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Introduction

The existence of a powerful synchronizing system in the basal 
forebrain has been proved by several experiments (31, 25). Although 
the dimension of this area decreases in the course of phyloge­
nesis (18), nevertheless, it was considered to be of great importance 
in generating sleep even in mammals (30). It has been suggested 
that various parts of the basal forebrain have a synchronizing in­
fluence. In studying the effect of high and low frequency stimu­
lations, Sterman and Clemente (43, 44) located the synchronizing 
area in the ventral part of the preoptic region and the diagonal 
band of Broca. Bremer (4, 5) suggested the existence of a synchro­
nizing strip extending from the basal part of the lateral hypotha­
lamus to an undefined rostral region. Using the method of warming 
circumscribed areas, it was found, however, that cortical synchro­
nization and sleep was elicited most effectively from the medial 
preoptic region (3, 35). Both synchronization and sleep were 
brought about by cholinergic stimulation of various parts of the 
basal forebrain; the pyriform cortex, preoptic region, olfactory 
tubercle and the hypothalamus (15). An adynamic state (16) and
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cortical synchronization (7) was reported resulting from the stimu­
lation of the anterior hypothalamus. Since the stimulation of the 
orbital cortex also brings about sleep (21, 41), and inhibits both 
somatic reflexes (37) and hypothalamically induced attack beha­
viour (40), a widespread area of the basal forebrain, from the an­
terior hypothalamus to the orbital cortex, may be supposed to play 
a part in behavioural and electrophysiological inhibition.

The purpose of the present experiment was to map the synchro­
nizing structures by systematically stimulating the area between 
the anterior hypothalamus and the olfactory tubercle. Two dis­
tinct synchronizing areas and a purely desynchronizing area in the 
basal forebrain were distinguished in a study of the effects of both 
low and high frequency stimulations on the cortical and hippocampal 
electrical activity. Since the basal forebrain structures have been 
reported to be sensitive to anaesthetics (8, 13), unanaesthetized 
immobilized cats were used. By avoiding painful stimuli as far 
as possible, fairly controllable conditions could be obtained.

Methods

Experiments were carried out on 62 male or female cats weighing bet­
ween 2.5 and 4 kg. Under ether anaesthesia, the trachea and the vena fe- 
moralis were cannulated and the animals were fixed in a stereotaxic instru­
ment. Removing the calvaria, the left eyeball and the dura, the convexity 
and the orbital surface of the brain were exposed. All pressure points and 
wound edges were infiltrated with 1 % procaine. The local anaesthetic pro­
cedure was repeated hourly during the experiments. When surgery was com­
pleted, other anaesthesia was discontinued. Gallamine triethiodide (Fla- 
xedyl) was administered intravenously and artificial respiration was intro­
duced. Body temperature was kept at 370 C by placing the animal in a 
thermostate box. Blood pH and pCO2 were also controlled (Astrup method). 
Polyglukin and glucose solutions were administred repeatedly throughout 
the experiments.

For unipolar recording, silver ball electrodes were placed over the gyrus 
coronarius (C), gyrus sigmoideus anterior (SA), gyrus suprasylvius medius 
(SSM) and a silver electrode was introduced into the dorsal hippocampus 
(Hipp), (Fr, 3.0; L, 6.0; V, 7.0). An indifferent electrode was placed on the 
tongue of the cats.

Electrical stimulation was applied ipsilaterally by means of bipolar 
concentric electrodes of 0.5 mm tip-barrel distance. Square wave pulses 
(frequency: lo cps and loo cps, pulse duration: 0.5 msec, amplitude: 250 /zA) 
were applied through an isolation unit in trains of 10 sec. The stimulated 
points were located between the frontal 12 and 18 planes, in a region between 
the vertical zero plane and the basal brain surface, with a lateral width of 
six mm. The frontal 18.5 plane of the stereotaxic atlas (17) was used to 
illustrate the results of stimulating the olfactory tubercle (Fr, 18.0), since 
according to histological examinations, it corresponded to the stimulated area.

At the end of each experiment, the brain was perfused with isotonic 
saline and 10% formalin. After embedding the brain in parafine, serial sect­
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ions of io /i were stained by means of the Kliiver-Barrera technique. Results 
obtained with electrodes showing a deviation of 0.5 mm or more from the 
aimed coordinates were excluded on the basis of histological examination 
of the electrode tracks..

