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Summary
The investigation of the role of hippocampus in the elaboration of instrumental spatial sound discrimination to
two feeders, in the many trial test, was carried out in cats. The procedure of experiments was conducted so, that
the main attention was devoted to the clearing of significance of this structure in the consolidation of acquired
information. To this aim a comparison of control animals was made to experimental ones, in which a reversible
functional inactivation (RFI) of hippocampus by means of repetitive local epileptiform discharges were induced:
(a) - before the onset of daily series of elaboration - proactive RFI, (b) - after the end of daily series of
elaboration - retroactive RFI, (c) - with 1 min interval after each pairing of conditioned and unconditioned
signals, (d) - with 25 sec interval after each pairing, (e) - just immediately after the each pairing. The results of
these series of experiments were different; in the case of (a) and (b) the dynamic of elaboration of spatial task
was approximately the same as in control animals, but in the case of (c), (d), (e) a significant enhancement of
spatial discrimination learning was evident. A critical participation of hippocampus in the consolidation of
memory traces is questioned and the possible significance of this structure in the short -term process, which
precedes the consolidation of acquired information, is discussed.
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Introduction
The fact that the hippocampal formation and closely related afferent structures play a crucial role in certain types of learning and
memory has become known after clinical investigation of a patient suffering from severe anterograde amnesia as a consequence of
a bilateral surgical removal of the medial temporal lobe for the treatment of epilepsy (Scoville and Milner 1957). Indeed the patient
had virtually normal short term or working memory, however, he was lacking the mechanism for the transfer of information into
the long- term storage. Similar results have been obtained later on the patients with the lesion restricted to the hippocampus (ZolaMorgan et al. 1986; Rempel-Clower et al. 1996). The authors of these works assumed that it is the hippocampus that is largely
responsible for the disturbances of memory during the lesion of the medial temporal lobe. As a confirmation to this served the
demonstration in normal subjects of activation in hippocampus during coding of verbal and visual information (Squire et al 1992;
Nyberg et al. 1996; Stern et al. 1996, Fernandez et al. 1998). Clinical data of Scoville and Milner about the crucial role of the
hippocampus in the formation of memory had been the premises for further multidirectional, comprehensive study of this problem
in various species of animals, with the application of different methodical approaches (see: O`Keefe and Nadel 1978, Gray 1982,
Squire 1992). As a result ample but essentially contradictory experimental material has been obtained and numerous theoretical
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ideas have been formulated about the possible functions of hippocampus - of this mysterious archipaleocortical structure. At
different times the function of hippocampus was considered its involvement in such complex forms of behavior as some aspects of
motivation and emotion (Papez 1937, Kluver and Bucy 1939, McClean 1949, Isaacson 1976, Oniani 1980), external and internal
inhibition (Douglas 1967, Kimble 1968), formation of structure and content of paradoxical sleep (Greenberg et al. 1968, Kim et al.
1975), detection of familiarity (Gaffan 1974,1977), Pragmatic uncertainty (Simonov 1972), novelty (Vinogradova 1975), exception
of inappropriate stimuli (Solomon 1977; Moore 1979), spatial planning (O`Keefe and Nadel 1978, Nadel 1991), spatial working
memory (Olton et. al 1978, Olton 1979), detection of non reward (Gray 1982), formation of associations among sets of spatially
and temporally disparate cues (Sutherland and Rudy 1989), compression and differentiation of representations (Gluck and Myers
1993, O'Reilly and McClelland 1994), coding an egocentric representation of visible landmarks (McNaughton et al. 1989),
retention of a cognitive map of navigation (Morris et al. 1982, 1990), consolidation of memory traces (Scoville and Milner 1957,
Barcik 1970, Lidsky and Slotnick 1971, Zornetzer et al. 1974). It is natural that non of the brain structures is in a position to fulfill
simultaneously all this functions. In this case "nothing will be left for the rest of the brain" (Vinigradova 1975). It should be noted
that many of the aforementioned theories and hypotheses relied on studies of the role of hippocampus in one or another form of
learning and memory with the application of the method of electrolytic lesion or surgical removal of this structure. The data of the
studies of behavioral effects of hippocampal lesion are rather abundant. They have been collected and summarized in special
reviews (Isaacson 1976, O`Keefe and Nadel 1978, Gray 1982, Squire 1992). Their discussion is not a primary purpose of the
present work. It will be only mentioned that the application of method of lesion or surgical removal with the aim of understanding
of functional significance of any structure has quite a number of restrictions, which would be considered in the discussion of the
results obtained. In this aim it is more adequate to use the method of reversible functional inactivation (RFI) of different brain
structures since: 1.it may be applied prior to, during or after learning or retrieval trials, 2 it can be varied in duration and intensity,
3. process is reversible, the brain remains undisturbed after the cessation of the procedure or for some time after it, and 4.such an
approach makes it feasible to add chronologic parameters to the topographical ones. In different studies with the aim of RFI,
various methodical approaches were used (see Ambrogi Lorenzini et al. 1999). Among them more appropriate seems the induction
of local EEG epileptiform discharges by means of the threshold electrical stimulation. For the application of this method the most
