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EFFECT OF PARADOXICAL SLEEP DEPRIVATION ON
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Editor's note
Since the second half twentieth century the role of paradoxical sleep in regulation of learning and memory causes great interest
among researchers. This problem was closely related with the role of hypocampus and its theta rhythms in the regulation of the
same processes. In spite of the fact that numerous analyses of the experimental data were published, this problem does not lose
the urgency up to now. Presented paper that was published in 1985 in thematic issue (Neurophysiology of Motivation, Memory
and Sleep-Wakefulness Cycle. Metsniereba, Tbilisi, 1985, 4), describes and analyses the role of paradoxical sleep in the
regulation of memory in cats and rats by using of various tests of learning. In my opinion these facts are very informative and
have not lost their significance, therefore I have decided to republish article in not changed kind.
Prof. T. Oniani
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Introduction
In dealing with the interaction of sleep and memory investigators often refer to [see 214] the impression from life experience
that sleep which ensues after the learning of a task contributes, as it were, to its remembering. This view seems to have been
experimentally substantiated by Jenkins and Dallenbach [81] as well as by Van Omer [208]. They demonstrated that if the
learning of a task is followed by an 8h period of sleep, the retrieval is then more complete than it is when learning precedes an
8h period of wakefulness. Portnoff et al. [179], however, hold a diametrically opposite view. On the basis of their experiments
they concluded that the slow-wave phase of sleep blocks the consolidation of memory traces if it immediately follows a session
of learning. If, however, learning is followed by a certain period of wakefulness before slow-wave sleep, consolidation of
memory traces then takes normal course. However, the data of Ekstrand [48, 49], Manov [126] and Latash, Manov [111]
confirm the significance of the slow-wave phase in the facilitation of consolidation of the learned task. Wein's [213, 214]
observation that the slow-wave phase possibly safeguards the information received prior to sleep from the interfering influence
of other information arriving in the brain in the case when the task learning is followed by a period of wakefulness seem
reasonable.
Moruzzi [143] advanced an interesting hypothesis on the possible neurobiological mechanisms of the effect of sleep on
memory. He assumed a possible passive restoration during sleep of the synapses involved in the regulation of memory.
Understandably, the initial point of departure of this hypothesis is the passive theory of sleep according to which in the slowwave phase of sleep the brain rests, recovery processes occurring in it.
After the discovery of paradoxical sleep (PS) both in man [8, 9] and in animals [36, 87] particular attention was devoted to its
function [91, for ref.]. The finding that dreams develop predominantly in PS [39, 40] apparently contributed to the formulation
of the informational theory of the function of this phase.
According to Dewan [42] the brain can itself spontaneously become re-programmed in response to the alteration of the sensory
input or to the current need of the organism. Incidentally, the processes of re-programming must take place mainly during PS.
Although other, no less interesting, hypotheses have been advanced on the functional significance of PS, e. g. ontogenetic
[182, 205] and homeostatic [51], at present attention is focused on informational hypothesis. This is apparently due to the fact
that the informational theory of PS can be checked by far simpler and conventional methods of investigation than is the case
with other hypotheses. In the majority of animal experiments dealing with the mutual influence of learning and PS study is
made of: 1) the effect of learning on the presence of PS in the sleep-wakefulness cycle in a definite period after each session of
learning and 2) the effect of PS deprivation (PSD) after each session of learning on the rate of learning, as well as on the
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consolidation and storage of memory traces. Concerning the former question the findings on animals are more uniform than is
the case with the latter question. The majority of investigators [114, 123, 199] report an increase in the presence of PS in the
sleep-wakefulness cycle after learning sessions, whereas the absence of such an influence is indicated more rarely [59, 105].
In human-experiments the data of various authors differ. Thus, for example, Zimmerman et al. [227], using distorting glasses,
reported an increase of PS following a learning session. Levin and Gombosh [119] indicate that PS increased in the situation
when the sleeping state set in after difficult divergent thinking causing emotional stress. In Hartman's [27] observations PS was
positively affected by previous tasks in which solution of complex problems was required. However, Allen et al. [5] and
Bertini and Torre [207], in their well controlled experiments, failed to replicate these data. The relation of PS to learning in

man is denied by Muzio [144] as well. The data reported in the literature on the effect of PSD on learning and memory are not
uniform, for (l) not all the investigators using similar techniques have obtained similar data; (2) the direction of the effect of
PSD often depends on the test used for learning tasks involving animals, for example, during acquisition of active avoidance,
PSD had a facilitatory influence on learning [4, 34, 103, 104, 114, 147, 148, 178, 206], whereas by the use of another test (e. g.
reaction of passive avoidance) it would seem to have a suppressing effect [55, 56, 58, 69, 112, 113, 116, 134], (3) not
infrequently, different investigators explain the changes in learning and memory by a variety of factors and processes
accompanying PSD. For a vivid illustration of the foregoing suffice it to compare the reviews on the effect of PSD on learning
and memory of such experts in the field as Vogel [219], Fishbein and Gutwein [58].
The theoretical difficulties with the interpretation of the obtained facts should be also mentioned. It is, for example, difficult to
understand the amnesic effect of PSD on memory, as is often described [see 58 for ref.] in the test of passive avoidance. As a
matter of fact during PSD this phase is artificially superseded by another phase in the sleep-wakefulness cycle, i.e. the
physiological states of the nervous system are altered. That a change of PS to wakefulness (in most cases PSD is achieved by
awakening at its onset) may cause the elimination of a memory trace is difficult to understand. As is known, the destruction of
a memory trace, even in the consolidation phase, is hindered under the influence of such factors as electric shock [33] and
cerebral ischemia [11, 12], which cause not merely a change of one physiological state to another, but a potent depression of
the brain neuronal activity. In all probability, during deprivation, the change of PS to the slow-wave phase cannot act as an
amnestic factor, for the latter has been shown to promote rather than prevent the consolidation of memory traces [48, 49, 61,
79, 110, 111, 126, 226]. PS is presumably of considerable importance in the organization of learning and memory but it does
not differ qualitatively from other phases in the sleep-wakefulness cycle. Thoroughly analyzing the data on the PSD effect on
learning and memory, Vogel [220] in his review comes to the conclusion that this question still remains open and obscure.
Certain stages of memory organization may be quantitatively represented in a higher degree in PS. However, this by no means
speaks in favour of a qualitative difference between various phases of a cycle. It follows from the foregoing that the question
of interaction of learning and PS remains topical and merits clarification.
In the course of a study of the functional significance of the sleep-wakefulness cycle, carried out in the Laboratory of
Neurobiology of the Sleep-Wakefulness Cycle of the I. S. Beritashvili Institute of Physiology, Georgian Academy of Sciences,
attention was naturally directed also at elucidating the problem of the interrelationship of learning and PS. Data on different
topics have been periodically published by our collaborators [103, 104, 105, 146, 147, 148, 149]. The present paper
summarizes these data in conjunction with the results of new experiments, allowing in a number of cases to make a more
detailed experimental analysis of one or another fact.

Methods
The experiments were carried out on cats and rats. The number of animals used in different series of the experiments is
indicated in the description of experimental data. To study the interaction between learning and PS the following techniques
were employed.
1. Acquisition of instrumental alimentary reflexes in cats. The experiments were carried out in a special experimental
chamber consisting of two compartments. The rear compartment served as the starting place where the animals were kept
between trials. The front compartment, with the area of 1 m2 at the side-walls, had small windows to which feeders were
attached. By instrumental movement of the forepaws the cats could raise the suspended doors and retrieve a reinforcing portion
of meat.
Tone (500) Hz and clicks served as directing conditioned signals, produced by a generator attached to the ceiling of the
experimental chamber in the middle of the frontal wall. In response to one or another signal, the door of the starting
compartment opened and the cat was led to the signaled feeder. In the course of a one-day session each signal was reinforced
with food 10 times. Learning was considered to be completed when 100% discrimination of the conditioned signals was
achieved, i. e. when the cats went to the relevant feeders without error.
2. Acquisition of an active avoidance reaction in rats. Experiments were performed in an experimental chamber with a
latticed metallic floor. The chamber was divided into two equal sections by a special barrier. Electrical stimulation causing an
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avoidance reaction was delivered from the metallic latticed floor. Sound stimulation (tone of 500 Hz) was used as a
conditioned signal. An active avoidance reaction was considered to be well acquired, if at an isolated application of a
conditioned signal the rat gave 9 correct responses out of 10 trials. If during 5 sec the rat failed to perform an avoidance
reaction to a conditioned signal, i. e. did not jump over the barrier from one compartment of the experimental chamber into the
other, then electrical skin stimulation was applied.
3. Learning of the passive avoidance test in rats. Experiments were carried out on rats in a special experimental chamber
consisting of two compartments - light and dark. The metallic floor of both compartments constituted a 25 cm long and 5 cm
wide corridor. Through a small door, opened and closed by the experimenter, the rat could move from the light compartment
into the dark one. One by one, the rats were placed in the light compartment, and after some time they moved into the dark
one. When the rat penetrated into the dark compartment with its entire trunk the door was closed and electrical nociceptive
stimulation (3 sec, 7-10 mA) was applied to the animal through the metallic floor; then the animal was immediately removed
from the dark compartment. Within 24, 48, 72 or 96 h the animals were tested for the storage of memory of nociceptive
stimulation. To this end they were placed, one at a time, in the light compartment, and the latency of entering the dark
compartment was measured. If the rat remained in the light compartment for 5 min, the memory of nociceptive stimulation was
considered to be retained. In a special series of experiments the latencies of entering the dark compartment were measured for
30 min after the rats had been placed in the light compartment.
4. PS deprivation (PSD). PSD in cats was effected in two ways: mere awakening of the animal sleeping in the experimental
chamber at the onset of each PS, and water tank deprivation according to Jouvet [95] and Morden et al. [140]. In the latter case
the animal was placed on a pedestal (20 cm long and 12 cm wide) over the water (height of the pedestal - 14 cm, depth of
water - 11 cm, distance between the water surface and the pedestal (3 - 3.5 cm) in the experimental chamber (area - 0.3 m2).
Because of the limited area, the animal cannot fall into PS, for, with the onset of muscle atonia, there is a danger of falling into
the water.
In rats PSD was effected only by water tank deprivation according to Dement [37] and Morden et al. [140]. The size of the
pedestals was smaller for rats (diameter - 5 cm, height - 16 cm, depth of water - 14 cm, area of the chamber - 0.3 m2, height 50 cm). 90-100% PSD was accomplished under these conditions.
5. Polygraphic recording. The recording of electroneocorticogram, electrohippocampogram, electromyogram, heart rate and
eye movement for the identification of different sleep phases was effected in cats with implanted stainless steel electrodes.
Implantation of electrodes in cats was carried out under nembutal anesthesia by means of a conventional stereotaxic technique.
The indicated parameters were recorded on a 13-channel "San'ei" electroencephalograph. No polygraphic records aimed at
identifying different sleep phases were made for rats.
6. Study of open field behavior. To reveal the changes in the general behavior and emotional sphere of the animal which
might attend the water tank deprivation of PS we used the method of open field behavior. To this end, use was made of a
special experimental chamber whose floor was divided into 35 squares (11X11 cm). The chamber was 78 cm long and 54 cm
wide, its height being 31 cm.
To obtain background data, after 24, 48, 72, 96 h PSD, the rats of both the control and experimental groups were placed, one at
a time, in the experimental chamber for a period of 5 min. The following parameters were measured: number of rising (vertical
activity), number of the squares crossed by the animal during 5 min (horizontal activity), number of grooming, of urination and
of defecation. The rats of the experimental group were placed in the chamber of PS water tank deprivation, while the control
ones in glass jars that restricted considerably their motor activity. After definite periods (24, 48, 72, 96 h) of PSD, the rats of
both groups were again placed in the experimental chamber and the same parameters of behavior were measured.
The data obtained in all the series of experiments were processed quantitatively and the validity of observed changes was
assessed by Student's t-test.