Every synchronization evoked was scored visually on an arbitrary scale 
of zero to three degrees for purposes of statistical evaluation. The results 
obtained at each coordinate point in 4-23 individual experiments are summar­
ized in Table I to III, as well as in Fig. 1 and Fig. 2 in columns indicat­
ing the synchronizing effects. The percentage values corresponding to the 
various degrees of the subjective scale were calculated, and the synchroniz­
ing effect (S) was expressed as the weighted sum of the percentage 
values. In Figs. 1 and 2 only sites yielding a sum over 60 were marked by 
columns. The EEG changes characterized by an increase in amplitude or the 
appearance of slow waves were considered to be synchronizations. The stan­
dard deviation (C and SA) and integrated values (SSM, Hipp) of 10 sec EEG 
epochs determined by a computer (CII 1010/B) were used to quantitatively 
evaluate the EEG changes in 16 cats during and after stimulation. The 
preamplified EEG epochs sampled at a rate of 200/s were fed into the com­
puter through a four channel AD converter. To analyse the effect of a single 
stimulation, five 10 sec long EEG epochs were processed; one before, one 
during and three after the stimulation. The prestimulus values were taken 
to be 100% and the percentage deviations obtained in the subsequent epochs 
were used in the statistical evaluations. Findings from 6-14 tests obtained 
at each coordinate point were averaged and the standard error of mean 
(S.E.M.) was calculated (Figs. 3 and 4), Table I to III.

Results

Various distinct structures in several planes of the basal fo­
rebrain were stimulated. The area included the hypothalamus at 
the rostral pole of the nucl. ventromedialis, the preoptic region, 
olfactory tubercle, anterior commissure, the ventral part of the 
thalamus, the medial edge of the internal capsule and certain parts 
of the striopallidal system. The low frequency stimulation of most 
of the structures resulted in cortical synchronization. However, 
we also observed regions in which low frequency stimulation did 
not produce cortical synchronization. Several synchronizing areas 
were found which varied as to type, cortical distribution and after­
effect of the stimulation, in their response to high frequency stimu­
lations and changes induced in hippocampal activity. The visually 
estimated responses to low frequency stimulation are illustrated 
in Fig. 1 as well as in Table I-III. The heights of columns at the 
stimulated points correspond to the synchronizing effects. Since 
specific evoked responses following the frequency of stimulation, 
like the appearence of the recruiting-type EEG activity or spindles, 
were regarded as synchronizations, the internal capsule was depicted 
as a synchronizing structure like the thalamus or other parts of the
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Fig. 1. - Stimulation sites in the basal forebrain resulting in cortical and 
hippocampal synchronization upon low frequency stimulation.

The frontal diagrams at the level of the rostral hypothalamus (Fr, 12), 
preoptic region (Fr, 15) and olfactory tubercle (Fr, 18) were taken from the 
Jasper, Ajmone-Marsan stereotaxic atlas. The height of the columns in the 
stimulation sites corresponds to the mean degree of synchronization estimated 
visually. Ineffective points are indicated by minus signs. Each row of 
diagrams indicates the effect of the stimulations on different derivations; 
C: gyrus coronarius; SA: gyrus sigmoideus anterior; SSM: gyrus suprasylvius 
medius; Hipp: dorsal hippocampus.
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Fig. 2. - Stimulation sites in the basal forebrain resulting in cortical syn­
chronization and hippocampal theta activity upon high frequency stimulation.

For abbreviations and explanations see Fig. I.

basal forebrain. At the level of the rostral hypothalamus, the syn­
chronizing area was confined mainly to the lateral part of the plane, 
but it progressively increased in width rostrally. This phenomenon 
can be primarily observed in the maps of C and SA (Figs, i and 3).



SYNCHRONIZING MECHANISMS IN THE BASAL FOREBRAIN l6g

SSM synchronizing points were restricted to the laterobasal areas 
in every plane studied (Figs. I and 4). Low frequency stimulations 
of the medial parts proved to be most effective in synchronizing 
the hippocampal activity. The areas synchronizing the cortex and 
the hippocampus were found to be distinct; this separation was 
most conspicuous at the level of the rostral hypothalamus.

,100Z

Fr: 12 15

Fig. 3. - Computer evaluated synchronizing effects and aftereffects of 
low frequency stimulations in the rostral hypothalamus (Fr, 12), preoptic 
region (Fr, 15) and olfactory tubercle (Fr, 18) on C and SA.

10 sec EEG epochs were characterized by standard deviation values. 
The height of the columns indicates the percentage deviation from the base­
line value obtained in a 10 sec epoch prior to stimulation. The first column 
at each stimulation point represents the effect of the stimulation, the three 
subsequent columns correspond to the aftereffects. Outline diagrams were 
taken from the Jasper, Ajmone-Marsan stereotaxic atlas. The recording 
sites are indicated on the right.

