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Abstract. During paradoxical sleep electrical stimulation of the me- 
sencephalic reticular formation and emotiogenic structures in the me- 
sencephalon and diencephalon produced depression or an increase in 
the theta rhythm of the hippocampal and entorhinal electrical activity. 
However, stimulation not involving behavioral arousal did not cause 
a transition from paradoxical phase into slow wave sleep. The cessation 
of stimulation restored the normal structure of the paradoxical phase. 
Stimulation of the reticular formation causing the depression of the 
hippocampal and entorhinal theta rhythm without behavioral arousal 
did not affect duration of the paradoxical phase, which was shortened, 
however, by electrical stimulation of the emotiogenic structures evoking 
an increase in the hippocampal and entorhinal theta rhythms. Stimulation 
of ventromedial hypothalamus or septum (during wakefulness inhibiting 
motivational behavior and emotional stress) caused transition from the 
paradoxical into slow wave sleep. This is probably caused by a decrease 
in emotiogenic stress, which during the paradoxical phase is usually on 
a high level. 

INTRODUCTION 

Since the discovery of the so-called paradoxical sleep new aspects 
of study have been planned for the investigation of neurophysiological 
mechanisms regulating the structure and regular alternation of the dif- 
ferent phases in the wakefulness-sleep cycle. According to EEG shifts 
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i t  has been concluded that the activating brain stem reticular formation 
must play a decisive role in the regulation of the paradoxical phase of 
sleep (20). First of all this is indicated by the presence of the neocortical 
desynchronization during paradoxical sleep (9, 18). Since the classical 
experiments of Moruzzi and Magoun (27) are considered unquestionable, 
the fact that a neocortical desynchronization leads to wakefulness is 
a result of the activating of the ascending mesencephalic reticular for- 
mation. However, such an explanation of the development of the desyn- 
chronization of the paradoxical phase of sleep is faced with certain dif- 
ficulties, i.e., the absence of the behavioral arousal during this phase. 
which was the reason for its being named paradoxical sleep. Further 
experiments with transection of the b ~ a i n  stem on its different levels 
allowed a more precise localization of the structures responsible for 
triggering the paradoxical phase of sleep. It has been shown that these 
structures are located in the pontine reticular formation (8, 19, 41). 

However, the paradoxical phase is a highly complex phenomenon and 
can scarcely be regulated by the reticular nuclei only. There is no doubt 
that the paradoxical phase of sleep is a result of the coordinate activity 
of the entire brain. According to the data available, the nervous .forma- 
tion responsible for the triggering of the different phases of sleep are 
located in the mesencephalon, but further structure of these phases is 
undoubtedly formed by means of the active participation of the other 
systems of the brain integrating the emotional and motivational pro- 
cesses (14, 20, 30, 31). In this respect of especial significance is the pre- 
sence of hypersynchronization in the electrical activity of such archipa- 
leocortical structures as the hippocampus (19, 24, 33) and entorhinal 
cortex (31), which shows that the activity of the hypothalamo-cortical 
system must be on a high level (12, 30, 44). 

On the basis of the results obtained in studying the morphology and 
changes of sleep, a hypothesis has been suggested that there must be 
a causal dependence between the slow and paradoxical phases (21, 43). 
But this theory demands further examination. 

In the structure of the sleep cycle the paradoxical phase appears as 
a temporary interruption of slow wave sleep. By the EEG evidence this 
phase of sleep is analogous to wakefulness. However, according to be- 
havioral tests, the paradoxical phase of sleep was reported to be a deep- 
cr state of sleep (3, 16, 17, 26, 42). Hubel (17) by means of electrical 
stimulation of the reticular formation during the paradoxical phase pro- 
voked slow wave sleep. This fact indicates that the paradoxical phase 
is deeper than the slow wave sleep. On the other hand, the EEG, vege- 
tative and somatic effects show the presence of high activity in the 
brain structures during paradoxical sleep (32). 
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From this review of the literature it is clear that further experiments 
are necessary to evaluate more exactly the evidence reported and to 
elucidate the new aspects in  the sleep-waking cycle. In particular, in 
our opinion, it is necessary to study the effect of the electrical stimula- 
tion of the mesencephalon and diencephalon on the structure of the 
paradoxical phase of sleep. 

