomotor lesions did not seem to affect the 
following reflex. The eyes of the preparations followed adequately the 
beam of light moving with a speed up to 30°—35°/sec and frequency up 
to 0.6 c/sec. 
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Additional experiment 
The aim of this experiment was to obtain further data on the localiza-

tion of the cortical area affecting the fixation reflex and on the me-
chanism involved. The experiment was performed on 20 cats. The animals 
were divided in four equal groups. In the first group the oculomotor 
area on the medial aspect of the hemispheres was removed (Group MOM) 
(Fig. 3). In the second group the prefrontal amputation was done (Group 
PF) (Fig. 4). In the third group the posterior sygmoid gyri on the lateral 
aspect of hemisphere were removed (Group PS) (Fig. 5). In the fourth 
group no ablation was done, but 30 min before the session I, 1 mg/kg 
d-amphetamine sulphate was intravenously administrated (Group AN). 

Observations before pretrigeminal transection 

The general behavior of the cats of Groups PF and PS seemed to be 
completely normal, while the behavior of the cats of Group MOM was 
similar to that described for the Groups LOM and TOM in the Principal 
Experiment. 

"Spontaneous" ocular activity and the ocular responses to visual and 
auditory stimuli seemed to be unaffected in all cats. 

Observations after pretrigeminal transection 
The data are presented in Table XI—XVIII. The Tables are paralled 

to the Table I—IV, VI, VII, IX and X for the Principal Experiment, and 
for comparison they include the data for the control Group. Mainly on 
the basis of such comparison the following conclusions may be derived: 
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Fig. 4. P r e f r o n t a l (PF) ampu ta t ions . O the r denota t ions as in Fig. 1 

Fig. 5. Pos te r io r sygmoid gyri (PS) ab la t ions . O the r denota t ions as in Fig 
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Table XI 
• 

Background diameter of pupils (in millimeters) 

Groups 

Con MOM PF PS AN 

0.5 0.3 0.4 2.4 
0.5 0.5 0.9 2.7 
0.7 0.6 0.9 4.8 
1.5 2.0 1.0 5.0 
1.6 3.0 1.0 5.3 

Median 0.8 0.7 0.6 0.9 4.8 
Mean 1.1 1.0 1.3 0.8 4.0 

Table XII 
Percentage of cats with permanent desynchronizafion 

of ECoG activity 

Groups 

Con 
(N = 11) 

MOM 
( N = 5) 

PF 
( N = 5) 

PS 
( N = 5) 

AN 
( N = 5) 

54 20 80 20 100 

Table XIII 
Duration of fixation (in seconds) in the first trial 

(means from both sessions are given) 

Groups 

Con MOM PF PS AN 

3.4 6.9 2.5 9.3 
4.5 7.5 4.6 11.2 
7.5 8.6 7.2 14.2 

25.3 11.8 9.5 17.0 
28.0 20.0 11.6 22.1 

Median 6.7 7.5 8.6 7.2 14.2 
Mean 6.9 13.7 11.0 7.1 14.8 

1. The cats of the Groups MOM and PF were similar to those of the 
Groups LOM and TOM described in the Principal Experiment. 

2. The removal of the posterior sygmoid gyri (Group PS) did not seem 
to have any effect in the tests applied in our study. 
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Table XIV 
Percentage of cats with serial fixation reflex in the first trial 

Groups 

Con MOM PF PS AN 
( N = 11) ( N = 5) ( N = 5) ( N = 5) ( N = 5) 

In one session 
only 18 20 60 20 20 

In both 1 
sessions 0 20 40 40 80 

Totally 18 40 100 b0 100 

Table XV 
Dilatation of pupils (in millimeters) to the odor 

of valeriane in the first trial 

Groups 

Con PF PS ANb 

0.3 0.6 0.3 
0.4 0.7 0.7 
0.5 0.8 0.9 
1.0 1.3 1.0 
1.1 1.5 1.2 

Median 0.8 0.5 0.8 0.9 
Mean 0.8 0.7 1.0 0.8 

a 
In Group M O M the data were not available. 

b The background diameter of pupils was much larger (see 

Table XI). 

3. In the Group AN the duration of fixation and its resistance to 
habituation seemed to be even more increased than in the cats with 
oculomotor and prefrontal ablations. We could expect, however, that in 
cats under amphetamine action the background arousal would also be 
increased. In fact, in all cats of Group AN the pupils were considerably 
dilated (which was obviously partially of the central origin) and the 
ECoG activity was continuously desynchronized. In addition, the presence 
of pupillary dilatation to the olfactory stimulus against a background of 
a large pupillary diameter (Table XV) may suggest that the general 
responsiveness of the cats was increased. 
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Table XVI 
Resistance to habituation (in trials) of fixation reflex 

(means from both sessions are given) 

Groups 

Con MOM PF PS AN 

18 17 9 54 
32 19 21 62 
40 34 23 109 
78 115 25 128 
97 119 48 230 

Median 14 40 34 23 109 
Mean 22.9 53 60.8 25.2 116.6 

Table XVII 
Resistance to habituation (in trials) of pupillary 

dilatation and ECoG arousal to rotation of "X" figure 
(means from both sessions are given)a 

Groups 

Con MOM PF PS 

3 1 4 
13 4 9 
23 5 10 
25 8 17 
50 100 22 

Median 6.5 23 5 10 
Mean 8.7 22.8 23.6 12.4 

a 
In Group A N the data were not available. 

DISCUSSION 

First of all, the difference in the character of data obtained before 
and after pretrigeminal transection should be stressed. Before the tran-
section our observations were only qualitative. They showed that in cats 
with frontal lesions the vertical and horizontal fixation and following 
reflexes, and the directionary eye and head movements toward the 
auditory stimuli, are present. After pretrigeminal transection the presence 
of the vertical fixation and following reflexes was confirmed. Then, 
however, the quantitative analysis of the fixation reflex could be done. 
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Table XVIII 
Resistance to habituation (in trials) of pupillary dilata-

tion and ECoG arousal to odor of valeriane* 

Groups 

Con MOM PF PS 

9 3 8 
11 9 19 
16 10 36 
21 15 40 
26 19 52 

Median 11.5 16 10 36 
Mean 17.2 16.6 11.2 31 

In Group A N the data were not available. 

In this analysis, three effects of the frontal oculomotor and prefrontal 
lesions (Groups LOM, MOM, TOM, PF) were found. The strong increase 
of the resistance to habituation of the fixation reflex was the main effect. 
The longer-lasting phase of maintenance of fixation and the more com-
mon after-fixations were the further ones. All these effects seemed to be 
correlated each with other, and they all contributed in the increase of 
the fixation time during the experiment. This result is in good agreement 
with recent observation by Jeannerod et al. (1965) that frontal cats show 
persistent fixation reflex, and with clinical data that humans with frontal 
lesions may show a "spasmodic fixation" (Gowers 1879, Holmes 1938, 
Teuber 1964). 

Although the fixation time increase was clearly manifested only in 
some animals it may be considered as a syndrome for the frontal oculo-
motor and prefrontal cats. We know that in pretrigeminal cats there are 
considerable individual differences in responsiveness. They were clearly 
seen in the control Group and they were also the subject of a special 
study (Zernicki et al. 1967). It may be assumed, therefore, that in some 
cats the syndrome could not be observed because of their low responsive-
ness to visual stimuli. 

The problem of specificity of this syndrome should be considered. We 
know that the increase of fixation time may be simply due to the general 
increase of animal responsiveness. The latter may be produced by elec-
trical stimulation of the brain stem reticular formation (Affanni et al. 
1962, Zernicki et al. 1969) and in this paper it was obtained by amphet-
amine application (Group AN). However, the frontal syndrome of fixation 
time increase may not be explained in this way. First, the background 
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pupillary diameter and ECoG activity were unchanged. Second, the 
pupillary responses to olfactory stimuli and their resistance to habituation 
were unaffected. Third, the resistance to habituation of the unspecific 
responses associated with fixation reflex (pupillary dilatation and ECoG 
arousal) seemed to be also normal. 

In the pretrigeminal cat the fixation reflex is represented only by the 
vertical eye movement. It is tempting to think, however, that the fixation 
time increase syndrome concerns the whole fixation reflex, i.e. also (i) the 
horizontal fixation reflex and (ii) the head component of the reflex. As 
far as the frontal oculomotor cortex is concerned it may be noted that its 
electrical stimulation produces both the vertical and horizontal eye move-
ments (Shipova 1965, Dreher et al., in preparation) and the evoked by 
stimulation eye movements are associated with the movements of the 
head (Delgado 1952, 1953, Hassler 1960). The question "whether or not 
the syndrome concerns the following reflex" may foe answered by the 
appropriate quantitative investigations on the pretrigeminal cat. At the 
moment it may be only noted that such a possibility is suggested by the 
recent finding of Bizzi (1968) that in the monkey's frontal oculomotor 
area some neurons fire during voluntary saecades while others during 
pursuit eye movements. 

Another limitation of our study should be noted. The fixation reflex 
was investigated qualitatively only in one day (in different cats from 7th 
to 17th day after the cortical ablation), and we do not know how much was 
the fixation time increase a permanent syndrome. In this respect it is 
important the observation of P. L. Marchiafava (personal communication) 
that when in the acute pretrigeminal cat the frontal oculomotor lesion is 
performed, the fixation reflex is also very resistant to habituation. This 
result suggests that in our cats the fixation time increase syndrome was 
not of the supersensitivity origin (see Stavraky 1961, Zernicki and San-
tibanez-H. 1961). 

Our results strongly suggest that frontal lobes have an inhibitory in-
fluence on the fixation reflex. It may be assumed that the information 
about the stimulus evoking the fixation reflex goes to the frontal lobe 
and then the latter inhibits this reflex (the phase of maintenance of fixa-
tion becomes shorter-lasting, the after-fixations are reduced and the 
habituation develops quicker). As far as the appropriate neural pathways 
are concerned, the anatomically well established projection from the 
para visual cortex to the frontal oculomotor area (McCulloch 1949, Kuy-
pers et al. 1965), and perhaps the recently suggested direct projection 
from the lateral geniculate body to the frontal cortex (Bignall et al. 1966), 
might be utilized for the visual information mediation. 

On 'the other hand, little may be said about the pathways mediating 
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inhibition from frontal lobes to the fixation reflex arc. First, this arc is 
complex and only partially known (see the second paper of the series). 
Second, according to a number of data obtained mainly on monkeys and 
cats there is abundant projection from the frontal cortex. The projection 
from the oculomotor cortex to the well recognized links of the fixation 
reflex arc (superior colliculi, pretectal area, visual cortex) as well as to the 
possible links (e.g. the head of the caudate nucleus, see Mettler and Met/t-
ier 1942, Forman and Ward 1957, Thompson 1959, Launsen 1963, Wagmam 
1964, Starr 1967) should be particularly noted 1. 

The fact that the fixation time increase syndrome was obtained after 
both frontal oculomotor and prefrontal ablations is of interest. The 
simplest explanation of this similarity would be that only the frontal 
oculomotor cortex ablation is responsible for the syndrome and the pre-
frontal amputations produced some lesions in the oculomotor cortex, or 
vice versa, the prefrontal cortex would be only important in this respect 
and it was accidentally lesioned by the oculomotor ablations. However, 
the comparison of the individuals with ablations of different size rather 
did not suggest such a possibility. It is probable, therefore, that the oculo-
motor and the prefrontal ablations affected specifically the fixation reflex. 
It is well known that the oculomotor and prefrontal areas have different 
physiological meaning. It is tempting to think, therefore, that after abla-
tions of both kind the mechanism of the syndrome was different. In the 
first case it could be of more specific origin being connected with the 
meaning of the ablated area for the ocular activity, while in the second 
case the syndrome might be the manifestation of the well known impair-
ment of inhibition in prefrontal animals (see for review Brutkowski 1965). 
This problem, however, apparently needs further experimental analysis. 

The fixation reflex is a representative (possibly the main one) of the 
important category of reflexes called orieniting reflexes 2. The problem 
arises, therefore, whether or not other orienting reflexes are also affected 

1 The f r o n t a l oculomotor a re a p ro jec t s to the super io r colliculus a n d p re tec ta l 
reg ion (Beevor a n d Hors l ey 1890, Melius 1907, Met t l e r 1935, Lev in 1936, Crosby et 
al . 1952, As t ruc 1964, S p r a g u e 1965), to p a r a p r o j e c t i v e visual c o r t e x (Crosby and 
H e n d e r s o n 1948, McCul loch 1948), to t h e nucle i of t h e oculomotor n e r v e s (Beevor 
and Hors ley 1890, Met t l e r 1935), to t h e m i d b r a i n r e t i cu l a r f o r m a t i o n (Pearce 1961, 
S p r a g u e 1965), a n d to t h e head of t he cauda te nuc leus (see for r e v i e w Divac 1968). 
The c a u d a t e nuc leus p ro j ec t s in t u r n via globus pa l l idus to t h e nuc le i of t he 
oculomotor ne rves (Met t ler 1935). 

2 To avoid t e rmino log ica l confus ion it should be noted t h a t by t h e or ien t ing 
r e f l e x (or t a r g e t i n g r e f l e x , see Konor sk i 1967) w e u n d e r s t a n d t h e d i rec t iona l r e s -
ponse. I t should be d i s t inguished f r o m the associated a rousa l r e sponse m a n i f e s t e d 
by pup i l l a ry d i la ta t ion , ECoG arousal , etc. (for f u r t h e r discussion of th is p rob lem see 
Ze rn ick i 1968b). 
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in frontal animals. It would be particularly tempting to think that the 
convergence and accomodation reflexes, usually associated with fixation 
reflex, are also affected. Alvarado-P (1967) has recently found that in 
frontal cats the resistance to habituation of the orienting reflexes to 
auditory stimuli is increased; and Butter (1964), measuring indirectly the 
strength of the responses to visual and auditory stimuli by their effects 
on lever-pressing for food rewards, found that the resistance to habitua-
tion of the responses to these stimuli is increased in frontal monkeys. On 
the other hand, in our frontal oats the resistance to habituation of the eye 
movement to the odor of valeriane, which perhaps is an orienting response 
to the olfactory stimulus, seemed to be unaffected. In this respect it is 
also interesting the recent finding of I. Stępień and her associates (Stę-
pień and Stępień 1965, Stępień et al. 1966, Stępień and Stamm, in pre-
paration) that in cats, dogs and monkeys with selective frontal lesions the 
orienting reflexes are increased to positive conditioned stimuli but not to 
negative or to neutral stimuli. 