18

The distribution of cortical and hippocampal synchronizing 
points obtained by high frequency stimulations reveals a comple­
tely different pattern (Fig. 2). In contrast to the medio-dorsal 
distribution of the synchronizing sites obtained by low frequency 
stimulation, a narrow strip-like area inducing cortical synchroni­
zation was found in the laterobasal part of the preoptic region and
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olfactory tubercle. The most pronounced response produced from 
this area was observed over the SSM. In evaluating the hippo­
campal effects, we disregarded the high voltage irregular synchro­
nized activity accompanying the cortical synchronization elicited 
from the ventral synchronizing area and illustrated only theta induc­

.100X

5 3 1
Fr: 12 15 18

Fig. 4. - Computer evaluated synchronizing effects and aftereffects of 
low frequency stimulations in the rostral hypothalamus (Fr, 12), preoptic 
region (Fr, 15) and olfactory tubercle (Fr, 18) on SSM and Hipp. Ten sec 
long epochs were characterized by integrated values.

HIPP

ing points (Fig. 2). Theta activity could be obtained by stimulat­
ing both the medial parts of the regions investigated and the dorsal 
part of the lateral hypothalamus.

At the level of the rostral hypothalamus (Fr, 12) synchronizing 
effects were consistently obtained by low frequency stimulations 
of the lateral hypothalamus. The most pronounced effect was ob­
served over the motor cortex. The synchronizing effect gradually 
increased as the electrode was advanced in a dorsoventral direction, 
and the stimulation of the ventral part of the lateral hypothalamus 
resulted in synchronization over the SSM as well. Synchronized
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aftereffects over C and SA, particularly on stimulating the ventral 
parts, followed the stimulations (Fig. 3). The synchronization was 
similar to the recruiting responses obtained by the stimulation 
of the nonspecific thalamic nuclei (Fig. 5). The high frequency 
stimulation of the area resulted in cortical and hippocampal de­
synchronization, while stimulation the dorsal part of the lateral 
hypothalamus often elicited hippocampal theta activity.

C LH

HIPP

SSM

10cps

.. I uiA - ■ * ■ * * 1 ni/iifA* *i n 11 *^.ni nA* • *A 1 -I- irt i*,v

lOOcps

Fig. 5. - Top: Cortical synchronization induced by low frequency sti­
mulation of the lateral hypothalamus (LH). Bottom: Cortical desynchro­
nization and hippocampal theta activity induced by high frequency stimul­
ation of the lateral hypothalamus. Calibration: 100 /zV and 1 sec.

Low frequency stimulation of the medial hypothalamus failed 
to induce cortical synchronization (Figs. 1-4 and Table I), apart 
from the slight effect on C, and sometimes even resulted in desyn­
chronization (Fig. 6). At the same time, a high voltage synchro­
nization following stimulation frequency appeared in the hippo­
campus. Characteristic theta activity accompanied by cortical 
desynchronization was observed by stimulating the medial hypo­
thalamus with 100 cps. Both low and high frequency stimulations 
were often followed by theta aftereffects.

Slight cortical and considerable hippocampal synchronizations



Table I. - Comparison of the subjective (visual) and computer assessment of the synchronizations over the gyrus coronarius (C), gyrus 
sigmoideus anterior (SA), gyrus suprasyIvius medius (SSM) and in the hippocampus (Hipp) upon the stimulations in the frontal 
12 plane of cats (Jasper, Ajmone-Marsan atlas). The ventral and lateral coordinates are presented on the top and right side of the table. 
Subj.: values (S) expressing the summed effect of the stimulations, obtained by visual scoring of the effect of the stimulations 
in different experiments. Comp.: percentage increase of the amplitude values during stimulations from the prestimulus values calcu­
lated by the computer. S is defined by the formula S = ioo/n (n3 -J- 2na + 3n3), where n is the total number of experiments 
considered, n1; n2, and n3 are the numbers of stimulations resulted in a synchronization of one, two and three degrees, respectively.

Fr, 12
Lat. 6 5 4 3 2 I

Subj. Comp.
57 S.E.M. Subj. Comp, 

x S.E.M. Subj. Comp.
x S.E.M. Subj. Comp, 

x S.E.M. Subj. Comp.
7 S.E.M. Subj Comp. 

x S.E.M.

