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Abstract. Electrical activity of hippocampus was investigated in cats in the 
delayed response situation by comparing spectral analysis and integration of 
electrohippocampogram rhythms in different stages of delayed response perform- 
ance. In  addition, electrical stimulation of lateral and ventromedial hypothalamic 
nuclei was used to observe changes in the hippocampal theta rhythm, as well as 
the behavioral effect during the delayed response performance. I t  is concluded 
that changes in the hippocampal theta rhythm are related to the changes in the 
drive level: high drive results in increasing the theta rhythm, whereas drive reduc- 
tion results in its suppression. The activating role of hypothalamus in the dynamic 
changes occurring in the limbic circuit and their function in solving the delayed 
response problem are widely discussed. 

INTRODUCTION 

Recently a great deal of attention has been devoted to the study of 
dynamics of hippocampal electrical activity during the performance of 
both unconditioned and conditioned motivational behavior. It  has been 
established that the hippocampal electrical activity undergoes regular 
shifts in various phases of elaboration of defensive (14, 36) or food (9, 14, 
22, 30, 45) conditioned reflexes. Yoshi (45, 46) as well as Elazar and Adey 
(9) maintain that the dynamics of electrohippocampogram may reflect 
the correct or incorrect respnses in the animal's performance during 
discrimination learning. In particular, only during correct responses but 
not during an error the theta rhythm of h~iiprpocampus becomes larger. 
There is considerable discrepancy on this point (22, 29). The majority of 
authors maintain that the dynamics of the hippocampal theta rhythm 
indicates the drive level and pattern of motivation (11, 12, 18, 23, 31). 
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On the other hand, it has been established that the occurrence and 
alteration of the theta frequency in the hippocampus is not accounted 
for by intrahippocampal nervous mechanisms. This is supported by the 
finding that the theta rhythm is neither observed after septa1 and hypo- 
thalamic lesions (5, 15, 35), nor in response to any peripheral or central 
stimulation. Obviously, the hippocampal theta rhythm develops due to 
the hypothalamic impulses spreading via the septum. Such impulsation 
from the hypothalamus evokes not only synchronization in the hippo- 
campal electrical activity (theta rhytm) but also the general desynchro- 
nization (29, 31, 38, 40). We have demonstrated that the increase in  the 
hippocampal theta rhythm is produced by electrical or chemical activation 
of the hypothalamic regions which contribute to the formation of ali- 
mentary and defensive reactions; stimulation of other areas eliciting in- 
hibition of these reactions tends to suppress the theta rhythm (31). 

In this paper the data are presented on the dynamics of the electro- 
hippocamipogram during delayed responses. The effects of stimulation of 
various parts of the hypothalamus on the hippocampal electnical activity 
and on delayed responses are also discussed. 

METHODS 

Experiments were carried out on 22 cats. Stainless steel electrodes 
insulated with glass except for an exposed tip of 100 - 200 ,u were im- 
planted in different areas of the neocortex, the hippocampus and hypo- 
thalamus with the aid of a stereutaxic instrument, using coordinates of 
Jasper and Ajmone-Marsan (19). The electrodes in a socket were fastened 
to the skull with steracryl. 

Experiments were performed in an experimental cage with two 
chambers. The smaller one (0.3 m2) was the starting place, where the 
animal was kept in the intervals between trials. The larger chamber 
(1 ma) had windows on the right and left side-walls, beyond which feeders 
were placed, hidden from the animal's view. In order to get fwd the cat 
had to open the win~dow with a forepaw and take a piece of meat from 
the feeder. In response to a tone of 500 Hz presented from a loudspeaker 
placed inside the cage above the feeders, the cat had to approach the 
right feeder, and the left one to a click. A conditioned signal was followed 
by opening of the door after 10-15 sec. The cat approached the feeder, 
took a piece of meat and returned back. 

After the cat had reached a criterion of 100°/o of correct responses 
on each daily session consisting of 20-25 trials with 2-3 min intertrial 
intervals, experiments with estimation of the maximal length of delay 
were begun. 
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In these experiments a preparatory conditioned signal (tone or click) 
was delivered for 10 to  15 sec and the door was opened not. during the 
delivery of the signal but at  a certain time after its cessation. The delay 
period after which the cat was able to solve the task correctly in 90-95O/o 
of trials was regarded as  the maximum of delay. Recordings of the elec- 
troencephalogram were made on 13-channel ink-writing "San'Ei" elec- 
troencephalograph. Spectral analysis of the EEG was made according to  
Gray-Walter on a 2-channel analyzer-integrator of the same firm. Inte- 
grative values were qualitatively processed and validity of the changes 
observed was verified by Student's t-test (25). 