It may be also noted that in frontal cats not only the orienting re-
flexes may be increased. It is well known that the lesions of the motor 
cortex increase the stretch reflex and the prefrontal lesions disinhibit 
the conditioned reflexes. Besides, in frontal rats the resistance to habi-
tuation of the cardiac response (Glaser and Griffin 1962) and the flexor 
reflex (Griffin and Pearson 1968) to nociceptive stimuli were increased. 
Apparently for the evaluation of the role of frontal inhibitory mechanism 
for different kinds of reflexes further experimental data are needed. 

S U M M A R Y 

1. The properties of the fixation reflex (the important representative 
of the orienting reflexes) to the rotation of the "X" shaped figure were 
studied in cats with frontal lobes lesions or after d-amphetamine ap-
plication. To obtain quantitative data the investigations were mainly 
done on the cats with the pretrigeminal brain stem transection. 

2. The syndrome of fixation time increase was described in cats with 
ablation of frontal oculomotor or prefrontal cortex. The syndrome con-
sists in: (i) prolongation of the phase of maintenance of the fixation reflex, 
(ii) the presence of after-fixations, and (iii) the strong resistance to ha-
bituation of the reflex. 

3. In the cats with ablation of the posterior sygmoid gyri the syn-
drome was absent. 

4. In all groups of operated animals the background arousal (pupillary 
diameter, ECoG activity), the arousal components of the fixation reflex 
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(pupillary dilatation, ECoG arousal) and the responses the olfactory 
stimuli were in principle unaffected. 

5. Under amphetamine action the syndrome of fixation time increase 
was present but simultaneously the arousal of the animals was consi-
derably increased. 

6. The role of the frontal lobes in various types of orienting reflexes 
is discussed. 

This inves t iga t ion w a s pa r t i a l ly suppo r t ed by Fore ign Resea rch A g r e e m e n t no. 
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As was shown in the cat by Bremer (1935), the transection at the 
midbrain level (cerveau isolé preparation) produces a pathologic state 
of the isolated cerebrum consisting in permanent synchronized sleep: 
the ECoG shows high voltage slow activity, the pupils are myotic, and 
the preparation cannot be awake by visual and olfactory stimuli. A con-
trasting state is obtained when the brain stem transection is done a few 
millimeters more caudally, namely, at the midpontine pretrigeminal 
level (Batini et al. 1959). Except for the somatic states (see Zernicki et al. 
1967), the isolated cerebrum of the pretrigeminal cat is continuously awake: 
high voltage slow ECoG activity is absent; pupils are of a few milli-
meters diameter; visual and olfactory stimuli produce orientation reflexes 
consisting in ECcG arousal, pupillary dilatation and eye movements 
(Affanni et al. 1962a, Zernicki et al. 1967); and pupillary conditioned re-
flexes to visual stimuli may be elaborated (Affanni et al. 1962b). Recently, 
Zernicki et al. (1967) have shown that when the transection is done with 
a thin spatula (which seems to produce smaller lesion than electrocoagu-
lation used originally by Batini et al.), an awake preparation can also be 
obtained by transection at the rostropontine level. The difference be-
tween the cerveau isolé and the pretrigeminal preparation is apparently 
due to the presence of the midbrain reticular formation within the iso-
lated cerebrum of the latter. 

Recently cerveau isolé cats (Villablanca 1965, 1966, Serkov et al. 1966) 
and cerveau isolé dogs (Batsel 1960) were observed chronically. With 
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time the function of the isolated cerebrum was gradually improved: in 
the ECoG activity the long-lasting episodes of desynchronization ap-
peared, the pupils became moderately dilated (Villablanca 1966), and 
olfactory (Villablanca 1965, Serkov et al. 1966) and visual (Serkov et al. 
1966) stimuli could produce ECoG arousal response. So far, however, 
in the chronic cerveau isole preparation the ocular responses to visual 
and olfactory stimuli were (not described and, therefore, the problem 
"whether or not this preparation may be awake" is left for further 
investigations. 

The observations of chronic pretrigeminal preparations have been 
less abundant. The original study of Batini et al. (1959) did not suggest 
any difference between acute and chronic pretrigeminal cats. The later 
study of Zernicki and Osetowska (1963) was exclusively behavioral and 
showed that in the isolated cerebrum of the chronic pretrigeminal cat 
both positive and inhibitory conditioned reflexes may be elaborated. 

In the light of these observations two interesting possibilities may be 
considered in respect to the isolated cerebrum of the chronic pretrige-
minal cat: (i) this cerebrum does not sleep (and by analogy with chronic 
cerveau isole preparation may show even more desynchronized ECoG 
activity) but is functionally good, and (ii) in this cerebrum the sleep 
function is restored. The present paper was undertaken to answer which 
of these possibilities is true. 

M A T E R I A L A N D M E T H O D S 

The e x p e r i m e n t s w e r e ca r r i ed out on t en p r e t r i g e m i n a l cats. Histological ve r i -
f ica t ion showed t h a t in f ive cats t he t r ansec t i on was at t he m i d p o n t i n e and in 
f ive cats at t he ros t ropon t ine level . In e ight ca ts t h e t r ansec t ion w a s complete , 
w h e r e a s in two cats a smal l t ec ta l or p o n t i n e r e m n a n t w a s p resen t , respect ively. 

The b ra in s tem t r ansec t ion was done is asep t ic condi t ions u n d e r N e m b u t a l 
anaes thes ia . The t r ansec t ion w a s p e r f o r m e d w i t h a th in spa tu la . To avoid t h e 
t e n t o r i u m t h e spa tu la w a s o r i en ted s t e ro tax ica l ly a t an ang le 30° f r o m t h e ver t ica l 
p lane (for detai ls of t echn ique see Ze rn i ck i 1968). In fou r cats t h e electrodes fo r 
ECoG record ings w e r e i m p l a n t e d i m m e d i a t e l y a f t e r t h e t ransec t ion , and in s ix 
cats 7—9 days l a t e r . Four pa i r s of s i lver e lec t rodes w e r e placed in both senso-
r imoto r a n d v isual a reas . T h e in t e r e l ec t rode d i s t ance of a pa i r w a s 10 mm. 

The an ima l s w e r e k e p t in i ncuba to r s (for n u r s i n g care see Zernicki 1968). 
As a v isua l s t imulus t h e m o v e m e n t of a piece of w h i t e cot ton wool in f ron t of 
an ima l ' s eye w a s used. To obse rve t h e ocula r ac t iv i ty m o r e accura te ly , t h e cats 
w e r e occasional ly moved to a smal l e x p e r i m e n t a l c h a m b e r a n d p laced in a holder . 
In the c h a m b e r t h e ro ta t ion of an " X " shaped f i g u r e and t h e ver t i ca l movemen t 
of a disc w e r e used as v i sua l s t imul i . Both f i gu re s w e r e b lack a n d moved aga ins t 
a w h i t e screen. Occasional ly t h e odors of v a l e r i a n e a n d bu ty r i c acid w e r e appl ied 
(for t e c h n i q u e of o l fac to ry s t imula t ion see Zern ick i et al. 1967). 

The cats su rv ived f r o m 5 to 22 days. Seven cats died du r ing t h e observat ion 
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per iod whi le t h r e e cats w e r e ki l led a f t e r su rv iva l of 17, 19 a n d 22 days, r e spec -
t ively. Because of t h e long- las t ing e f fec t of t h e N e m b u t a l narcosis , t h e o b s e r v a -
t ions s t a r t ed on t h e t h i r d day a f t e r t h e b r a i n s tem t ransec t ion . The ECoG data w e r e 
collected m a i n l y on s ix cats because f o u r cats died soon a f t e r e lec t rode i m p l a n -
ta t ion . 

T h e ECoG act iv i ty and respons iveness to v i sua l s t imul i w e r e tes ted twice a 
day (in the m o r n i n g and in t h e evening) and occasional ly m o r e of ten . Besides 
20 sessions l as t ing f r o m 7 h r to 32 h r w e r e done. Because in our EEG m a c h i n e 
(Alvar Reega-VI I I ) t h e lowest speed w a s only 15 mm/sec , du r ing t h e sessions 
cont inous record ings w e r e not m a d e b u t t h e ECoG act iv i ty w a s recorded eve ry 
15 m i n for a t least 1 min . Never the less , due to t h e r a t h e r i n f r e q u e n t spon taneous 
changes of type of ECoG act iv i ty some re l i ab le i n f o r m a t i o n could be obta ined . 
In t h e m a j o r i t y of sessions t h e eyes w e r e kep t closed (with b a n d s a t t ached to t h e 
l ids by Mendele iev ' s wax) , a n d in o the r s t h e respons iveness to v isual s t imul i w a s 
also checked. 

R E S U L T S 

Spontaneous ECoG and ocular activity. Three types of ECoG acti-
vity could be distinguished: 

Type I. Almost continuously desynchronized ECoG activity, interrupted 
less frequently than 1/min by the synchronization episodes lasting shor-
ter than 1 sec. 

Type II. Synchronized ECoG activity of moderate amplitude mixed 
with desynchronized activity. In the records the long-lasting episodes 
of 6—16 c/sec activity (Fig. 1, Type IIA) or the small spindles (Type 
IIB) were usually observed. 

Type III. High voltage activity mixed with a small amount of the 
desynchronized activity. In the records the fully developed spindles 
(Fig. 1, Type III A) or delta waves (Type IIIB) dominated. 

The criterion of this division was to make the ECoG activity of the 
chronic pretrigeminal cat comparable to that of both the acute pretri-
geminal preparation and the intact cat. It may be assumed that the 
Type I and Type II activities are present in the acute pretrigeminal cat 
(Zernicki et al. 1967) and are comparable to those present in the intact 
cat during activation and relaxed wakefulness or drowsiness, respec-
tively (Hess et al. 1953, Dement 1958, Sterman et al. 1965, Ursin 1968). 
On the other hand, the Type III activity is absent in the acute pretri-
geminal cat while the Type IIIA and Type IIIB activities are comparable 
to those present in the intact cat during "light slow wave sleep" and 
"deep slow wave sleep", respectively (Ursin 1968). 

These three types of ECoG activity were observed in all preparations. 
However, considerable individual differences in their distribution were 
present (Table I). All types of activities usually appeared as long epi-
sodes, lasting from several minutes to a few hours. The Type III episodes 
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Fig . 1. T y p e s of ECoG a c t i v i t y in c h r o n i c p r e t r i g e m i n a l ca t 

were on average shorter, and never lasted more than 2 hr. These episodes 
developed gradually (Fig. 2A), but terminated abruptly (Fig. 2B). The 
ECoG activity was usually more desynchronized in the visual areas than 
in the sensorimotor ones. 

There was no satisfactory amount of records made on individuals to 
answer definitely the question whether or not the percentage distribution 
of the identified types of activities changed with time. However, the mean 
figures from all cats (Table II) did not suggest any change. In particular, 
the episodes of Type III activity were observed already on the third 
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day after the transection (the first day of observation) and afterwards 
they did not seem to appear more frequently or become longer-lasting. 

Although under our experimental conditions the observation of eyes 
was not accurate, some information was collected. There was some cor-
relation between pupillary diameter and ECoG activity. During Type 
I and Type II activities the pupils were of a few millimeters diameter. 

Table I 
Percentage distribution of the types of ECoG activity 

in different cats 

Cat Type I Type II Type III Number of 
1 min samples 

Cat 1 50.5 36.4 13.1 396 
Cat 2 43.0 36.0 21.0 244 
Cat 3 18.5 44.0 37.5 164 
Cat 4 67.2 15.5 17.3 164 
Cat 5 64.0 30.4 5.6 160 
Cat 6 4.0 67.0 24.0 128 

Mean 42.0 37.0 21.0 

The episodes of Type III activity were accompanied by a pupillary con-
striction, which sometimes was full. Besides, during Type III episodes 
the eyeballs were rotated downwards and the nictitating membranes 
enlarged. The pattern of rapid eye movements typical for the desyn-

Table I I 
Percentage distribution of the types of ECoG activity in different 

time after the pretrigeminal transection 
(means from six cats are given) 

Days Type I Type II Type III Number of 
1 min samples 

3—5 63 27 10 344 
6—7 37 42 21 152 

10—11 60 23 17 104 
13—14 46 41 13 144 
16—20 35 40 25 56 

chronized sleep was never observed. However, in two cats small eye 
movements of frequency from 2 to 30 a minute were almost continously 
present. These movements were associated with all types of ECoG 
activity. 
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Fig. 2. G r a d u a l deve lopment (A) a n d a b r u p t end ing (B) of t h e Type III ac t iv i ty 
episode 

Responsiveness to visual stimuli. During Type I and Type II ECoG 
activities the preparations usually reacted vigorously to visual stimuli 
with clear ocular responses (fixation reflex, pupillary dilatation) and 
with ECoG arousal (on the background of ECoG desynchronization the 
latter could be undetectable). However, in all preparations the episodes 
of unresponsiveness, which occasionally lasted a few hours, were 
observed. 

On the other hand, during the Type III ECoG activity the prepara-
tions were usually unresponsive. In the case when the visual stimulus 
was effective, it produced either a short-lasting effect (this usually hap-
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pened in the begining of the episode), or a definite termination of the 
Type III episode (the animal was awaken). 

When the visual stimuli were inefficient, the olfactory stimuli and 
the changing of the position of the preparation (particularly the repe-
titive changes of the head position) could sometimes evoke the ECoG 
and ocular responses. Particularly during the Type III ECoG episode, 
these stimuli could awake the preparation. 