C 198 486 193 246 821 185 246 660 211 239 196 24 96 244 118 134 450 145
SA 219 5i4 175 271 631 221 256 574 152 151 859 142 126 189 72 120 124 42
SSM 136 4 14 131 60 12 108 5« 12 III 44 13 54 76 25 75 42 40
Hipp 39 39 9 118 84 21 no 61 IO 50 4i 9 33 37 4 186 230 84

C 143 H5 46 202 421 62 165 292 72 152 156 72 204 186 65 55 112 81
SA 200 99 47 236 446 62 150 189 55 150 153 34 174 92 35 106 84 56
SSM 82 —I 19 138 18 2 99 75 29 52 60 6 107 —4 3 29 39 3
Hipp 55 2 12 100 98 27 84 64 7 102 44 6 85 58 12 159 157 64

C 159 68 27 133 169 56 147 75 24 116 47 14 35 25 9 38 39 12
SA 177 102 56 191 149 46 133 39 25 132 86 15 3° —3 26 54 —4 5
SSM 27 41 4 135 —3 17 32 —4 I 105 —3 6 28 —34 2 23 —4 I
Hipp 44 24 13 36 17 4 46 —3 2 135 62 9 92 15 3 93 69 5

C 121 84 32 68 24 5 123 49 13 67 69 15 30 5 9 23 58 42
SA 124 64 23 106 18 15 III 89 15 118 4 12 36 —18 2 19 —3 2
SSM 119 44 11 i°5 I 18 43 —3 I 49 —I 4 35 16 7 44 —3 7
Hipp 60 49 13 45 —4 2 53 —2 2 100 —3 I 122 85 4 75 67 8

C 107 45 4 43 46 13 10 92 22 125 86 4 25 IO 14 19 -- 2 8
SA 84 53 21 81 64 24 86 103 25 1.38 126 22 37 68 45 3i 21 15
SSM 97 85 IO 160 18 6 67 —I 14 81 38 21 37 -- 2 13 56 23 8
Hipp 27 80 12 81 57 12 4i 16 9 57 36 12 148 45 2 33 58 22

C 50 I 18 38 19 3 38 63 41 no 46 12 44 6 2 140 24 9
SA 88 39 25 36 82 13 114 126 34 143 120 34 66 42 15 I IO 86 21
SSM 150 23 7 130 45 3 55 11 5 132 22 3 77 79 32 12 39 6
Hipp 42 36 3 129 IO 4 42 14 5 76 I 3 115 79 11 132 81 12

C 50 23 7 60 39 8 33 34 5 25 43 25 87 14 7
SA 200 4° 15 16 67 no 42 5i 135 23 75 97 15 124 36 12
SSM 150 33 160 140 75 16
Hipp 150 65 100 42 69 39 —6 

Ventr.

BEN
ED

EK
, 

F. 
O

B
A

L JR., 
L. 

SZEK
ERES A

N
D 

F. ObAl

to

p



SYNCHRONIZING MECHANISMS IN THE BASAL FOREBRAIN 173

were brought about by low frequency stimulations of the rostral 
part of the ventromedial nucleus.

Low frequency stimulations in the dorsal part of the preoptic 
region (Fr, 15) resulted in a synchronization in SA similar in every

hipp M. RPO

10cps

100cps

Fig. 6. - Top: Effects of low and high frequency stimulation of the medial 
preoptic region (M.RPO). Bottom: Effects of low and high frequency 
stimulation of the medial hypothalamus (M.HYP.). Calibration: 100 /zV 
and 1 sec.

respect to the synchronization induced from the lateral hypotha­
lamus. High frequency stimulations desynchronized the EEG in 
every derivation.

A pronounced synchronized activity, that appeared over the 
SSM, was induced by stimulating the laterobasal part of the preoptic 
region (Figs. 1 and 4, Table II). The synchronization was cha­
racterized by an activity similar to physiological sleep spindles 
(Fig. 7). Waves following stimulation frequency were observed 
between the spindles at the beginning of stimulation. They were 
replaced by slow waves during the course of the stimulation. 
Synchronization was maintained for some minutes after switching 
off the stimulation. Recruiting synchronization was observed over 
the anterior cortical areas. Sometimes spindles which were of longer



Table II. — Comparison of the subjective (visual) and computer assessment of the synchronizations over the gyrus coronarius (C), gyrus 
sigmoideus anterior (SA), gyrus suprasylvius medius (SSM) and in the hippocampus (Hipp) elicited by stimulating systematically 
the frontal 15 plane of cats. ¿4

4^
Fr, 15 :

Lat. 6 5 4 3 2 I

Subj. Comp.
7 S.E.M. Subj. Comp.