METHODS 

The experiments were carried out on 15 adult cats. Metallic elec- 
trodes with a bare tip of 100-200 pm were chronically implanted in dif- 
ferent structures of the brain and in the oculomotor muscle. To record 
the neck muscle electrical activity special "San'ei" bipolar electrodes 
were used. The brain structures were stimulated by means of bipolar 
electrodes. Rectangular pulses from a generator with high-frequency 
output were used. Identification of the different phases of sleep has 
been made by recording the electroneocorticogram, electrohippocampo- 
gram, electrooculogram, electromyogram and electrocardiogram. The 
registration of the above mentioned parameters was carried out on 
a 13-channel ink-writing "San'ei" electroencephalograph. Spectral ana- 
lysis and integration of delta, theta, alpha, beta, and beta, rhythms of 
the EEG were made on a 2-channel "San'ei" analyser-integrator. Record 
of the integrated values was made in consecutive order, the first 5 
rhythms for one lead, and the next 5 rhythms for the other in a 5 sec 
epoch. 

The experiments lasted from 10 a.m. till 6 p.m. The rest of the time 
animals were placed in a special chamber on a small support surrounded 
by water. The selective deprivation of paradoxical sleep was made ac- 
cording to Jouvet (19, 22). 

On the morning before the beginning of the experiment the cats 
were fed, after which they soon went to sleep. 

When the experiments were completed, under Nembutal anesthesia, 
the brain tissues were coagulated around the electrode tips by means 
of a direct current through the implanted electrodes. After this, the cats 
were killed; the brain was fixed in a 10°/o formalin solution; and local- 
ization of the implanted electrodes was checked in serial sections of 
the brain. 

RESULTS 

In order to make clear the neurophysiological mechanisms of the 
paradoxical phase it would be interesting to study the effects of elec- 
trical stimulation on brain structures during this phase of sleep. An 
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investigation in this direction and analysis of the data obtained would 
be useful in discussing the dynamics of excitability in brain structures 
during different phases of sleep. 

Effect of electrical stimulation o j  the posterior hypothalamus. In our 
recent paper (32) we reported that the excitability of the mesencephalic 
and diencephalic as well as archipaleocortical structures during the pa- 
radoxjcal phase was increased as compargd with deep, slow-wave sleep. 
This phenamenon was observed in the present experiment too. The 
threshold stimulation of the mesencephalic and diencephalic structures 
evoking EEG arousal without the hippocampal theta rhythm, during 
deep slow wave sleep, becomes supra-threshold for the EEG shift dur- 
ing the paradoxical phase. 

As to the behavioral arousal thresholds of the mesencephalic and 
diencephalic electrical stimulation, they become higher during paradox- 
ical sleep. The threshold electrical stimulation of the posterior hypo- 
thalamus, evoking EEG arousal with an increase in the hippocampal 
theta rhythm and weak behavioral arousal, during deep slow wave sleep 
(Fig. l A ) ,  becomes sub-threshold for behavioral arousal during the pa- 
radoxical phase (Fig. 1B). However, as can be seen from this Figure, 
EEG shifts in the case of increasing of hippocampal theta rhythm are 
more prominent in the paradoxical phase than during deep slow wave 
sleep. This fact indicates that the excitability of the hypothalamo-archi- 
paleocortical system during the paradoxical phase is higher as compared 
with deep slow wave sleep. The fact that the thresholds are higher for 
behavioral arousal during the paradoxical phase seems to be due to the 
active inhibition of the spinal reflexes affected by descending impulses 
from the brain stem reticular formation (37). That, on the one hand, 
makes movement difficult in the paradoxical phase, but on the other 
hand, these are good conditions for studying the effects of electrical 
stimulation of the different parts of the brain on the structure of the 
paradoxical phase, since behavioral arousal itself produces its cessation. 

Effect of electrical stimulatio~z of the mesencephalic reticular forma- 
tion. Electrical stimulation of the reticular formation, evoking during 
deep slow wave sleep EEG arousal without an increase in the hippo- 
campal theta rhythm, produces in the paradoxical phase a temporary 
disturbance of its structure. In such a case depression of the hippo- 
csmpal theta rhythm and deceleration of rapid eye movement can he 
observed (Fig. 2A). The cessation of the electrical stimulation restores 
the ~ o r m a l  structure of the paradoxical phase. Experiments with re- 
peated electrical stimulation have shown no transition of the paradoxical 
phase into deep wave sleep. On the contrary, repeated stimulation, de- 
creasing the effectiveness of the stimulation, may produce the recovery 
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of paradoxical sleep, before the cessation of electrical stimulation. The 
compiete disappearance of the effect of repeated stimulation can be ob- 
served when such stimulation is delivered 8-12 times during one paradox- 
ical phase. This experiment shows that the decrease in the effectiveness 
of the stimulation must be determined by the development of habi- 
tuation. 