D I S C U S S I O N 

Chronic pretrigeminal cat versus acute pretrigeminal cat. Our results 
showed that in contrast with the acute preparation, in the chronic pre-
trigeminal cat the synchronized sleep is present. The most likely reason 
for this difference seems to be that simply the long-lasting lack of 
sleep forces sleep episodes even in the pretrigeminal cat. However, some 
other reasons may be considered. First of all, for a while after pretri-
geminal transection the isolated cerebrum may "feel" unusually. Fur-
thermore, the acute preparation is restrained in the sterotaxic apparatus 
and this may interfer with sleep. In fact, in the present paper we observed 
that proprioceptive stimuli may have an arousing effect, and Villablanca 
(1965) found that in cerveau isolé cat both proprioceptive and nociceptive 
stimuli may evoke ECoG desynchronization. On the other hand, it seems 
to be improbable that by analogy with possible sensitization of the 
"desynchronization" center in the cerveau isolé preparation (see Moruzzi 
1963, Villablanca 1965), the sensitization of the sleep center would take 
place in the pretrigeminal cat. In fact, in contrast to the gradual develop-
ment of desynchronization episodes in the cerveau isolé preparation, in 
the chronic pretrigeminal cat the episodes of sleep were present already 
on the third day and afterwards they did not seem to appear more fre-
quently or become longer-lasting. 

It is interesting that the presence of the synchronized sleep in the 
chronic pretrigeminal cat was overlooked in our previous study (Zer-
nicki and Osetowska 1963), in which the conditioned reflexes were ela-
borated in this preparation. Although then the ECoG activity was not 
recorded, the ocular manifestations of synchronized sleep might be seen. 
The most likely explanation seems to be in the arousing effect of the 
proprioceptive stimuli. These stimuli were in operation, for example, 
when the animals were moved in hands by a technician from the animal 
house to the conditioned-reflex chamber. During the experiment, fur-
thermore, the electrical stimulation of the hypothalamic perifornical 
area (used as the unconditioned stimulus) obviously interferred with the 
development of sleep episodes. 
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Chronic pretrigeminal cat versus chronic cerveau isolé cat. When the 
obtained by us ECoG records are compared with those from the chronic 
cerveau isolé cat (Villablanca 1965, Serkov et al. 1966), we see that the 
general character of the ECoG activity, the amount of the synchronized 
activity, the duration of the desynchronization and synchronization 
episodes, and the way as they were replaced each by other are in both 
preparations similar. 

On the other hand, the pretrigeminal and the cerveau isolé prepara-
tions seem to differ importantly in their responsiveness to visual and 
olfactory stimuli. The difference is particularly striking when the ECoG 
records do not show high voltage slow activity. Then the pretrigeminal 
cat is only occasionally unresponsive while in the cerveau isolé prepa-
ration at least the ocular responses seem to be continously absent. 

The mechanism of the unresponsiveness, which was not associated 
with high voltage slow ECoG activity, is not clear. Possibly its mecha-
nism is similar in the pretrigeminal and the cerveau isolé preparation. 
Although this unresponsiveness is often associated with fully desynchro-
nized ECoG activity, it is probably not the manifestation of the desyn-
chronized sleep because there is some evidence that the center responsible 
for this stage of sleep is located in the ponse behind the pretrigeminal 
transection (see Jouvet 1967). Besides the pattern of rapid eye move-
ments characteristic for the desynchronized sleep was observed neither 
in the pretrigeminal nor in the cerveau isolé preparation. Concerning the 
latter preparation it should be noted that in the case of high mesencep-
halic transection the lack of ocular responses, particularly the lack of 
fixation reflex, may be due to the oculomotor nucleus lesion. The lesion 
of the occipital lobe (but only unilateral) necessary to perform the mid-
brain transection may also affect the fixation reflex (see Dreher et al. 
1965). 

Chronic pretrigeminal cat versus intact cat. In the intact cat the 
ECoG activity and its relation to the behavior have been quantitatively 
described by a number of authors (Hess et al. 1953, Delorme et al. 1965, 
Sterman et al. 1965, Ursin 1968). In the present paper the quantitative 
data had only a preliminary character. However, some important dif-
ferences between the chronic pretrigeminal and the intact cat may be 
noted: 

1. The amount the synchronized sleep is less in the pretrigeminal cat. 
This is probably due to the absence of the deactivating influences of the 
medulla (see Moruzzi 1964). 

2. Desynchronized sleep is probably absent in the pretrigeminal cat 
(for discussion of the mechanism of the desynchronized sleep see Jouvet 
1967). 
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3. The episodes of a given type of ECoG activity are much longer-last-
ing in the pretrigeminal cat: in the intact cats the episodes last minutes 
and in the pretrigeminal cats may last hours. This may be due to the 
probable prevalence of the extraneural control of sleep in the isolated 
cerebrum. 

4. In the pretrigeminal cat the unresponsiveness to visual stimuli may 
be associated with any type of ECoG activity. 

S U M M A R Y 

1. In chronic cats with pretrigeminal brain stem transection the ECoG 
activity and ocular activity were observed. 

2. In all preparations the periods of wakefulness and synchronized 
sleep were alternatively present. They lasted from several minutes to 
a few hours. The synchronized sleep occupied about 20% of the record-
ing time. 

3. Some conclusions concerning the differences in the wakefulness/ 
/sleep function between the pretrigeminal, the cerveau isole and the 
intact cat are drawn: (i) the main difference between the acute pretrige-
minal cat and the chronic pretrigeminal cat is that in the latter the 
synchronized sleep is present, (ii) the main difference between the chro-
nic cerveau isole cat and the chronic pretrigeminal cat is that the latter 
is behaviorally responsive to visual and olfactory stimuli, and (Hi) the 
main differences between the intact cat and the chronic pretrigeminal cat 
is that in the latter the episodes of wakefulness and sleep are longer-last-
ing, and the desynchronized sleep is probably absent. 

This inves t iga t ion w a s p a r t i a l l y suppor ted by Fore ign Resea rch A g r e e m e n t 
no. 287 707 of U.S. D e p a r t m e n t of Hea l th , Educa t ion and W e l f a r e u n d e r P L 480. 

T h e au thors a r e g rea t ly indeb ted t o J a n i n a Rokicka for he r sk i l l fu l t echn ica l 
ass is tance . 
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The usage of long-lasting EEG records together with the EMG of 
neck muscle and the eye ball movements records (EOG) led to the dis-
covery of two essentially different kinds of sleep (Dement and Kleitmann 
1957, Dement 1958). The first was named slow sleep or synchronized 
sleep (SS), the second paradoxical sleep (PS) (Jouvet et al. 1959). The 
question of SS overlaps considerably the neurophysiological problem of 
the synchronization (SN) of the EEG. On the other hand, PS has a num-
ber of specific and surprising features (Jouvet 1967). Two kinds of events 
appear in PS (i) long-lasting tonic ones, and (ii) within them, intermit-
tently present, phasic ones. Among the tonic events there are: desyn-
chronization of the cortical EEG pattern and theta hippocampal rhythm. 
Unexpectedly they are identical with the bioelectrical pattern of intense 
arousal (AR) (Green and Arduini 1954). The specific symptom of PS is 
a remarkable drop of the antigravital muscular tonus (Jouvet et al. 1959), 
and in rabbits a decrease of the spontaneous electrical activity of the 
olfactory bulb (Kawakami and Sawyer 1962). From among the phasic 
PS phenomena, eye movements are easy to record. 

Khazan and Sawyer (1963), working on 10 castrated female rabbits 
found that SS occupied 10—12 hr in numerous episodes of every 24 hr. 
In this period of time PS appeared 20—30 times. Every PS episode lasted 
from 30 sec to 6 min. Faure (1965) on the basis of experiments performed 
on 40 rabbits of both sexes reports that each PS episode lasts from 40 
sec to 4 min, and within 3 hr experiments appear 2 to 15 times. SS oc-
cupies about 60'°/<> of the record, and PS respectively 3 to 16%. This 
makes an average of 7%. For the AR there remained therefore 23°/o. 

http://rcin.org.pl



186 J. Narçbski, J. Tymicz and W. Lewosz 

According to experiments on 5 rabbits of Weiss and Roldân (1964) every 
episode of PS lasts on the average 3 min 42 sec ± 1 1 sec and occupied a 
total 15.1% of the record; it appears always as an immediate sequence 
of SS and terminates in the transition into AR. The individual AR epi-
sode lasts on the average 1 min 48 sec ±39 sec. The intervals between 
adjacent PS episodes last on the average 20 min 48 sec ± 1 min 18 sec, 
which, after the subtraction of the AR time gives 19 min 39 sec for 
an average episode of SS. According to Weiss and Roldân in rabbits in 
average 67 episodes of PS appear during 24 hr. On the other hand, 
the circadian combination of the summarized time of each SS, PS and 
AR looks according to these authors as follows: SS 77.5%, wakefulness 
with AR 7,5%, and PS 15.1|%. Finally, Kawakami et al. (1965) working 
on 38 castrated female rabbits found the following data: the individual 
PS episode lasted from 5 sec to 6 min 30 sec, but on average 1 min 12 sec; 
PS occupied altogether 2.7% of the circadian rhythm, SS 36.7%, and 
wekefulness with AR about 60%, respectively. 

From the data presented above it can be deduced that there is simi-
larity only concerning the range of values of the duration of a single PS 
episode. However, the data concerning the mean values of duration of 
one PS show, like the remaining data, considerable divergencies, which 
are difficult to explain. 

Among the authors only Faure (1965) defines more precisely the con-
ditions in which sleep (SS and PS) occurs in rabbits. Sleep appeared in 
his laboratory in females only after 2—8 days adaptation. In male rab-
bits this time was longer, lasting 1—8 months. For the facilitation of 
the occurrence of PS Faure advises silence, a temperature of 17°—20°, 
illumination of only 100 lux and in the vicinity of the animal the smell 
of its excrement, but not the other sex, and sufficient food of adequate 
moistness. 

The purpose of the present work was to explain some incompatibi-
lities among the data described above. We wanted to find how the SS 
and PS would appear in our laboratory conditions, and then to calculate 
and combine the episodes of sleep (PS and SS) and wakefulness during 
a given 24 hr period. Moreover, we were trying to calculate the correla-
tion between the time elapsed between two consecutive PS episodes 
(comprising AR and SS) and the length of the succeeding PS. A positive 
correlation would be some confirmation of the Jouvet (1967) hypothesis 
about the monoamine-metabolie dépendance of PS. 

M A T E R I A L S A N D M E T H O D 

E x p e r i m e n t s w e r e p e r f o r m e d on n ine r a b b i t s of both sexes, f i ve ma le and 
f o u r f e m a l e , w e i g h t i n g b e t w e e n 2.5 and 3.8 kg. Each an ima l had chronical ly im-
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p lan t ed e lect rodes as descr ibed be fo re (Nar^bski et al. 1966). The EEG w a s r e -
corded f r o m t h e motor co r t ex ep idura l ly by m e a n s of two si lver e lec t rodes p laced 
b i l a te ra l ly on the points A4 and L4; f r o m t h e dorsa l h ippocampus by m e a n s of 
one concent r ic bipolar e lec t rode p laced in t h e poin t V6.5, P4.5 a n d L4.5. T h e 
p l a t i n u m w i r e e lectrodes each 0.2 m m in d i a m e t e r w e r e imp lan t ed in to neck 
muscles , the i r ba re tips placed 6 cm cauda l ly f r o m t h e skull . The r e f e r e n c e e lec t rode 
for t h e monopola r leads was m a d e f r o m s i lver w i r e of d i ame te r 0.3 m m , its b a r e 
ending being placed unde r the skin on t h e nasa l bone 5 cm ros t r a l ly f r o m b r e g m a . 
Moreover , two si lver e lect rodes w e r e i m p l a n t e d e x t r a o r b i t a l l y on b o t h s ides of t h e 
eye, in the hor izonta l p lane. All e lec t rodes w e r e so ldered to t h e m i n i a t u r e va lve 
ho lder wh ich was a t t ached to the c a l v a r i u m by m e a n s of acr i l ic p las t ic . T h e 
posi t ion of t he e lect rodes was checked by X - r a y s , a n d a f t e r t h e end of e x p e r i -
m e n t s his tological ly and by dissection. The e x p e r i m e n t s s t a r t ed abou t t h r e e w e e k s 
a f t e r su rgery . Dur ing the e x p e r i m e n t s a n i m a l s w e r e kept in a cage 30X45X40 cm 
in wh ich they could move f r ee ly a n d w e r e jo ined to t h e r eco rde r by m e a n s of 
a long mul t i conduotor cable hang ing u p on e l a s t i c rubbe r . Some a m o u n t of food 
was pu t into t h e cage and it was c leaned only w h e n t h e e x p e r i m e n t w a s over . 

A con t inuous s imul taneous 24 h r r ecord (in some cases 12 hr record) was t a k e n . 
The Kaizer 55 ink e lec t roencepha lograph w i t h a t i m e cons tan t of 0.3 sec fo r EEG 
and EOG, a n d 0.03 sec fo r EMG w a s used . T h e l abo ra to ry r o o m w a s s l ight ly 
d a r k e n e d , isolated f r o m noise and kep t a t t h e t e m p e r a t u r e of 25°. 

R E S U L T S 

The experimental data comprise twentytwo polygraphic 24 hr records 
and six 12 hr nocturnal ones. Out of nine, five rabbits were twice the 
subject of 24 hr experiments, and the remaining four were three times 
the subject of such experiments. At least 24 hr adaptation of the animals 
for the laboratory conditions preceded the actual experiments. This 
time seems to be sufficient because in each experiment full SN and PS 
appeared many times. 

The differentiation in polygraphic recors of three states (AR, SN and 
PS) did not present difficulties. Particular attention was paid to the 
transition from each of the mentioned three states into the subsequent 
ones. Each such particular transition is an essential component of the 
diagram of the spontaneous course of sleep and wakefulness named the 
hypnogram. 