7 S.E.M. Subj. Comp.
7 S.E.M. Subj. Comp.

7 S.E.M. Subj. Comp.
7 S.E.M. Subj. Comp.

7 S.E.M.

C 162 92 15 152 225 88 160 185 20 134 120 12 no 61 15 63 51 23SA 180 159 96 144 165 54 I IO 204 32 55 84 25 67 132 53 53 59 32SSM 140 40 15 88 63 12 145 16 5 45 40 13 55 30 13 58 16 12
Hipp 61 0 25 87 33 15 113 31 27 86 88 31 42 16 7 96 132 84
C 140 30 7 124 59 25 135 79 16 122 69 24 IOI 94 34 49 -- IO 2
SA 150 9 18 120 72 16 36 132 26 21 193 60 129 99 54 75 4 7SSM I IO 49 13 IOO 20 7 130 17 6 90 58 26 8 —I 12 30 44 12
Hipp 98 4 37 113 18 15 96 17 16 200 204 87 143 21 5 132 63 21

C I IO 24 7 109 20 12 109 54 23 82 72 25 93 —3 24 «7 28 15SA 176 103 54 126 44 5 143 93 24 82 24 6 92 14 25 39 148 95SSM I IO 61 IO 121 2 3 90 —I 16 4° —3 14 70 —23 5 99 45 26
Hipp 131 175 143 141 18 5 90 I 23 112 81 32 121 15 4 150 70 8

C 135 128 45 99 44 20 58 24 6 43 36 12 49 5 9 14 12 14SA 165 135 42 108 21 3 134 38 5 133 27 30 54 25 IO 43 3 5SSM. 170 83 12 108 115 7 62 94 5 85 43 6 36 15 12 47 22 6
Hipp 182 77 46 143 20 4 55 I 23 58 2 23 60 0 II 81 19 5
C 137 64 15 95 55 II 92 I 9 78 44 4 42 12 22 32 5 7SA 135 76 11 no 75 11 130 0 5 113 34 12 51 22 36 43 33 14SSM 118 74 13 171 124 5 138 103 3 128 15 9 29 17 14 78 —4 2
Hipp 63 43 3 82 43 2 90 21 4 91 39 4 90 18 4 96 4 8

c 104 115 120 162 88 49
SA 22 144 126 7 40 15SSM II 171 81 32 48 99
Hipp 12 36 98 4 12 20 120 165
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—4

—5 
Ventr.

p

BEN
ED

EK
, F. 

O
BA

L JR., 
L. 

SZEK
ERES A

N
D 

F. 
O

BA
L



SYNCHRONIZING MECHANISMS IN THE BASAL FOREBRAIN 175

latency than those over the SSM appeared over the SA. Hippo­
campal activity was characterized by high amplitude waves.

High frequency stimulation of this area also resulted in cortical 
synchronization primarily over the SSM (Figs. 2 and 7). Slow wave

c
RPO

SA

HIPP

SSM

10cps

100cps

Fig. 7. - Top: Cortical and hippocampal synchronization induced by 
low frequency stimulation of the laterobasal preoptic region (RPO). Bottom: 
Cortical and hippocampal synchronization induced by high frequency stimul­
ation of the same point. Calibration: 100 /¿V and 1 sec.

activity and spindles were observed even after stimulation was 
terminated. High amplitude irregular activity appeared in the 
hippocampus.

The area from which low frequency stimulations elicited synch­
ronization formed a strip in the basal part of the preoptic region. 
The more laterally stimulation was applied within this strip the 
more pronounced was the synchronizing effect. Points responding 
to high frequency stimulations were found in the lateral part of 
the strip.

The low frequency stimulation of the medial preoptic region 
brought about a response similar to that obtained from the medial 
hypothalamus (Fig. 6). Desynchronization was observed over the 
cortical areas, while the hippocampal activity was characterized



Table III. - Comparison of the subjective (visual) and computer assessment of the synchronizations over the gyrus coronarius (C), gyrus 
sigmoideus anterior (SA), gyrus suprasylvius medius (SSM) and in the hippocampus (Hipp) elicited by stimulating systematically the 
frontal 18 plane of cats.

pFr, 18

Lat. 6 5 4 3 2 I

Subj. Comp.
7 S.E.M. Subj. Comp.

7 S.E.M. Subj. Comp.
7 S.E.M. Subj. Comp.

7 S.E.M. Subj. Comp.
7 S.E.M. Subj. Comp.

7 S.E.M.

C 133 59 12 151 50 IO 126 85 21 33 22 3 77 79 5i 114 103 24
SA 165 118 27 133 250 IOI no 73 15 i°5 7 4 88 42 3i 145 125 45
SSM 81 43 2 143 0 17 50 15 IO 72 —I 4 11 -- 20 16 63 59 9
Hipp 57 104 12 70 3 8 17 19 23 42 17 8 56 19 3 117 96 25