Fig. 1. Changes in the electrical activity of the neo- and archipaleocortex during 
deep slow wave sleep ( A )  and the paradoxical phase (B) in response to electrical 
stimulation (3.5 v, 200 cyclelsec, 0.1 msec) of the posterior hypothalamus. Leads: 
1, electromyogram (EMG); 2, auditory cortex; 3, entorhinal cortex; 4, dorsal hip- 
pocampus; 5, signal line (signal line downward indicates the  onset of the electrical 
stimulation); 6, integrated values o i  delta (2-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), 
betal (13-20 Hz) and beta, (20-30 I lz )  rhythms of the  auditory cortex (the first five 
deflections) and dorsal hippocampus (the other five deflections) during a 5 sec 

epoch. Calibration in this and i n  the subsequent Figures is 200 pv, 1 sec. 

The transition of the paradoxical phase into deep slow wave sleep 
by means of electrical stimulation 01 the reticular formation occurs only 
when it produces behavioral arousal. Sometimes behavioral arousal is 
so short and weak that it is scarcely noticeable. Occasionally it is ex- 
pressed as a momentary restoration of the neck muscle tonus (Fig. 2B), 
hut this i s  sufficient for the cessation of the paradoxical phase, after 
which as a rule the cycle begins with slow wave sleep (Fig. 2B, the end 
of the recording). 

No changes in the duration of the paradoxical phase or in the ratio 
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of the durations of the different phases of sleep are observed during 
electrical stimulation of the mesencephalic reticular formation which 
evokes a temporary disturbance of the paradoxical phase without be- 
havioral arousal. 

Fig. 2. Changes in the electrical activity of the dorsal hippocampus and neocortex 
during paradoxical sleep in response to electrical stimulation of the mesencephalic 
reticular formation. Leads: 1, EMG; 2, dorsal hippocampus; 3, sensorimotor cortex; 
4, electooculogram, 5, signal line; 6, integrated values of delta, theta, alpha, beta,, 
and beta, rhythms of the dorsal hippocampus (the first five deflections) and sen- 

sorimotor cortex (the other five deflections) during a 5 sec epoch. 

As mentioned above, electrical stimulation of the mesencephalic and 
diencephalic structures during deep slow wave sleep may produce EEG 
arousal with or without an increase of the hippocampal theta rhythm. 
The second type of EEG arousal may occur during the paradoxical phase 
too. Figure 1B illustrates a similar occurrence evoked by high-frequency 
electrical stimulation of the posterior hypothalamus. The same effect 
can be produced by electrical stimulation of the mesencephalic reticular 
formation (Fig. 3), the central grey matter, the lateral hypothalamus or 
other structures, which contribute to the activation of the motivational 
and emotional reactions. In the end, apparently, these electrical stimu- 
lations must determine the increase in the hypothalamic activity, since 
hippocampal and entorhinal theta rhythms are regulatbd by the impuls- 
es from the hypothalamus, spreading in the archipaleccortical structures 
through the septum (36, 38). 

It is worth noting that electrical stimulation of the mesencephalic 
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and diencephalic structures, evoking an increase in the hippocampal 
theta rhythm without behavioral arousal, does not disturb the structure 
of the paradoxical phase. On the contrary, an increase in the signs cha- 
racterizing the paradoxical phase is observed on such occasions. An in- 
crease in the hippocampal theta rhythm is one of these signs. Apart 
from the increase in the hippocampal theta rhythm, rapid eye movement 
and ponto-geniculo-occipital spikes become more frequent (Fig. 3A). 
With the cessation of electrical stimulation the normal paradoxical phase 
is restored. 

Fig. 3. Changes in the electrical activity of the neocortex and,  hippocampus in res- 
ponse to electrical stimulation (2 v, 200 cyclelsec, 0.1 msec) of the mesencephalic 
reticular formation during paradoxical sleep. A, the first trial; B, the second trial 
of electrical stimulation. Leads: l i  visual cortex; 2, dorsal hippocampus; 3, electro- 
oculogram; 4, signal line; 5, integrated values of delta, theta, alpha, betal and 
beta, rhythms of the visual cortex (the first five deflections) and dorsal hippo- 

campus (the other five deflections) during a 5 sec epoch. 