relevant structure is the hippocampus, which represents the epileptigenic structure of the brain, has a distinct orderly inner
structure, is divided into fields and segments, between which during normal functioning there is a coordinated interaction. During
the development of the seizure activity the internal coordination between the hippocampal fields and segments is disrupted as a
result of which it becomes incapable to fulfill the functions performed in normal conditions. Indeed, this is eqiupotent to the
functional inactivation of the structure (Nachkebia and Oniani 1985, Oniani and Nachkebia 2001). However the application of
described method of RFI requires great accuracy since, as was demonstrated by earlier experiments, the effects of electrical
stimulation of the hippocampus on learning and memory in many respects depend on the threshold of the stimulation applied; Any
slightest inaccuracy contributes to the accumulation of contradictory results and complicates the verification of the function of this
structure in a complex and many faceted process of learning and memory. Thus, for example while studding the effect of lowfrequency electrical stimulation of the hippocampus (not eliciting in it epileptiform discharges) on learning of different kinds of
tasks, both impairment (Wayers et.al. 1968, Brumner et al. 1970, Lidsky and Slotnick 1970, Vardaris and Schwartz 1971,
McDonough et al. 1971, Haycock et al. 1973, Sideroff et al. 1974) and improvement (Landfield et al. 1973, Destrade et al. 1973,
Soumireu-Mourat et al. 1975, Destrade and Jaffard 1978) have been obtained. Contradictory are also the results derived from
studies of effects of electrical stimulation of the hippocampus eliciting epileptiform discharges. There were reported an impairment
(Wayers et al. 1968, Kesner and Doty 1968, Barcick 1969, Lidsky and Slotnick 1970, 1971, Shinkman and Kaufman 1972,
Soumireu-Mourat 1975), lack of effect (Chow 1961) and facilitation of learning (Stein and Chorover 1968, Erickson and Patel
1968) in this. The reason for such contradictory results might be the difference in the task to be learned, in the species of animals or
else in the correctness of the performed experiments. Nevertheless, in spite of the type of task, in any case of learning the processes
of formation of long term memory traces occur in the well known sequence of fixed stages - perception of conditioned and
unconditioned stimuli, fixation/consolidation of received information and its consecutive retrieval. If normal functioning of
hippocampus is necessary for the formation of memory traces, than its RFI in the initial phases of learning should cause the
interference with the process of consolidation and lead to a deficit of storage of the learning task. Such is the logic of
investigations, revealing impairment of learning following the threshold electrical stimulation of the hippocampus
Taking into account all the aforesaid, our experiments concerning with the study of the effect of RFI of hippocampus on the
elaboration of instrumental spatial sound discrimination with food reward, were designed in such a way, that the attention was
largely focused on determining of the role of hippocampus, played namely in the consolidation of memory traces. It is known, that
in multi-session learning the consolidation phases coincide with the inter session and inter trial intervals. Relying on this, we have
undertaken a study of the effects of: 1.Proactive RFI, 2. Retroactive RFI, and 3.Short-lasting RFI of the hippocampus after each
pairing of conditioned signals with food reward. With a view of excluding the secondary effects, in all series of experiments,
special study was made of the animals' general behavior, food motivation and sleep-wakefulness cycle (SWC).
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Methods
Animals, adaptation. Experiments were carried out on 25 mature cats of both sex. Before the onset of investigations animals were
adapted to the experimental cabin and their general behavior were checked. The amount of daily food intake was also measured.
Later on the cats were selected for the experiments which had been easily adapted to the experimental cabin, had a good appetite
and were not distinguished by aggressiveness or apprehensiveness, i.e. were steady.
Surgery and implantation of chronic electrodes. Surgery was made under Nembutal anesthesia (35mg/kg). Metallic electrodes
(150 - 200 µkm in diameter) were stereotaxically implanted in hippocampus, amygdala and various parts of neocortex sensorimotor, visual, auditory. The coordinates of cat's brain atlas of Jasper and Ajmone-Marsan (1954) were used. After surgery
there was a special care for the animals. Experiments were started after their recovery, with 6-7 day interval after surgery.
Test and procedures of learning. Animals were conditioned in the test of elaboration of instrumental spatial sound discrimination
to two feeders with food reward. Learning was processed in a special experimental cabin, consisting from two part (Fig.1). Rear
part of the experimental cabin, with the area of 0.3 m2 served as the starting box where the animals were kept in the inter trial
period. In the front part with area 1 m2 outside at the front side-walls feeders were placed from which the animals received food
reward by raising of suspended door. Tone of 500 Hz served as a conditioned signal for one feeder, and clicks - for other. In
response to the former, the animal was expected to go to the right, in response to the latter, to the left. The source of sound was
placed on the top of front wall at the very ceiling of experimental cabin. 5 sec after the onset of one or the other conditioned signal
the door of the starting box was opened and the animal was allowed to perform the food- procuring behavior. The conditioned
signals were given accidentally. As soon as the animal took the food reward the conditioned signal used to be interrupted. A tenfold pairing of each conditioned signals with food reward were made in one of the learning session. After reaching of 100% level
of correct responses for four consecutive days, learning was finished.