The transition of SN into AR (Fig. 1A) is characterized by a suddenly 
appearing desynchronization of the cortical leads and simultaneously 
by the regular theta waves in hippocampus. There is a full and clear 
desynchronization only in the cortical bipolar lead. In the cortical mo-
nopolar lead there are superimposed waves with a frequency of about 
2 c/sec, but they are not very distinct in all rabbits. The source of these 
slow waves is the reference electrode implanted in the vicinity of the 
olfactory bulb. This frequency has a respiration rhythm. EMG, beside 
artifacts, demonstrates a considerable increase in amplitude. 
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SN/SS | i AR 

CM2b V w ' 

CM 1b 

EOG 
EM6 • n " "» m ^ m 

^ SN/SS | PS 

•*•« r •»«»» 

PS AR 
200|iV 

r w ^ i t i ^ y f u ^ / M ^ ] 

Fig. 1. A, t r ans i t ion f r o m synchroniza t ion in to a rousa l . B, t r ans i t ion f r o m syn-
ch ron iza t ion - s low s leep into pa radox ica l sleep. C, t r ans i t ion f r o m p a r a d o x i c a l s leep 
in to a rousa l . CM2b, moto r cor tex, b ipolar . C M l b , motor cor tex , monopola r . Hpcd, 
dorsa l h ippocampus . EOG, e lec t rooculogram. EMG, neck muscles . AR, a rousa l . 

SN/SS, synchron iza t ion-s low sleep. PS, pa r adox ica l s leep 

The transition from SN, which may be here regarded as SS, into 
PS (Fig. IB), is an electroencephalograph^ phenomenon like the one 
described above. The first difference is the gradation of this transition; 
it lasts about 10 sec. The next difference is the lack or hardly visible 
presence of the slow respiration rhythm during PS in the monopolar 
cortical lead. Moreover, during PS the hippocampal lead has both a 
somewhat greater regularity and amplitude than is seen in AR. This 
pertains especially to the period of eye movements. But first of all the 
EMG and EOG demonstrate the essential difference between PS and AR. 
In the EMG there is a decrease of amplitude. The EOG demonstrate ex-
tensive eye movements; they are mostly single, have a rapid and a slow 
phase and each movement has almost always the reverse direction to 
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the preceding movement with an interval of 5—10 sec, and more rarely 
in short bursts of intervals of about 1 sec. 

The end of each PS, which nearly always passes into AR, is more -
difficult to distinguish than the transition described above (Fig. 1C). In 
the cortical bipolar lead there is no change. On the other hand, in the 
monopolar one, in the majority of rabbits, the slow respiration rhythm 
appeared just after awaking. In the hippocampus, theta waves appear 
less regular, and have a slower rhythm. In the EOG eye movements 
disappeared. In the EMG the amplitude evidently increased. 

The transition from SN into AR, as well as the beginning and the 
end of each episode of PS may be determined exactly. Unfortunately, 
the transition from AR into SN may be established only according to 
conventional criteria and therefore inevitable subjectivism. This process 
passes gradually and lasts some minutes. Often the EEG is only partially 
synchronized and often there exists an alternation of the AR and SN. 
Consequently, in the estimation of the moment of the transition dis-
cussed, we used the following principles (i) all episodes of partial SN 
were grouped as wakefulness and therefore the same as AR, because 
partial SN cannot be considered as manifestation of SS; (ii) only such 
segments of records which lasted at least one minute were accepted 
as episodes of SN; (iii) short episodes of AR lasting less than 20 sec, 
preceded and succeded by SN, were not taken into account, but were 
included into SN. 

On the basis of the criteria described above, a complicated, polygraphic 
picture of alternating episodes of wakefulness, having variable intensity, 
and the two states of sleep, may be considered as the continuous sequence 
of three states: (i) wakefulness with arousal (AR), (ii) synchronization 
with slow sleep (SN/SS), (iii) paradoxical sleep (PS). The diagram repre-
senting this sequence was called a hypnogram. Fig. 2 represents one of 
twentytwo circadian hypnograms executed. 

From this hypnogram one may notice that in rabbits wakefulness 
with AR considerably predominates over the two kinds of sleep together. 
The periods of activity and rest, the latter also including sleep, are 
repeated many times and are dispersed unequally during the day and 
night. Not every SN episode, which may be the manifestation of the 
SS, is followed by PS. In 22 hypnograms executed, 1887 episodes of SN 
were followed by 775 of PS and 1112 by AR. The proportion is about 
5:2:3. In the hypnogram illustrated (Fig. 2), the PS is always followed by 
AR. But in all rabbits, 15 times out of 775 PS episodes registred, it was 
otherwise: a direct sequence of PS episodes was SN and not AR. Mo-
reover, it happened 8 times in two hypnograms of one rabbit (no. 4 S 9 ) 
and 6 times in one of these two hypnograms. In the remaining 7 hypno-
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grams such a sequence appeared in 5 of them only once, and in two, 
twice. In consequence, the transition of PS into SN is a rather rare phe-
nomenon and takes place more frequently only in some rabbits. If the 
PS appears after long lasting wakefulness and SN, than it either lasts 
a comparatively long time as an uninterrupted episode, or a burst of 
several short PS episodes with short intervals takes place. 

The diagram representing the 24 hr number of episodes of AR, SN/SS 
and PS is illustrated in Fig. 3. 

1 2 3 + 5 8 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 + 5 6 7 8 9 

Fig. 3. The c i rcad ian n u m b e r of episodes of PS, SN/SS a n d AR. Each co lumn de -
notes the n u m b e r of episodes for 24 h r . Arab ic n u m b e r s no. of rabb i t s . On r i g h t 
of each g roup t h e mean v a l u e wi th s t a n d a r d devia t ion. F o r o ther exp l ana t i ons see 

Fig. 1 

It is evident from Fig. 3 that PS occurs in a rabbit during 24 hr 
about 35 times. The circadian number of SN/SS episodes is equal to the 
number of AR episodes and is 86, about two and a half times greater 
than PS. Every SN episode is followed either by PS or AR. When SN 
is followed by PS, the episode of PS is put between SN and AR. The 
departure from this rule, in the form of the lack of AR after PS, ap-
peared not more often than, as mentioned above, once for about 50 PS 
episodes. 

As one may see from Fig. 4, the average time of a single PS in our 
rabbit is about 82 sec. The variations of an average duration of PS for 

5* 
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each hypnogram was rather great. The longest PS episode recorded was 
10 min 20 sec. As to the shortest PS episodes, the limitation has to be 
conventional, because a duration shorter than 8 sec is impossible for 
certain identification according to criteria used in this paper. The single 
average SN episode, which in part is the SS, is about four times longer 
than PS. 

min 4 ' ' 

3 • 

P S 

1 • 

0-

1 -

2 

3 

SN/SS 4-

5 

6 

7 

8 

9 -

Fig. 4. The m e a n du ra t ion t i m e of t h e single P S and SN/SS episode, as t h e d i ag ram 
of t h e a r i t hme t i ca l mean of all h y p n o g r a m s . Each column deno tes one h y p n o g r a m . 

For o ther exp lana t ions see Fig. 1 and 3 

The duration of the average episode of wakefulness with AR is longer 
and lasts 13 min 16 sec, but the deviations are huge, from a fraction of 
a minute to some hours. The added times of the single average lengths 
of the three different states discussed are: ARf-SN/SS + PS = 19 min 
37 sec ± 7 min 14 sec. 

The histogram, demonstrating the relationship between the duration 
of single PS and the frequency of appearing PS episodes of determined 
duration is illustrated in Fig. 5. 

Fig. 5 shows that in rabbits the time interval of most frequently ap-
pearing PS is 20 sec. The one directional slope of the histogram shows 
that shorter PS episodes are more frequent than the medial ones. If the 

1min 22 sec - 34 sec 

bmin 33sec - 1min 35sec 

1 2 3 4 5 6 7 8 9 
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PS episodes are short, ithey are greater in number and vice versa. The 
smallest number of PS in one hypnogram was 13. The arithmetical mean 
of one PS was then 2 min 13 sec. In another rabbit 14 PS during 24 hr 
appeared, having a mean duration of 3 min 14 sec. The greatest number 
of PS episodes in one hypnogram was 85. The mean time of one PS was 
then only 52 sec. The same rule concerns the episodes of SN/SS. 

Fig. 5. H i s t o g r a m of t h e occur rence of t h e f r e q u e n c y of P S accord ing to du ra t ion 
of s ingle P S episodes. Abscissa, du ra t ion of t h e pa r t i cu l a r PS , g rouped in in te rva l s 
of 20 sec. Ord ina t e , t he occur rence of f r e q u e n c y of t h e ind iv idua l P S h a v i n g a de-
f i n i t e dura t ion , g rouped in classes every 20 sec, and expressed in p e r c e n t a g e of t h e 

to ta l n u m b e r of P S episodes observed (n = 775) 
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The summarized times of three states studied, appearing in one day 
and night life of rabbits, is the subject of Fig. 6. The data of Fig. 6 ex-
pressed im units of time are as follows: 

P S 45 min 03 sec ± 16 min 08 sec 
SN/SS 6 h r 07 min 51 sec ± 1 h r 36 min 25 sec 
AR 17 h r 08 min 06 sec ± 1 h r 42 min 19 sec 

So as to make the relationship, mentioned above, between the length 
of single PS episode and the length of the added up single SN/SS with 
the AR episodes, which are followed by PS, most precise, the correla-
tion coefficient between the length of the intervals between consecutive 
PS and the duration of PS episodes which followed after this intervals, 
was calculated. The result was 0.24±0.03, and show that the correlation 
exist but is rather weak. 

100 -
% 

90-
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Fig. 6. S u m m a r i z e d 24 h r dura t ion of PS, SN/SS a n d AR for each of 22 h y p n o g r a m s 

of 9 r abb i t s expressed in percentage . For o ther exp lana t ions see Fig. 1 a n d 3 

The experiments during the nightly 12 hr gave results which do not 
differ in any essential data from those presented above of 24 hr. They 
were not presented here, because it was evident that 12 hr sleep ex-
periments had a considerably lower value. 
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DISCUSSION 

The simultaneous recording of the cortical electrical activity using 
bipolar and monopolar leads, from the dorsal hippocampus together with 
the EOG and EMG of the neck muscles allowed us to assign any part 
of the circadian continuous record performed to three states: wakefulness 
with arousal (AR), synchronization with slow sleep (SN/SS) and para-
doxical sleep (PS). 

The proper recognition of the PS during the whole duration of one 
PS episode is possible only when besides the EEG, one records the EMG 
of the neck muscles and the EOG. In this diagnosis also the registartion 
of the respiratory-olfactory wave is helpful. This was recorded from the 
reference electrode situated close rostrally to the olfactory bulb; its 
amplitude decreases significantly during PS. We always were able to 
determine with a precision of the order of seconds, the beginning and 
the end of each PS episode. Owing to that, the PS may be easily 
measured quantitatively. 

The phasic phenomenon was revealed in our experiments in the 
form of typical eye movements accompanied by the amplitude and re-
gularity increase, and by acceleration of the hippocampal theta waves. 
During PS episodes of long duration this rhythm has not a uniform 
frequency. The exact analyses of the hippocampal rhythm fluctuation 
and the comparison of the theta rhythm in PS and AR, because it is not 
identical in these two states, would be justified only when using an 
automatic frequency analyzer, which was not at our disposal. 

The PS longer than 6 min took place rather exceptionally, there 
being only 7 out of 775 such cases. It was not possible to exclude the 

Table I 
Quantitative characteristic of rabbits circadian sleep as reported by different authors 

Author AR SN/ SS PS PS Duration of one PS episode Author 
%/24 hr %/ 24 hr %/24 hr number/24 hr fluctuations mean 

Khazan and 50 20—30 30 sec— 
Sawyer —6 min 30 sec 
Faure 23a 60a 7a 16—120a 40 sec— — 

(3 -16) —4 min 
Weiss and 7.4 77.5 15.1 67 — 3 min 42 sec 
Roldan ±11 sec 
Kawakami 60.6 36.7±3.1 2.7±0.6 24—75 5 sec— 1 min 12 sec | 
et al. —6 min 30 sec 
Nar?bski 71.3 25.5±6.8 3.1 ±1 .2 35 ± 2 0 8 sec— 1 min 22 sec 
et al. (13-85) 10 min 20 sec ±34 sec 

a Calculated from 3 hr experiments. 
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possibility of PS shorter than 8 sec, but in techniques used it was not 
possible to identify them. 

The data presented in Table I show that our results are compatible 
only with those of Kawakami et al. (1965). The results of Faure (1965) 
were obtained only in 3 hr experiments and therefore they will not be 
discussed. On the other hand, the data of Weiss and Roldan (1964) differ 
essentially from the other ones. The circadian quantity of PS, according 
to these authors, is almost three times greater, the average PS episode 
lasts three times longer, and the circadian number of PS episodes is 
about twice bigger. In the light of the method of experimentation of 
Roldan and Weiss (1963), which was without EOG and EMG recording, it 
is possible to suppose that these authors accepted some episodes of 
AR as PS. 

Table II 
Greatest circadian PS quantity 

Rabbit Date PS%/24 hr 

S7 cf 20/21.11.1968 5.45 
S8 cf 15/16.11.1968 5.67 
S9 tf 18/19.11.1968 5.79 

19/20.11.1968 4.13 

It is possible that the race and age of rabbits have some influence on 
the circadian PS. The majority of authors working on sleep in this 
species used only female rabbits, considering that sex had an essential 
part in such chronic experiments. According to our data, essential dif-
ferences concerned with sex in the circadian number of sleep episodes 
and their spread during 24 hr, do not exists. The natural sleep of male 
rabbits has a little greater fluctuation of the circadian number of PS 
episodes, from 13 to 85 (female respectively 14—59), and slightly greater 
spreading of the circadian quantity of PS, from 1.72% to 5.79%* (female 
respectively 1.7—3.6%. 

A surprisingly great circadian quantity of PS appeared in our experi-
ments only a few times in three out of five male rabbits used. 

On the basis of our experimentation experience this phenomenon 
seems to be connected with the seaso'n, and its explanation needs further 
experiments. 

In general, the EEG of rabbits is characterized by really great dif-
ference between the resting, synchronized pattern, and AR. However 
some difficulties exist only with the exact recognition of the moment of 
the transition from AR into SN. This difficulty is caused by the grada-
tion of this transition. The subjectivity, 'therefore, of the choice of this 
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moment is unavoidable. Than, the conclusions drawn from circadian 
summarized quantity of SN/SS has a considerably lower value than PS 
respectively. Therefore, though the differences concerning these data 
among authors cited seem to be understandable, they are not easy to 
remove without uniformity of criteria here used. 