Results
I. Effect of sleep deprivation on the acquisition of instrumental alimentary conditioned reflexes in cats.
PSD was effected in two ways: (a) by awakening at the onset of PS and (b) by the water tank procedure according to Jouvet
[95], with the animal being placed on a small pedestal over water in a special chamber. To study the effect of selective PSD on
learning and memory, as well as on other manifestations of the cerebral activity, the former procedure, which does not lead to a
substantial change of the animal's emotionality, is more appropriate [156]. However, in the studies undertaken in this direction
the latter procedure has to date been given preference; hence, for the purpose of comparison, we have had to resort to it.
1. Effect of selective deprivation of PS by non-emotional awakening. Experiments with the former procedure of selective
deprivation of PS were conducted in the following way: from 10 to 11 a.m. experiments, based on sound discrimination, were
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carried out with acquisition of instrumental alimentary conditioned reflexes to two feeders. Each conditioned signal (tone of
200 Hz and clicks), followed by food reinforcement, was repeated 10 times. After one session, from 11 a.m. the cats were
given freedom in the experimental chamber. Satiated cats soon fell asleep and the sleep-wakefulness cycle was recorded for 6
h, from 11 a.m. to 5 p.m. However, at the onset of PS the animals were awakened by pulling a string fastened to the forepaw,
shortly after this the slow wave phase was restored. After 5 p.m. the cats were taken to the vivarium where they could sleep
normally. This type of procedure lasted for a few days until a solid acquisition of instrumental alimentary conditioned reflexes
based on sound discrimination was reached. It turned out that selective PSD by awakening during 6 h after each learning
session had no marked effect on the acquisition of instrumental alimentary conditioned reflexes. In the experimental animals,
as well as in the controls, 100% discrimination of the conditioned sounds is attained within 4 days with one and the same
number of pairings of a conditioned signal with food reinforcement.
Delay in acquisition of instrumental alimentary reflexes is not observed either in the case when PSD by non-emotional
awakening was performed throughout the learning session intertrial period (Fig. 1). No marked changes were observed either
in the emotional behavior of the experimental animals; they do not develop hyperphagia and hypersexuality described in the
literature [38, 54, 90, 141, 198, 216] as a result of PSD by the water tank procedure.

Fig. 1. Effect of 6 h non-emotional PSD followed each
session during learning on the acquisition of the
conditioned instrumental alimentary reflexes in cat.
On the ordinate - percentage of correct responses; on the
abscissa - learning sessions. White columns in each paircontrol group of animals, black columns- experimental ones

2. Effect of PSD by the water tank procedure on the acquisition of instrumental alimentary conditioned reflexes. In a
series of experiments in which selective deprivation of PS was effected according to Jouvet [95] the sessions of acquisition of
instrumental alimentary conditioned reflexes were held in the interval between 10 and 11 a. m. Following the sessions, till 5 p.
m., the cats were placed in the chamber for water tank deprivation of PS. Neither did the use of PSD of this type reveal any
difference between the experimental and control animals in the rate of acquisition of instrumental alimentary conditioned
reflexes. In this case, too, a 100% discrimination of the conditioned sound signal was achieved in 3-5 days with the same mean
number of pairings of conditioned and unconditioned stimuli in both groups of animals (Fig. 2).

Fig. 2. Effect of 6h water tank PSD following each session
on the acquisition of conditioned instrumental alimentary
reflexes in cats.
On the ordinate - percentage of correct responses; on the
abscissa - learning sessions. White columns in each pair control group of animals, black columns - experimental ones.

A 6 h water tank PSD following the learning sessions does not alter significantly the general and emotional behavior of the
animals. No change was found in the specific forms of motivation (hyperphagia, hypersexuality, etc.).
A different picture is observed if the sessions of acquisition of instrumental alimentary conditioned reflexes are run against the
background of a more prolonged water tank PSD. In this case, first, the acquisition of conditioned signal discrimination is
tangibly retarded and, second, with the continuation of PSD, there sets in a decline in the achieved level of conditioned signal
discrimination. Fig. 3 shows the dynamics of discrimination between two conditioned stimuli in the case when the learning
sessions are run during prolonged and continuous water tank PSD. The first session (10 pairings of each conditioned signal
with food reinforcement) was run before PSD. The second and third sessions were against the background of 24 and 48 h
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deprivations, respectively. As is seen, by this time a fairly high level (80-85%) of discrimination of conditioned signals has
been achieved. However, further continuation of PSD results in a sharp impairment of the discrimination of conditioned signals
during the subsequent learning sessions. However, this must not be the result of an impairment of the memory mechanisms per
se, since normal sleep restores the level of discrimination without training.
3. Effect of PSD on previously acquired instrumental alimentary reflexes. A special series of experiments was run to study
the effect of water tank PSD and the retrieval of preliminarily acquired discrimination of conditioned signals to two feeders. It
appeared that the preliminarily acquired discrimination of conditioned signals shows a great resistance in relation to such a
factor: it is not disturbed even by a 10-day PSD. At the same time, dramatic changes are observed in the general behavior of
the animals, resulting from prolonged and continuous PSD. Primarily it should be noted that the working ability of the
experimental animals drops sharply, as a result of which there is a gradual decrease in the number of runs to the signaled
feeders, the animals becoming languid and drowsy, the cardiac rhythm increasing, etc.
4. Effect of total sleep deprivation on the acquisition of instrumental alimentary reflexes. One series of experiments was
devoted to the study of the effect of total sleep deprivation on the acquisition of instrumental alimentary reflexes to two
feeders. Here, too; the learning sessions were run from 10 to 11 a. m.; after this the cats remained in the experimental chamber
under the permanent observation of the experimenter, and at the onset of drowsiness were immediately awakened. Such a
procedure quickly causes the cats to become emotionally excited and restless; they run to the corners of the chamber, looking
for a quiet place to sleep. After 48 h total sleep deprivation the animals become languid, their working ability falls, and in the
course of the learning sessions, after a few pairings of conditioned signals with food reinforcement, they cease to leave the
starting place where they lie down and settle for sleep. Nevertheless, acquisition of instrumental alimentary reflexes with 100%
sound discrimination in the experimental animals is achieved, on an average, as quickly as in the controls. The acquired
instrumental alimentary reflexes and discrimination of conditioned signals are not disturbed even at a further continuation of
total sleep deprivation.

Fig. 3. Effect of long lasting water tank PSD on the
acquisition and retention of the instrumental alimentary
reflexes in cat.
On the ordinate - percentage of correct responses; on the
abscissa - duration of PSD in hours. Black circles - control
animals; white circles-PSD ones.

5. Effect of induced hippocampal epileptiform discharges following learning sessions on the acquisition of instrumental
alimentary reflexes. When assessing the PS role in the memory organization [129, 131, 224] special significance attaches to
the fact that during this state there develops a progressive theta rhythm [88, 98, 165]. The occurrence of theta rhythm in its turn
points to a high activity of the septo-hippocampal system [64, 65, 139, 176, 177, 183, 218] which is traditionally considered to
be an important link in the organization of different memory stages [3, 129, 131, 217]. Proceeding from these facts and
considerations we thought it interesting to study the effect of hippocampal epileptiform discharges, repeatedly evoked after
each learning session, on the acquisition of instrumental alimentary reflexes. We proceeded from the experiments performed
earlier in our laboratory [161], demonstrating that epileptiform discharges produced by direct electrical stimulation of the
hippocampus resulted in the suppression of its hippocampal theta rhythm and in a delay of sleep onset after the cessation of the
stimulation. Thus, using the given experimental design it is possible to study the effect of simultaneous abolishment of
hippocampal theta rhythm and paradoxical sleep on learning.

Fig. 4. Effect of evoked hippocampal epileptiform discharges
on the sleep-wakefulness cycle.
A - normal sleep-wakefulness cycle, B - after cessation of repeated
epileptiforrn discharges. Sleep-wakefulness cycle was registered
from 12 a. m. to 17 p. m. Abbreviation: W-wakefulness, SWSslow wave sleep, PS - paradoxical sleep.
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The experiments of this series were also standardized. As a rule, the acquisition of instrumental alimentary reflexes in cats
occurred from 10 to 12 a. m. For two hours after the learning sessions repetitive epileptiform discharges were induced by direct
electrical stimulation of the dorsal hippocampus, which involved only the hippocampus bilaterally or spread slightly to the
neighbouring structures. In both cases the freezing reaction or faintly pronounced so-called "eating automatism" emerged as
the behavioral correlates of the epileptiform discharges. For two hours it proved feasible to evoke epileptiform discharges 30
times on the average, with the intervals between the stimulations being long enough for recovery from electroencephalographic (general depression of all rhythms of the hippocampus) and behavioral stimulation after-effects. During the
indicated time suppression of the hippocampal theta rhythm increased progressively, persisting after the stimulation sessions
were discontinued. With the cessation of hippocampal stimulation there occurred drastic changes in the sleep-wakefulness
cycle, expressed primarily in a delay of the onset of sleep (Fig. 4). During wakefulness no pronounced theta rhythm was
observed in the hippocampal electrical activity. After falling asleep the onset of paradoxical sleep was delayed and its structure
changed considerably, which was manifested not only in the shortening of separate phases but also in a change of the EEG
pattern. Over several phases the hippocampal theta rhythm was weakly expressed, subsequently recovering gradually and
slowly. A complete normalization of the EEG pattern of PS occurred only on the second day.
Thus, in the above experiments, after each learning session, a disturbance of the normal functioning of the septo-hippocampal
system was caused, on the one hand, and a 5-6 h PSD, on the other. Considering the view prevalent in the literature concerning
the significance of the hippocampal theta rhythm [3, 129, 131, 166, 217, 225] and paradoxical sleep [see 58] in memory
organization, our experiments seemed to provide the most unfavourable conditions for memory trace consolidation, which
must underlie the acquisition of instrumental alimentary reflexes. In fact it turned out that the learning process in cats subjected
to the indicated manipulations is slightly impaired only in the first learning sessions, while a 100% discrimination of
conditioned signals is attained in the experimental group as readily in the case with the control group (Fig. 5). Thus, the present
experiments do not support the view on the critical significance either of the high functioning of the septo-hippocampal system
for learning, or of PS for memory trace consolidation.

Fig. 5. Effect of post-trial evoked hippocampal
epileptiform discharges on the acquisition of the
conditioned instrumental alimentary reflexes in cat.
On the ordinate - percentage of correct responses; on the
abscissa - learning sessions. White columns in each pair control group of animals; black - experimental ones.

II. Effect of PSD on the acquisition of an active avoidance reaction in rats.
1. Effect of preliminary PSD on the acquisition of an active avoidance reaction. In this series of experiments acquisition of
active avoidance was effected in water tank PSD [140] animals. To this end, the duration of preliminary PSD was 24, 48 and
96 h. During PSD the control rats were placed in glass jars in which their motor activity was restricted. In the jars they could
sleep normally without PSD.
Preliminary - both 48 h and 96h - water tank PSD was found to have a facilitatory influence on the learning of an active
avoidance test. Fig. 6 presents the results of statistical treatment of the data in this series of experiments. The light column
shows the number of trials necessary to reach the criterion (9 correct responses out of 10 trials) of acquisition of active
avoidance in the control animals, while the black column shows the same in PSD animals. As is seen, to reach the criterion of
correct responses the control rats require much more trials than the experimental ones. What is more, the difference is
statistically highly significant.
A comparison of the dynamics of acquisition of active avoidance both in the control and experimental animals shows that 96 h
PSD facilitates the learning of an active avoidance test at all stages. The number of correct responses, i.e. conditioned
avoidance reactions not reinforced with electrical stimulation, from the very beginning of the experiments increases faster in
PSD rats than in control ones. This indicates that the experimental rats orientate better in the experimental situation and, as a
result, learn to solve the task more readily.
2. Effect of preliminary water tank PSD on the retention and reproduction of an acquired active avoidance reaction. As
demonstrated earlier, preliminary PSD by the water tank procedure considerably facilitates the acquisition of active avoidance
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in the rat. The effect of preliminary PSD by this technique on the retention and retrieval of an acquired response is also of
some interest. To gain insight into this, experiments were carried out on two groups of rats. The control group animals were
trained in active avoidance without preliminary PSD, whereas the experimental group was subjected to 96 h PSD. Then the
animals of both groups were kept under the same conditions and were afforded a normal course of sleep-wakefulness cycle.
Thus, conditions were created under which, due to a rebound effect, the experimental animals had a considerably larger
amount of PS in the sleep-wakefulness cycle during the interval between the learning and testing sessions, as compared with
the control animals. If the amount of PS is of any importance in memory consolidation the experimental animals would show
better fixation and reproduction of the learned response than controls.

Fig. 6. Effect of preliminary 96h water tank PSD on
the acquisition of the active avoidance in onesession learning in rats.
On the ordinate - amount of reinforcement of the
unconditioned
and
conditioned
signals
for
achievement of criterion of the learning (9 correct
responses out of 10 trials). White column - control
group of animals; black column - experimental ones.

Fig. 7. Effect of preliminary 96h water tank PSD on
the retention of the active avoidance.
On the ordinate - amount of reinforcement of the
unconditioned and conditioned signals for the
achievement of the learning criterion (9 correct
responses out of 10 trials). White columns - control
group of animals; grey columns - experimental ones. A
- session of acquisition, B - session of retention.