During repeated electrical stimulation of the mesencephalic and di- 
encephalic structures evoking an increase in the hippocampal theta 
rhythm during the paradoxical phase there is no gradual weakening of 
the effectiveness of the stimulation as a result of habituation. On the 
contrary, in such experiments there is often a significant increase in 
the effectiveness of the stimulation. For instance, the effect of the first 
trial of the mesencephalic reticular formation evoking an increase in 

1 
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the hippocampal theta rhythm is illustrated in Fig. 3A. This effect dis- 
appears with the cessation of the electrical stimulation and the normal 
paradoxical phase appears (Fig. 3B, beginning of the recording). The 
second trial of the electrical stimulation evokes more prominent shifts 
in the electrohippocampogram. The frequency of the hippocampal theta 
rhythm during the second trial increases (6 sec), while the delta rhythm 
undergoes a significant decrease (Fig. 3B). 

No transition of the paradoxical phase into slow wave sleep has been 
observed during the electrical stimulation of the mesencephalic and 
diencephalic structures evoking an increase in the hippxampal theta 
rhythm without behavioral arousal. Occasionally, electrical stimulation 
may result in a weak and momentary behavioral arousal expressed in 
barely noticeable movements, which is succeeded by slow wave sleep. 

The repeated electrical stimulation of the mesencephalic and dience- 
phalic structures evoking an increase in the hippocampal and entorhinal 
theta activity during the paradoxical ,phase may produce shortening of 
its duration. Statistical analysis of the data by Student's t-test shows 
that regular 15 sec electrical stimulation with 30 sec intervals results 
in a marked shortening (15-20°/o) of the duration of the paradoxical 
phase. However, similar stimulation does not affect the ratio of the dif- 
ferent phases of sleep during the post-stimulation period. 

Thus, electrical stimulation of the mesencephalic and diencephalic 
emotiogenic structures and mesencephalic reticular formation during 
paradoxical sleep may produce considerable EEG shifts (increasing or 
d-ecreasing the hippocampal and entorhinal theta rhythm), but if this 
stimulation fails io produce even a momentary weak behavioral arousal, 
no transition of the paradoxical phase into slow wave sleep is observed. 

Effect of electrical stimulation of the ve?ztromedial hypothalamic 
nucleus. Electrical stimulation of some limbic structures may produce 
the transition of the paradoxical phase into slow wave sleep. It was 
sh3wn that electrical stimulation of these structures inhibits emotional 
stress and motivational behavior in the wakeful animal. 

Of the structures which inhibit emotional stress and 'motivational 
behavior, a particular study was made of the ventromedial hypotha- 
lamic nucleus, known as the "satiation center" in opposition to the 
"hunger center", which is located in the lateral hypothalamus (1, 2, 34, 
35). In our experiments, electrical stimulation of the ventromedial hypo- 
thalamic nucleus inhibited feeding behavior without any somatic or emo- 
tional reactions (29). Such electrical stimulation causes an interruption 
in the feeding behavior, but with the cessation of the stimulation the 
cats continue to eat. If electrical stimulation of the ventromedial hypo- 
thalamic nucleus is applied to semisatiated or satiated cats, its cessation 
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produces activation of the feeding behavior on the rebound. All of these 
facts indicate that electrical stimulation of the ventromedial nucleus 
evokes genuine inhibition of the feeding center. Naturally, such elec- 
trical stimulation has a calming effect on the hungry animal and, as 
a result, there is a reduction in emotional stress. 

At higher intensities of electrical stimulation of the ventromedial 
hypothalamic nucleus the behavioral reaction is qualitatively different. 
Instead of inhibition of feeding behavior, now there is a reaction of 
aggression, which, as the strength of stimulation increases, causes the 
cat to attack. On this occasion, the feeding behavior is again inhibited, 
but because of the aggression the inhibition is not genuine. 