The important problem is the physiological interpretation of the 
state of the animal when its EEG is fully synchronized. It may be both 
relaxed wakefulness and SS. The SS exists certainly some time just 
before the PS. There is a lack of objective criteria which would enable 
one to detect the moment of falling asleep during the SN. Falling asleep 
always takes place during relaxed wakefulness (in 'the normal condi-
tions) when the EEG is already for some times synchronized. Therefore, 
in this paper we do not use the term SS but SN/SS. We wish to be in 
agreement with the objective possibilities of the experimentation on 
sleep. 

The typical sequence suggested by many authors: AR-SN/SS-PS and 
again AR does not repeat every time. As presented above (Fig. 3) PS 
occurs 35 times during 24 hr, but SN/SS 86 times. It means that the 
"triad" AR-SN/SS-PS occurs only about 41 times out of 100, and the 
sequence AR-SN/SS without PS more often, 59 times out of 100. Almost 
every PS is followed by AR. In experiments described, only 15 times out 
of 775 PS passes directly into SN/SS. This phenomenon, though not 
frequent, brings also some limitation to this rule. It seems to be a feature 
of an individual animal. Pellet and Beraud (1967) do not describe this 
fact, but in published hypnograms of the rat and guinea pig the presence 
of such a sequence is shown. 

As was described above, the summarized average time of three kinds 
of episodes: AR+SN/SS + PS is 19 min 13 sec±5 min 14 sec. But taking 
into account that AR and SN/SS are two and a half times more numerous 
than PS episodes, such summarized length of the "triad" is an artificial 
creation. It is suitable to calculate the average time between two con-
secutive PS episodes more precisely: from the end of the preceeding to 
the beginning of the succeding PS episode. This mean time in our ex-
periments is 39 min 36 sec. According to Weiss and Roldan (1964) this 
time is nearly twice shorter, being 20 min 48 sec. The comparison of this 
data may justify the assumption that authors cited above probably 
recognized some AR episodes as PS. 

The dispersion in time of the individual PS episodes is not accidental. 
The changeable time between the consecutive PS may be described as 
follows: When this time is long, then the succeding PS is also long, as 
a single one or multiple, divided with short episodes of AR and SN/SS. 
When this time is short, the succeding PS is also short. Such a rule of 
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the resolution in time of the individual PS permits one to bring forward 
the supposition that during the hours without PS it seems to appear an 
augmented, with the elapsed time, "need" for PS. It is possible that out 
of the "need" there exists another factor which delays the appearance 
of PS or causes a partition of the already existing PS into several 
segments. The factor of the need of PS seems to be postulated by Jouvet 
(1967) and Dement et al. (1967), a monoamine of metabolic origin, accumu-
lated in some parts of the brain proportionally to the time elapsed without 
PS and processed during PS (Pujol et al. 1968). The factor involved in the 
delay of PS and its fractionation, remain till now unknown. Probably it 
has a nature of a rapidly acting neural reflex. The quick transition from 
PS into AR, which is the rule, is physiologically well understandable. 
PS is a deep sleep, and though it is indispensable for living puts the 
animal into danger. The spontaneous frequent and easy transition from 
PS into AR, means awakening in the state of immediate readiness for 
defense or agression, serves without doubt for the individual safety of 
the animal. 

The sequence in time of particular PS episodes, though not incoherent, 
is complicated and without sharp limits of classification. Therefore, it is 
not easy to describe it mathematically. An attempt was made to calculate 
correlation between the length of the segment of time without PS and 
the duration of the following PS episode, but with uncertain results. We 
think it takes place therefore, because the relation investigated by the 
method of correlation has in the experiments of spontaneous sleep (with-
out sleep deprivation) a character too complex for the method used. How-
ever, the obtained positive, but very weak correlation may be recognized 
as support of monoamine metabolic theory of PS. 

S U M M A R Y 

Twentytwo 24 hr experiments were performed on nine rabbits with 
chronically implanted electrodes. The purpose of the work was to 
establish the temporal sequence of the spontaneously appearing episodes 
of wakefulness with arousal (AR), synchronization with slow sleep 
(SN/SS), and paradoxical sleep (PS). The continuous recording of the EEG 
from cortex and hippocampus, the EMG of 'neck muscles and the EOG 
permits one to determine the beginning and end of these episodes. How-
ever, a really exact determination is possible only with the PS. There-
fore, this kind of sleep may be treated quantitatively. The sex of rabbits 
does not play an essential role in the circadian processes of wakefulness 
and sleep in its two kinds. The quantitative data concerning the sleep 
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of rabbits are as follows: in 24 hr the number of PS episodes is 35±20 
with fluctuations from 13 to 85, while the number of SN/SS episodes is 
86±25. The single average PS episode lasts 1 min 22 sec±34 sec, but 
oscillates from 8 sec to 10 min 20 sec. PS occupied 3.1±1.22°/o of the 24 hr 
period, and respectively SN/SS 25.6%. The remainer 71.3%> belongs to 
wakefulness with AR. The duration of one PS episode depends, in some 
degree, on the length of the preceeding segment of time filled up by AR 
and SN/SS. 

This inves t iga t ion w a s suppor t ed by t h e Commi t t ee of Physiological Sciences 
of t h e Pol ish A c a d e m y of Sciences. 
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A well trained avoidance reflex in the dog consists of three acquired 
responses integrated into a self stabilizing behavioral unit. The first is 
the classical fear conditioned reflex (CR) elicited by the warning con-
ditioned stimulus (CS); one index of it is heart rate acceleration (Soł-
tysik and Kowalska 1960, Sołtysik 1960b) and it has been shown that 
this cardiac change precedes the motor instrumental response. Second 
comes the motor avoidance response itself, occurring as an overt response 
to the fear (a drive component) and to conditioned stimuli which include 
both the specific warning CS and the situational cues. This convergence 
of drive and directing cues was reflected in the early model of the 
instrumental CR postulated by Wyrwicka (1952), though the drive nature 
of the unconditioned stimulus (US) center in her model was clearly stated 
only later by Sołtysik (1960a) and Konorski (1967). For the avoidance 
reflex a similar model was considered in a series of papers (Sołtysik and 
Kowalska 1960, Sołtysik and Zieliński 1962, Sołtysik 1963). Finally, the 
instrumental response generates stimuli (afferent and central feedback 
of the response) which, being paired with the termination of the noxious 
US (in the case of the escape response) or with the termination of the CS 
(in the case of each avoidance response), becomes a conditioned inhibitor 
(CI) of the fear response. Experimental data supporting this view were 
presented elsewhere (Sołtysik and Kowalska 1960, Sołtysik 1960b, c) and 
the implications of this concept are discussed in the paper of Sołtysik 
(1963) and in Konorski's monograph (1967). In brief, this inhibitory feed-
back is believed to play an important role in respect to the fear CR as 
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well as to the instrumental response. Inhibition of the fear CR protects 
this emotional response from extinction; such a role of the CI presented 
in compound with the CS was shown first by Chorążyna (1957) for food 
instrumental training and confirmed by Sołtysik (1960c) in a situation 
resembling the avoidance reflex performance. The second role played by 
this conditioned suppression of fear is to provide an additional "reward"; 
the fear is not merely decreasing due to the termination of the fear-elicit-
ing CS but is also actively inhibited. Thus, our model postulates not only 
drive reduction but even a drive inhibition as a source of reward. Owing 
to this double role the inhibitory feedback stabilizes the avoidance 
behavior and makes it virtually independent of the noxious US. 

An interesting question arises as to what would happen if such a well 
trained avoidance CR was systematically reinforced with food? The first 
guess might be that the avoidance response would be transformed into 
a food instrumental CR, according to the rule that any motor response 
which is rewarded by food will become an "alimentary instrumental" 
response. However, our model offers an alternative prediction. To become 
a food instrumental CR, the avoidance CR should have been transformed 
in its drive component, leaving the CS and motor response the same. This 
is very unlikely, as the drive CR (i.e., a fear reaction) is well shielded 
from the following events by the conditioned inhibition. And as the 
hunger drive and the fear drive are antagonistic activities of the brain, 
it is not conceivable to assume any easy way for their mutual replace-
ment. One could rather imagine a coexistence of the conditioned inhibition 
of fear with the classical consummatory food CR as these both need not 
be antagonistic and even may corroborate with each other in suppressing 
the fear reaction. Is there, then, a possibility that we might obtain 
a "hybride" CR complex, in which an avoidance reflex will end with the 
food CR? In other words, would the motivation of the instrumental move-
ment remain a fear while the movement itself becomes, besides the CI 
of fear, also the conditioned signal for food? 

This paper presents some new data obtained with dogs trained first 
in avoidance CR and then systematically reinforced with food after each 
avoidance response. 

M A T E R I A L AND M E T H O D 

T h e e x p e r i m e n t s w e r e ca r r i ed out on six dogs (adul t m a l e mongre l s ) in a sound 
proof condi t ioned r e f l e x c h a m b e r . T h e a n i m a l s w e r e e x p e r i m e n t a l l y na ive bu t 
accus tomed to s t and in t h e h a r n e s s e s on t h e P a v l o v i a n s t and . In t h r e e dogs 
(no. 1—3) t h e food i n s t r u m e n t a l r e f l e x e s w e r e es tab l i shed by r e w a r d i n g a pass ive 
m o v e m e n t (pressing a bar ) w i t h a po r t ion of food de l ive red f r o m t h e a u t o m a t i c 
f e e d e r . F i r s t , a l l t h e spon taneous r e sponses w e r e r e w a r d e d b u t a f t e r a f e w days 
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a condi t ioned s t imu lus (a buzzer) was in t roduced a n d only t h e responses occu r r ing 
du r ing i ts p r e s e n t a t i o n w e r e r e w a r d e d . Soon the i n t e r t r i a l r esponses d i s appea red 
and t h e b a r - p r e s s i n g r e sponse t o t h e buzzer w a s wel l es tabl ished. 

In t h e t h r e e r e m a i n i n g dogs (no. 4—6) a n avo idance ba r p ress ing r e s p o n s e w a s 
t a u g h t by t h e fo l lowing m e t h o d . The buzzer was r e in fo rced wi th e lec t r ic shock to 
the h i n d p a w , b u t occas ional ly , 5 or 6 t imes in a session, a pass ive m o v e m e n t 
(pressing a bar ) w a s p e r f o r m e d d u r i n g t h e p resen ta t ion of t h e buzze r a n d t h e 
m o v e m e n t w a s r e w a r d e d by t h e t e r m i n a t i o n of t h e CS and omission of t h e shock. 
When some act ive or semiac t ive responses a p p e a r e d a shap ing p r o c e d u r e enab l ed 
us to t r a i n the p e r f e c t bar p ress response to t h e buzzer . In dog 3 t h e b a r p re s s ing 
occurred as a " r a n d o m " re sponse to t h e second appl ica t ion of t he shock a n d w a s 
immed ia t e ly f i xed as t h e escape or avo idance response ; thus , in th i s dog no pass ive 
m o v e m e n t s a n d shap ing p r o c e d u r e w e r e necessary . 

A f t e r t h e r e sponse to t h e buzzer was wel l ove r t r a ined (dur ing f o u r m o n t h s of 
daily t r a i n i n g w i t h ten t r ia l s a day) so t h a t v i r tua l ly no shock r e i n f o r c e m e n t s w e r e 
necessa ry to m a i n t a i n t h e avo idance p e r f o r m a n c e , a n e w s t imulus , a r h y t h m i c tac t i l e 
s t imula t ion of t h e dog's chest , w a s in t roduced and pa i red wi th shock. T h e t r a n s f e r 
of t h e a v o i d a n c e r e s p o n s e w a s a lmos t i m m e d i a t e and a f t e r 10 days of t r a i n i n g 
us ing b o t h s t imul i in equa l p ropor t ions t hough r a n d o m l y i n t e r m i x e d no de t ec t ab l e 
d i f f e r e n c e s in r e a c t i n g to bo th s t imul i w e r e seen. At t h a t m o m e n t a n e w p r o c e d u r e 
w a s s t a r t ed . T h r e e or fou r t imes a week t h e dogs had sessions in w h i c h only t h e 
tac t i l e s t imu lus w a s used a n d a f t e r each r e sponse a por t ion of food w a s o f f e r e d 
f r o m t h e a u t o m a t i c f e e d e r . T h e an ima l s w e r e not f ed be fo re t h e s e sessions a n d 
soon l e a r n e d to accep t t h e food. In t h e t w o r e m a i n i n g sessions (at t h e b e g i n n i n g 
a n d in t h e m i d d l e of a week) t h e an ima l s w e r e fed be fo re t h e session a n d only t h e 
buzzer w a s used as be fo re . It should be men t ioned t h a t t h e shock US w a s n e v e r 
used on t h e sessions w i t h the tac t i le CS bu t it w a s r igorous ly appl ied on t h e sessions 
w i t h t h e buzzer if t h e dog fa i l ed to r e spond wi th in 10 sec. A f t e r 40 sessions w i t h 
food r e i n f o r c e m e n t severa l "sa t ia t ion sessions" w e r e ca r r i ed out in wh ich t h e 
t r i a l s w i t h food r e i n f o r c e m e n t w e r e r epea t ed un t i l t h e dogs w e r e f u l l y s a t i a t ed a n d 
consis tent ly r e f u s e d to eat. T h e changes in moto r r e spond ing d u r i n g t h e sa t i a t ion 
sessions w e r e c o m p a r e d w i t h t h e changes of responses in f o o d - i n s t r u m e n t a l dogs 
sub jec t ed to t h e s imi la r p r o c e d u r e of g r adua l sa t ia t ion by p r e s e n t i n g a long ser ies 
of t r ia ls . In some of t h e dogs carot id a r t e r i a l loops w e r e p r e p a r e d surg ica l ly by t h e 
van L e e r s u m (1911) m e t h o d , so t h a t t h e r eco rd ing of h e a r t r a t e d u r i n g t h e i n s t r u -
m e n t a l p e r f o r m a n c e was possible. The m e t h o d of r eco rd ing was descr ibed e l s e w h e r e 
(Sołtysik et al . 1961). 