C 159 201 185 123 143 46 107 79 23 74 43 2 84 33 6 85 31 22
SA 182 273 98 163 109 20 126 4i 7 96 38 12 70 4° 9 93 26 7
SSM i35 63 26 90 35 4 81 41 3 69 18 15 24 16 7 37 —24 5
HiPP 50 135 IOI 99 IOI 20 44 37 13 30 42 34 99 20 3 150 38 4

C 158 18 9 156 159 52 120 44 5 106 27 4 121 6l 21 78 59 4
SA i73 159 56 189 116 27 129 73 4 13° 49 2 98 43 25 78 5i 6
SSM 40 IOI 25 117 4° IO I40 37 8 98 17 3 40 21 18 53 17 13
Hipp i54 237 «3 140 215 107 36 93 22 40 21 81 16 24 5 175 73 14

C 105 55 9 145 75 3 99 45 6 123 53 4 100 44 4 113 34 7
SA 152 84 16 160 87 2 119 49 7 IOI 52 3 90 75 6 87 14 23
SSM 144 80 20 193 64 5 35 -- 2 6 42 43 7 37 18 21 112 19 20
Hipp i34 2 20 163 103 24 27 62 13 45 19 17 166 4i 2 137 21 3

C 3° 63 12 135 70 II I IO 49 II 116 39 4 IOI 18 9 96 67 14
SA i39 187 l6 162 64 5 156 6 2 144 17 4 90 29 13 114 75 27
SSM 161 95 3 159 62 2 156 43 2 76 23 7 63 37 9 64 22 17
Hipp 141 104 16 117 37 4 129 59 25 160 27 4 122 82 26 120 58 16
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by high voltage synchronization. The high frequency stimulation 
of the same points resulted in hippocampal theta activity accom­
panied by cortical desynchronization.

A synchronization over C was induced by low frequency sti­
mulations of almost every point on the plane of the olfactory 
tubercle (Fr, 18, Fig. i and Table III). The activity of the SA,

100 cps

Fig. 8. - Top: Frequency following cortical and hippocampal synchro­
nization induced by low frequency stimulation of the cortical part of the 
olfactory tubercle (TbOf). Bottom: Cortical and hippocampal synchroniz­
ation induced by high frequency stimulation of the same point. Calibration: 
100 /tV and 1 sec.

was also synchronized by stimulating the same area, while the most 
medial sites failed to synchronize. The type of synchronization 
and aftereffects were similar to those described on stimulating the 
lateral hypothalamus and the dorsal part of the preoptic region.

The same type of synchronization, sustained negativ-positive 
evoked responses following stimulation frequency, were obtained 
in every derivation by stimulating the laterobasal part of the ol­
factory tubercle (Fig. 8). The stimulation produced no aftereffects. 
High frequency stimulation of this area, i.e., the cortical part of the 
olfactory tubercle, evoked cortical synchronization (Figs. 2 and 8)
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which was characterized by slow waves and spindles, especially 
over the SSM. Sometimes the synchronized activity persisted even 
after stimulation was switched off. High amplitude irregular waves 
were brought about in the hippocampus. Low frequency stimu­
lation of the medial part of the olfactory tubercle induced synchro­
nization following the stimulation frequency in the hippocampus, 
while high frequency stimulations resulted in theta activity.

Discussion

The cortical and hippocampal effects obtained by low and high 
frequency stimulations indicate that in the basal forebrain there 
are several areas having diverse functional characteristics. On 
stimulating the medial sites, cortical synchronization was not 
obtained, and desynchronization was often observed. Rostrally, the 
medial desynchronizing area tends to decrease in width. Low 
frequency stimulation in the lateral sites resulted in cortical synchro­
nization. The synchronizing region widens rostrally. The syn­
chronizing area is not homogenous. Keeping the cortical projections 
and the effect of high frequency stimulation in mind, a dorsal and 
a ventral synchronizing region can be distinguished. The dorsal 
region includes the lateral hypothalamus, the dorsal preoptic area 
and the area above the cortical part of the olfactory tubercle. The 
ventral region includes a strip between the laterobasal preoptic 
area and the cortical part of the olfactory tubercle. According to 
Bremer (5, 6) the ventral region extends into the laterobasal part 
of the rostral hypothalamus, however, no evidence of this was found 
in our experiments. Synchronization was produced by stimulating 
the rostral pole of the ventromedial nucleus but the phenomenon 
was not studied thoroughly. Similar findings were reported by 
Morgane (29).