Depending on the strength of stimulation of the ventromedial hypo- 
thalamus, during paradoxical sleep there may be different kinds of EEG 
shifts. At those parameters of stimulation evoking inhibition of the 
feeding behavior without somatic reactions in a wakeful animal, depres- 
sion of the initial hippocampal theta rhythm is observed during para- 
doxical sleep. These EEG shifts alternate with the subsequent synchro- 
nization of both the neocortical and hippocampal electrical activities. 
After cessation of stimulation, during its first application to the ventro- 
medial hypothalamus, slow electrical activity develops in certain frag- 
ments, following which the normal structure of the paradoxical phase 
is restored (Fig. 4B). But with repeated stimulation during one paradox- 
ical phase there may be a gradual increase in the synchronization and 
development of slow wave sleep. 

The recovery of slow wave sleep depends on the parameters of elec- 
trical stimulation delivered to the ventromedial hypothalamus. The ef- 
fect of threshold electrical stimulation of the ventromedial hypotha- 
lamus during the paradoxical phase is illustrated in Fig. 4. In response 
to electrical stimulation a significant decrease in the hippocampal theta 
rhythm occurs (Fig. 4A) .  After cessation of electrical stimulation the 
hippocampal theta rhythm becomes more sparse (delta rhythm increas- 
es) and then fragments of slow wave sleep appear (Fig. 4B). The dura- 
tion of slow wave sleep evoked by the first application of ventromedial 
hypothalamic electrical stimulation may vary from several seconds to 
several tens of seconds. In this Figure the duration of slow wave sleep 
is 8-10 sec and is succeeded by recovery of paradoxical sleep (the end 
of Fig. 4B). 

Increasing the strength of stimulation of the ventromedial hypotha- 
lamus within those limits which cause the inhibition in feeding of 
a wakeful animal elicits an increase in the duration of the fragments of 
evoked slow wave sleep, and very often after cessation of such stimula- 
tion, the paradoxical phase moves into slow wave sleep. Electrical sti- 
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mulation of the ventromedial hypothalamic nucleus during the paradox- 
ical phase evokes depression of the hippocampal theta rhythm (Fig. 5A),  
while after its cessation it gradually leads to the development of slow 
wave sleep (Fig. 5B). 

Fig. 4. Changes in the electrical activity of the neocortex and hippocampus in 
response to electrical stimulation of the ventromedial hypothalamic nucleus (2.5 v, 
200 cycle/sec, 0.1 msec) during paradoxical sleep. A, beginning of the stimulation; 
B, the end of the stimulation. Leads: 1 ,  auditory cortex; 2, dorsal hippocalnpus; 
3, EKG; 4, signal line; 5, integrated values of the delta, theta, alpha, betal and 
beta, rhythms of the auditory cortex (the first five deflections) and dorsal hippo- 

campus (the other five deflections) during a 5 sec epoch. 

It is significant to note that the above-mentioned EEG shifts occur 
without behavioral arousal. In order to evoke behavioral arousal the 
thresholds of electrical stimulation of the ventromedial hypothalamus 
and the mesencephalic and diencephalic structures during the paradox- 
ical phase are higher than during slow wave sleep. Even those paramet- 
ers of electrical stimulation of the ventromedial hypothalamus, which 
increase rather than suppress the hippocampal theta rhythm, are un- 
able to produce behavioral arousal. However, electrical stimulation of 
the ventromedial hypothalamus, evoking an increase in the hippocampal 
theta rhythm without behavioral arousal, does not cause the paradox- 
ical phase to move into slow wave sleep. After cessation of electrical 
stimulation there is a return to the normal paradoxical phase. However, 
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statistical analysis of the data shows that stimulation of the ventromedial 
hypothalamic nucleus, which causes rage and attack reactions in a wake- 
ful animal, during the paradoxical phase produces its considerable shor- 
tening (the same happens with electrical stimulation of the posterior 
hypothalamus, lateral hypothalamus, central grey matter, etc.). 

Fig. 5. Changes in the electrical activity of the neocortex and hippocampus in 
response to electrical stimulation of the ventromedial hypothalamus nucleus 3.5 v, 
200 cycle/sec, 0.1 msec) during paradoxical sleep. A, the beginning; B, the end of 

the electrical stimulation. Leads and designations are the same as in Fig. 4. 

As for the electrical stimulation of the ventromedial hypothalamic 
nucleus, causing inhibition of feeding behavior in a wakeful animal and 
during paradoxical sleep, suppression of the hippocampal theta rhythm 
with the restoration of slow wave sleep, this stimulation acts to depri- 
vate the paradoxical phase. Therefore, the succeeding paradoxical phase 
appears earlier than in the control experiments. 