R E S U L T S 

I. The effect of applying the food after an avoidance CR 

Presenting the food immediately after the dog has performed the 
avoidance movement aroused in the beginning a marked fear reaction. 
The noise from the feeder and the unexpected appearance of the full 
foodtray elicited repeated pressing of the bar accompanied often with 
barking. The animals did not accept the food and it took several sessions 
before they habituated to these new events and learned to eat. The train-
ing was continued for three months and no evident changes in behavior 
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occurred. Latencies of the movement on both the avoidance sessions (to 
the buzzer) and "avoidance-food" sessions (to the tactile CS) were similar. 
The casual observer could not tell whether the dogs performed the 
movement to the tactile stimulus because it has been previously a danger 
signal or because it was rewarded presently with food. True, the animals 
never looked at the foodtray in response to the CS, but they did so after 
they pressed the bar, and this food-approach reaction was occasionally 
seen also on the avoidance sessions with the buzzer. 

II. The effect of gradual satiation during the prolonged session 

Fig. 1 and 2 show the typical course of changes in the instrumental CR 
in dogs 1, 2 and 3 during the satiation session. In each case the gradual 
diminution of hunger caused the lengthening of latencies of bar presses. 
In dog 1 the increase of latency starts early in the session and soon the 
responses disappear altogether; this coincides roughly with the refusal to 
eat. The animal might have not responsed but still accept the food 1 or, 
equally likely, might after having responded refuse to feed (cf. the eighth 
and ninth trials). Dog 2 shows a different "satiation curve". During the 
first six trials the latencies of bar presses remain the same and only on 
the seventh trial the sudden and steep deflection of the curve is seen. The 
dog often ate after not having responded during the 20 seconds CS-US 
interval. The third dog shows a gradual increase of latencies throughout 
the session but in distinction to the two other dogs he responded on many 
trials after he had stopped to feed (from the tenth trial on). The dogs 
exhibited different behavior in response to the CS in the later part of 
the session when, having eaten ad libitum they refused to accept food. 
Thus, dog 2 was quiet and seemed to disregard the CS. Dog 3 always 
reacted positively, pressed the bar and only after having looked at or 
even sniffed the food turned away from the feeder. Very distinct and 
strange behavior was observed in dog 1. The animal, when satiated, stood 
qietly during the intertrial intervals but responded with struggling, 
barking and general restlessness to the CS. In this dog we kept the 
record of the pulse rate, and cardiac responses to the CS are shown 
in Fig. 1. 

These cardioacceleratory responses diminish as the dog becomes 
satiated but then they paradoxically increase and reach amplitudes far 
exceeding the size of responses at the beginning of the session. Character-
istically, the resting level of the heart rate gradually diminishes during 

1 D u r i n g t h e sat ia t ion sess ions t h e food was p resen ted on each t r i a l even if 
t h e dog h a s not p ressed t h e bar . 
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t h e dog h a s b e c o m e s a t i a t e d 
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the whole session showing thus that it is the response to the CS and not 
the intertrial restlessness that has increased after the dog had become 
satiated with food. 

Fig. 3 shows the changes in latencies of bar presses in dogs 4, 5 and 6 
during similar satiation session. In contrast to the pure food-CR dogs 
these avoidance-food-CR dogs do not show any tendency to react with 
increased latency after they become satiated. Again, in one of these dogs 
a heart rate was registered and a deeper insight into his emotional state 
was possible. First, let us see how the cardiac reaction changed during 
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Fig . 2. C h a n g e s in l a t e n c i e s of t h e food i n s t r u m e n t a l r e s p o n s e s in t w o dogs d u r i n g 
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the training of the avoidance CR rewarded with food. Fig. 4 shows the 
averaged cardiac responses in some 20 consecutive sessions starting from 
the moment when the dog learned to accept the food; in fact, only the 
first two sessions are omitted because of erratic behavior and some 
reluctance to eat. The dog had a stable and typical form of a cardiac 
reaction accompanying the avoidance CR. There was an increase of heart 
rate in response to the CS but immediately after the bar press movement 
was performed (and the CS terminated) the heart rate decelerated. How-
ever, during the first five sessions on Fig. 4 the form of the cardiac 
response is changed. There is an increase of the pulse rate during the CS 
(as usually) but the consecutive deceleration is replaced by a further 
acceleration. Behaviorally it was obvious that the presenting of food 
elicited fear (or disinhibited the conditioned inhibition of fear) and often 
the animal pressed the »bar again and again. The dog did not eat at once 

Fig. 4. C h a n g e s in the ca rd iac responses accompany ing t h e avo idance CRs d u r i n g t h e 
in i t ia l pe r iod of t r a i n i n g w i t h food r e w a r d in Dog 4. Card iac responses a r e s h o w n 
in t h e fo l lowing w a y : t h e shor t hor izonta l foot is t h e p r e - C S level r e g a r d e d f o r 
conven ience as zero level . Fi l led dot is t he h e a r t r a t e d u r i n g t h e CS ca lcu la ted a s 
a d i f f e r e n c e f r o m t h e p r e - C S level . Fi l led t r i ang l e s r ep r e s en t t h e h e a r t r a t e 
m e a s u r e d d u r i n g t h e t h r e e seconds immed ia t e ly a f t e r t he p e r f o r m a n c e of t h e 
avo idance m o v e m e n t , aga in p r e sen t ed as a d i f f e r e n c e (in bea ts per m inu t e ) f r o m 
t h e p r e - C S level . The re a r e t h r e e s tages in th is t r a i n i n g cha rac te r i zed by a d i f -
f e r e n t p a t t e r n of the ca rd iac r e sponse : f i r s t , w h e n t h e h e a r t r a t e con t inue to r i s e 
a f t e r t h e p e r f o r m a n c e of t h e b a r p ress ( t he re fo re t h e t r i ang les a r e above t h e 
circles), second w h e n t h e n o r m a l avo idance p a t t e r n r e t u r n e d and t h e h e a r t r a t e 
d rops a f t e r t h e motor r e sponse is p e r f o r m e d , a n d t h i rd , w h e n again t h e h e a r t r a t e 
increases a f t e r t he avo idance r e sponse because it has become a food CS. B e n e a t h 

each s tage is s h o w n t h e a v e r a g e c a r d i a c response 
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being startled by the not yet familiar noise of the feeder. During the 
following eight sessions the signs of distress caused by the operation of 
the feeder subsided and the form of the heart rate reponse returned to 
its previous normal pattern: an increase of rate to the CS and an im-
mediate decrease after the bar press response. Finally, the cardiac de-
celeration following the bar press was again replaced by the cardioaccele-
ration, but this time no signs of distress were its behavioral counterpart 
but the more less evident "alimentary reaction". The dog would turn 
towards the foodtray, lick it and seize the food without hesitation. 

As mentioned before, at this phase of training the satiation sessions 
were started and revealed that the latency of the bar press was resistant 
to the satiation factor. Fig. 5 shows that while the motor responses 

DOG 4 
(satiation no.1) 

22-24 trials 

QL 

20 

101 

0 

- 1 0 

- 2 0 

• • 

r = - 0 , 8 2 

- 1 0 0 10 20 30 per min 
Fig. 5. Changes in t h e hea r t r a t e react ions of the Dog 4 dur ing the pro longed 
sat ia t ion session. Upper graph: uppe r curve shows the latencies (in blocks of t h r e e 
t r ia ls) and benea th a r e the ca rd iac react ions. Explana t ions as in Fig. 4. On the last 
s ix t r ia l s the dog did not eat. Lower g raph : nega t ive correlat ion be tween cardiac 
responses to t he CS and hea r t r a t e changes immedia te ly a f t e r t he motor responses 

(Ordinates) . Data a r e t aken f r o m the session presen ted on t h e upper g raph . 
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remain constant, the cardiac changes accompanying them undergo 
a series of fluctuations. At the very beginning the cardiac responses to 
the CS were large and followed by some slight deceleration — a picture 
resembling the original pattern when the avoidance response has not 
been reinforced with food. Soon, however, the deceleratory response was 
replaced by the acceleration and at the same time the responses to the CS 
tended to diminish. At last, when the dog became satiated the full original 
avoidance pattern of the cardiac reaction reappeared. The apparent 
reciprocal relation of the size and direction of these two cardiac responses 
is shown on the lower graph of Fig. 5 where the responses to the CS are 
plotted against the responses to bar presses. 

D I S C U S S I O N 

This experiment was conceived as the first in a series devoted to 
studying the relations between defensive and feeding behaviors in the 
context of instrumental conditioning. We are particularly interested in 
verifying our present model of the instrumental CR. In contrast to the 
old Konorskian model (Konorski and Miller 1933, 1936) and Pavlov's 
model (1936) or its further development by Asratian (1967), the emphasis 
is laid not on the signalling role of the movement (i.e., on some sort of 
proprioceptive conditioning) but on the distinction between drive and 
consummatory activities. The process of elicitation of the instrumental 
movement depends according to the old concept' of Konorski and Miller 
on the proprioceptive feedback of the movement becoming a differen-
tiated signal of focd. In Pavlov's and Asratian's formulations also the 
proprioceptive stimuli generated by the movement must become a food 
CS but the mechanism postulated by them is entirely different and 
concerns the so-called backward or "reverse" conditioned connection 
between the "food center" and the "representation of movement". Our 
conditioned drive model of instrumental CR (as we propose to call it in 
distinction from models employing the classical consummatory CR as, at 
least partially, a motivational factor 2 eliciting the movement) assumes 
that the instrumental movement is elicited only by the convergent ex-
citation from the drive center and from the conditioned stimuli. The 
afferent feedback of the motor response inevitably acquires an appro-
priate signalling meaning, for example, of food CS in alimentary condition-
ing or fear CI in avoidance training, but it has no direct relation to the 

2 F o r m u l a t i o n s such as S e w a r d ' s " t e r t i a r y mo t i v a t i o n " (1950), M o w r e r ' s "hope" 
(1960), or Hul l i an and neoHul l i an " f r ac t i ona l a n t e d a t i n g goal r e sponses " belong to 
this class of models . 

http://rcin.org.pl



Avoidance re in forced with food 
89 

mechanism of eliciting the movement. Fig 6 summarizes this reasoning. 
The paradigm 1 represents the view of Pavlov: movement generates the 
stimuli which are the food CS but the food center is also connected with 
the movement center and thus the movement is elicited whenever the 
food center is excited. Paradigm 2 represents our present concept of the 
instrumental food CR. Instead of a single "alimentary center" there two 
centers: a hunger center through which the movement is elicited and the 
food center which inhibits the hunger drive center. Paradigm 3a shows 
the avoidance reflex; the movement is elicited through the fear center 

excitatory connection 

H inhibitory - • » -

CS = cond. stimulus 

H = hunger center 

F s t o o d 

M = movement 

Fe = f e a r -•»-

Rl = re l ie f 

3 CS • M 

Fig. 6. Simplif ied pa rad igms of the ins t rumenta l condit ioned re f lexes . Explana t ions 
in the t ex t 

and the movement-produced stimuli inhibit the fear center. Para-
digm 3b is modified according to Konorski's concept (1967) of a relief 
center which is an inhibitory counterpart of the fear center; thus the 
inhibition by the feedback of the motor response is executed through 
this relief, or security center. Finally, a paradigm of the behavior de-
scribed in the present experiment is given. It is the avoidance reflex 
whose afferent feedback has become a signal of food. As we see it is 
quite feasible to imagine such a product of our procedure (reinforcing the 
avoidance response with food), since food consummatory CR is not 
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colliding with the conditioned inhibition (or relief CR) of fear. On the 
contrary, eating and fear are relatively incompatible, so we may assume 
that this food classical CR corroborates in inhibiting the fear. 

We should admit, however, that we do not know what would happen 
if the training of the avoidance CR reinforced with food was continued 
for a longer period, and if the sessions of pure avoidance conditioning 
were discontinued. For the time being we are only able to ascertain that 
the avoidance response may easily become a classical CS of food and 
that this does not alter its performance. 

There is one practical aspect of this experiment that should be 
mentioned. The use of the heart rate changes as an index of the emotional 
state is relatively simple when only one drive is operating during the 
session. In the present experiment we used both the hunger and fear 
drives, and both of them are manifested in dogs by the cardioacceleration. 
Therefore the use of more specific indices would be desirable. Unfor-
tunately no such indices are conveniently available. Hunger contractions 
of the stomach are too slow for intervals shoriter than 30 sec intervals. 
Probably, the direct recording of the unit discharges of the corresponding 
centers seems to be the most hopeful approach 

S U M M A R Y 

When the avoidance responses in dogs are reinforced with food, the 
response-generated stimuli acquire the meaning of a food signal. This 
does not change the performance of the avoidance CR, which continues 
to depend upon the fear drive and therefore is insensitive to manipula-
tion on the hunger drive. The results are discussed in the context of the 
Konorskian model of instrumental conditioning. 
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MATERIAL AND METHOD 

The paper is based on observations of e ight continuous series of sections of 
dog bra in . Three series of sections, s tained by Weiger t -Wolters method ( f ronta l , 
hor izontal and sagit tal) and t ransected every 50 n, and f ive series, s ta ined by the 
Kl i ive r -Bar re ra , Nissl, Schul tze method (two f ron ta l , two horizontal and one sagi t -
tal) and t ransec ted every 20 |x, w e r e used for observat ions. 

RESULTS 

Hypothalamo-hypophyseal tract 

This is a system of fibres connecting the hypothalamus with the 
pituitary gland. In the dog brain the following hypothalamic nuclei were 
found to have connections with the pituitary gland: the paraventricular 
and anterior supraoptic nucleus in the anterior part and the posterior 
supraoptic and ventromedial nuclei in the intermediate part. All the 
fibres of this tract are well myelinated and stain well in Weigert-Wolters 
and Kluver sections. The fibres of this system take rise in the above 
mentioned nuclei of the hypothalamus and tend through the infundibu-
lum to the posterior (neural) part of the pituitary gland. 

This tract was first mentioned by Ramon y Cajal in 1894. He observed 
such a system of fibres in sections of mouse brain stained by Golgi 
method. 