Figure 1. Floor plan of
experimental
cabin
for
elaboration of instrumental
spatial sound discrimination.

Control group. The control group consisted of a 10 intact cats in which the rate of elaboration of instrumental sound discrimination
to two feeders with food reward was measured. The mean measurements, obtained from these cats served as a control values for
the all experimental groups.
Electrical stimulation of hippocampus. The dorsal hippocampus was stimulated by rectangular pulses from a generator of highfrequency output. Stimulation parameters for inducing of hippocampal local epileptiform discharges were selected for each cat.
The stimulus frequency was usually 200 Hz, duration - 0.1 msec and the intensity varied within a considerable range (from 3 to 6
V). Registration of electrohippocampogramm was made from the dorsal and ventral parts of contralateral hippocampus.
Procedure of experiments. 1. The study of influence of proactive RFI of hippocampus on the elaboration of instrumental spatial
sound discrimination. In this series of experiments, on 5 cats a threshold of local epileptiform discharges was measured at first
(Fig. 2). On the second day, before the onset of elaboration, repeated daily electrical stimulation, with 2 - 3 min intervals, was
applied to the hippocampus, inducing local epileptiform discharges. Such a procedure lasted totally about 2 hours in a day. After
this procedure was finished, the daily session of elaboration was started. All of this was repeated every day, until the reaching of a
100% level of correct responses. 2. The study of influence of retroactive RFI of hippocampus on the elaboration of spatial sound
discrimination. In this series of experiments, animals (5 cats) was given 20 pairing of conditioned and unconditioned signals in a
day and just after the end of last pairing, repetitive threshold stimulation of hippocampus with 2 -3 min intervals was begin. Such a
procedure was continued every day until the reaching of a 100% level of correct responses. 3. The study of influence of RFI of
hippocampus, after each pairing of conditioned and unconditioned signals, on the elaboration. In this series of experiments were 3
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groups (5 cats in each). In the first group RFI of hippocampus was evoked in a 1 min, in the second group in 25 sec and in the third
- just immediately after each pairing of conditioned signals with food reinforcement.
Morphological control. To specify the localization of deep electrodes after the termination of experiments direct current (20 mA
for 20 sec) was passed through them and fixation of the brain was made by perfusion of neutral formalin through the carotid artery.
The above surgery was made under Nembutal anesthesia (35 mg/kg). For further fixation the brain was removed from the skull and
was placed for some days again in neutral formalin. Then the exact localization of deep electrodes was determined in frontal serial
sections.

Figure 2. Typical picture of local epileptiform discharges
induced by hippocampal electrical Stimulation.
Leads: 1 - sensorimotor cortex, 2 - auditory cortex, 3 - visual
cortex, 4 - amygdala, 5 - hippocampus. Parameters of electrical
stimulation - 5 V, 200 Hz, 0,1 ms. Callibration - 200 µV, time
- 2 sec.

Data processing. The data were treated statistically. Mean values were calculated, their standard deviations and the validity of
difference in the above mean values were checked by Student's t - test.

Results
1. General behavior of experimental animals. In all of five series of experiments, with RFI of hippocampus by means of repetitive
threshold electrical stimulation, a special observation of general behavior and daily food intake of the experimental animals was
made. It was seen that during the electrical stimulation there was an arrest reaction, which disappear as soon as the electrical
stimulation of hippocampus was seized. After stimulation, sometimes, animals used to become more active than control ones but
this activity was disappeared until the onset of subsequent pairing of conditioned and unconditioned signals. All of this lets us to
conclude that the RFI of hippocampus by means of repetitive induction of local epileptiform discharges in it, doesn't produces a
significant changes of general behavior of experimental animals. A mean amount of daily food intake was also unchanged.