Three days after a one-session learning the animals were tested for retention of the learned response. By the indicated time the
number of pairings of the conditioned signal with unconditioned electrical stimulation, required for reaching the learning
criterion (9 correct reactions out of 10 trials), was found to decrease drastically in both groups of animals (Fig. 7B) as
compared with the number required in the first session (Fig. 7A). This points to the retention of a learned response in both
groups of animals, though it is more highly-significant in the experimental group, which may be due to the smaller number of
trials required for reaching the learning criterion in the first session. In the testing session, however, almost the same number of
paired stimuli was required for the animals of both groups to reach the learning criterion (Fig. 7). This indicates, first, that an
increase in the amount of PS coinciding with the consolidation phase does not lead to an improvement of conversion of shortterm memory into long-term and, secondly, that facilitation of the acquisition of active avoidance in the learning session was
due to the change of the general functional state of the nervous system resulting from PSD by the water tank procedure. These
changes having levelled off by the second session 3 days later, the control and experimental animals found themselves under
similar conditions in terms of the functional state of the nervous system, which resulted in the equalization of the number of
paired stimuli required for reaching the criterion of acquisition of active avoidance.
3. Effect of post-trial PSD on retention of learned response. While training animals in active avoidance in one learning
session to study the role of PS in memory trace consolidation it is advisable to perform PSD after learning rather than before it,
as has often been done to date [58]. In the present case the memory trace consolidation phase will coincide with the absence of
PS. It is natural to assume that if PS is necessary for memory trace consolidation, then its deprival just in the phase of trace
fixation will have a negative effect on the conversion of short-term memory into the long-term form. To shed light on the
problem 20 rats were train ed in active avoidance during one learning session. Then they were divided at random into two
groups (10 rats in each). One group served as a control, whereas the animals of the other group were subjected to 72 h PSD by
the water tank procedure. After that the animals of both groups were tested for retention of the acquired response.
Both in the learning and testing sessions we determined the number of pairings of conditioned signal with unconditioned
electrical stimulation required (1) for the acquisition of the first irregular avoidance responses, (2) for the acquisition of 2-3
consecutive correct responses out of 5 trials, and (3) for reaching the learning criterion (9 correct responses out of 10 trials).
The results of statistical treatment of the data are presented in Fig. 6. It will be seen that for the acquisition of the first irregular
response in the first session more than 10 pairings are required on an average (Fig. 8A, light bar); the acquisition of 2-3 correct
responses out of 5 trials requires more than 20 pairings (Fig. 8B), and more than 40 pairings for reaching the learning criterion
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(Fig. 8C). 72 hours after the learning session the animals of both groups reach the above parameters with a much smaller
number of pairings of the conditioned signal with unconditioned electrical stimulation. However, at all stages of acquisition of
active avoidance the experimental animals have better indices than the controls. This is expressed in the following: in the
testing session the experimental rats demonstrate avoidance in response to the first applications of the conditioned stimulation,
whereas the control rats require a certain number of pairings (Fig. 8A). The smaller number of pairings required for the
occurrence of 2-3 successive correct responses out of 5 trials (Fig. 8B) is also statistically significant. As to the number of
pairings required for reaching the learning criterion it also tends to decrease, though the latter is not statistically significant
(Fig. 8C).

Fig. 8. Effect of water tank PSD on the dynamics of the active
avoidance acquisition.
White columns - acquisition of alarm reaction (A), nonregulated
avoidance responses (B) and regulated avoidance responses (C)
in animals without PSD. Gray columns - retrieval Of the same
reactions after 48h, without PSD, and black columns, the same
reactions in PSD animals. On the ordinate - amount of
reinforcement of unconditioned and conditioned signals.

It is clear from the above figure that the retroactive effect of PSD does not disturb memory trace consolidation and conversion
of short-term memory into long-term after one training session in active avoidance. The fact that the experimental animals
show facilitation of the retrieval of a learned response within 72 h as compared with the controls can be explained by the
changes of the general state of the nervous system resulting from PSD by the water tank procedure. As was seen above,
preliminary PSD by the given method considerably facilitates the acquisition of active avoidance during one learning session
(Fig. 6). The same is the effect of PSD on the retrieval of a learned response in the active avoidance test, if the test is carried
out against the background of deprivation.

Fig. 9. Scheme of experiments with of PSD effect
and increases of PS in the consolidation phase of
learning.

4. Effect of increased PS presence in the consolidation phase on retention of active avoidance response elaborated over
one learning session. To clarify the significance of PS in memory trace consolidation it is advisible to create such
experimental conditions which would permit a comparison between the data obtained in the case of PS absence in the
consolidation phase with that of increased PS presence in this phase compared with the norm. Such a model is advisable
because an increase in PS occurrence, resulting from preliminary learning, has often been reported in the literature to have a
facilitating function in memory trace consolidation [27, 114, 123, 199, 227]. To this end we elaborated a special design of
experiments (Fig. 9). It consisted in the following. The rats were first subjected to the water tank procedure. Then they were
trained in active avoidance during one learning session (120 trials). The learning criterion was considered to be 9 correct
responses out of 10. Then the rats were divided at random into two groups. Group I animals were subjected to a further 24 h or
48h PSD, whereas Group II animals were allowed to sleep normally. After 24 h or 48 h both groups were tested for retention of
the learned response. Thus in the memory trace consolidation phase, i.e. in the interval between the learning and testing
sessions, PS was absent in Group I animals, while in Group II it was represented to a higher extent as compared with the norm
due to a rebound after previous 48 h deprivation. If PS is a necessary or facilitating factor in the memory trace consolidation
phase the rats in which the presence of PS was increased for 24 h after the learning session should - at checking the retention of
the habit - perform much better than those animals in which PS was absent during the same period of time. Group II animals
should remember the learned response much better than those in Group I. But in fact there was an opposite picture. In the
testing session the rats in both groups reached the learning criterion quicker than in the learning session (Fig. 10). However, the
rats with additional 24 h or 48 h PSD reached the learning criterion after much fewer pairings of the conditioning signal with
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electrical stimulation (Fig. 10A) than did rats with increased PS presence. Fig. 10B shows that the difference in the number of
trials required for reaching the learning criterion during the testing session both for rats with increased PS presence during the
intersession period and rats with the absence of PS during that period is statistically significant.
The facts described above allow the following two conclusions to be drawn: (1) Increase in PS presence immediately after
learning, i.e. in the memory trace consolidation phase, does not facilitate remembering of the learned response; (2) PSD by the
water tank procedure during the consolidation phase has a facilitating effect on remembering in the active avoidance test,
which is apparently due to changes caused by the stress situation attending this method of deprivation.
5. Post-trial effect of PSD on the dynamics of active avoidance behavior acquisition in distributed 1earning. As is known
[see 24, 82, 137] the amnestic effect of different factors manifests itself in the course of learning (when memory trace
consolidation is not completed), whereas the effect is absent when such factors are applied after the completion of learning.
The same holds true in regard to the effect of PSD on the learning of active avoidance. Therefore, it is desirable to study the
effect of PSD on the acquisition of active avoidance in distributed learning, when the acquired skills are gradually passed on
from session to session. If PS is actually required for memory trace consolidation, then its deprivation in an intersession period
should exert a most negative effect in terms of a delay in the acquisition of active avoidance. If PS plays a major role in the
consolidation of memory traces, then post-trial PSD following each session should be most effective in the course of
distributed learning. To this end, experiments were carried out in two groups of rats in the following manner: in the control
group of 12 rats active avoidance behavior was elaborated for several days, so that in a one-day session a conditioned sound
stimulus was only 20 times reinforced with unconditioned electrical stimulation delivered from the wire-mesh bottom of the
chamber. In the intersession period the rats were placed in glass jars, which considerably restricted their locomotor activity. In
the other group, with the same number of rats, acquisition of active avoidance behavior was effected in the same way, but
between the learning sessions the rats were placed on pedestals in a special chamber for water tank PSD. In both groups
determination was made of: 1) the mean number of trials required for the acquisition of a conditioned reaction of attention and
alarm, 2) the mean number of trials necessary for the appearance of first irregular conditioned avoidance reactions, 3) the mean
number of trials required for reaching the criterion (9 correct responses out of 10 trials) of the acquisition of an active
avoidance reaction, and 4) the percentage of rats reaching the criterion in a daily session. Naturally, in the course of the
sessions observation was also made of the changes in the general behavior of the control and experimental animals.

Fig. 10. Effect of increase of PS in the consolidation
phase of learning.
On the ordinate: A - amount of reinforcement of the
unconditioned signals for the achievement of criterion
of the active avoidance learning, B - amount of
reinforcement of the unconditioned and conditioned
signals for the achievement of criterion in testing
session in percentage. White column - acquisition
session; grey column - retention session in animals
with increased PS during the consolidation phase of
learning; black column - in PSD rats during the
consolidation phase.

Fig. 11. Effect of water tank PSD on the acquisition
of the alarm reaction.
On the ordinate - amount of reinforcement of the
unconditioned and conditioned signals for acquisition
of alarm reaction. On the abscissa - duration of PSD in
hours. Black circles - control animals, white circles experimental ones.

As expected, in the active avoidance test, a conditioned reaction of attention and alarm is the first to become elaborated in rats.
Several pairings of the conditioned sound stimulus with electrical paw stimulation delivered from the wire-mesh bottom of the
chamber proved enough to achieve this. Thus was this reaction elaborated in our experiments both in the control and
experimental groups during the first learning session of active avoidance, i.e. before the start of the PSD procedure in
experimental rats. As is seen in Fig .11 for the acquisition of a conditioned reaction of attention and alarm both groups required
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almost the same mean number of trials. On the next day, in the course of the second session, i.e. following a 24 h PSD
procedure, the mean number of trials for the appearance of a conditioned reaction of attention and alarm decreases in the same
way in both groups. In the course of the third session, after the experimental rats have undergone 48 h PSD, a conditioned
reaction of attention and alarm appears at the first application of the signal almost in all representatives of the control and
experimental groups. From this it follows that PSD has no material effect on the acquisition of alarm reaction during the
learning of a test of active avoidance.
A different picture is observed when we have analysed the data on the acquisition of the first signs of an irregular active
avoidance reaction. In some rats an irregular active avoidance reaction is elaborated in the first learning session of 20 trials. In
the course of the second and third sessions the mean number of trials required for the appearance of a conditioned active
avoidance reaction shows a stronger decrease in experimental rats than in the representatives of the control group (Fig. 12).
This fact indicates that a 48 h PSD consider ably facilitates the acquisition of an active avoidance reaction.
During the subsequent sessions the number of rats reaching the criterion of learning in the active avoidance test increases
progressively in both groups. At the beginning of the sessions active avoidance conditioning has an irregular character, while
after a definite number of trials it starts to appear regularly, i.e. a learning criterion is reached. Naturally, the number of trials in
each session for the irregular reactions of active avoidance to become regular decreases in the subsequent sessions. However,
following the first 24 h PSD, the decrease in the mean number of trials, after which an irregular active avoidance reaction
becomes regular, is more pronounced in the experimental group than in the control one.
As to the dynamics of the number of rats reaching the criterion of learning in a daily session, it also reveals the biphasic effect
of prolonged PSD on the acquisition of active avoidance behavior. In Fig. 13 the light circles illustrate the percentage of
animals reaching and failing to reach the criterion of learning the active avoidance test in the experimental group, while the
dark circles indicate the same in the control group. As is evident, following 48 h deprivation, i.e. in the third learning session,
the number of rats reaching the learning criterion sharply .increases as compared with the control group. In the fourth and fifth
sessions, following 72 and 96 h PSD the number of rats reaching the learning criterion is not tangibly altered, while in the
control group it is precisely in the last session that the percentage of animals reaching the learning criterion increases most
abruptly. Such an abrupt rise in the percentage of animals reaching the learning criterion in the fifth session is to be explained
by the accumulation of experience in the previous sessions. On the other hand, this indicates that in the course of prolonged
PSD in the experimental animals some factor starts to have a negative effect on the learning process and the effect of this
factor grows progressively. This factor is apparently dangerous for the life of the rats and accounts for a great percentage of
lethality in the experimental group as compared with the control.

Fig. 12. Effect of water tank PSD on the acquisition
of nonregular active avoidance responses.
On the ordinate - amount of reinforcement of the
unconditioned and conditioned signals for acquisition
for non-regular responses of the active avoidance. On
the abscissa - duration of the PSD in hours. Black
circles - control group of animals; white circles experimental ones.

Fig. 13. Effect of water tank PSD on the acquisition
of regular responses in distributed learning sessions
of the active avoidance.
On the ordinate - amount of rats in percentage which
achieve the criterion of learning. On the abscissa learning sessions (in roman figures) and duration of
PSD in hours. White circles - experimental group of
animals, black circles - control ones.