Stimulations in the ventral strip have the following common 
features: i) high frequency stimulation resulting in cortical synchro­
nization with a latency of some seconds; ii) the most pronounced 
synchronizations consisting of spindles and slow waves produced 
over the SSM; Hi) synchronizations sustained after switching off 
the stimulation; iv) cortical synchronization accompanied by hippo­
campal synchronization characterized by high amplitude irregular 
activity.
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The type and cortical distribution of synchronization induced 
by ventral preoptic stimulations are in agreement with the findings 
described by Sterman and Clemente (43). The synchronizing effect 
of the ventral preoptic region was supported by the results of several 
electrophysiological studies but the synchronization elicited by 
high frequency stimulation of the olfactory tubercle has not yet 
been reported.

A considerably wide strip-like synchronizing area, involving 
the diagonal band of Broca, was described in the ventral preoptic 
region (5, 6, 8, 43). In our experiments, the lateral parts of the 
strip were found to produce the most pronounced synchronized 
response. As more lateral points were not tested the question as 
to whether the synchronizing region extends into the substantia 
innominata remains to be decided. The ventral synchronizing 
strip seems to extend rostrally into the cortical layers of the olfactory 
tubercle. The type and cortical distribution of the synchronizations 
brought about by high frequency stimulation of the ventral preoptic 
area and the olfactory tubercle were quite similar, however, synchro­
nizations induced by low frequency stimulations differed to a great 
extent. A type of activity similar to physiological synchronization 
was elicited by preoptic stimulation. In every derivation stimula­
tion of the olfactory tubercle resulted in a synchronization consist­
ing of sustained evoked potentials. By stimulating the preoptic 
region, we observed a synchronized aftereffect which was absent 
on stimulating the olfactory tubercle. It seems that diverse me­
chanisms are put into action by the low and high frequency stimul­
ations of the olfactory tubercle. The mechanism activated by high 
frequency stimulation may be similar to the synchronizing mecha­
nism of the ventral preoptic region.

The question arises as to whether there are possible interactions 
between the two structures. Hernandez Peon (15) pointed out 
that synchronization and sleep can be brought about by cholinergic 
stimulation of both the preoptic region and the olfactory tubercle. 
Large cholinergic cells were described in the preoptic region (39), 
and high concentration of choline acetyltransferase was reported 
in the olfactory tubercle (33). Between the olfactory tubercle and 
the preoptic region abundant neural connections were found (26, 
32). Mizuno et al. (27) suggested that impulses descending from 
the orbital cortex are relayed in the olfactory tubercle. Both the 
entorhinal (34) and the dopaminergic entopeduncular afferents (19)
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to the olfactory tubercle traverse the preoptic area from which syn­
chronization could be elicited. Thus the interaction of the two 
structures was found to have a morphological basis. The suppressor 
effect of olfactory stimulations was also reported (4). Some of these 
morphological connections can provide support for the existence of 
a common mechanism in the preoptic region and in the olfactory 
tubercle responsible for the synchronizing effect of high frequency 
stimulations in both structures. Further experiments are needed 
to determine the similarities and differences between the mechanisms 
of these two areas.

The dorsal synchronizing area has the following characteristics: 
i) low frequency stimulation resulting in recruiting-type cortical 
synchronization; w) the most pronounced effect over the anterior 
cortical areas, primarily over the motor cortex; m) increase in 
recruiting-type synchronization over the SSM, as the electrode is 
advanced in a dorsoventral direction; iv) cortical synchronization 
accompanied by fast wave activity in the hippocampus; v) high 
frequency stimulation resulting in cortical and hippocampal desyn­
chronization ; vi) effects that persist after termination of the 
stimulation.

Much data concerning the cortical and behavioural effects of 
high frequency stimulations in this region is available. Cortical 
desynchronization (46) and the activation of various types of 
behaviours have been reported. Relatively little data, however, 
have been published concerning the effect of low frequency sti­
mulations. On stimulating the lateral hypothalamus, the most 
prominent evoked potentials were obtained in the motor cortex (2). 
Since spindle activity over the motor cortex is associated with 
behavioural inhibition (36, 45), similar behavioural changes can be 
anticipated on stimulations of the lateral hypothalamus in chronic 
animals. The adynamic effect elicited by the stimulation of the 
anterior hypothalamus has already been observed by Hess (16). 
Caspers and Winkel (7) reported a similar adynamic state accom­
panied by cortical synchronization elicited by low frequency sti­
mulation in rats, while the opposite effect was obtained in applying 
high frequency stimulation in the same area.