Effect of electrical stimulation of the septum. Electrical stimulation 
of the septum can produce a powerful transformational pffect on the 
paradoxical phase. In our experimentes, the drowsy state may be deve- 
loped by electrical stimulation of the septum. The effectiveness of this 
stimulation depends on the level ol wakefulness. However, a tendency 
to the drowsy state and EEG synchronization has been observed even 
in a wakeful hungry animal. In addition, this phenomenon develops not 
only in response to low-frequency, but also to high-frequency stirnula- 
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tions. Figure 6 shows the changes in the electrical activity of the visual 
cortex and hippocampus in response to high-frequency septa1 stimula- 
tion. As can be seen from this Figure, before electrical stimulation in 
a hungry wakeful cat, the hippocampal electrical activity shows hyper- 
synchronization in the theta and delta range; while the visual cortex is 
desynchronized and sporadic ponto-geniculo-occipital spikes may occur 
(Fig. 6A). After cessation of electrical stimulation while the cat is calm, 
both the neocortex and hippocampus show slow wave activity (Fig. 6B) .  
This state may continue several tens of seconds, and then active wake- 
fulness is restored. 

F'ig. 6. Changes in the electrical activity of the neocortex and hippocampus in 
response to electrical stimulation of the septum (3.5 v, 200 cycleisec, 0.1 msec) 
during active wakefulness. A, the beginning; B, the end of the electrical stimula- 
tion. Leads: 1, visual cortex; 2, dorsal hippocampus; 3, electrooculogram; 4, EKG; 
5, signal line; 6, integrated values of the delta, theta, alpha, beta, and beta, rhythms 
of the visual cortex (the first five deflections) and dorsal hippocampus (the other 

five deflections) during a 5 sec epoch. 

Those parameters of electrical stimulation of the septum, which in 
a wakeful animal lead to EEG synchronization with a tendency to drow- 
siness, may provoke slow wave sleep during the paradoxical phase 
(Fig. 7). Before the stimulation there is a well expressed EEG charac- 
teristic of paradoxical sleep with hippocampal theta rhythm, rapid eye 
movements and ponto-geniculo-occipital spikes (Fig. 7A). In response to 
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the septa1 stimulation, the visual cortex shows EEG synchronization; 
while in the hippocampus depression of the theta activity and disturb- 
ances of the regular synchronization have been observed. In addition, 
the rapid eye movements become less frequent. After the cessation of 
stimulation, the sleep state continues as slow wave sleep (Fig. 7B). 

Fig, 7.  Changes in the electrical activity of the neocortex and hippocampus in 
response to electrical stimulation of septum (3,5 v,  200 cycle/sec, 0.1 msec) during 
paradoxical sleep. A, during; 13, after electrical stimulation. Leads: 1, EMG; 2, vi- 
sual cortex; 3, dorsal hippocampus; 4, eleclrooculogram; 5, signal line; 6, integrated 
values of delta, theta, alpha, beta, and beta, rhythms of the visual cortex (the 
first five deflections) and dorsal hippocampus (the other five deflections) during 

a 5 sec epoch. 

The full restoration of slow wave sleep by electrical stimulation (:f 
the septum during the paradoxical phase does not always occur. More 
frequently, certain fragments of slow wave sleep develop and then there 
is a return to the paradoxical phase. In those instances when electrical 
stimulation of the septum is delivered during the first half of the pa- 
radoxical phase, the succeeding paradoxical phase appears sooner than 
without electrical stimulation, i.e., such stimulation of the septum may 
serve as a deprivating factor of the paradoxical phase. 

DISCUSSION 

Systematic investigations of the sleep-waking cycle have shown that 
there are few differences in the electrical activity of the brain during 
wakefulness and the paradoxical phase. Depending on the degree of 

2 - Acta Neurobiol.  Exp.  4/75 
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the brain activity, different levels of wakefulness may be distinguished. 
One of the characteristic signs of different levels of wakefulness may 
be emotional stress of the organisms, which may vary to a great extent 
from passive wakefulness to affective emotional stress. It seems reason- 
able to assume that transition from wakefulness into sleep is character- 
ized by a gradual decrease in emotional stress. With respect to different 
levels of wakefulness, it will be necessary to build up a scheme accord- 
ing to which emotional stress and the brain activity during the paradox- 
ical phase is restored to active wakefulness, but does not exceed it. The 
more so because at  present there is no doubt that the emotional stress 
and the degree of the brain electrical activity during the paradoxical 
phase may also vary to a very great extent, as during the different 
levels of wakefulness (30, 31). 