III. Effect of PSD on the learning of a passive avoidance test in rats.
1. Post-trial effect of 24 and 48 h PSD on memory in a passive avoidance test. Experiments were carried out in two series.
In the first series study was made of the effect of 24 h PSD, and in the second, of 48h PSD on learning the passive avoidance
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test. In each series we had two groups of animals: control and experimental, each group consisting of 20 rats. The experimental
procedure was similar to that used by Fishbein [see 58]. The experimental chamber had two compartments: light and dark. If
the rats were placed in the light compartment, then after a definite period of time they penetrated into the dark one through the
door. As soon as the rat entered the dark compartment the door was closed and a strong electrical stimulation was delivered
from the metallic bottom of the chamber. After the cessation of stimulation the rats were immediately taken from the dark
compartment to the vivarium. For 24 or 48 h conditions for a normal course of the sleep-wakefulness cycle were provided for
the control group, while the experimental ones were placed in a special acrylic plastic chamber for a water tank PSD
procedure. Then, the rats of both groups were again placed in the light compartment of the experimental chamber and again the
latent period of entering the dark compartment was measured.
Before the commencement of the basic experiments we found it necessary to carry out a series of experiments to ascertain the
effect of repeated placing of the rats in the experimental chamber on the latent periods, for it could be assumed that the
previous experiment could somehow affect the speed of penetrating into the dark compartment from the light one. This series
of experiments was carried out without application of electrical shocks in the dark compartment, though two groups of animals
were compared. Representatives of one group were allowed a normal sleep-wakefulness cycle in the interval between the first
and second placement in the experimental chamber, while in those of the other group the animals were subjected to 48h PSD
procedure. Thus, in these experiments we could determine also the effect of PSD on the latency of the rat's penetration of the
dark compartment from the light one. It is also seen that 48 h PSD did not have a considerable effect on the latencies in the
given situation.
The results of a quantitative treatment of the data obtained in this series of experiments are presented in Fig. 14. The light
columns designate the mean duration of latencies when the rats are first put into the experimental chamber, while the black
columns designate the same parameter when they are repeatedly put there after 48 h without (Fig. 14A) and with (Fig. 14B)
PSD. As is seen from the figure, the mean duration of the rat's penetration from the light section into the dark in both groups is
about 20 sec, slightly altering in a repeated test. From this we concluded that repeated placing of the rats in the experimental
chamber did not affect the latencies of penetration of the dark compartment from the light one. It became also evident that, in
this situation, neither a 48 h PSD had any marked effect on the latencies.

Fig. 14. Effect of rats repeated placement in
experimental chamber for the passive avoidance
learning on the latency of entering from light to
dark compartment.
On the ordinate - latency in sec of entering from light
to dark compartment of the experimental chamber.
White columns - mean duration of latency on the first,
and black - on second placement of rats after 24 (A)
and 48 (B) hours.

Fig. 15. Effect of water tank PSD following
electroshock in the passive avoidance.
On the ordinate - the percentage of rats entering the
dark compartment. White columns - animals without
PSD, black columns - animals with PSD. A - 24 and
48 hours after application of electroshock.

After ascertaining the effect of a repeated placing of the rats in the experimental chamber on the latency of entering the dark
compartment we began the basic series of experiments. Application of an electrical shock in the dark compartment produces a
sharp increase in the latency of entering it from the light compartment both within 24 and 48 h. As is known, this is considered
to be a reflection of memory retention of a nociceptive electrical stimulation. In our experiments if a rat did not penetrate into
the dark compartment during 5 min after it had been placed in the light one the observation of it was discontinued. It was found
that, in the control group, most of the rats do not penetrate into the dark compartment. The longer the PSD the smaller is the
number of rats in the experimental group penetrating into the dark compartment within 5 min. The percentage of rats, both in
the control and in the experimental groups, entering and not entering the dark compartment within 5 min after their placement
in the light compartment is presented in Fig. 15. It is seen that the number of such rats in the experimental group sharply
decreases only following a 48 h PSD (Fig. 15B), while following a 24 h PSD (Fig. 15A) a fairly high percentage of
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experimental rats reaches the 5 min criterion, i.e. during this time they do not penetrate into the dark compartment from the
light one. As to the control group, after both 24 h (Fig. 15A) and 48 h (Fig. 15B) application of an electrical shock almost the
same number of rats reaches the 5 min criterion.
Judging by these data alone, one may conclude that PSD drastically impairs memory trace consolidation, as a result of which
the experimental rats forget the situation where they received a nociceptive electrical shock, while the control ones remember
the same event well. A similar conclusion is frequently reported in the literature [see 58 for ref]. Yet this conclusion can hardly
be consistent, first, with the fact that following 24 h PSD (Fig. 15A) a high percentage of experimental rats show memory
storage and fulfillment of the 5 min criterion. Second, a very interesting picture is observed (Fig. 16) if, following PSD, we
compare the latencies of entering the dark compartment from the light one with the same parameters of the first test. In this
figure the light columns show the mean duration of latencies of entering the dark compartment for all rats when they are first
placed in the experimental chamber. It amounts to 20 sec. Black columns reflect the averaged values of latencies of penetration
into the dark compartment for the rats of the experimental group which within 24 h (Fig. 16A) and 48 h (Fig. 16B) PSD after
the electrical shock, do not reach the 5 min criterion. From this figure it is obvious that the latency of penetration into the dark
compartment sharply increases in the rats of experimental groups that fail to reach the 5 min criterion.

Fig. 16. Changes in latency of the entering
from light to dark compartment in rats which
do not reach the 5 min criterion after water
tank PSD.
On the ordinate - time in sec. White columns the first placement of rats in the experimental
chamber, black columns - after 24(A) and 48 (B)
hours of PSD following electroshock.

Fig. 17. Effect of pairing of 24h water tank PSD with 24h
of normal sleep-wakefulness cycle on the remembering of
passive avoidance.
On the ordinate - the ratio of percentage of the rats reaching
(white part of the columns) and not reaching (black part of
the columns) of the learning criterion. A - electroshock
followed by 48h water tank PSD; B - electroshock followed
by 24h of normal sleep-wakefulness cycle and then 24h water
tank PSD; C - electroshock followed by 24h of water tank
PSD and then 24h of normal sleep-wakefulness cycle; D electroshock followed by 48h of normal sleep-wakefulness
cycle.

The results of visual observations of the animal's behavior in the experimental chamber also indicate that the memory
mechanisms are not disturbed under PSD influence in the passive avoidance test. The experimenter can easily notice that under
the influence of the memory of electrical shock applied in the dark compartment the general behavior is altered in both groups
when they are again placed in the light compartment. This is primarily reflected in the manifestation of fear. If, at the first
placement in the experimental chamber, the rats penetrate into the dark compartment from the light one comparatively quickly
and without any special signs of fear, within 24 h and 48 h of application of an electrical shock they begin to avoid the holes
connecting the two compartments. After some time has elapsed since their placement in the light compartment the rats start
exploring the holes, begin to slowly penetrate into the dark compartment, frequently withdraw in fear, some of them entering
the dark compartment. Similar behavior is observed in the animals of both the control and experimental groups, being more
pronounced in the latter. In both series of experiments (24 h and 48 h PSD) 40 rats were used in each of the control and
experimental groups. When again placed in the light compartment the above behavior was observed only in 16 (40%) control
rats. What is more, only 2 of them penetrated into the dark compartment. As to the experimental rats, similar behavior was
observed only in 30 out of 40, i.e. in 75% of the total number. Of them 14 entered the dark compartment, while 16 remained in
the light compartment more than 5 min. Thus, despite the obvious signs of fear, experimental rats seem to be more resolute in
getting into the dark compartment from the light one, which is apparently due to the changes in the animals' emotional sphere
under the influence of PSD.
2. Post-trial effect of pairing of 24 h rest and 24h PSD on remembering in the passive avoidance test. In this series of
experiments the effect of 24 h post-trial PSD in conjunction with prior postdeprivation 24 h rest on remembering in the passive
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avoidance test was studied. Open-field testing of the animals was also conducted. These experiments were prompted by two
circumstances. 1. It is known that memory trace consolidation (if this is really necessary for the conversion of short-term
memory into long-term) should develop most optimally in the first hours after perception of the information being processed
[24, 28, 33, 46, 47, 82, 130, 180, 192, 212] and, it is reasonable to assume that a 24 h interval between the application of
electrical shock and the beginning of PSD should be quite sufficient for the completion of the most optimal phase of
consolidation. 2. If PS has indeed an important role in memory trace consolidation, then its 24 h deprivation after the
application of electrical shock, in conjunction with a subsequent 24 h rest (by this time the changes in the animals emotional
sphere must fade), may reveal the pure effect of PSD on remembering in the passive avoidance test. Experiments were carried
out in three groups of animals (20 rats in each group). In the first group the effect of 24 h water tank PSD, in conjunction with
a subsequent 24 h rest, was studied, while in the second group the situation was reversed: after the application of an electrical
shock the animals were allowed a 24 h quiet rest, followed by a 24 h PSD, and shortly afterwards the retention of memory was
checked. The third group served as a control: memory retention was examined 48 h after the application of an electrical shock.
In all groups checked for memory retention 48 h after the application of electrical shock, the animals were found to fall into
two subgroups. The first comprising the rats that within 5 min do not go from the light (safe) compartment into the dark
(dangerous) one; the animals of the other subgroup failed to reach the 5 min criterion and penetrated into the dark
compartment. However, the number of rats not penetrating into the dark compartment in the first group, in which the
application of electrical shock was followed by 24 h PSD in conjunction with a subsequent 24 h rest (Fig. 17A), was
considerably higher than in the second group (Fig. 17B), in which the application of electrical shock was followed by a 24 h
quiet rest with a subsequent 24 h PSD. In the control group the percentage of rats penetrating and not penetrating into the dark
compartment is approximately the same as in the first group (Fig. 17C). This clearly indicates that 24 h PSD immediately after
the application of electrical shock has no material influence on remembering in the passive avoidance test. The data obtained in
the second group of animals are of special interest. In spite of the fact that after the application of electrical shock they were
allowed normal sleep for 24 h, subsequent 24 h PSD led to an increase in the percentage of rats penetrating into the dark
compartment from the light one; those were the rats in which normal long-term memory does not seem to develop. However,
analysis of the latencies of penetration from the light compartment into the dark one shows that memory is stored in all rats of
the three groups.
3. Retroactive effect of 48h water tank PSD combined with 24 and 48 h rest. As shown by the above experiments, 48h
water tank PSD exerts a maximally pronounced effect on the parameters both in the active avoidance test (Fig. 15B) and in the
open field (Fig. 23). Bearing this in mind, it was of certain interest to study the effect of different combinations of 48 h water
tank PSD with 48 h rest when the animals are afforded normal sleep. In this series of experiments, too, three groups of animals
were compared. After the application of electrical shock the animals of the first group were allowed a quiet sleep for 48 h,
followed by a 48 h PSD water tank procedure. Memory retention was checked within 96 h, immediately after the termination
of PSD. In the second group, after the application of an electrical shock, first a 48 h PSD was given and then, before testing,
the animals could sleep normally for 48 h. In the control group memory retention was checked 96 h after the application of
electrical shock.

Fig. 18. Effect of pairing of 48h water tank PSD with
24h of normal sleep-wakefulness cycles on the
remembering of passive avoidance.
On the ordinate - the ratio of percentage of the rats
reaching (white part of the columns) and not reaching
(black part of the columns) of the learning criterion. A electroshock without PSD, B - electroshock followed by
48h PSD and then 24h of normal sleep-wakefulness
cycle, C - electroshock followed by 48h of normal
sleep-wakefulness cycle and 48h of PSD, D electroshock followed by 96h of PSD. Testing after 96h.

Fig. 19. Changes in latency of the entering from
light to dark compartment in rats which do not
reach the 5 min criterion after water tank PSD.
On the ordinate - time in sec. White columns - the first
placement of rats in the experimental chamber. Black
columns: A - electroshock followed by 48h of PSD
and then 24h of normal sleep-wekefulness cycle, B electroshock followed by 48h of normal sleepwakefulness cycle and then 48h of PSD, C electroshock followed by 96h of PSD.
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Here, too, in all the three groups the animals proved to fall into two categories: (a) those penetrating into the dark compartment
within 5 min of their placement in the light one, and (b) those remaining in the light compartment. However, the percentage of
rats penetrating and not penetrating into the dark compartment varies considerably in different groups (Fig. 18). As is seen,
most of the animals of the first group which, after the application of electrical shock were permitted a 48 h quiet normal sleep
and then subjected to 48 h PSD, did not reach the 5 min criterion and penetrated into the dark compartment (Fig. 18C), as well
as during 96 h PSD after electroshock (Fig. 18D). In the second group, in which application of electrical shock was first
followed by 48 h PSD and then given the opportunity of a 48 h quiet sleep, a reverse picture is observed (Fig. 18B). The
majority of this group reaches the 5 min criterion, and a minor part enters the dark (dangerous) compartment. The ratio of the
first and second halves in the control group is almost the same (Fig. 18A) as is in the second group.
The change of latencies of entering the dark (dangerous) compartment from the light (safe) one indicates memory retention
also in those rats which fail to reach the 5 min criterion. The latency of entering at testing memory retention appears to be
increased in all groups of animals in comparison with that before the application of electrical shock (Fig. 19).
4. Effect of 48h PSD in conjunction with a subsequent 3-5h rest on memory in the passive avoidance test. As has been
shown above, a 24h rest entirely smoothes out the changes in the animal's emotional sphere produced by 48h PSD. It has been
also ascertained that 48h PSD before rest has no marked effect on learning in the passive avoidance test. However, it could be
thought that in such a combination of 24 h normal sleep with its paradoxical phases can compensate for the deficit in the
memory trace consolidation process that could result from the preceding PSD. To check this assumption we conducted a
special series of experiments in which 48 h PSD was followed by 3-5 h rest, in the course of which non-emotional quiet
wakefulness was maintained without PSD.
After a 3-5 h rest under quiet wakefulness following 48 h PSD the majority of rats of the experimental group (Fig. 20C), like
those of the control group (Fig. 20B), proved to succeed in reaching the 5 min criterion of being in the light compartment of
the experimental chamber for the passive avoidance reaction to be checked. During 3-5 h rest, PSD-induced changes in the
emotional sphere (determined by the open-field technique) fade to a considerable extent (Fig. 24).
Thus, this series of experiments clearly demonstrates the absence of the PSD effect on memory trace consolidation in the
passive avoidance test.