Figure 3. Influence of repetitive proactive RFI of
hippocampus on the elaboration of Instrumental spatial
sound discrimination.
Legend: light columns - findings of control animals, gray
columns - findings on experimental ones.

2.Influence of proactive RFI of hippocampus on the elaboration of instrumental spatial sound discrimination. A comparison of
dynamics of elaboration of instrumental spatial sound discrimination within experimental and control animals has shown, that in
the first three learning sessions experimental animals were significantly late by the percentage of correct responses (Fig. 3, I p<0.05, II - p<0.01, III - p<0.02). Despite of this, a 100% level of correct responses was reached at the fourth learning session for
both groups. Such a result indicates that a proactive RFI of hippocampus has a stronger effect on the elaboration of generalization
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of instrumental alimentary reflexes than, on subsequent discrimination of conditioned signals. Such a conclusion follows from the
supposition that in the case of two choices, the level of 50% correct responses indicates, that sound stimuli acquire a signal
meaning, so the choice of feeders is quite random, whereas the further increase of correct responses must reflect discrimination of
conditioned signals.
3.Influence of retroactive RFI of hippocampus on the elaboration of instrumental spatial sound discrimination. The retroactive
RFI of hippocampus has the same effects on the elaboration of instrumental spatial sound discrimination as the proactive one.
Namely the conditioning of indicated task in experimental animals was significantly retarded in the second and third sessions
(Fig. 4 II - p<0.01, III – p<0.05), but thereafter this differences in the level of correct responses disappears. Animals of both groups
(control, experimental) achieve a 100% level of discrimination in the fourth learning session.

Figure 4. Influence of repetitive retroactive RFI of
hippocampus on the elaboration of Instrumental spatial
sound discrimination.
Legend: light columns - findings of control animals, gray
columns - findings on experimental ones.

4.Influence of RFI of hippocampus with various intervals after each pairing of conditioned and unconditioned signals on the
elaboration of instrumental spatial sound discrimination. In this series the experiments were performed on three groups of
animals. In the first, RFI of hippocampus were elicited with 1 min, and in second one - with 25 sec delay after each reinforcement.
In the third group, RFI of hippocampus was made just immediately after each reinforcement. It appeared, that in all of these cases
there was a significant facilitation of spatial sound discrimination learning. In the case of induction of RFI of hippocampus with 1
min delay after each trial (Fig. 5) a 100% level of correct responses was achieved on the third day while in the animals of control
group the same level was reached on the fourth day. In this case the percentage of correct responses of experimental animals in
comparison of control ones was raised from the first experimental day.

Figure 5. Influence of RFI of hippocampus induced with
1 min intervals after each Pairing of conditioned and
unconditioned signals.
Legend: light columns - findings of control animals, gray
columns - findings on experimental ones.

Facilitating influence of RFI of hippocampus on the elaboration of spatial sound discrimination was strengthened with shortening
of intervals between each learning trial and the onset of electrical stimulation of hippocampus inducing, RFI of this structure. Fig. 6
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represents the dynamics of learning processes in a case of RFI of hippocampus with 25 sec intervals after each pairing of
conditioned and unconditioned signals. The facilitation of elaboration was evident in all learning sessions and such an influence
was expressed stronger than in the preliminary series of experiments (Fig. 6, I - p< 0.05, III - p< 0.01).

Figure 6. Influence of RFI of hippocampus induced
with 25 sec intervals after each Pairing of conditioned
and unconditioned signals.
Legend: light columns - findings of control animals, gray
columns - findings on experimental ones.

A most significant facilitation of elaboration of instrumental spatial sound discrimination was observed in the case of eliciting of
RFI of hippocampus just immediately after each pairing of conditioned and unconditioned signals. The results of these experiments
are presented on Fig. 7. A 100% level of correct responses was achieved on a third day in this case too, but on a first and second
days of experimental work there was a more pronounced improvement of elaboration of instrumental spatial sound discrimination
than in preliminary two experimental groups (Fig. 7, I - p<0.001).

Figure 7. Influence of RFI of hippocampus induced
just immediately after each Pairing of conditioned and
unconditioned signals.
Legend: light columns - findings of control animals, gray
columns - findings on experimental ones.