The similarity of the electrical activity during wakefulness and the 
paradoxical phase is a decisive fact in the study of the neurophysiological 
inechanisms of paradoxical sleep. Since the classical experiments of 
Moruzzi and Magoun (25, 27), it  has been considered that the main ner- 
vous substratum regulating wakefulness is the brain stem reticular 
formation. However, Feldman and Waller (10) have shown that the 
hypothalamic structures play a decisive role in behavioral arousal, whe- 
reas the mesencephalic reticular formation is responsible for EEG arousal 
in the neocortex. This fact points to the correctness of the early invest- 
igations of Hess et al. (15) and Gellhorn and Loofbourrow (11) about the 
significance of the hypothalamic structures in the regulating of behavior 
and the wakefulness-sleep cycle. From this position of Feldman and 
Waller (lo), according to which behavioral arousal is regulated by the 
hypothalamic structures (in particular, posterior hypothalamus) and 
EEG arousal is caused through the mesencephalic reticular formation, 
the paradoxical phase is an  exception, since it is a typical EEG arousal 
in which the active role is played by the hypothalamic structures. The 
sharp increase of the hippocampal theta rhythms during the paradoxical 
phase indicates that the so-called center of wakefulness in the posterior 
hypothalamus is at  a high level of excitability. Since then, the classical 
experiments of Green and Arduini (12) provide decisive evidence that 
the hippocampal theta rhythm is regulated by impulses from the hypo- 
thalamus (in particular, the posterior hypothalamus) and that such an 
increase in the hippocampal theta rhythm as is observed in the paradox- 
ical phase demands high activity from the hypothalamus (28). 

On the other hand, new data (7, 19, 41) have shown that the trigger 
mechanisms for the paradoxical phase must be located in the caudal 
part of the pontine reticular formation. Unspecific activation from the 
reticular formation is the necessary and optimal background for the 



PARADOXICAL PHASE OF SLEEP 3.3 7 

subsequent development 01 the processes which characterize the para- 
doxical phase. The transition of slow wave sleep into the paradoxical 

phase through an initial general desynchronization, both in the neo- 
cortical and hippocampal electrical activity, indicates the significance 
of the unspecific reticular formation (30, 32, 33). Such changes in EEG 
show that it is the function of the reticular formation. The subsequent 
structure of the paradoxical phase is undoubtedly made by the active 
contribution of the specific mesencephalic and diencephalic structures 
regulating motivational behavior and emotional reactions. Apart from 
this the neocortex must play a role in the regulation of the complex 
neurophysiological and neuropsychological phenomena, taking place in 
paradoxical sleep. Although Jouvet (19) describes the presence of para- 
doxical sleep in the neodecorticated cats, no evidence exists as to how 
fully the structure of the paradoxical phase after ablation of the neo- 
cortex is maintained. In addition, the ardhipaleocortical structures, 
included in the limbic system and regulating the subjective expe- 
rience during emotional reactions (4, 5), must have a particular impor- 
tance in the regulation of paradoxical sleep. There has been no research 
into the effect of ablation of the archipaleocortical structures on the 
dynamics of the sleep-waking cycle. 