Fig. 20. Effect of pairing of 72h PSD (water tank)
with 6h PSD (by non-emotional awakening) on the
remembering of passive avoidance.
On the ordinate the ratio of percentage of the rats
reaching (white part of the columns) and not reaching
(black part of the columns) of the learning criterion. Aelectroshock was followed by 72h PSD (water tank), B
- electroshock without PSD, C - electroshock followed
by 72h PSD (water tank) and then 6h PSD by nonemotional awakening.

Fig. 21. Effect of preliminary 72h water tank PSD on the
memory trace consolidation.
On the ordinate - the ratio of percentage of the rats reaching
(white and grey parts of the columns) and not reaching (black
part of the columns) of learning criterion. Testing of the
retention 10 min (A), 2h (B) and 24h (C) after application of
electroshock.

5. Effect of proactive PSD on memory in a passive avoidance test. Fishbein [55] and Segales and Domino [190] observe
that a 3-day PSD prior to an electric shock in the chamber for testing passive avoidance has no effect on the acquired behavior
and short-term memory, yet it disturbs the conversion of short-term memory into long-term. The argument in favour of this is
that mice to which electrical stimulation was applied after a 3-day PSD remembered it if memory was tested 1 h after the
electrical shock, and failed to remember it after 24 h. Kruglikov et al. [108, 109] gave a 4-day PSD prior to electrical shock in
a passive avoidance test and retention was checked 24 h after the shock. They report a diminution of latency for penetration
into the dangerous compartment as compared to control ones, only in a part of the rats, while the other part reached the l0 min
criterion well. In this partial decrease of latency the authors see not a disturbance of memory trace consolidation and
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conversion of short-term memory into long-term, but a disturbance of recurrent temporal connections. Thus, on this point,
there are contradictions not only in facts but also in their interpretation.
Our experiments on rats were conducted as follows: immediately after 72h water tank PSD animals were placed in the light
compartment and as soon as they penetrated into the dark compartment electrical shock was applied. The animals were then
divided into three groups. In one group testing for retention of electrical shock was carried out after 10 sec, in another after 2h,
and in the third after 24 h.
According to their behavior in the experimental chamber for the passive avoidance test, all the animals could be divided into
three subgroups. The animals of the first subgroup, during 5 min do not even approach the door through which they could get
into the dark compartment. Animals of the second subgroup approached and sniffed the door; some put their heads into the
doorway but did not go into the dark compartment. A small number of rats, after having checked the situation at the door, did
penetrate into the dark compartment. The percentage of these animals, tested after different periods of time of application of
electrical shock, is illustrated in Fig. 21. As seen in the figure, when tested 10 min after electrical shock, for 5 min not a single
animal enters the dark (dangerous) compartment from the light one (Fig. 21A). Yet most of them approach the door, as if
checking the situation. 2 h after the application of electrical shock 27% of all animals in this group approach the door and enter
the dark compartment, 30% go to the door but do not enter the dark compartment, and 43% do not even go to the door (Fig.
21B). 24 h after electrical shock application not a single animal penetrates into the dark compartment, and only 30% of the
total number approaches the door (Fig. 21C). These findings obviously do not confirm the data of Fishbein [55], and Segales
and Domino [190] on the preferential influence of proactive PSD on long-term memory, since the animals are in a better shape
24 h after electrical shock application (Fig. 21C) when tested for long-term memory than short-term memory (Fig. 21B). This
is understandable if one takes into account the fact that changes in the animals' emotional sphere resulting from 72 h PSD can
level off completely over a 24 h normal sleep-wakefulness cycle.
IV. Effect of PSD via water tank procedure on the rat's behavior in open field.
PSD by the water tank procedure is known to result in changes in the animal's motivational-emotional sphere [see 150, 220].
These changes are detectable in the form of development of hypersexuality, hyperaggressiveness [54, 70, 141, 198, 216],
anxiety, hyperphagia [38, 90], as well as reduction of fear reaction [41, 70, 71, 72, 138, 150]. Of the known neurophysiological
changes attending the PSD water tank procedure it is particularly interesting to note the enhanced excitability of the brain [31,
32, 167] and a respective decrease of the thresholds of induction of brain activation and epileptiform discharges. These
changes should be borne in mind while studying the effect of PSD on learning and memory.
In our experiments signs of change in emotionality under the PSD water tank procedure were permanently observed in the
chamber in which learning in the passive avoidance test was studied. This was expressed in the following: when the rats that
had been placed in a water tank for PSD after an electrical shock were again put into the light (safe) compartment of the
chamber they behaved in a more active way (walking about the compartment, rising, sniffing the floor and walls, etc.) than did
those of the control group. However, in the latter group animals, as distinguished from the experimental rats, defecation and
urination were observed. These changes were manifested with particular clarity in an open field study of behavior in both
experimental and control groups.
According to the above-described experiments on the effect of water tank PSD on learning and memory in the passive
avoidance test, the open field experiments may be divided into two parts:
1. Effect of 24, and 48 h PSD in a water tank on the rat's open field behavior. In the literature a statement is found to the
effect that 24h PSD via the water tank procedure allegedly has no material effect on the rat's emotionality [see 220]. This
conclusion is based on a comparison of data obtained, on the one hand, from rats placed on small pedestals (experimental),
and, on the other, from rats placed on comparatively large pedestals (control group). However, in our opinion, for a complete
detection of changes in the emotional sphere under water tank PSD it is more reasonable to compare rats placed on small
pedestals with their counterparts that have not been placed at all in the deprivation chamber where, irrespective of the pedestal
size, here is a stressful situation. With this approach it appears that 24 h PSD has a tangible effect on the important parameters
of the rat's open field behavior. In Fig. 19 light columns designate the averaged data for the control group on such parameters
of open field behavior as the number of risings (Fig. 19A), number of squares crossed (Fig. 19B), that of entering the open
field centre (Fig. 19C) and the number of defecations (Fig. 19D). All these parameters were measured over a 5 min stay in
open field. The hatched columns designate relevant data obtained on rats which had been subjected to 24 h PSD in a water
tank. It will be seen, that statistically highly significant changes are observed in such parameters as horizontal activity, and
defecation. At the same time, enhancement of motor and exploratory activity as well as decrease of defecation in PS-deprived
rats should point to the diminution of fear reaction. These data are in agreement with those observed in the experimental
chamber when testing for memory retention. All this indicates that 24 h PSD in a water tank leads to changes in the animal's
emotional sphere.
With more prolonged PSD changes in the emotional sphere, as far as the above-mentioned parameters are concerned, develop
still more vividly. Thus, for example, at 48 h PSD, in the experimental group (Fig. 20, dark columns) compared with the

23

control rats (light columns) a statistically significant increase is observed not only in horizontal but also in vertical motor
activity. In both cases experimental rats visit the centre of an open field more frequently than do the control ones (Fig. 20C).
But the number of defecations is much higher in the latter than it is in the experimental group (Fig. 20D).
2. Effect of 24 h rest before and after water tank PSD on open field behavior in rats. As described above, in a special
series of experiments we have studied the effect of differing-in-time combinations of PSD with rest, when the rats were
allowed normal sleep for 24 h either before or after deprivation.

Fig. 22. Effect of pairing of 24h water tank
PSD with 24h of normal sleep-wakefulness
cycle on the rats open field behavior.
On the ordinate - amount of rising (A), crossed
squares (B), entering the center (C) and
defecation (D). White columns - control group of
animals, grey columns - experimental rats with
24h PSD, black columns - rats with 24h PSD
followed by 24h of normal sleep-wakefulness
cycle.

Fig. 23. Effect of pairing of 48h water tank
PSD with 24h of normal sleep-wakefulness
cycle on the rat's open field behavior.
On the ordinate - amount of rising (A), crossed
squares (B), entering the center (C) and
defecation (D). White columns - control group of
animals, grey columns - experimental rats with 48
h PSD, black columns - experimental rats with 48
h PSD and then 24 h of normal sleep-wakefulness
cycle.

Fig. 24. Effect of pairing of 72 h PSD (water
tank) with 6h PSD (by non-emotional
awakening) on the rat's open field behavior.
On the ordinate - amount of rising (A), crossed
squares (B), entering the center (C) and
defecation (D). White columns - control group of
animals, grey columns - experimental rats with
72h PSD, black columns - experimental groups
with 72h PSD with 6h PSD (by non-emotional
awakening).

In one series of experiments in the animals of the first group electrical shock was followed by 24 h rest and then by 24 h PSD
in a water tank, while in the second group an inverse combination of PSD and rest was tested. In the second series of
experiments 24 h rest was combined with 48 h PSD. To estimate the role of the dynamics of emotional changes in this series
we studied also the effect of 24 h rest following 24 h and 48 h PSD on open field behavior. 24 h rest following 24 h (Fig. 22)
as well as 48 h (Fig. 23) PSD, was found to completely abolish the changes that could have occurred in the animals' emotional
sphere.
It could be assumed that the leveling off of changes in the emotional sphere is due to the satisfaction of the need for PS over 24
h normal sleep. The more so if it is borne in mind that by this time there could have occurred a PS rebound. Yet, a subsequent
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series of experiments did not confirm this assumption. The changes in the emotional sphere resulting from 48 h PSD were
found to disappear to a considerable extent during the subsequent 5 h rest as well, when the animals are artificially kept in a
state of quiet wakefulness (Fig. 24).
This indicates, first, that emotional changes disappear not because of the restoration of normal sleep, but because of the
elimination of the stressful situation, and secondly, the cause of development of emotional changes is not PSD per se, but the
stressful situation existing in the water tank for the PSD procedure.