Hypothalamic structures were stimulated with bipolar electrodes. 
Rectangular pulses from a generator with high-frequency output were 
used. Stimulation parameters could be altered within a large range 
(0.5-10 v, 1-300/sec, 0.1-2 msec). After termination of the experiments 
the cats were sacrificed, brains fixed in 100/o formalin solution and the 
exact placement of the electrode tips verified. 

RESULTS 

Changes i n  hippocampal electrical activity to  conditioned signals 
during alimentlary behavior 

In our experiments the cats were trained to  approach the feeders in 
response to a complex of conditioned signals. For the right feeder the 
complex consisted of a tone and the opening of the door, for the left 
feeder of a click plus the opening of the door. In each case according to 
Eawicka and Konorski (26) these components may be classified as pre- 
paratory (tone or click) and triggering (opening of the door) signals. As 
may be noted, the preparatory signals for running to  the feeders are 
different, the triggering being the same. Thus, i t  is evident that the 
animal was responding on the basis of discrimination between two pre- 
paratory signals. In the preliminary stage the orientation reaction to 
tone and click was extinguished and the electroneocorticogram and elec- 
trohippocampogram showed no appreciable changes. After a few food 
reinforcements from the appropriate feeders the two conditioned signals 
began to  evoke orientation reaction with alertness. During that period 
the electroneocorticogram showed the desynchronization and there was 
a remarkable increase of the hippocampal theta rhythm. After the for- 
mation of a stable conditioned reflex and discrimination of ccmditiuned 
signals the dynamics of the hippocampal ,electrical activity regained a 
regular pattern. This was expressed in the increase of synchronization of 
slow waves in the hippocampus, produced by a preparatory signal and 
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desynchronization in the neocortex (Fig. 1A). As to  the slover hippcam- 
pal waves (delta rhythm) they were depressed in some cats by a condi- 
tioned signal, and considerably increased in others, as compared with the 
background activity (Fig. 1A). It  has to be  pointed out that the dynamics 
of delta rhythm depends on the background activity. If before the onset 
of a preparatory signal the animal sits quietly and the delta rhythm 
prevails in the electrohipo~campogram, the conditioned signal causes a 

Fig. 1. Changes in the electrical activity of the neocortex and the hippocampus 
during conditioned signals (A)  and during performance of conditioned alimentary 
reflex (B). Leads: 1, auditory cortex; 2, visual cortex; 3, dorsal hippocampus; 4, 
signal line marks the onset (downward) and cessation (upward) of the preparatory 
conditioned signal (tone 500 Hz); 5, integrated values of separate delta (2-4 Hz), 
theta (4-8 Hz), alfa (8-13 Hz), beta (13-20 Hz) and beta (20-30 Hz) rhythms; epoch 
of integration is equal to 10 sec. The first five deflections show the integrated 
rhythms of the auditory cortex; other five deflections, the hippocampal rhythms. C, 
statistical data of delta, theta, alpha rhythms during different phases of performance 
of the conditioned alimentary reflex. The first column for each rhythm shows the 
values before the onset of the conditioned signal; the second column, during the 
preparatory conditioned signal; the third, after the opening of the door; the fourth, 
during eating. Arrow upward on A indicates the opening of the start chamber door. 

Calibration 100,uv; time 1 sec. 

decrease of this rhythm. During the wakefulness of the animal the delta 
rhythm is not always altered, as compared with the prestimulation state. 
Activation of the hippocampal theta rhythm is observed throughout the 
approaching behavior, but not at  the moment of receiving food and its 
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consumption. During eating the hippocampal theta rhythm is suppressed 
(Fig. lB), but as may be seen from the integrated data, i t  is not associated 
with the slowing of the electrohippocampogram in which no increase in 
the delta rhythm can be observed. After receiving a piece of meat, the 
hungry animal is either searching the same feeder or turns to the other, 
which results again in an increase of the theta rhythm. 