Investigations carried out on neurosecretory material stained by the 
Gomori method (Ban 1964, Diepen 1962, Schreiber 1963) showed that the 

7* 
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fibres which lead to the pituitary gland from the paraventricular and 
supraoptic nuclei of the hypothalamus conduct substances regarded as 
neurosecretory. Since the studies of these authors do not indicate the 
occurrence of neurosecretion within the ventromedial nucleus (which 
nucleus also has a connection with the pituitary gland), it may be inferred 
that it transmits nerve impulses in the form of action potentials to the 
pituitary gland. The travelling of action potentials along the hypothala-
mo-hypophyseal tract has been confirmed by Schreiber (1963). 

In literature two tracts leading from the hypothalamus to the pituitary 
gland are often distinguished, i.e., the supraoptico-hypophyseal and para-
ventriculo-hypophyseal tracts (Ban 1964, Bleier 1961, Diepen 1962. 
Schreiber 1963). These two tracts join in the infundibulum and their 
distinction within the pituitary gland is impossible. They have a similar 
course in the brain of the dog. 

Dorsal supraoptic commissure (Fig. 1, CSOD) 

A characteristic system of commissural fibres, which belongs to the 
dorsal supraoptic commisure, can be seen above the optic chiasm in 
a frontal section of the dog brain. The fibres of the commissure are about 
5 m- in diameter and they stain readily by the Weigert-Wolters method. 

Dorsally to the optic chiasm they pass to the other side of the hypo-
thalamus in its ventral part, and then run laterocaudally. The division 
of this originally homogenous bundle into two components can be seen 
in further sections. Component I runs off laterally and component II 
dorsolaterally; both show a deviation to the rear. 

Component I (ventral) of the dorsal supraoptic commissure corresponds 
to the pars ventralis commissurae supraopticae dorsalis described by 
Gurdjian (1927) in the rat. In the dog this branch reaches the area 
occupied by the posterior lateral nucleus and, passing through this 
nucleus, it loses more and more fibres. Next this component gets to the 
entopeduncular nucleus and the ventral portion of the internal capsule 
and here it escapes further observation. 

Component II (dorsal) of the dorsal supraoptic commissure, which con-
tains nearly two-thirds of its fibres, runs dorsocaudally, and comes to 
the region of the fornix, where some of its fibres vanish near the dorsal 
portion of the paraventricular nucleus. The remaining fibres turn laterad 
and eventually end in the entopeduncular nucleus, the ventral portion 
of the internal capsule and the zona incerta. 

The dorsal supraoptic commissure runs in the hypothalamus of all 
the mammals examined. A number of papers confirm its presence in the 
dog brain. Kuhlenbeck (1954) described this commissure in the brain of 
man, assuming its termination in the globus pallidus and zona incerta. 
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Zyo et al. (1963) studied the course of the dorsal supraoptic commissure 
in the brain of the cat by degenerative methods. They described degenera-
tion in the medial longitudinal fascicle running across Forel's area as well 
as in the lateral hypothalamic nucleus, the subthalamic nucleus and the 
zona incerta. These authors also traced the terminal parts of the dorsal 
commissure, leading to the entopeduncular nucleus and the ventral por-
tion of the internal capsule. 

These data, except for the connections with the medial longitudinal 
fascicle, agree with connections of this commissure here reported in the 
dog brain. 

This is the second of the two supraoptic commissures. Its fibres have 
occasionally been described as the commissura Maynerti after the name 
of its discoverer. In addition, the name of Gudden is also connected with 
this bundle; he observed the ventral portion of the ventral supraoptic 

Fig. 1. Distribution of the supraoptic commissures in the dog's hypothalamus. 
Frontal section, Weigert-Wolters method 

commissure after the destruction of the optic tract in the rabbit, and 
named it the commissura supraoptica ventralis, pars ventralis. In normal 
material this part cannot be distinguished from the optic tract. His 
investigations led to the description of the ventral portion of this com-
missure as a distinct unit, Gudden's commissure. My observations make 
me reject the distinction of Gudden's commissure and consider it together 
with the ventral supraoptic commissure. 

Ventral supraoptic commissure (Fig. 1, CSOV) 

yin csQDi r." 
y .i,/ ' 
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The ventral supraoptic commissure of the dog deccusates caudally, 
behind the optic chiasm. Within the hypothalamus the commissural fibres 
run close to the posterior supraoptic nucleus, to which they send off their 
branches. It is possible that some of these fibres connect the posterior 
supraoptic nuclei of both sides, for having passed these nuclei the com-
missure shows a decreased number of fibres. Next it turns laterocaudad 
and its further course is hard to trace by anatomical methods, as it fuses 
with the optic tract, with which it runs on. 

In the literature there are many data concerning the investigations 
of this commissure using degenerative methods. The course of the com-
missural fibres close to the optic tract hinders these investigations very 
much. In many cases the opinions of different authors are contradictory. 

Studies conducted by Ban (1964) on the rabbit brain showed very 
extensive connections of the ventral supraoptic commissure, and so for 
the dorsal portion he describes the termination of its fibres in the diffuse 
supraoptic nucleus, entopeduncular nucleus, ventral part of the lateral 
geniculate body, colliculus superior, subthalamic nucleus, reticular 
nucleus of the thalamus and globus pallidus. For the ventral portion of 
this commissure Ban (1964) mentions the terminations in the medial 
geniculate bodies, lateral nucleus of the thalamus, pretectal nucleus and 
colliculus superior. 

Probably the connections of the ventral supraoptic commissure are 
not, however, so numerous, since other authors give much smaller 
numbers. According to Wahren's (1959), who does not divide this com-
missure into parts, it connects the basal nucleus, corpus Luysi, tuber 
cinereum and pretectal structures in the brain of man. Still fewer con-
nections are given by Diepen (1962), who is of the opinion that this 
commissure connects only the optic tract and the entopeduncular nucleus. 

The present studies show the connection of the ventral supraoptic 
commissure with the posterior supraoptic nucleus in the dog hypothala-
mus. I failed to distinguish other connections of this commissure in this 
structure. 

Medial forebrain bundle (Fig. 2, 3, 4) 

The medial forebrain bundle (fasciculus medialis prosencephali) in 
the dog is a tract composed of many components. It reaches the lateral 
hypothalamic nucleus. These components take origin, or terminate in the 
many telencephalic, diencephalic and mesencephalic areas. 

The posterior lateral hypothalamic nucleus contains all components 
of the medial forebrain bundle. Its course is well seen, especially in 
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horizontal sections. The fibres which is lying in front of the area pre-
optica and lateral hypothalamic nucleus have been described as anterior 
components and another as the posterior components. Many fibres of the 
medial forebrain bundle end in the lateral hypothalamic nucleus. 

A. Anterior components 

The sequence of description of each tract corresponds with its distribu-
tion in horizontal section (from the medial to the lateral side). 

1. Fibres from the lamina terminalis (Fig. 2, LT) go out laterocaudally 
and consist only of some scores of fibres. After coming through the 
lateral preoptic area the fibres join the medial forebrain bundle. Few of 
theme have a commissural character. They reach the medial forebrain 
bundle on the opposite side via the lamina terminalis. 

Fig. 2. F ib res f r o m the l amina te rmina l i s . Hor izon ta l section, Weige r t -Wol te r s s ta in 

2. Laterocaudally thin, slightly myelinated fibres also leave the lateral 
preoptic area. They enter the anterior lateral hypothalamic nucleus, 
laterally to the first tract. 

3. The main tract of the medial forebrain bundle inside the posterior 
lateral nucleus forms the fibres of the diagonal band of Broca which join 
in this nucleus to the remaining tracts of the medial forebrain bundle. 
These fibres are well myelinized and clearly visible in the Weigert sec-
tions. They connect the lateral and medial septal nuclei, the nucleus ac-
cumbens and the fornix precommissuralis. Within the dog medial fore-
brain bundle fibres are most abundant in this connections. 

4. Fibre tract from the preseptal area. This comes from the gyrus 
subproreus (area subprorea II, Kreiner 1966) and gyrus subcallosus (area 
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subcallosa II, Kreiner 1966). After leaving the cortex these fibres pass 
in a laterocaudal direction. In the next sections the tract is traced later-
ally to the diagonal band sinking into the posterior lateral nucleus. 

5. Olfacto-hypothalamic fibres are traced from the tuberculum olfac 
torium (Fig. 3) and the olfactory nucleus. This tract runs caudally and 
enters the main trunk of the medial forebrain bundle inside the posterior 
lateral nucleus. It is the most prominent tract in the dog's medial fo-
rebrain bundle, beyond the diagonal band. It consists of well myelinated 
fibres, about 5 M- in diameter. In frontal sections they run ventrally and 
ventrolaterally to the fornix inside the posterior lateral nucleus. 

Fig. 3. O l fac to -hypo tha l amic t rac t . We ige r t -Wol t e r s s tain, hor izonta l section 

6. The next tract leads the fibres from the pyriform cortex the pre-
pyriform cortex, the claustrum and the capsula interna. At first the 
fibres run medially, then passing through the substantia innominata 
they turn caudally and sink into the posterior lateral nucleus, mingling 
with other fibres of the medial forebrain bundle. 

7. A tract of fibres from the amygdaloid complex. This connection con-
tains the fibres coming orally from the basal and medial amygdaloid 
nuclei. They run anteromedially, then, entering the substantia innomi-
nata, meet the tract 6, then they both turn caudally and join the main 
tract of the medial forebrain bundle. 
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B. Posterior components 

Seme of the fibres of the medial forebrain bundle scatter inside the 
lateral hypothalamic nucleus. The rest of them, changing their direc-
tion, terminate in the adjacent diencephalic and mesencephalic nuclei. 
A small number of fibres from the medial forebrain bundle sink front-
ally into the anterior and posterior supraoptic nuclei. This is only a poor 
connection. 

Fig. 4. C o m m i s s u r a l componen t of t h e media l f o r e b r a i n bund le . Weige r t -Wol te r s 
s ta in , hor izonta l sect ion 

Caudally the tract of medial forebrain bundle fibres leaves the po-
sterior lateral hypothalamic nucleus. The ventral part of this tract enters 
the lateral mammillary nucleus and tuberomammillary nucleus (lying 
more laterally). The fibres of the dorsal part pass by the lateral mam-
millary nucleus and pass caudally terminating in the substantia nigra, the 
interpeduncular nucleus, the tegmentum, the red nucleus and the corpus 
subthalamicus Luysi. A few fibres of the dorsal part of the tract passing 
above the mammillary bodies, turn medially and along with the fibres 
of the supramammillary commissure system (Fig. 4) reach the opposite 
side, then turning orally enter the posterior lateral hypothalamic nucleus. 

C. Discussion 

The lateral hypothalamic nucleus, where the medial forebrain bundle 
is traced is sometimes called a "bed nucleus of the medial forebrain 
bundle" (Valverde 1963). As the result of myeloarchitectonical analysis 
the lateral hypothalamic nucleus can be divided into two distinct parts: 
anterior and posterior. This division is confirmed by the fact that the 
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anterior lateral nucleus comprises only the two anterior components of 
the medial forebrain bundle, but the rest of them appear inside the 
posterior lateral nucleus. This proves the distinctness of the two nuclei. 

The structure of the medial forebrain bundle is phylogenetically old. 
The first vertebrates, Petromyzons (Kappers et al. 1965) already have the 
olfacto-hypothalamic tract (the first component of the medial forebrain 
bundle). In Ganoddea and Teleostei two components appear: the medial 
and lateral olfacto-hypothalamic tracts. They are also described by Kap-
pers et al. (1965) as the medial forebrain bundle. 

The medial forebrain bundle has many connections. Besides the com-
ponents mentioned above Zyo et al. (1963) describes the connections of 
the medial forebrain bundle with the indusium griseum, the striae Lan-
cisii, the anterior hippocampus, the cingulum, the habenula (via stria 
medullaris) and the thalamus opticus (anterior nuclei) in the rabbit brain. 

In the dog the connections of the medial forebrain bundle with the 
cingulum, the indusium griseum, the anterior hippocampus and the striae 
Lancisii as well as the connections with the habenula (Zyo et al. 1963) 
have not been found. This types of connections are possible in the dog 
brain, but they are invisible in the Weigert-Wolters section. The stria 
medullaris thalamii passes through the anterior lateral nucleus (Smia-
lowski 1966) but it does not take part in the medial forebrain bundle 
system. 

There is a similar connection in between the medial forebrain bundle 
and the stria terminalis described by Diepen (1962). The anterior lateral 
nucleus is entered by a system of fibres from the nucleus interstitialis 
of the stria terminalis (Smialowski 1966). Inside the nucleus the fibres 
disperse but they do not form a component of the medial forebrain 
bundle. 

Diepen (1962) distinguishes in the medial forebrain bundle the fibres 
coming from the fornix. In dog hypothalamus the fornix extends in the 
dorsomedial region of the posterior lateral nucleus. Along its course fibres 
directed ventrocaudally leave the fornix but it has not been found whe-
ther they form a part of the medial forebrain bundle or not. According 
to our observations the fibres of the fornix terminate inside the posterior 
lateral nucleus. 

Diepen (1962) and Zyo et al (1963) found that some of the medial fo-
rebrain bundle fibres pass to the opposite side of the brain, together 
with the supramammillary commissure fibres. This system is easily vi-
sible in the horizontal sections of the dog brain. These authors also men-
tioned the connection of the lanticular ansa with the medial forebrain 
bundle. Fibres from the lenticular ansa in the dog enter the posterior 
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lateral nucleus from the lateral side, these they disperse and their fur-
ther course is hard to trace by our methods. 

According to Zeman and limes (1963) and A. Miodoński (1967) part 
of these fibres from the diagonal band have a connection with the 
amygdaloid complex. Our observations showed the course of the diagonal 
band only inside the lateral part of the hypothalamus (where it combined 
with the rest of the medial forebrain bundle components) and the medial 
part of the substantia innominata. These observations confirmed the de-
generation studies carried out by Zyo et al. (1963). After the lesion in 
the diagonal band of the rabbit brain, degenerated fibres exist only in 
the preoptic area in the lateral hypothalamic area. 

Klinger and Gloor (1960) reported the connection between the medial 
forebrain bundle and the amygdaloid complex as passing through the 
substantia innominata and described it as the ventral amygdaloid pro-
jection system. They affirm that in the human brain this tract is bigger 
than the stria terminalis. This tract is also distinguished (via the substan-
tia innominata) by Diepen (1962), Valverde (1963), Zeman and Innes 
(1963) and R. Miodoński (1967). 