General Discussion
Over the last two decades the investigators' keen interest in the elucidation of the significance of PS in the regulation of
learning and memory seems to have been prompted mainly by two circumstances: 1. As shown by neurophysiological studies,
PS is an active state of the brain [36, 52, 53, 78, 88, 94, 98, 165, 194, 195] during which one can distinguish different levels of
activity, as is the case in wakefulness [151, 152, 154]. In this regard it is especially worth noting that dreaming - always
attracting much attention of the investigators concerned with the nature of consciousness - develops predominantly during PS
[39, 40] and has a fairly pronounced emotional colouring. According to Dewan's hypothesis [42], the brain can be
reprogrammed either spontaneously or in response to signals of sensory input, or to a current need of the animal. In the course
of reprogramming the functional structure of the CNS may also alter. Proceeding from the belief that reprogramming requires a
high level of emotionality, Dewan [42] assumes the predominant significance of PS in this process. By its recognition of the
importance of a high level of activity of the CNS for information processing by the brain, this hypothesis seems to be in
harmony with Lindsley's [122] activational theory of emotion and with Hebb's theory [67] on the significance of an optimally
high activity of the brain in the resolution of key functions; nevertheless, this hypothesis is extremely one-sided. As a matter of
fact, by its levels of brain activity and emotionality paradoxical sleep does not differ from the state of wakefulness. On the
contrary, being a more important phase in the life of animals and man, wakefulness is characterized by a rich spectrum of
levels of brain activity and emotionality, compared with PS. In this respect one may speak of the predominance of PS only
over slow-wave sleep. However, there are no less convincing arguments in favour of the significance of SWS in the regulation
of different steps of storage of memory traces [48, 49, 61, 72, 110, 111, 126, 226]. Moruzzi [143] apparently had precisely
these arguments in mind when he pointed out the significance of SWS in the restoration of the synaptic apparatus involved in
the regulation of memory.
2. Another cause of particular importance in the development of views regarding the role of PS in the regulation of memory
must have been one of the popular propositions concerning the role of the hippocampus in the brain integrative activity.
Following the clinical observations of Bekhterev [14], Penfield and Milner [174] and Milner [135, 136] the view has gained
ground in neurobiology according to which the hippocampus plays an important role in the organization of those brain
processes owing to which the so-called short-term or recent memory converts into long-term [3, 43, 50, 129, 130, 166, 212,
217, 225]. Notwithstanding the contradictory and hard-to-analyse data obtained in the animal experiments dealing with the role
of the hippocampus in learning and memory processes, the above view is still widespread. In determining the functional
significance of PS those studies have been of special importance in which memory trace consolidation or other steps of
memory organization were related to the hippocampal theta rhythm [3, 50, 129, 130, 217]. It is in this aspect that special
attention has been attracted by the fact that the hippocampal theta rhythm develops most intensively in PS [58, 89, 165]. If
success in learning and memory trace consolidation processes is actually correlated with a pronounced hippocampal theta
rhythm, as is often maintained, it is then reasonable to assert that in the course of PS, when the hippocampal theta rhythm is
most intensive, the above processes, related to the organization of memory, should proceed at a high level. Since the
pacemaker mechanism of the theta rhythm is localized in the septum [64, 65, 139, 176, 177, 183, 218], the septo-hippocampal
system, which functions best in PS, is considered to be of almost crucial significance for the organization of memory [65, 218].
It should be noted, however, that the majority of facts derived, on the one hand from studies of the role of the septohippocampal system in the regulation of learning processes and memory, and, on the other, from studies of the significance of
the hippocampal theta rhythm in the consolidation of memory traces, do not fit into the above - indicated scheme. It has been
shown that neither lesion [see 80 for ref.] nor functional elimination [145] of the hippocampus have any marked effect on the
rate of learning and memory retention. Neither has the view on the specific significance of the hippocampal theta rhythm for
memory trace consolidation been confirmed, for lesion of the medial septal nucleus, leading to the disappearance of theta
rhythm both in wakefulness and in PS, does not delay the learning process. In the experiments of Nachkebia and Oniani [145]
distributed learning was studied by the method of acquisition of instrumental alimentary reflexes to two feeders, based on
sound discrimination. At the same time after each daily session, 2 h hippocampal functional elimination was effected by
evoking local bilateral epileptiform discharges. Such epileptiform discharges accounted for the hippocampal theta rhythm
depression not only between the electrical stimulation trials, but also long after the cessation of the stimulation session (for 2 h
and over). In these animals somnolence developed with long latency and, after the onset of sleep, the appearance of the first PS
was retarded. Thus, in these experiments both hippocampal theta rhythm depression and 5-6 h PSD after each learning session
were in evidence. Despite this, learning in experimental animals proceeded not a bit worse than it did in the controls. Thus,
these findings do not confirm the importance of the hippocampus, hippocampal theta rhythm, and PS in the organization of
learning and memory.
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Thus the premises on which the authors based their hypothesis of the significance of PS in the organization of learning
processes and memory are far from being convincing and cannot stand criticism. As to the factual material accumulated by the
proponents of the informational theory, a critical examination reveals flaws in it too. Jenkins and Dallenbach [81], who
discovered a facilitatory influence of sleep on the remembering of learned material, advanced an interference theory according
to which during sleep, in contrast to wakefulness, there is no interference in the information received before sleep by some
other information. Absence of interfering information should especially characterize not PS, but the slow wave phase of sleep
against whose background there develop dreams that could act as an interfering factor [214]. As a matter of fact, Yaroush et al.
[226], Fower et al. [61], Ekstrand et al. [49], Manov [126] have shown that the first half of an 8 h nocturnal sleep, when there
prevails deep slow sleep, has a more facilitatory effect on the remembering of material than the second half, when the amount
of stage 4 of slow sleep dramatically diminishes and PS prevails. Ekstrand et al. [49] explain this fact not from the position of
the interference theory but in terms of the so-called decay theory according to which forgetting occurs due to the destructive
effect of catabolic processes. As these processes are much lower during sleep than during wakefulness, the former acts as a
factor facilitating remembering. Yet it is very difficult to reject the interfering effect of the processes occurring in the PS
phases.
As indicated above, the brain activity in PS attains the level of active wakefulness [21, 23, 29, 52, 53, 78, 86, 151, 160].
Catabolic processes (if they can act as a factor of forgetting) should naturally occur more intensively in PS. Hence, viewed
from this standpoint, PS may contribute to forgetting rather than to remembering the information received by the brain.
One of the arguments advanced in favour of the interfering function of PS is its parallel development with memory in the
phylogeny of the animal kingdom [185]. Referring to the fact that PS and long-term memory [16] are lacking in fish and
amphibians and first appear in birds and mammals [2, 10, 17, 18, 36, 73, 74, 91, 97, 102, 124, 184, 186 - 189, 204, 209 - 211,
222 - 224], excepting echidna [6], Rojas-Ramires and Drucker-Colin [185] suggest a functional interrelation of these two
phenomena. At the same time, taking for granted the view that PS plays an extremely important role in memory trace
consolidation via regulation of protein synthesis, they come to the following conclusion: "The incorporation of these findings
to the consolidation on phylogeny of sleep and memory allows us to anticipate the following tentative interpretation: it is
possible that the mechanisms of macromolecular synthesis determine, through phylogenetic evolution, a relationship between
sleep and memory phenomena".
However, this obviously may not be the only conclusion. There is no doubt that due to qualitative changes in the internal
environment there emerged a necessity in homoiothermal animals for a more complex and refined regulation of the organism's
homeostasis in general and of brain homeostasis, in particular. Without this fine regulation, such an important function of the
brain as memory could apparently not have evolved. The sleep-wakefulness cycle - in the form it is found in mammals - should
be the result of an evolutionary perfection of the brain homeostasis which, in turn, is obligatory for the realization of all other
functions of the CNS. In this aspect, to single out any separate phase of the sleep-wakefulness cycle seems unjustified, for the
entire cycle acts as a functional unity in the regulation of homeostasis. Even a simple analysis of the Tab le adduced by the
authors to illustrate the ratio of the various phases of the sleep-wakefulness cycle in mammals shows the untenability of
singling out any one phase as being significant in the organization of memory. In this respect 24 h records of the sleepwakefulness cycle in different species of mammals (Table I) are particularly informative. As seen from the Table, by the length
of PS in 24 h records the opossum holds the first place, while man only the fifth. It can hardly be asserted that by the amount
and quality of information processing in general, and of processes of remembering, in particular, the brain of the opossum is
ahead of that of man or of any other species of mammals on a higher step of phylogenetic development. There is every reason
for an opposite conclusion.
Table 1. Comparative percentages of total amount of waking (W), slow wave sleep (SWS) and rapid eye movement
(REM) sleep in some mammals. (according to J. A. Rojas-Ramirez and R. R. Drucker-Colin [185])
Subject
Cat
Fox
Kangaroo
Cow
Opossum
Armadillo
Man

N
18
3
2
27
5
6
28

Duration of
experiment
(hours)
24
24
24
24
24
24
24

W
45.2
59.2
55.7
82.6
19.2
28.0
76.3

States SWS
39.3
30.8
38.5
15.8
76.7
59.0
28.5

REM
15.5
10.0
5.8
1.6
23.3
13.0
6.6

Reference
Sterman et al., 1965
Dellaire and Ruckenbusch, 1974
Astic and Royet, 1974
Ruckenbusch, 1974
Van Twyver and Allison, 1970
Van Twyver and Allison, 1974
Webb and Agnew, 1970