The results of statistical evaluation of the data on the changes of 
delta, theta and alpha rhythms in different periods of performance of 
alimentary conditioned reflexes, i.e., approaching the appropriate feeders 
to  signals are presented in Fig. 1C. The first column for each rhythm 
shows their values before the onset of the conditioned signal, the second 
column - during the preparatory conditioned signal, the third co- 
lumn - after the opening of the door during the animal's movement 
toward the feeders and in the process of getting food, the fourth - 
during eating. The most striking changes occur in the hippocampal 
theta rhythm, the alpha remaining unchanged. 

Changes in th'e hippocampal electrical activity 
during deluged responses 

It  may be suggested that a great increase in the hippocampal theta 
rhythm produced by the triggering stimulus is accounted for by summa- 
tion of the two effects (the preparatory and triggering stimuli). However, 
this supposition is contradicted by the pattern of hippocampal activity 
during delayed conditioned response. The hippocampal theta rhythm is 
augmented more considerably after the cessation of the preparatory 
signal. Changes in the hippocampal theta rhythm to a preparatory and 
triggering stimulus during performance of delayed reaction are illustra- 
ted in Fig. 2. In a hungry cat the predominance of the theta rhythm in 
the hippocampus and desynchronization in the neocortex can be seen 
(Fig. 2A), whereas a preparatory signal significantly augments the hippo- 
campal theta rhytm (Fig. 2A). this augmentation maintaining for a certain 
time, lasting after the cessation of a conditioned signal tcm (Fig. 2B). 
Some time later following the cessation of the preparatory signal the 
hippocampal theta rhythm begins to decrease to the initial background 
level (Fig. 2B). Against this background, the cat leaves the start chamber 
as soon as its door is opened and approaches the feeder. In response to 
the triggering conditioned signal during approaching behavior the hippo- 
campal theta rhythm is rema~kably increased (Fig. 2C), the extent of its 
increase prevailing over that observed to the preparatory conditioned 
signal. In this case too, after getting the reinforcing portion of meat and 
during the cat's eating there is depression of hippocampal theta rhythm. 

Augmentation of the hippocampal theta rhythm during a preparatory 
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conditioned signal and after its cessation is well correlated with the alert 
state of animal. In the first days of experimentation with responses after 
delay, the cats placed in the start chamber are restless; upon cessation 
of the preparatory conditioned signal they attempt to open the door of 
the start chamber anld run to the feeder. During this time the hippocam- 
pal theta rhythm shows a remarkably lstrong increase, this state last- 
ing for more than a minute. The animals then gradually subside and the 
electrohippocampogram also recovers to norm. In the subsequent days 
the cats responded to preparatory signals only by orientation reaction and 
alertness. In this stage the after-effect of the preparatory conditioned 

Fig. 2. Changes in the electric- 
al  activity of the neocortex 
and hippocampus during con- 
ditioned delayed reactions. 
Leads and calibration are the 
same as in Fig. 1. The signal 
line upward indicates the 
onset of the conditioned signal 
(tone 500 Hz). Arrow indicates 
the opening of the door of the 
start chamber. For A, B and 
C see explanations in text. 

signal manifested in aler'tness and augmentation of the hippocampal theta 
rhythm lasts for a short time (10-20 sec, see Fig. 2B) but nevertheless 
it does not affect the duration of delay. On the contrary, the animal reacts 
correctly even after the maximal delay period. The maximal length of 
delay periods in different subjects shows considerable variability within 
the range of 1-15 min. 

The length of a delay period is likely to be defined by the duration 
of traces of the preparatory conditioned signal. It has to be assumed that 
the traces of different preparatory conditioned signals are dissimilar and 
therefore the same triggering stimulus may activate the more recent 
trace. After the extinction of the trace, the cats respond to  the triggering 
stimulus by approaching, but commit errors and the percentage of 
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correcrt responses does not exceed chance level. However, even on such 
occasions opening s f  the door evokes changes in the electrohippocampo- 
gram identical to those observed during delay. Differentiation between 
the frequency of hippocampal theta rhythm during correct and incorrect 
choices, as reported in the literature (9, 45), was not observed in our 
experiments (29). In this respect our findings are consistent with those of 
Konordki, Santibafiez-H. and Beck (22). 