5. Influence of hippocampal RFI with various intervals after each pairing of conditioned and unconditioned signals on SWC.
There were four groups in these series of experiments. In the first group were included the operated animals with implanted chronic
metallic electrodes. In these animals, until the onset of everyday sessions of elaboration of spatial sound discrimination with food
reward, registration of SWC with 5 hour duration - from 12 h in the morning up to 17 h in the evening - was made. The time period
from 10.00 up to 12.00 in the morning were engaged by procedure of elaboration with electrical stimulation of hippocampus,
eliciting the RFI of given structure. Learning sessions with RFI of hippocampus after various intervals from each pairing of
conditioned and unconditioned signals were started after the establishment of stable baseline picture of SWC. After the end of the
last combination of pairing with hippocampal electrical stimulation, leading to RFI of this structure, just immediately registration
of SWC with same duration was made again. Such a procedure was continued every day, until reaching of a 100 % level of correct
responses.
In the second group, animals were conditioned in a task of spatial sound discrimination with food reinforcement and after the end
of everyday learning session, registration of SWC with indicated duration as in animals of the first group, was started.

11

In the third group there was made only electrical stimulation of hippocampus, leading to RFI of this structure. An interval between
the subsequent electrical stimulation was equal to 2-3 min. Period of stimulation was equal to 2 h. After the last stimulation was
end registration of SWC was started.
It appears, that in the case of RFI of hippocampus, after various intervals from each pairing, the structure and percentage of
different SWC phases undergoes to significant changes. Sleep onset latent period was shortened. The incidence of wakefulness
phases was decreased approximately 4 times. Mean rate of SWS and PS was increased sharply. Significant changes were checked
in the percentage of different SWC phases for total period of registration. Whole amount of wakefulness decreased approximately
3 times. It equals approximately 40 % in baseline and in the case of RFI of hippocampus after each pairing of conditioned and
unconditioned signals, was diminished significantly, occupying only 13 % from total registration time. Total amount of both SWS
and PS was augmented significantly (Fig. 8B).

Figure 8. The influence of RFI of hippocampus on the
percentage of SWC phases.
A - baseline values, B - effect of RFI of hippocampus just
immediately after each pairing of conditioned and
unconditioned signals on the SWC, C - influence of
learning session on SWC, D - effect of repetitive electrical
stimulation of hippocampus, eliciting local epileptiform
dischanges in it, on the SWC.

During studding of influence of elaboration of spatial sound discrimination with food reinforcement on the SWC (second group)
there was shown that the structure and percentage of different SWC phases does not undergo to significant changes (Fig. 8C).
Significant changes of SWC were noted in animals of third group. In this case they showed the same character and expression as in
animals of first group; The incidence and percentage of wakefulness sharply decreased, while the same measures for SWS and PS
enhanced significantly for whole period of registration (Fig. 8D).