In defining the functions of various types of sleep the findings derived from the study of the formation of the sleepwakefulness cycle in ontogenesis may prove helpful. It was precisely the fact that PS appears as early as in the intrauterine life
of man and other mammals and prevails in early postnatal ontogenesis [60, 168, 175] that served as the basis of the theory of
its ontogenetic function [182, 205]. At the same time, the fact that in the course of postnatal ontogenesis the enhancement of
the informational work of the brain is paralleled by a decrease of the amount of PS, whereas the amount of slow wave sleep
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increases does not fit into the informational theory of sleep. Small wonder that the recognition of a functional relationship
between the organization of memory and PS is especially popular among psychologists rather than among neurophysiologists.
For it is precisely by neurophysiological facts that the theory of the informational function of PS is disproved. In this respect
symptomatic are the positions taken by such well-known experts in sleep neurophysiology as Mancia [125] and Jouvet [92].
While considering sleep as an instinctive behavior, Mancia [125] formulates one of his principal points as follows: "The
appetitive can be modified by learning, while the consummatory act is always "innate", in sleep it is easy to find a
neurophysiological confirmation to that statement in the observation that REM phase is the only type of sleep which can be
observed in intrauterine life and dominates the sleep pattern in newly born infants and animals. REM sleep progressively
decreases as learning processes increase to give space to NREM sleep. Therefore, the hypothesis seems reasonable that REM
sleep may be regarded as "innate" whereas NREM sleep increases in proportion to learning and sensorimotor development". In
discussing this statement one may argue about the qualification of different types of sleep as different phases of instinctive
behavior but not about the lack of correlation between the volume of informational work of the brain and the amount of PS.
Jouvet [92], considering the facts of the functional significance of PS, comes to the conclusion: "Finally, there has not yet been
any unequivocal showing that the selective suppression of PS results in a specific disturbance of learning or of long-term
memory since most of the experiments have used instrumental deprivation which induces many unspecific effects due to stress.
In adult men, the long-term suppression of PS with MAO inhibitors or with chlorimipramine does not seem to interfere with
any learning or memory processes".
In discussing the interrelations of memory and PS particular interest attaches to facts which deal with the dynamics of PS
during a deficit of information arrival in the brain. Such a situation obtains: (a) in animals with section of the brain stem [81],
(b) in animals with complete deafferentation sectioning of I, II, V, VIII, IX, X nerves and section of the dorsal spinal cord
[219], in these conditions PS, unlike SWS does not appear to undergo any dramatic changes.
Experimental study of the interrelationship between memory and sleep both in man and in animals was undertaken in two
directions; on the one hand, study was made of the effect of prelearning on the subsequent sleep-wakefulness cycle, and on the
other, of sleep deprivation on learning. Data obtained on man appear to be more: non-uniform and contradictory than those
obtained in animals. Thus, for example, Zimmerman et al. [227] described an increase in PS following tiresome learning with
the use of distorting glasses. However, Allen et al. [5] have not confirmed these data. Later on there appeared papers
supporting [27, 133] as well as rejecting [19, 83, 84, 144] the occurrence of PS increase in the post-learning period.
Nevertheless, a number of authors point out either a preferential significance of slow wave sleep [48, 49, 61, 72, 110, 111, 126,
226] or a significance of a functional interrelation between SWS and PS [110, 111] in the organization of verbal learning.
Bertini [19, 20], in summarizing the Basel symposium on "Information Processing and Learning during Sleep" at the First
European Congress on Sleep Research, comes to the conclusion that there are no convincing data on the significance of PS for
these processes.
In a critical appraisal of data on this topic, Webb [221], too, finds it impossible to come to a definite conclusion concerning the
function of sleep in general and, in particular its role in the organization of memory. In all probability, the reason for this is that
in the overwhelming majority of cases one or another phase of the sleep-wakefulness cycle was studied in isolation. Now,
deprivation of one or another phase inevitably leads to the substitution of one physiological state of the brain for another,
which can hardly be expected to result in any considerable disturbances in the brain integrative activity, in general, and a
disturbance in the organization of memory, in particular. This accounts for the circumstance that even in the case of prolonged
PSD under the influence of monoaminoxidase inhibitors no disturbances were noted in the mental sphere of human beings. In
some cases in man [227], and in the majority of cases in animals [see 220 for ref.] learning and especially sleep deprivation
were carried out in stressful situations which, causing as they do non-specific changes in the CNS, could substantially alter the
picture.
Most of the animal studies on the interrelationship of memory and sleep deal with the role of PS in the consolidation of
memory traces [57, 58, 169, 170], though there are some papers indicating its significance for the organization of other stages
of memory, such as remembering [108, 109]. Papers providing the results of studies on the effect of learning on the subsequent
sleep-wakefulness cycle in animals are scanty [34, 114, 123, 199], however, the data are more uniform in the sense that almost
in all papers PS augmentation under the influence of learning is reported. Yet there are some papers [101, 146, 191] indicating
the absence of such an effect. Since the effect was observed for 60-180 min immediately after the cessation of a learning
session PS augmentation is considered to coincide with the consolidation phase of memory traces. However, as these
experiments were mainly carried out on rats with acquisition of a defence reaction, it is difficult to rule out the effect of the
preceding highly emotional tension on the subsequent sleep-wakefulness cycle. In this respect it is more advisable to perform
animal experiments to study the effect of learning with food or drink reinforcement on the subsequent sleep-wakefulness cycle.
In our experiments on cats [146, 162], in the course of acquisition of instrumental alimentary reflexes, no changes were
observed in the PS amount after the learning sessions. A possible enhancement of the need for PS under the influence of the
preceding learning session was examined by us by another, as it seems to us, more refined technique. In particular, we induced
PSD by non-emotional awakening in both the control 5h sleep-wakefulness cycle and in cycles following the learning sessions.
In these conditions the number of PS onsets per standard unit of time may point to the change of need for this phase under the
influence of learning. And in the present case no evidence was obtained to indicate an increase of need for PS under the
influence of learning. Moreover, in these experiments, under a systematic selective PSD in a 6 h sleep-wakefulness cycle,
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acquisition of instrumental alimentary reflexes to two feeders based on sound discrimination was not found to be delayed
following each daily session (Fig. 1). Consequently, the lack of PS in that phase of memory organization in which the traces
should have consolidated did not slacken the rate of learning. This fact indicates that replacement of PS by a physiological
state in the sleep-wakefulness cycle not only fails to prevent but even has no retarding effect contrary to the statement, e.g. by
Fishbein and Gutwein [58] on the memory trace consolidation. Further, our experiments have shown that acquisition of
instrumental alimentary reflexes to two feeders with sound discrimination occurs in a normal way also when PSD is effected
by the water tank procedure for 5 h after each daily learning session (Fig. 2). Recording of the electrical activity of the neoand archipaleocortex as well as of the cardiac rhythm under conditions of the PSD water tank procedure reveals distinct
changes in the animal's emotional sphere (elevation of the hippocampal theta rhythm, increased cardiac rhythm, etc.).
However, in the subsequent period (from 17.00 p.m. to 10.00 a.m. of the following day), during which animals could sleep
normally till the next learning session, these changes completely level off.
If PSD via the water tank procedure takes the whole intersession period, and such a situation lasts for a few days, the
conditioned reflex activity then undergoes marked changes. At the beginning 48 h PSD does not affect the acquisition of
instrumental alimentary reflexes and conditioned signal discrimination after the third learning session attains almost 100 % in
both the experimental and control groups (Fig. 3). However, further continuous deprivation eventually impairs CS
discrimination up to its complete disruption. This appears to be the effect of some nonspecific factor rather than the result of
memory mechanism disturbance, for suffice it to allow the animals normal sleep for 24 h and CS discrimination recovers.
Thus, even prolonged PSD via the water tank procedure fails to affect tangibly the memory mechanisms. The observed
changes are, in all likelihood, due to changes in the emotional sphere and CNS excitability caused by the animal's long
exposure to a stressful situation.
The studies of the effect of PSD by the water tank procedure on the acquisition of the active avoidance task in rats contain
contradictory data: both impairment of learning [66, 170, 172, 202] and absence of the effect [4, 96, 193] as well as facilitation
of learning [34, 104, 178, 207] are described. These studies involved mainly proactive PSD and a daily learning session (120
or 150 pairings of a conditioned signal with electrical stimulation) immediately after PSD via the water tank procedure. Our
data, obtained in studies of the proactive effect of PSD, are in line with those of a majority of authors using the same
procedure. In the deprived animals the learning criterion was reached at a smaller number of pairings of conditioned and
unconditioned stimuli than was the case in the control ones (Fig. 6). This fact cannot, of course, be taken to indicate a negative
effect of PS on learning. Open field behavior study of rats easily detects the changes in the animal's emotional sphere which
result from PSD. Of these changes attenuation of fear (as evidenced by a decrease in defecation and urination) and
enhancement of motor activity must be especially important. In accordance with these changes the deprived rats show a better
space orientation, respond with more coordination to a conditioned signal, and are quicker learners of the avoidance reaction.
Of considerable interest for the evaluation of PS role in memory trace consolidation or conversion of short- into long-term
memory are the results of those experiments in which rats were given one session active avoidance training following PSD and
3 days later, during which the rats were allowed to sleep normally, they were tested for retention. During that time PS presence
in the sleep-wakefulness cycle of the rats apparently increased [37, 140] due to a rebound, and this increase coincided with the
memory trace consolidation phase. If this question is considered from the position [see 58] that PS plays a major role in
memory trace consolidation one should expect a better retention of a learned response in experimental rats as compared with
controls. However, in the retention test the control animals did not differ from the experimental (Fig. 7) despite the fact that
after pretraining PSD these latter learned avoidance faster than the former (Fig. 6). This finding indicates that PS augmentation
following a learning session does not have any considerable effect on memory trace consolidation, thereby casting doubt on the
significance of PS augmentation under the influence of pretraining learning [27, 114, 123, 199, 227]. Apparently, such PS
augmentation is due to other factors (e.g. overstrain during hard learning) and is not directly related to memory trace
consolidation processes.
In this aspect the most convincing facts were obtained in special experiments in which rats were given one-session active
avoidance training following 48 h PSD and then were divided into two groups. The first group was allowed to sleep normally
over the following 24 h and the second was subjected to further PSD for the same period. 24 h after the learning session all the
animals were tested for retention of the learned response. In this case the active avoidance acquisition was conducted under
similar conditions for all rats, but subsequently the situation was changed. Group I animals that slept normally during the
intersession period displayed an obvious increase of PS presence, whereas in Group II animals PS was completely absent
during that period. If it is borne in mind that the intersession time must embrace a considerable part of the consolidation phase,
the significance of the data obtained in the present experiment for assessing the role of paradoxical sleep in the conversion of
short- into long-term memory will become clear. Neither an increased presence of PS nor its absence in the consolidation
phase was found to affect the memory of an active avoidance response acquired during one-session learning. The fact that in
the testing session deprived rats reached the learning criterion quicker than those having a rest during the intersession period
can be explained by the changes in the animals' emotional sphere which, in turn, are due to a stressful situation attending the
water tank procedure [148]. This is supported by data on open field behavior in rats undergoing 24, 48 and 72 h PSD by the
water tank procedure (Fig. 22 - 24). Deprived rats exhibited increased motor activity in parallel with decreased fear reaction.
Such changes in the emotional sphere create a proper background for successful active avoidance learning.
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The experiments of Kovalzon and Tsibulsky [106] strongly support the suggestion that changes in the emotional sphere
resulting from PSD water tank procedure are due to a lack of the given phase of the stressful nature of this procedure. In their
experiments PSD was effected by electrical stimulation of the mesencephalic reticular formation with such parameters which
caused only non-emotional awakening of the animal. Such manipulations - conducted even for several days - were not found to
cause stressful changes revealed by the open field method. No changes in the emotional sphere were observed in cats if PSD
was given in the usual experimental chamber by the method of non-emotional awakening. These findings are not in line with
the viewpoint of Fishbein and Gutwein [58] that changes produced by the PSD water tank procedure should be considered as
resulting from the absence of the given phase of the sleep-wakefulness cycle rather than stemming from the stressful situation
intrinsic to this procedure.
If some factor affects the consolidation of memory traces, the effect must be most pronounced in its retroactive rather than
proactive influence [see 7, 82, 129, 130, 137]. From this it is natural to assume that PSD, too, may affect learning most
effectively when it is effected in the consolidation phase and not prior to it. However, our data obtained in studies of the posttrial effect of PSD on the acquisition of active avoidance reaction fail to reveal any specific significance of PS in learning. It
was ascertained that PSD, via the water tank procedure effected in the intersession period of active avoidance task learning, (a)
does not retard the acquisition of an alarm reaction (Fig. 11) and (b) tangibly facilitates the acquisition of first irregular
reactions of active avoidance (Fig. 12).
The deprived rats reach the criterion of optimal acquisition of avoidance reaction more rapidly (9 correct responses out of 10
trials) than do the control ones (Fig. 13). However, if PSD via the water tank procedure continues more than 72 h, then it starts
to have a negative effect on the acquired habits, which is, in all probability, the result of an accumulation of nonspecific
changes in the emotional sphere and CNS excitability produced by the stressful situation during deprivation.
Post-trial deprivation of PS does not retard the consolidation of memory traces even when it follows the termination of a oneday learning session. To elucidate this, two groups of rats were compared in our experiments. In the control group, in one-day
session the number of trials after which the animals reached the learning criterion was determined (9 correct responses out of
10 trials). 48 h later they were tested for the retention of the acquired reactions. In the experimental group the one-day session
was followed by 48 h PSD in a water tank. In the experimental group the retention of the acquired habit proved to be no worse
than it was in the control group. Moreover, in this respect, rats of the experimental group seemed to perform much better,
which is again explained by the attenuation of fear and enhancement of motor activity resulting from PSD.
Thus, the above-described findings by no means indicate that, in contrast to other phases of sleep, PS has some specific
relevance to learning and memory.
Most extensive experiments were carried out to study the effect of PSD on learning in a passive avoidance test [see 57, 58,
220]. This may apparently be explained by a number of circumstances. Firstly, a simple methodological procedure allows
simultaneous experimentation with a considerable number of animals, yielding an adequate body of data for statistical
treatment. Secondly, during passive avoidance learning one may readily differentiate from one another different steps of
memory organization and to induce at will either a proactive or retroactive effect of PSD. This is especially important in
studying this effect on the consolidation of memory traces.
It is not accidental that in analysing the results of a study of the effect of PSD on learning in a passive avoidance test almost all
investigators note a disturbance or retardation of the development of the memory trace consolidation phase [55, 56, 178, 190].
And thirdly, passive avoidance task learning reveals with particular clarity the significance of those nonspecific changes which
necessarily attend PSD via the water tank procedure. It is the evaluation of the significance of these nonspecific changes that is
the source of all differences in views concerning the role of PS in memory organization. As indicated above, these differences
are most fully reflected in the review articles by Vogel [220], Fishbein and Gutwein [58].
Analysing at length the data reported by the proponents of the consolidation theory of PS, Vogel [220] substantiates the view
that memory deficit resulting from PSD is actually due to changes in the emotional sphere which, in turn, are produced not by
a lack of PS but by a stressful situation attending the use of the water tank procedure. At the same time, he makes reference to
the papers in which a negative effect of stress on learning in a passive avoidance test is shown [22, 63, 181]. In Vogel's [220]
opinion these changes predominantly affect not the mechanism of retention or consolidation of memory traces, but that of
retrieval. In spite of this, in his review the nature of memory deficit under these nonspecific changes in emotionality remains