Changes in hipgocampal electrical activity during drinking 
and feeding behavior 

Analysis of the electrohippocampogram throughout the performance 
of conditioned or delayed responses showed an occurrence of depression 
of the theta rhythm during eating (Fig. 1B). Depression of the theta 
rhythm during unconditioned eating was described by Routtenberg (37). 
This is not associated with enhancement of the motor activity, with 
chewing, in particular. This is supported, in the first place, by the finding 

Fig. 3. Changes in the electrical activity of the neo- and paleocortex during drink- 
ing behaviof. Leads: 1, auditory cortex; 2, pyriform cortex; 3 and 4, symmetrical 
points of the right and left hippocampus; 5, signal line downward, beginning 
of drinking; signal line upward, cessation of drinking; 6, integrated values of 
delta, theta, alpha, beta, and beta, rhythms of the auditory cortex (first five de- 
flections) and the hippocampus (other five deflections) during 5 sec epoch. A, be- 
fore and during drinking; B, during and after cessation of drinking; C, statistical 
evaluation of changes in delta, theta and alpha rhythms before (column 1) and 

during (column 2) drinking behavior. Calibration 100,ur; time 1 sec. 
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that during the running toward the feeder the hi~ppucampal theta rhythm 
is increased and not decreased; rsecondly, during incorrect responses, when 
the cat attempts in vain to get a piece of meat from the feeder, it natu- 
rally develops a stronger motor activity causing an increase in the theta 
rhythm rather than its decrease. Only during eating is the suppression 
of hippocampal theta rhythm observed which seems to be connected 
with the satisfaction of the animal's need. This may be also seen in the 
electrohippocampogram during drinking behavior. Generally, in hungry 
and thirsty cats a prominent hippocampal theta rhythm occurs with no 
accessory stimulation (Fig. 3A). During drinking of milk the hippocampal 
theta rhythm is strongly suppressed. In case of the insufficient amount 
of milk to satisfy the animal's th~irst, after drinking performance the 
theta rhythm reincreases (Fig. 3B). Characteristically, suppression of the 
hippoaampal theta rhythm during eating or drinking behavior is not 
associated with the development of slower rhythms in the electrohip- 
pocampogram, i.e., this time delta rhythm is not increased, but even di- 
minished (Fig. 1B). Suppression of the hippocampal theta rhythm is not 
associated with an increase of higher frequency rhythms either. Results 
of statistical analysis of the data show that during drinking behavior, 
as compared with the state of thirst, a suppression of the hippocampal 
theta and alpha rhythms occurs, which is statistically significant (Fig. 3C). 
Delta rhythm also tends to be suppressed. As far as beta I and beta I1 
rhythms are concerned no appreciable changes are observed. 

Influence of electrical stimulation of lateral hypothalamus 
on deldyed responses and hippocampal electrical activity 

The character and degree of changes of the hippocampal theta rhythm 
in response to a conditioned signal depends on the satiety of the animal. 
In hungry and thirsty animals the background electrical activity of the 
hippocampus shows predominance of the theta activity, which is strongly 
augmented by conditioned signals (Fig. 2). After multiple reinforcements 
of conditioned signals with food, the animals are eventually satiated and 
the conditioned signal evokes negligible increase of the theta rhythm. 
Finally, when the animals do not leave the start chamber, theta rhythm 
is appreciably decreased in amplitude instead of being augmented. Fi- 
gure 4 illustrates changes of the hippocampal theta rhythm procuded by 
conditioned signals at two different levels of satiation. In the half-sati- 
ated animals (after having consumed 150 g of meat) the conditioned 
signal still causes a marked increase in the hippocampal theta rhythm 
(Fig. 4A). However, in the satiated animal (after consumption of 250 g 
of meat) a conditioned signal not only fails to augment the hippocampal 
theta rhythm, but even suppresses it considerably (Fig. 4B). In this latter' 
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case the animal does not leave the start chamber after opening of the 
door and remains quietly sitting there. 

After satiation with a reinforcing portion of meat the animal fre- 
quently does not leave the start chamber, i.e., does not perform alimen- 
tary reaction, though the preparatory as well as the triggering stimulus 
still produce a ma~ked  increase in the hippocampal theta rhythm (Fig. 
5A). However, if at this moment the lateral hyputhalamus is electrically 
stimulated, causing alimentary behavior in satiated animals and aug- 
mentation of the theta rhythm (Fig. 5B), the animal will perform alimen- 
tary reaction. It is of particular interest that on such occasions the ani- 
mal performs the correct response, i.e., runs to the signalled feeder. 
Similar behavior may also be observed when lateral hypothalamic sti- 
mulation is applied 20-40 sec after the cessation of the auditory signal. 