Some authors report a connection of the medial forebrain bundle with 
the neocortex. De Vito and Smith (1964) found degenerations in the 
medial forebrain bundle tract after lesion of the prefrontal lobe in Ma-
cacca nemestrina. These degenerations exist at the level of the lateral 
preoptic area and lateral hypothalamic nucleus. 

Marsala (1963) also found rich connections between the cat's hypotha-
lamus and the cortex of the brain through the channel of the medial 
forebrain bundle. After the lesion in the medial area of the prefrontal 
granular cortex the degenerations are located in the septal region, the 
lateral preoptic area, the lateral hypothalamic area, the rostral part of 
the ventromedial nucleus and in the region of the posterior hypotha-
lamus. The degenerated fibres do not enter the nuclei of the mammillary 
complex in the cat. 

Wolf and Suttin (1966) reported the connection between the lateral 
hypothalamic area (via medial forebrain bundle) and the medial part 
of cingulum. These fibres pass through the medial septal nucleus and 
curves around the genu cf the corpus callosum. 

According to the very interesting studies carried out by Okinaka and 
Kuroiwo (1952) cutting the vagus nerve effects degenerations in the 
medial forebrain bundle of the dog. The degenerations are located at 
the level of the posterior lateral nucleus on the operated side. 

These connections have been shown by degenerative methods. It 
should be expected that further degenerative studies will be also show 
this type of connections in the dog. 
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Our observations confirmed the connections of the medial forebrain 
bundle with the preseptal cortex. The rest of these connections have not 
been examined. 

Fibres from the area H2 of Forel and the lenticular ansa 
This is a system of fibres connecting the hypothalamus with the ce-

rebral cortex, the capsula interna, the entopeduncular nucleus, the cau-
date nucleus. 

The first component of these fibres is the cortieo-hypothalamic tract. 
This pathway conducts cortical impulses to the hypothalamus. In frontal 
sections of the dog brain the fibres of this tract can be seen as a bundle 
which emerges from the ventral portion of the internal capsule. Next 
they extend in the medial direction and reach, across Forel's area H2, 
several hypothalamic nuclei (dorsal, ventrolateral, ventromedial and 
posterior lateral nuclei), which finding has been mentioned in the descrip-
tion of these nuclei (Smiałowski 1968). 

The second component is the lenticular ansa fibres from the ento-
peduncular nucleus and caudate nucleus. From the entopeduncular 
nucleus the ansa lenticularis passes dorso-medially and unites with the 
fibres from the area H2 of Forel in the vicinity of Forel's area H2. 

It should also be mentioned that this component receives some fibres 
of more complex courses. These fibres arise in the caudate nucleus, leave 
it ventrally and travel through the internal capsule. Then they reach 
the entopeduncular nucleus, bend medial and having passed again through 
the internal capsule, mingle with the fibres of the area H2 of Forel and 
past this tract turns ventrally towards the ventromedial and posterior 
lateral nuclei. 

The course of the cortico-hypothalamic tract has been confirmed by 
the investigations of Marsala (1963), who observed on his degenerative 
material after the destruction of the motor, premotor and prefrontal 
cortex in the cat that degeneration occurred in the basal regions of the 
internal capsule and mainly in the posterior lateral nucleus. Less intense 
degeneration was found in the ventromedial and dorsomedial nuclei. 

Among the cortico-hypothalamic fibres of man Droogleveer Fortuyn 
(1953) found another connection i.e. that with the orbital cortex ,and 
area 6 in man. 

The component of fibres from the caudate nucleus was not mentioned 
at all in other available papers. 

SUMMARY 

This paper presents a description of the connections of the interme-
diate part of the dog's hypothalamus, based mainly on series from the 
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dog brain stained by the Weigert-Wolters and Kliiver-Barrera njethods. 
In the intermediate (tuberal) part of the hypothalamus the following 
tracts have been distinguished: the hypothalamo-hypophyseal tract, the 
dorsal supraoptic commissure, the ventral supraoptic commissure, the 
medial forebrain bundle (fasciculus medialis prosencephali), the fibres 
from the area H2 of Forel and the lenticular ansa. 
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Miscellanea 

THE S I X T H GAGRA C O N F E R E N C E 13—25 J A N U A R Y 1969 
"ON THE P R O B L E M OF M E M O R Y " 

According to a t r ad i t i on las t ing a l r e a d y fo r t w o decades eve ry f e w years a 
scient i f ic confe rence is organized in G a g r a conce rn ing one of t h e essent ia l p r o -
b lems of ne rvous act iv i ty . Such m e e t i n g s a r e ca l led " G a g r a t a l k s " (gagrskiie 
besedy) and a r e a r r a n g e d by a special C o m m i t t e e w h o s e p e r m a n e n t P re s iden t is 
Academic ian I. S. Ber i tashvi l i . They t a k e p lace in a b e a u t i f u l h e a l t h resor t in 
Abkhas ia on t h e Black Sea. 

Only a l imi ted n u m b e r of scient is ts d i rec t ly conce rned wi th a given f ie ld is 
invi ted . Each day not m o r e t h a n t w o or t h r e e p a p e r s a r e p resen ted , a n d ex tens ive 
discussion fol lows each paper . 

The p resen t c o n f e r e n c e was devoted to t h e m e c h a n i s m s of m e m o r y . Al toge ther 
19 p a p e r s w e r e de l ivered which covered t h e m a j o r aspects of th i s d i f f i cu l t a n d 
in t r igu ing prob lem. 

The confe rence w a s opened w i t h t w o lead ing lec tures . I. S. Ber i t a shv i l i p r e -
sen ted "Basic f a c t u a l and theore t ica l s t a t e m e n t s conce rn ing m e m o r y " which w e r e 
developed in his r e cen t book en t i t l ed : Memory, its characteristics and origin in 
Vertebrates (Tbilisi 1968). J . Konorsk i p r e sen t ed a p a p e r : "The p r o b l e m of m e m o r y 
in its physiological aspec ts" . In this p a p e r t h e a u t h o r s u m m a r i z e d some ideas wh ich 
w e r e p resen ted in his r e cen t book Integrative activity of the brain (Chicago 1968). 

Accord ing to t h e v i ews of I. S. Be r i t a shv i l i each m e m o r y t r a c e begins wi th 
t h r o w i n g into act ion r e v e r b e r a t i n g c i rcu i t s of neu rons . The act ion of t hese circuits , 
which las ts no longer t h a n some dozens of seconds, p roduces an increased exci-
tab i l i ty in synap t i c s t r u c t u r e s due to a c c u m u l a t i o n of vesicles w i t h t h e med ia to r 
in axon t e rmina l s . This second phase of s h o r t - t e r m m e m o r y las ts m a n y minu te s 
a n d is r espons ib le for t h e occur rence of de layed responses . 

F u r t h e r r e t en t ion of m e m o r y t r aces of images , a r e t en t ion wh ich has a long-
las t ing cha rac t e r , is due to prote in changes in t h e pos t synap t i c regions . " I t is con-
jec tu red tha t in these reg ions a special ac t ive p ro te in is f o r m e d w i t h par t ic ipa t ion 
of r ibonucle ic acid of r ibosomes ; th i s p ro te in ac t ing on the pos t synap t ic m e m b r a n e 
fac i l i ta tes t r ansmiss ion of exci ta t ion to t hese reg ions" . F ina l ly , d u r i n g the con-
d i t i oned - r e f l ex t ra in ing , w h e n the given r e sponse becomes comple te ly au tomat ized 
a n d does not r e q u i r e a n y images fo r its occur rence , t h e s t r u c t u r a l changes t a k e 
p lace consis t ing in d iminu t ion of synap t ic c le f t s . 

In his p a p e r on the m e c h a n i s m s of m e m o r y J . K o n o r s k i b rough t f o r t h a s l ight ly 
d i f f e r e n t c lass i f ica t ion of memory , d i s t ingu i sh ing be tween p e r c e p t u a l memory , 
w h e n t h e sub jec t l e a r n s to recognize a ce r t a in s t i m u l u s - p a t t e r n , a n d associa t ive 
m e m o r y , w h e n h e l e a r n s to associate t w o or m o r e s t i m u l u s - p a t t e r n s w h e n they 
coincide in t ime. Each of these memor i e s can be e i the r sho r t l a s t i ng or longlas t ing, 
depend ing on w h e t h e r it is used only fo r d i rec t s h o r t - t e r m ut i l iza t ion, or w h e t h e r 
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it b r o a d e n s t h e ex t en t of i n f o r m a t i o n possessed by a sub jec t . Konorsk i emphas i zed 
t h a t t h e Be r i t a shv i l i hypo thes i s sugges t ing a second p h a s e in s h o r t - t e r m m e m o r y 
(accumula t ion of t h e m e d i a t o r ) successfu l ly exp la in s t h e n e w discovery of B a l d w i n 
and Soł tys ik to the e f fec t t h a t f u l l b locking of t h e blood supp ly to <the b r a i n in 
goats d u r i n g t h e delay pe r iod fa i l s t o d i s rup t t h e s h o r t - t e r m m e m o r y t r aces . 

An i n t e r e s t i n g hypo thes i s conce rn ing t h e i n t i m a t e m e c h a n i s m of l o n g - t e r m 
m e m o r y w a s proposed by A. I. Roi tbak . On t h e bas is of some e lec t rophysiological 
f i nd ings connec ted wi th long las t ing depolar iza t ion of neurog l ia , t h e a u t h o r sug-
gests t h a t c o n c u r r e n t ac t iva t ion of t w o ana tomica l l y l i nked cen te rs l e ads to t h e 
mye l in iza t ion of axon t e r m i n a l s connec t ing t h e s e cen t e r s ; in th is w a y t h e t r a n s -
miss ib i l i ty of these t e r m i n a l s is g rea t ly inc reased a n d t h e condi t ioned connect ion 
is f o r m e d . 

A n o t h e r i m p o r t a n t con t r ibu t ion to t h e m e c h a n i s m of consol idat ion of m e m o r y 
t r aces w a s p r e s e n t e d by O. S. V inogradova w h o has s h o w n wi th her c o - w o r k e r s 
t h a t ac t iva t ion of h i p p o c a m p a l n e u r o n s by a n e x t e r n a l s t imulus s ign i f i can t ly 
ou t las t s t h e act ion of t h a t s t imu lus . Bes ide th i s t h e m u l t i m o d a l c h a r a c t e r of t h e 
h i p p o c a m p a l a n d m a m m i l l a r y un i t s w a s s h o w n a n d t h e i r g r ea t se lect iv i ty in 
h a b i t u a t i o n w a s man i f e s t ed . 

Conce rn ing t h e m e c h a n i s m of hab i tua t ion E. N. Sokolov has f o u n d t h a t th is 
process is no t necessar i ly t r an s synap t i c , s ince in mol lusces in t race l lu la r e lectr ic 
s t imula t ion of neu rons leads ¡to hab i tua t ion . 

T w o a u t h o r s — V. S. Rus inov a n d L. L. Voron in — dea l t wi th the p rob l em of 
mode l ing s h o r t - t e r m m e m o r y t r a c e s by app ly ing a n o d a l polar i sa t ion to cor t ical 
neu rons . A t e m p t i n g hypothes i s w a s p roposed to t h e e f f ec t t h a t anoda l po la r i sa -
t ion a c c u m u l a t e s synapt ic vesicles a t t h e n e r v e end ings a n d in th is w a y enhances 
t h e t r ansmiss ib i l i t y of synapses by inc reas ing t h e a m o u n t of t h e med ia to r . 

R. I. K r u g l i k o v was conce rned wi th b lock ing of consol idat ion processes by 
a d m i n i s t e r i n g ECS or i n j ec t i ng arnysil in ra t s . It is w o r t h men t ion ing t h a t ac -
co rd ing to t h e au thor ' s f i n d i n g s amys i l a d m i n i s t e r e d b e f o r e t h e l ea rn ing session 
does not a f f ec t t he course of t r a in ing , bu t does a f f e c t its consol idat ion on t h e 
fo l lowing day. 

In t h e p a p e r s of E. A. A s r a t i a n a n d B. F. Se rge i ev t h e p rob lems of m e m o r y 
w e r e dea l t w i t h on t h e basis of condi t ion ing e x p e r i m e n t s . A. L. Mike ladze p re sen ted 
i n t e r e s t i n g ana tomica l da ta conce rn ing t h e connec t ions of t he p ro rea l region in 
dogs a n d cats . T. N. Onian i s tud ied t h e changes in t h e h ippocampa l r h y t h m i c 
ac t iv i ty in va r ious per iods of de layed r e sponses a n d f o u n d t h a t th is ac t iv i ty in -
creases d u r i n g t h e action of p r e p a r a t o r y s t imulus , decreases du r ing t h e delay 
per iod a n d aga in increases in t h e m o m e n t of re lease . T. G. U r m a n t c h e i e v a s tud ied 
in m o n k e y s t h e e f fec ts of s t imu la t ion or ab la t ions of t h e h ippocampus on ithe 
condi t ioned r e f l exes , w h e r e a s N. A. T u s h m a l o v a exp lo red t h e e f fec t s of d rugs on 
th i s s t ruc tu re . E. A. f t o s t a n d o v s p o k e on some m e c h a n i s m s of m e m o r y in m a n 
a n d D. G. S m i r n o v in his i n t e r e s t ing r e v i e w discussed t h e s t r uc tu r a l p las t ic i ty 
of t he b r a i n in re la t ion to m e m o r y . O. A. K r y l o v gave ev idence on t h e ro l e of 
m a c r o m o l e c u l e s in t h e f o r m a t i o n of condi t ioned r e f l e x e s . 

I t m a y b e seen f r o m th i s shor t s u m m a r y t h a t a n u m b e r of i m p o r t a n t p rob lems in 
ithe f ie ld of m e m o r y w e r e ra ised in t h e p a p e r s de l ive red a t t he conference , a n d 
al l of t h e m w e r e sub jec t ed to a t h o r o u g h a n d m a n y s i d e d discussion. Both t h e 
p a p e r s de l ive red at t h e con fe r ence and discussion wi l l be publ i shed in a special 
vo lume . 

J. Konorski 
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