Thus, the nonspecific reticular formation and specific mesencepha- 
lic and diencephalic structures regulating the motivational behavior and 
emotional reactions, as well as the archipaleocortical structures must 
actively contribute to the organization of the paradoxical phase. From 
this position, of great importance is the analysis of the data obtained 
by studying the effect of electrical stimulation of different mesence- 
phalic and diencephalic structures during the paradoxical phase. In 
such experiments two types of electrical activity in the hippocampus 
and entorhinal cortex may be produced, provided the strength of the 
electrical stimulation is sub-threshold for behavioral arousal. The first 
type is a decrease in the hypersynchronized theta activity, while the 
second type is an increase. Electrical stimulation of the reticular for- 
mation may produce both types of EEG effects, but without even 
a momentary behavioral arousal the structure of the paradoxical phase 
is disturbed only temporarily and with the cessation of the stimulation 
is quickly restored. Sometimes behavioral arousal is so weak that it 
is scarcely noticeable. On such occasions the weak behavioral arousal 
is followed by slow wave sleep, but there is no transition from the 
pa'radoxical phase into slow wave sleep. It is very likely that this 
occurred in the experiments described by Hubel (17), who reported 
that electrical stimulation of the reticular formation during the para- 
doxical phase evokes its transition into slow wave sleep and by mistake 
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concluded that the paradoxical phase is deeper even than deep slow 
wave sleep. In our experiments (32) the decrease of the thresholds cf 
the electrical stimulation of the mesencephalic and diencephalic struc- 
tures for isolated EEG arousal was observed during paradoxical sleep, 
as compared with slow wave sleep. Thus, the excitability in the me- 
sencephalic and diencephalic structures (in particular in the emotio- 
genic structures) during the paradoxical phase has increased as com- 
pared with slow wave sleep. The reason for the difficulties for beha- 
vioral arousal during the paradoxical phase seems to be an active 
inhibition of the spinal reflexes affected by descending influences from 
the pontine structures of the brain (37). Thus, during the paradoxical 
phase, the ascending reticular formation must be on a high functional 
level. Besides, the whole limbic system is on a high level of activity 
and coordinates and regulates emotional stress and motivational reac- 
tions of the organism, which are characteristic of the paradoxical phase 
of sleep. 

However, during electrical stimulation of some brain structures, the 
transition of the paradoxical phase into slow wave sleep without beha- 
vioral arousal may be observed. As mentioned above, this effect was 
observed during electrical stimulation of the ventromedial hypothala- 
mic nucleus, basal amygdaloid nucleus and septum. Characteristically, 
electrical stimulation of these structures inhibits any active behavior 
in wakeful animals; the EEG correlate of this inhibition is a depression 
of the hippocampal theta rhythm. Electrical stimulation of the ven- 
tromedial hypothalamic nucleus and basal amygdaloid complex inhibits 
feeding behavior, whereas during electrical stimulation of the septum 
there develops a decrease in the active behavior and slow wave acti- 
vity in the ne- and archipaleocortical structures in a wakeful animal. 
In the paradoxical phase these parameters of stimulation produce slow 
wave sleep. 

It is worth noting that during such electrical stimulation, along 
with the inhibition of active behavior, there occurs a lowering in the 
emotional stress of the organism. Emotional stress, which is proved 
by an increase in the hippocampal theta rhythm, must be on a high 
level during the paradoxical phase thanks to powerful activity in the 
emotiogenic structures. Electrical stimulation of those structures, which 
inhibits emotional behavior, evokes a lowering of the emotional stress 
during the paradoxical phase and results in its transition into slow 
wave sleep. Interestingly in the paradoxical phase the effectiveness 
of the electrical stimulation of the ventromedial hypothalamus and 
basal amygdala, in the sense of producing slow wave sleep, is more 
significant in a hungry animal. Thus, the presence of the eating demand 
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in a hungry animal may play an important role in the development 
of emotional stress during paradoxical sleep. The inhibiticn of this 
demand, evoked by electrical stimulation of the "satiation center" loca- 
ted in the ventromedial hypothalamus, may produce a depression of 
emotional stress and transition ol the paradoxical phase into slow wave 
sleep (fragments or full slow wave sleep). 

The electrical stimulation of the septum during the paradoxical 
phase may produce a lowering in the emotional stress associated with 
inhibiticn of the diencephalic emoticgenic structures. In this respect 
it is interesting the observation of King and Meyer (23), that septa1 
lesion evokes an increase in the emotionality of animals. This fact 
paints to the inhibitory influence of the intact septum on the emotio- 
genic structures of the brain. Possibly that the inhibitory effect of 
the rostra1 limbic structures on the coordinated centers of motivation- 
al-emotional reactions situated in the diencephalon, in particular in 
the hypothalamus, is mediated via the septum. There is both morpho- 
logical (6, 39, 40) and physiological (13, 38, 45) evidence for the pre- 
sence of such pathways. 

Thus, during the paradoxical phase, slow wave sleep without m* 
mentary behavioral arousal may be provoked by electrical stimulation 
of those structures only which inhibit behavioral reactions and emo- 
tional stress in a wakeful animal. The reason for the production of 
slow wave sleep by electrical stimuiation during the paradoxical phase 
of sleep must be the lowering of the emotional stress. 
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