Discussion
The choice of learning task. While discussing the significance of hippocampus in the organization of learning and memory special
attention is devoted to the type of the tasks to be used. Memory is classified mainly as the hippocampal-dependent and nondependent types (O'Keefe and Nadel 1978, Nadel 1991, 1995, Mooris et al. 1982, 1990, Squire 1992, Zola-Morgan et al. 1986,
Zola-Morgan and Squire 1993, Rempehl-Clower et al. 1996). Particularly sensitive to the intactness of the hippocampus is the socalled "spatial memory" which is assigned to the hippocampal-dependent type (Olton et al. 1978, Olton 1979). The task used in our
experiments, being rather complex, falls into this category. Cats were required to remember the location of food which, in response
to one sound stimulus (tone) was delivered from the left feeder, while in response to the other (clicks), from the right. As the
appearance of these signals was randomized and their location was not altered, animals permanently were posed with a task to go
to the right or to the left. Thus the problem posed before the animals was an example of spatial instrumental sound discrimination
and, proceeding from the above-said classification, had to be sensitive to the RFI of hippocampus.
The choice of a method for RFI of hippocampus. It is known that the electrolytic lesion or surgical removal of any brain
structures leads to the irreversible structural changes and compensatory plastic developments in the synaptic terminals and all of
this in the structures of limbic circuit is realized more easily. Therefore in order to the understanding of functional significance of
any brain structures the method of RFI is considered to be more adequate. Different times to the aim of RFI a various methodical
approach were used: ECS (McGaugh and Zornetzer 1970, McIntire and Molino 1972), local electrical stimulation of brain
structures (Kesner and Doty 1968, Vardaris and Schwartz 1971, Kapp et.al. 1974, Kesner 1979), focal (Brooks 1983) and total
(Hundwerker et al. 1975) cooling, injection of agonists and antagonists of various neurotransmitters (Martin 1991, Jerusalinsky et
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al. 1992), spreading depression (Bures et al. 1974), injection of local anesthetics (Albert and Madriga 1980, Sandkuchler
et.al.1995, Bohbolt et al. 1996), focal injection of tetrodotoxin (Cahil et al. 1987, Zhuravin and Bures 1991) etc. A detailed analysis
of all the abovementioned methods of RFI indicates, that many of those, has a definite limitations also. Particularly, the use of focal
and total cooling, injection of mediator system agonists and antagonists, spreading depression or injection of anesthetics in the
studies of memory mechanisms and time parameters of consolidation is appropriate in the case of one trial learning only. In manytrial and many- session learning (elaboration of active avoidance, learning in mazes, elaboration of discrimination of conditioned
signals etc.) given methods becomes inadequate. In this respect, the use of threshold electrical stimulation, inducing local
epileptiform discharges in a definite brain structures, seems more appropriate.
Effect of RFI of hippocampus on the motivational-emotional state of animals. When the method of induction of local
epileptiform discharges was used for the aim of RFI of hippocampus, special attention was paid to the animals' motivationalemotional state. No considerable change of this parameter was observed in our experiments. This fact has an important methodical
significance. As the matters of fact, as been mentioned above, in the early works of authors (Leonard and Zavala 1964, Hurdspeth
et al. 1964) it was indicated that the ECS, applied prior to and after learning trials, alter the physical state of animals. They show
fear before the experimental set, refuse to enter the experimental cabin. Though the experiments of those authors essentially
differed from ours, in our case the evoked epileptiform discharges were restricted only to the hippocampus not involving other
brain structures in pathological activity, but in our experiments too they were elicited after each combination of conditioned and
unconditioned stimuli. In spite of this, development of fear reaction was not observable, animals without any enforcement
approached that feeder at which had earlier received electrical stimulation. This fact leads to the conclusion that the local
epileptiform discharges, elicited in the hippocampus several times during one learning session, do not change significantly the
animals' general behavior. Similar result once more emphasizes the advantage of application of the method of local electrical
stimulations of definite brain structures over the ECS.
Influence of hippocampal RFI with various intervals after each pairing of conditioned and unconditioned signals on SWC. In
our experiments during studding of influence of RFI of hippocampus after each pairing of conditioned and unconditioned signals in
the course of elaboration of spatial sound discrimination with food reward, an interesting fact was shown - a serious changes of
structure and percentage of SWC; sharp enhancement of slow wave and paradoxical phases of sleep. The mechanism of indicated
changes is very difficult for explanation, that is why the SWC undergoes simultaneously to two kinds of influences in these cases:
1) to the processes of learning and 2) to the epileptiform activity.
There is a controversy in the literature about the problem of influence of learning processes on the subsequent SWC. Some authors
noted an increase of paradoxical sleep after learning session (Fishbein and Gutwein 1977), others, indicate to the absence of any
noticeable effect (Oniani and Lortkipanidze 1985). Our results exclude the existanse of a causal relationship between learning
processes and postsessional enhancement of paradoxical sleep amount.
Some kind of disagreement exists in the experimental evidence concerning the influence of epileptiform activity on the SWC. Here
is underlined a strong dependence of a character of effects on the expression of epileptiform discharges (Mutani 1967, Roldan
1969). There was used a threshold electrical stimulation in our experiments, leading to the development of EEG epileptiform
discharges, which were located in the hippocampus. Those cases, when the epileptiform discharges occupied the electrical activity
of other brain structures and/or manifested behaviorally, were rejected.
Evidence concerning the similarities of SWC changes both under the influence of only hippocampal repetitive epileptiform