Fig. 4. Changes in the electrical activity of different structures of the brain evoked 
by conditioned signal during different states of satiety. Leads: 1, auditory cortex; 2, 
visual cortex; 3, dorsal hippocampus; 4, reticular formation; 5, signal dine upward 
shows the onset of the conditioned signal; 6, the integrated values of delta, theta, 
alpha, beta, and beta, rhythms of the auditory cortex (the first five deflections) 
and hippocampus (other five deflections) during 10 sec epoch. A, semi-satiated; B, 

satiated states. Calibration 100 pv; time 1 see. 

Figure 5 illustrates an experiment in which the lateral hypothalamus is 
stimulated 20 sec after the cessation of the preparatory conditioned 
signal and the animal performs the correct response. Stimulation of the 
lateral hypothalamus has a significant effect on the maximal length of 
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Fig. 5. Changes in the electrical activity of the neocortex and the hippocampus 
evoked by the conditioned signal (A) and by the electrical stimulation of the lateral 
hypothalamus (B). Leads: 1, sensori-motor cortex; 2, dorsal hippocampus; 3, ventral 
hippocampus; 4, signal line downward ( A )  marks the onset of the conditioned 
signal and signal line upward (B) shows electrical stimulation of the hypothalamus; 
5, integrated values of delta, theta, alpha, betai and beta, rhythms of the sensori- 
motor cortex first five deflections) and dorsal hippocampus (other five deflections) 
during 10 sec epoch. Arrow indicates the opening of the door. Calibration 1BOpv; 

time 1 sec. 

delay in delayed conditioned responses in hungry animals. The effect, 
however, is more or less dependent on the period of stimulation. Thus, 
for instance, if the lateral hypothalamus is stimulated either during the 
preparatory conditioned signal or immediately before it, the increase of 
the maximal length of delay appears negligible. However, if similar 
stimulation is delivered after the first half of the delay period, its max- 
imal duration will increase by 50-80"~ This suggests that under the 
influence of impulsation from the "center of hunger" the trace of the 
preparatory conditioned signal may be strengthened and maintained for 
a longer time. 

Influence electrical stimulation of ventromedial hypothalamic nucleus 
on delayed response and hippocampal electrical activity 

Electrical stimulation of the ventromedial hypothalamic nucleus ap- 
peared to have an opposite effect on the length of 'delay in delayed 
responses. In our experiments the stimulation of the ventromedial hy- 
pothalamic nucleus, inhibiting alimentary behavior in hungry animals, 
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resulted in shortening of the delay duration. Such a stimulation proved 
to be most effective when delivered either during the preparatory signal 
or after its cessation. On such occasions neither delayed response nor 
response to actual stimuli were executed. If stimulation of the ventro- 
medial hypothalamic nucleus was delivered during the approach respon- 
se, the cat would stop responding. After cessation of stimulation the ani- 
mal continued to approach the feeders, but committed errors. Likewise, 

Fig. 6. Changes in the electrical activity of the neocortex and hippocampus induced 
by electrical stimulation of the ventromedial hypothalamus with different intensi- 
ties. The parameters of stimulation: A, 1.5 v;  100 cycles/sec, 0.1 msec; B, 3 v, 
100 cycles/sec, 0.1 msec. The signal downward marks the onset of stimulation. Leads 

and calibration are the same as in Fig. 5. 

if stimulation of the ventromedial hypothalamus was produced after the 
cessation of a preparatory conditioned signal and the door was opened 
at different intervals after electrical stimulation had been ceased, the 
cat would leave the chamber, but would make errors. During inhibition 
of alimentary behavior produced by electrical stimulation of the hypo- 
thalamic ventromedial nucleus, depression of all rhythms in the electro- 
neocorticogram and elecetrohippocampogram is observed (Fig. 6A) .  In 
some cases an increase of the hippocampal delta rhythm in parallel with 
the depressio'n of theta rhythm and general desynchronization of the 
neocortical electrical activity occurs (Fig. 6B).  Characteristically, an in- 
hibition of feeding behavior during such a stimulation s& in with no 
accessory behavioral or somato-motor reactions. During stimulation the 



810 T. N. ONIANI ET AL. 

cats subsided and quietly sat in the cage. Following cessation of electrical 
stimulation very frequently intensified alimentary behavior was observ- 
ed: the cats approached the feeders vigorously, but the responses were 
incorrect. 