an open and debatable question. It was precise by this point that served as a bench mark for Fishbein and Gutwein [58] in their
second review of the data on the role of PS in the processes of learning and memory. This is what they say on this matter in
connection with Vogel's position: "In a recent review of the PSD literature Vogel [220] has presented a view that is both
consistent with our own position and contradictory. His position, and ours, is that PSD heightens central neural excitability and
affects motivational behavior by producing alterations in neurochemical and neurophysiological mechanisms. We differ from
Vogel in that we believe these alterations to be part of the mechanisms that underlie memory storage processes. Vogel, on the
other hand, implies that mechanisms subserving memory processing are separate and distinct from PSD-induced alterations in
neuronal excitability and changes in motivational behavior. We believe that they are inseparable.
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In our view our analysis casts doubt on the conclusion drawn by Vogel that "the weight of evidence indicates that ... the effects
of REM sleep deprivation on retention and on new learning remain unclear". In sum, experiments which have eliminated
sources of experimental variability all report consistent results: "PSD via the water tank procedure is selective and can result in
alterations in neuronal excitability, changes in motivational behavior, and amnesia of learned behaviors" [58, p. 433].
However, this is not precisely the case. Vogel [220] indicates clearly that memory retention, storage of memory traces and
conversion of short-term memory into long-term under PSD should not vary. In his view, changes produced by a stressful
situation under PSD via the water tank procedure must affect the retrieval of memory traces rather than their consolidation, as
stated by Fishbein and co-workers [55-59, 121]. These are certainly two different positions of interpretation of the foregoing
data. At present, in view of the accumulation of new evidence the picture becomes clearer. Thus, for example, in the opinion of
Fishbein [55], Segales, Domino [190], Linden et al. [121] PSD prior to the learning of a passive avoidance task has no effect
on the acquisition of the task and on long-term memory, whereas conversion into long-term memory is disturbed. Miller et al.
[134], as well as Kruglikov et al. [108, 109] have not confirmed this. Our experiments show that a preliminary 72 h PSD has
no marked effect on the long-term retention of the learned skill (habit) task. If in 72 h PSD deprived rats via the water tank
procedure electrical shock is applied in the experimental chamber for testing passive avoidance, they, like the control ones,
avoid this situation not only after a few hours but also 24 and 48 h within the application of shock (Fig. 21). This fact is quite
understandable from the position of the significance of nonspecific emotional changes produced by a stressful situation
resulting from PSD the water tank procedure. Our experiments in which we studied the behavior of rats deprived in open field
show that in 24-48 h of a normal sleep-wakefulness cycle these changes completely level off (Fig. 23); naturally they cannot
act as an interfering factor when the retention of the acquired skill (habit) task is examined. Thus, it may be concluded that a
preliminary PSD, even via the water tank procedure, has no effect on the conversion of short-term memory into long-term.
Understandably, the post-trial action of PSD on learning and memory proves to be more effective in the passive avoidance test.
Relevant data in the literature are more uniform [see 58]. Thus, the majority of authors indicate that PSD via the water tank
procedure following learning in a passive avoidance test disturbs memory. However, it is essential to note that in all of these
papers memory is considered to be disturbed if the deprived rats, in contrast to the controls, do not reach 5 or 10 min criterion,
i.e. if it takes them 5 or 10 min to penetrate from the light (safe) compartment into the dark (dangerous) compartment of the
experimental chamber. Unfortunately, almost no or insufficient attention has been paid to the way the latency alters during
penetration into the dangerous compartment in the deprived rats, as compared with the latency before the application of
electrical shock.
In analysing our experimental data the following points attract attention: 1. Part of the animals in which the application of
electrical shock was followed by 24 or 48 h PSD do not reach the 5 min criterion of staying in the safe compartment of the
experimental chamber for studying the memory of passive avoidance task. However, the percentage of such animals is smaller
following 48 h rather than 24 h PSD (Fig. 15). Characteristically enough, not all control rats reach this criterion. 2. In all
animals which, following both 24 h and 48 h PSD, fail to reach the above criterion there is a sharp increase in the latency of
penetrating the dangerous compartment from the safe one, as compared with the latency before the application of an electrical
shock (Fig. 16). Moreover, this increase was more pronounced following 24 h rather than 48 h PSD (Fig. 16A) than following
48 h (Fig. 16B), though in the latter case, too, it is statistically highly significant. The only conclusion one can come to in
analysing these data is that the increase in the latency of penetration into the dangerous compartment in both deprived and
control rats is due to the retention in memory of the electrical shock received in the dangerous compartment. 3. This conclusion
is confirmed by visual observations of the rats' behavior: they show signs of fear when they are in the safe compartment, and
especially, when entering the dangerous part of the chamber. 4. Rats (both deprived and control), reaching the 5 min criterion
of staying in the safe compartment, in the experimental chamber show higher motor and exploratory activity, compared with
the rats which reach this criterion. It appears that PSD results in the enhancement of motor activity, attaining an optimal level
following 48 h deprivation (Fig. 23), though it is markedly pronounced after 24 h deprivation too. Data on open field behavior
studies reveal that, apart from the enhancement of motor and exploratory activity, PSD via the water tank procedure causes
attenuation of the fear reaction. All this might cause the deprived rats to be bolder in entering the dangerous part of the
chamber in spite of retention in memory of the electrical shock received there. A clear competition is observable here between
the reaction of fear, which for some reason is attenuated as a result of PSD via the water tank procedure, and the exploratory
activity, which is strongly increased in deprived rats. This competition results in the final resolution to penetrate into the
dangerous compartment rather than in a disturbance of memory mechanisms in general, and conversion of short-term memory
into long-term, in particular, or a disturbance of the stability of the latter [see 58]. From these facts it is also evident that PSD
does not disturb the retrieval of memory traces either.
If the increase of CNS excitability [31, 32, 167] may be assumed to be the neurophysiological basis of enhancement of the
motor and exploratory activity under PSD via the water tank procedure, then the neurophysiological basis for attenuation of the
fear reaction remains unclear. It may be only conjectured that under such experimental conditions attenuation of fear seems to
be rather an accessory phenomenon related to the transfer of the animal from a highly stressful situation, in which the fear
reaction is on a high level, to a less stressful one, in which this reaction attenuates drastically and the animal is rendered bolder
than usual. It may be also supposed that in a highly stressful situation a fear reaction becomes habituated, as it were, the
threshold for its evocation increases and, after the animal's transfer to a less stressful situation, the environmental elements
appear to be ineffective in the sense of evocation of a fear reaction.
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To elucidate the question as to what accounts for the above described shifts in the emotional sphere, i.e. a stressful situation
attending the use of the water tank procedure or PSD proper, special significance attaches to our data obtained on cats. As
indicated above, deprivation of PS in cats through non-emotional awakening did not entail the changes (enhancement of brain
excitability, hyperphagia, aggressiveness, etc.) that are observed during PSD via the water tank procedure. It may be
conjectured that at the use of PSD, not resulting in a stressful situation, no changes will be observed in the emotional sphere. In
this connection, reference should be made to the papers of Kovalzon and Tsibulsky [106]. In their experiments PSD via
electrical stimulation of the RF did not cause alterations in the rat's emotional behavior.
In elucidating the role of emotional shifts produced by PSD via the water tank procedure in the alteration of the rats' behavior
in the experimental chamber as tested for passive avoidance our results obtained from studies of pairing of PSD with rest are
worth noting. As described above, rats which, following electrical shock, had been subjected to 24 h (Fig. 17) or 48 h (Fig. 18)
PSD and in the subsequent 24 h period had been allowed a normal course of the sleep-wakefulness cycle, when tested for the
retention of the habit did not differ from the controls, whereas at reverse pairing of rest and PSD, they behaved in the same
way as the animals deprived without a preliminary rest. Thus, neither 24 h nor 48 h PSD has a marked effect on the rats'
behavior in a passive avoidance test, if after deprivation time is afforded for the leveling off of the changes in emotional sphere
which result from a stressful situation. And conversely, if such shifts in the emotional sphere are produced by PSD via the
water tank procedure given after enough time for the memory traces to be consolidated (24 and 48 h), they behave in the same
way as the deprived rats without a preliminary rest. This implies that the emotional shifts produced by PSD via the water tank
procedure do not disturb the consolidation of memory traces, but do alter the rats' behavior after the memory traces have been
consolidated. This inference is supported by data obtained from studies of the effect of 48 h and 72 h PSD paired with a 5-6 h
rest on the rats' behavior in the chamber for checking passive avoidance. Following PSD, a 5-6 h, rest with the maintenance of
quite wakefulness was enough for the experimental rats to behave in the same way as the control ones (Fig. 20). In this case,
too, recovery of behavior is related to the passing of the changes in the emotional sphere (Fig. 24). This fact directly indicates,
first, that the changes in the emotional sphere are related to a stressful situation in the deprivation chamber and not to PSD per
se (since a strong demand for PS is fully maintained even after a 5-6 h rest) and, second, that neither PSD nor the changes
produced by it in the emotional sphere retard the consolidation of memory traces, conversion of short-term memory into longterm, or stabilization of long-term memory traces.
In evaluating the changes in the emotional sphere produced by PSD via the water tank procedure it is particularly noteworthy
that under these conditions learning of active avoidance is facilitated and retrieval of the learned passive avoidance task seems
to be hindered. If PS played a specific role in the organization of learning and memory, then its deprivation would equally
hinder the acquisition of a conditioned habit of both active and passive avoidance. The variously directed effect of one and the
same change in the emotional sphere on the learning of the two different tests is rendered quite understandable if one bears in
mind that enhancement of motor- and exploratory activity arid attenuation of the fear reaction provide a good background, on
the one hand, for the acquisition of active avoidance and on the other, for the shortening of the latency of penetrating into the
dangerous compartment of the experimental chamber from the safe, one in testing for passive avoidance. In this connection it
is interesting to note that Levin and Brush [118] and Levin [117] have demonstrated that stress may facilitate active avoidance
learning.
The absence of PSD effect on learning and memory does not at all imply that this state of the brain has no significance for the
organization of mental processes in general, and learning in particular. However, the method of deprivation, changing one
physiological state in the sleep-wakefulness cycle to another, apparently fails to reveal the part played by one or another phase
in mental processes. There appears to be no qualitative difference between wakefulness and PS. Even those structures of the
brainstem RF which were earlier regarded as triggering PS [13, 25, 26, 68, 75-77, 127] are activated in PS and in active
wakefulness on an equally high level [23, 29, 132, 194-197]. When PS is deprived, the latter is mainly replaced by wakefulness
[163, 164]. In this respect the slow wave phases may hold a special place, but it is so far difficult to speak about the qualitative
differences delimiting this state from others. One may definitely speak only of the attenuation of the interference of
information received by the brain in SWS - as compared with wakefulness and PS - with some other information that may
arrive in the brain after it. Neurophysiological findings show that the activity of the brain in SWS fluctuates less than it does in
wakefulness and PS [160]. This especially concerns the structures involved in the system of wakefulness which must be the
main links of regulation of informational processes, for it is precisely during wakefulness that the bulk of information
(especially on the events of the external world) arrives. Attenuation of interfering influences should be particularly important
in the phase of memory trace consolidation. For it is just this phase that is most susceptible and vulnerable of all the phases in
memory organization [82, 129, 130, 137, 157, 158]. If the realization of one or another step of memory organization re quires a
high level of brain activity, and particularly of the structures of wakefulness, then such physiological states as wakefulness and
PS do not differ in this respect from each other. This is evidenced best by the results obtained in studies of the dynamics of
neuronal activity from the mesodiencephalic structures of the wakefulness system in the sleep-wakefulness cycle [153, 155,
157-160]. They indicate that neuronal activity of these structures is at its highest during active emotional wakefulness and in
the emotional stage of PS, their neuronal activity substantially attenuating in SWS. It is important to note that neuronal activity
of the mesodiencephalic activating structures (i.e. structures involved in the system of wakefulness) during wakefulness and PS
fluctuates equally within a wide range, while in SWS the degree of this fluctuation diminishes dramatically. In SWS, neuronal
activity of the sleep system is augmented, compared with wakefulness and PS, but the augmentation proceeds monotonously,
so that, figuratively speaking, this physiological state differs from other states by the diminution of the "noisiness" of the brain.
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The position that consolidation of memory traces and conversion of short-term memory into long-term is the function of PS is
often argued by reference to neurochemical findings as well [58], according to which it is precisely in PS [44, 45] that the
protein content in a perfusate from the brainstem reticular formation attains its peak [44, 45]. However, in these studies other
states are usually compared with quiet non-emotional rather than with active emotional wakefulness, PS being the letter's
analogue in terms of the level of brain activity. There is evidence that PSD affects the incorporation of amino acids into the
brain proteins [see 58], but this can be readily related to those non-specific changes in the emotional sphere that attend PSD via
the water tank procedure. That the inhibition of protein synthesis is paralleled by a disturbance of conversion of short-term
memory into long-term and suppression of PS cannot serve as a convincing argument in favour of the informational function of
the latter [30, 173, 200, 203]. In such experiments it is important to study in the first place, how the sleep-wakefulness cycle is
altered as a whole. If there is an increase in the amount of wakefulness this is quite enough for the suppression of PS. As to the
disturbance of consolidation of memory traces and conversion of short-term memory into long-term, for this to occur inhibition
of protein synthesis in wakefulness is no less important than it is in PS. Yet, the major fact against the above arguments is that
PSD does not result in the disturbance of consolidation of memory traces underlying the conversion of short-term memory into
long-term. This is clearly indicated by the facts described in the present paper.
In this respect, reference to the role of brain transmitters in the organization of memory and to their dynamics in different
physiological states [see 58] seems unconvincing. Both acetylcholinergic [99, 100] and catecholaminergic synapses [15, 107,
115] may play an important role in the organization of memory (otherwise it is hard to conceive the work of the brain required
for this function). However, beaming in mind the dynamics of the number of relevant transmitters in the sleep-wakefulness
cycle, it is barely reasonable to speak of the preferential role of PS in this aspect. After all, these systems operate intensively
not only during PS but during wakefulness as well [21, 62, 85, 86, 120]. At the same time if one bears in mind that the state of
wakefulness holds a more prominent place in the cycle both in volume and in significance, then the illogicality of the above
reasoning will become clearer. In this relation paramount importance attaches to the fact that the brain system of wakefulness
shows equally high activity both in wakefulness and in PS. Even such a specific structure as the locus coeruleus, involved in
the regulation of PS, judging from its neuronal activity [29], functions equally efficiently during wakefulness and PS. Does not
this speak in favour of the identity of the work of the relevant transmitter (noradrenaline) system in the phases of wakefulness
and PS?
In conclusion, it may be observed that so far there is no convincing evidence on the specific role of PS in the regulation of
learning and memory. The results obtained by the method of PSD unfortunately give a negative answer to this question. The
data presented here, however, do not provide a conclusive answer either. PS is so rich in both physiological and psychical
content that it must certainly participate in the regulation of learning and memory. But what is its specific role? Does its
function differ in this regard from that of other phases, and especially from the function of wakefulness? These points,
unfortunately, still remain obscure. Perhaps, in this respect, too, the sleep-wakefulness cycle should be considered as a
functional entity in which each has its place, all of them being intimately interrelated, to study the specific role of one of them
is extremely difficult. Differentiation of the functions of wakefulness and PS in terms of their participation in the consolidation
of memory traces and conversion of short-term memory into long-term remains the most difficult problem.
Recently authentic experimental data have been reported on the role of PS in the long-term storage of memory traces by way of
retrieval of past experience in the form of previously elaborated conditioned reflexes (see in the present volume p. 214).
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