discharges and after the impact of RFI of this structure after each pairing of conditioned and unconditioned signals, rules out once
again the possibility about causal relationship of these changes with the consolidation of short term memory traces during
conditioning. We believe that, repititive epileptiform discharges, originating in hippocampus, through their descending influence
leads to the strong activation of mesodiencephalic structures, triggering SWS, and as a result of later there occurs a significant
increase of paradoxical sleep.
Influence of RFI of hippocampus on the elaboration of instrumental spatial sound discrimination. Experiments with the study
of the effects of RFI by means of induction of local epileptiform discharges after daily sessions of elaboration have demonstrated
that, the animals of experimental group somewhat lag behind the controls by percentage of correct responses at the beginning
learning sessions. Despite of this, a 100% level of discrimination was achieved on the fourth session for both groups. If the normal
functioning of the hippocampus actually is necessary for the consolidation and formation of memory traces, its RFI in the initial
phases of learning should then have exerted especially powerful impairing influence, because the RFI of this structure occupied
namely that period, during which the process of consolidation must be realized most intensively. Indeed, in our experiments it dos
not so; the processes of consolidation of memory traces was accomplished in experimental animals with same rates as in controls.
Similar results were obtained also with the induction of hippocampal RFI prior to the initiation of everyday learning sessions.
Analyzing the data of this series of experiments it could be assumed that the critical factor contributing to the normal course of
acquisition of spatial sound discrimination in these experiments is that in the periods between the paring of conditioned and
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unconditioned stimuli the functional state of the hippocampus remains normal and, consequently, it can participate in the
consolidation of memory traces. In order to check this possibility in the next series of experiments electrical stimulation of the
hippocampus, eliciting its RFI, was applied in the periods between the combination of conditioned and unconditioned stimuli.
The results of these experiments turned out to be diametrically opposite. Under these conditions one could observe not the delay of
learning, but on the contrary, its facilitation. At RFI of the hippocampus, with 1 min intervals after every paring of conditioned and
unconditioned stimuli, elaboration of spatial sound discrimination with food reward was completed in experimental animals a day
earlier than in controls. Analysis of these data lend support to the conjecture that one minute during which after each paring the
hippocampus remains without the intervention of local epileptiform discharges appears to be sufficient for this structure to
participate in the fixation of memory traces. Therefore, in the subsequent series of experiments the interval between the
combinations of conditioned and unconditioned stimuli and elicitation of hippocampal RFI was still more shortened. It appeared
that, in these cases, the facilitating influence of RFI, become more pronounced. The most significant facilitation of elaboration of
the spatial sound discrimination with food reward was observed when the hippocampal RFI was made just immediately after each
paring of conditioned and unconditioned stimuli. Similar results make one think that either consolidation of traces of spatial
memory, studied in our experiments, does not realized in the hippocampus, or the processes of fixation of this information are too
short lasting and are over before the interference of epileptiform discharges. Let us try to analyze how much this conclusion is in
conformity with the data reported in the literature. As been indicated above, the effects of electrical stimulation of the hippocampus
applied after learning trials are rather controversial. It is difficult to interpret the discrepancy in the results because of variation of
learning situations, the tasks to be learned, difference in the stimulation conditions, etc. However, we shall still try to make some
remarks. In the studies of some authors (Brunner et al. 1970, Lidsky and Slotnick 1970, 1971, Haycock et al. 1973, Kesner and
Conner 1973, Sideroff et al. 1974) it has been demonstrated that the sub-threshold electrical stimulation of the hippocampus brings
about the impairment of task learning. All these data become difficult to be explained also for that reason that with the application
of such parameters of stimulation of the hippocampus which do not cause convulsive activity in this structure, many authors
obtained facilitation of learning of a variety of tasks (Landfield et al. 1973, Destrade et al. 1973, Soumireu-Mourat et al. 1975,
Destrade and Jaffard 1978).
While discussing the effects of threshold electrical stimulation of the hippocampus causing development of epileptiform
discharges, critical becomes the question about the sphere of extension of convulsive activity. Clarification of this question is of
great importance, since in the works of a number of authors it was supposed that the reason for memory disturbance is the spread
over other brain structures of convulsive activity originating in the hippocampus (Kesner and Doty 1968, Vardaris and Schwartz
1971, Kapp et al. 1974, Kesner 1979). On the basis of all of these it becomes evident that in the experiments, aimed in a studding
of the effects of RFI of any brain structure by means of its' electrical stimulation, a precise electrophysiological control is a
necessary one condition. Such a supposition is supported by the results of many studies, indicating on the lack of effects on the
learning processes in the case of electrical stimulation of hippocampus, eliciting local epileptiform discharges in it (Hirano 1966,
Kesner and Doty 1968, Vardaris and Schwartz 1971, Kapp et al. 1974).
The data on the facilitating influence of epileptiform discharges on the process of elaboration of spatial sound discrimination with
food reward, obtained in our experiments, are in keeping with those obtained by some authors earlier (Chow 1961, Stein and
Chorover 1968, Erikson and Patel 1969). In the experiments of Gralewitz (1976) electrical stimulation of the hippocampus, not