At higher intensities of electrical stimulation of the ventromedial 
hypothalamic nucleus behavioral reaction as well as hippocampal electric- 
al activity were qualitatively different. Depending on the intensity and 
duration of high-frequency electrical stimulation of the ventromedial 
nucleus the cat developed reaction of aggression with hissing, stretching 
of clam, dilatation of pupils, piloerection and attack. All these behavioral 
reactions were accompanied by a strong augmentation of the hippocampal 
theta rhythm. It is obvious that such a istimulation also brought about 
disturbances in the actual responses both after and without delay. The 
results of these experiments have not been included in the present paper. 

DISCUSSION 

The foregoing material may be considered in several aspects. 
1. According to  the data of Grastyan's group (12, 14), augmentation 

of the hippocampal theta rhythm by a conditioned signal occurs only 
at the beginning of acquisition of conditioned alimentary reaction and 
is determined mainly by the development of orientation reaction. During 
consolidation of conditioned reaction, conditioned signal's cause desyn- 
chranization of the electrohippocampgram instead of increasing the 
theta rhythm. Adey and his co-workers (1, 9), in the experiments dealing 
with dynamics of the hippocampal activity in the process of discriminat- 
ive learning have not corroborated the findings of Grastyan and his 
associates (14). They have associated an increase of the hippocampal 
theta rhythm with a preferential goal-directed approach movement. Dis- 
cussing these results Grastyan and co-workers (11) have maintained that 
in the experiments of Elazar and Adey (9), due to the complexity of their 
experimental set-up, there was no decrease of orientation reaction after 
the conditioned reflex had been consolidated. This resulted in lack of 
suppression of the hippocampal theta rhythm to conditioned signal and 
during performance of alimentary conditioned reflex. However, in a re- 
cent paper of Holmes and Beckman (18) a n  increase of the hippocampal 
theta rhythm is again considered as a manifestation of a goal-directed 
reaction. 

In our experiments as well as in those of Elazar and Adey (9) the 
hippocampal electrical activity was studied during discriminative learn- 
ing. The reflex was elaborated to different auditory conditioned signals 
in the presence of the two feeders. After discrimination of conditioned 
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signals had been attained, the animals were directly approaching the 
appropriate feeders. Under these conditions the increase of the hippocam- 
pal theta rhythm was also observed. In some animals following prolong- 
ed tests on delayed reactions the preliminary conditioned signal was 
found to have no effect on the hippocampal theta rhythm, while the 
triggering signal evoked augmentation of this rhythm. Observations on 
the behavior of such animals showed that the preparatory conditioned 
signal caused only a weak orientation reaction. The animals responded 
to the triggering signal more readily and went straightforward to the 
feeders. The absence of appreciable behavioral and electroencephalo- 
graphic effects in the interval between the preparatory and triggering 
signals may be explained by its analogy with the Pavlovian trace reflex 
(33), where in the interval between conditioned and unconditioned signals 
two phases are observable, i.e., the inhibitory and the excitatory one. 

Predominant increase of the hippcampal theta rhythm in response 
to the triggering conditioned signal and during the approaching behavior 
may be explained by the strengthened feeding motivation; alternatively 
this increase might be determined by an increase of motor activity. The 
first assumption may be supported by the finding that increase of the 
hippocampal theta activity may be observed in curarized animals in 
response to the hypothalamic electrical stimulation which evokes neither 
motor reactions nor changes in the heart rate (39, 40). This shows that 
impulsation from the hypothalamus is sufficient to increase the hippo- 
campal theta rhythm. Moreover, it has been established that after hypo- 
thalamic lesions the hippocampal theta rhythm is no more evdked during 
the direct stimulation of the reticular formation (15) or the peripheral 
nerve (5, 32). Since the hypothalamus is considered to be the substrate 
for the coordination of motivation, it may be suggested that the increase 
of motivation enhances also the hippocampal theta activity in unrestrain- 
ed animals. However, one must not ignore the significance of the motor 
activity in augmentation of the hippocampal theta rhythm in the course 
of motivational behavior. Electrical or chemical stimulation of the hypo- 
thalamus with chronically implanted electrodes shows a distinct correla- 
tion between the motor reactions and the hippocampal theta waves (31). 

Vanderwolf (41) and Paxinos and Bindra (34) have shown that during 
voluntary movements augmentation of theta rhythm is observed while 
the theta rhythm is suppressed in the case of local movements. This fact 
also suggests the significant role of motivation in regulating the hippo- 
campal electrical activity, since it is a voluntary movement that must 
be triggered by motivational processes. 