eliciting epileptiform discharges, led to the facilitation of learning, while more powerful stimulations, leading to the initiation of
epileptic activity, on the contrary facilitate the learning. However challenging is the fact that in these experiments the conditioned
signal and electrical stimulation of the hippocampus were delivered simultaneously. Under such experimental conditions the
occurrence of the hippocampal epileptiform discharges has a principal significance, since it has been demonstrated that (Nachkebia
and Oniani un-publicated data) the conditioned signals are perceived by the animals neither against the background of hippocampal
epileptiform discharges, nor during a certain time after their cessation. Naturally it can be supposed that in these conditions
learning might be hindered or blocked because of the absence of perception of conditioned signals and not for other reasons.
Yet, the facilitating influence of RFI of the hippocampus is in need of exhaustive explanation that has not been done in those
works. Useful information on the reasons for learning facilitation under the influence local hippocampal epileptiform discharges,
elicited by electrical stimulation after each combination of conditioned and unconditioned signals can be provided at a parallel
observation made on the dynamics of the neocortical electrical activity. In the investigations of Oniani and Nachkebia (1982) it has
been shown, that against the local hippocampal epileptiform discharges electrical activity of the neocorotex undergoes a diffuse
desynchronization as is the case in response to the stimulation of the mesodiencephalic activating structures. This phenomenon was
permanently observed in the above indicated experiments. This fact indicates that when epileptiform discharges are initiated in the
hippocampus, the mesodiencephalic unspecific activating structures get involved in excitation, which in their turn, have an
activating influence on the neocortex, thereby creating an optimal background for the receipt and recording of information.
Moreover, the facilitation of the receipt and recording of information by the brain is so much vigorous that it may supposedly not
only mask the negative influence of RFI of the hippocampus and disturbance of the normal functioning of the septo-hippocampal
system, but also creates the background for the facilitation of learning just in the initial stages of acquisition of a variety of tasks,
when the receipt and recording of new information proceed most intensively. Similar interpretation is in keeping with the theory of
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Hebb (1949) concerning the significance of the level of reticular activation for information processing in the brain. In this aspect
noteworthy are the data of Bloch and Laroche (1985), who have shown that electrical stimulation of MRF, causing improvement of
learning, enhances the long-term potentiation in the hippocampus. At the same time, the induction of the facilitating influence
appeared to depend on the duration of interval between the trial and the onset of MRF electrical stimulation. The most remarkable
enhancement of long-term potentiation was obtained at 10 sec interval, while the lengthening of this interval reduced the
facilitating influence. Results, suggesting the relation of the long-term potentiation with learning, were obtained by other authors
(McNaughton et al. 1986, Davis et al. 1992) as well.
If one assumes that in the learning process the hippocampus serves the function of transferring of information for recording then,
from this point of view, the facilitating influence of its RFI may be accounted for more fully. Usually, during the elaboration of any
task, animals receive a mass of information except that which is the primary at that time. When RFI of hippocampus appears
following different intervals after each paring of conditioned and unconditioned stimuli, the amount of information, arriving in the
hippocampus, is restricted. The level of restriction varies depending on the interval passed between the reinforcement of
conditioned signal with food and the electrical stimulation of the hippocampus, causing RFI of this structure. This is indicated by
the fact that at the shortening of this interval the facilitating influence becomes more pronounced, achieving its maximum at the
zero interval, when RFI of the hippocampus occurs immediately after the transferring of basic information for recording and,
during a definite time, access to the hippocampus or transfer from it of any information is ruled out. This is supplemented also by
excitation of mesodiencephalic unspecific activating structures during development in the hippocampus of epileptiform discharges,
thereby creating optimal background for information recording and storage in long-term memory. The long-term potentiation was
not studied in our experiments however the operation of the same mechanism described by Bloch and Laroche (1985) can be
speculated in this case as well. As to the case of RFI of the hippocampus prior to and after daily learning sessions, the interval
between the separate trials and the onset of hippocampal electrical stimulation, eliciting epileptiform discharges, is too long for this
influence to be exerted.
The suggestion that the hippocampus may serve the function of transferring of the information for recording is not by itself new. It
takes a central position in the theory of Vinogradova (1975). According to this theory, the hippocampus transfers information for
recording after determining of novelty of the arriving signals. In our point of view, recorded is the information, which is of definite
importance for the organism. For the triggering of the mechanisms for information recording, particular significance must have the
informational charachteristics of the stimulus, particularly, the degree of the stimulus elicited motivational-emotional reactions, the
electrographic correlates of which is the development of the hippocampal theta rhythm (Oniani and Badridze 1974). If one takes
into account the views of some authors (Vinogradova 1975, Rudell et al. 1980, Gray 1982), that the function of theta rhythm is the
selection of the stimuli, arriving in the hippocampus, it may be then suggested, that the process of selection starts with the
determination of their value after which the signals of a definite importance to the organism are transferred by the hippocampus to
be recorded for the long-term memory storage.
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