Thus, it may be assumed that during approaching the increase of 
the hippocampal theta activity is determined not by the unspecific dif- 
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fuse motivation ( l l ) ,  but by the specific feeding motivation. This does 
not imply that the dynamics of the hippocampal theta rhythm concerns 
the changes of the feeding motivation only, since the theta rhythm 
develops also during conditioned and unconditioned defensive reactions 
(10, 15, 31). It is worth mentioning that the dynamics of the hippocampal 
theta rhythm properly reflects the motivational level, whenever it con- 
cerns orientation reactions with alertness, fear reactions, aggression or 
alimentary behavior. 

2. Alterations in the hippocampal electrical activity during delayed 
responses evoke particular interest. The hippocampus, as one of the most 
significant structures of the limbic system, is considered to play an im- 
portant role in the organization of motivational behavior. In particular 
the hippocampus is thought to be responsible for recent memory (28). 
Our experiments show that the increase of the hippocampal theta rhythm 
which develops in the presence of the preparatory conditioned signal 
persists also after its cessation. Duration of this after-effect depends on 
the level of animals' satiation. In a state of hunger the conditioned signal 
causes a stronger reaction of alertness, overlasting the conditioned stim- 
ulation during which the hippocampal theta activity is increased. In 
semi-satiated animals the after-effects become shorter, while in a state 
of full satiation the conditioned signals no more evoke the increase of 
the hippocampal theta waves. 

It  may be suggested that the increase of the hippocampal theta rhythm 
caused by conditioned signals manifests reverberating electrographic 
changes within the limbic system (29, 30). After cessation of the prepara- 
tory conditioned signal, while the hippocampal theta rhythm has been 
increased, the animal approaches the signalled feeder. If duration of these 
delayed responses were determined only by the period of increase of the 
hippocampal theta activity, it might be postulated that recent memory 
is based upon the reverberation of excitation in the nervous circuits of 
the brain. However, the length of delayed responses is much longer than 
the apprapriate changes in the elactroencephalogram. This indicates that 
after cessation of reverberation of excitation there remain some other 
traces which are not reflected in the electroencephalogram. Such a trace 
may be formed by posttetanic potentiation in those nervous circuits 
which are thought to be responsible for the establishment of condition- 
ed behavior (3, 7, 8, 16, 17, 20, 21). As a matter of fact, posttetanic po- 
tentiation in the synapses may last several minutes (8) and almost coin- 
cides with the duration of delay in the delayed conditioned responses. 

3. As mentioned above, satiated animals cease to  respond to condi- 
tioned signals by alimentary reactions and concurrently there is no 
augmentation of the hippocampal theta rhythm. However, if in this case 
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the conditioned signal is reinforced by electrical stimulation of the lateral 
hypothalamus, the animal performs approaching movement. The animal's 
choice appears to be correct if electrical stimulation of the lateral hyp+ 
thalamus is delivered not during the conditioned signal but after its 
cessation. This finding is interesting in two respects. First, it indicates 
that stimulation of the lateral hypothalamus activates the elaborated 
conditioned reflex; secondly, this stimulation may trigger excitation in 
the previously potentiated nervous circuits which are responsible for 
feeding motivation and discrimination capacity. This capacity persists 
for some time after cessation of the conditioned signal. 

Activation of conditioned alimentary reflexes by electrical stimula- 
tion of different mesencephalic structures has been described by a num- 
ber of authors (4, 6, 13, 24). This phenomenon has been reported by 
Grastyan and m-workers (13) to result from electrical stimulation of the 
hypothalamus. However, in these experiments no increment of the hippo- 
campal theta rhythm was observed, but only general desynchronization. 
In our experiments general desynchronization in the electrohippocam- 
pugram was observed also during electrical stimulation of the ventro- 
medial nucleus of the hypothalamus causing inhibition of alimentary 
behavior. This finding indicates that enhancement of the hippocampal 
theta rhythm is associated with the development of motivation, while 
inhibition of motivation is followed by theta rhythm depression. 

The findings that electrical stimulation of the lateral hypothalamus 
results not only in the activation of conditioned alimentary reflex, but 
also enables correct responding after prolongation of delay in the delayed 
response test, indicate the important mle of the hypothalamus in the 
formation of conditioned reflexes and in the establishment of temporary 
connections, as it was previously pointed out by several investigators 
(2, 27, 42-44). 
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