The opposite effect of low and high frequency stimulations of 
the lateral hypothalamus and the dorsal preoptic region is similar 
to the results obtained by stimulating the nonspecific nuclei of the 
thalamus. Findings of the existence of two distinct mechanisms
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bringing about these opposite cortical effects were reported by Schlag 
and Chaillet (38). They suggested that the ascending activating 
system is necessary only in the case of the desynchronization evoked 
by the high frequency stimulation of the nonspecific system. The 
structure of the hypothalamus meets the morphological criteria of 
the nonspecific systems (32). Some experiments demonstrate the 
increase of unit activity in the reticular formation of the brain stem 
resulting from stimulation of the lateral hypothalamus (24, 28), 
therefore, it was suggested that the brain stem mediates the activat­
ing effect of the lateral hypothalamus (24). On the other hand, 
Skinner and Linsdley (42) found that a cryogenic blockade or a lesion 
in the rostral part of the lateral hypothalamus eliminated the spon­
taneous spindle activity, and recruiting responses could no longer 
be evoked. These effects were attributed to the elimination of the 
orbitothalamic connections along the inferior thalamic peduncle. 
Both the preoptic region and the rostral hypothalamus are con­
nected, through the stria medullaris and the inferior thalamic pe­
duncle, to the nonspecific thalamic system, primarily to the dorso- 
medial nucleus (26, 32). With these facts in mind, diverse path­
ways either to the reticular formation or the thalamus can explain 
the contrasting effect of the low and high frequency stimulation of 
the lateral hypothalamus.

Cortical synchronization can be elicited by low frequency sti­
mulation of various sites of the brain. The synchronization induced 
by stimulating the nonspecific thalamic nuclei (9) has been subjected 
to extensive investigation, however, the synchronizing effect of the 
nucleus of the solitary tract (23), the nucleus fastigii (11), and even 
the reticular formation (12) are also well known. High frequency 
stimulation, however, could elicit cortical synchronization only 
from the orbital cortex, ventral preoptic region and the diagonal 
band of Broca. It seems that low frequency synchronizing areas 
produce their effect through the thalamus, whereas, the high fre­
quency synchronizing areas are connected directly to distant cortical 
and subcortical structures (10, 20, 24, 41). Further experiments 
are required to clarify the interaction of these two mechanisms.

Several experiments demonstrate that high frequency stimu­
lation of the medial hypothalamus results in hippocampal theta 
activity, while stimulation of the lateral hypothalamus evoked 
desynchronization (1, 22, 47); however, theta activity elicited by 
stimulation of the lateral hypothalamus was also occasionally re­
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ported (14). The present results including the theta activity evoked 
by stimulating the lateral hypothalamus agree with previous find­
ings. However, theta activity was elicited only in the dorsal part 
of the lateral hypothalamus. The low frequency stimulation of 
the theta-inducing points resulted in high voltage frequency follow­
ing hippocampal synchronization. These stimulations either pro­
duced no cortical synchronization or a desynchronization. The cor­
tical desynchronization induced by low frequency stimulation is 
an unusual phenomenon, although a similar finding was obtained 
by Magnes, Moruzzi and Pompeiano (23) by stimulating the region 
around the nucleus tractus solitarius. These results suggest that 
there are structures capable of producing only a desynchronized 
response regardless of stimulation frequency.

Summary

1. Systematic mapping of the region between the rostral hypo­
thalamus and the olfactory tubercle by means of low and high fre­
quency stimulations revealed a dorsal and a ventral synchronizing 
area having diverse functional characteristics.

2. The ventral region included the laterobasal preoptic area 
and the cortical part of the olfactory tubercle. Although differences 
were found in the type of synchronization elicited by low frequency 
stimulation of the two areas, the cortical and hippocampal synchro­
nizing effect of high frequency stimulation showed a common 
feature.

3. The dorsal region extended from the lateral hypothalamus 
through the dorsal preoptic area to the olfactory tubercle. Its cha­
racteristics were similar to those of the nonspecific thalamic system, 
i.e. low frequency stimulations resulted in recruiting type cortical 
synchronization, while high frequency stimulations desynchronized 
cortical and hippocampal activity.

4. The regions in the vicinity of the midline were of a powerful 
desynchronizing nature. High frequency stimulation resulted in 
cortical desynchronization as well as hippocampal theta activity, 
and sometimes cortical desynchronization was induced even by low 
frequency stimulation. This activity was accompanied by high 
voltage hippocampal synchronization.
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5. It is suggested that direct cortical pathways to the ventral 
synchronizing area and the participation of the thalamus in produc­
ing the synchronizing effect of the dorsal area are the cause of the 
diverse activities associated with these two regions. Pathways 
from the dorsal area to the brain stem reticular formation may be 
responsible for the desynchronization obtained by high frequency 
stimulation of the dorsal area.

Acknowledgements. — We are indebted to Mrs. Klári Ormos, Ilona Po- 
nicsán and Hédi Szabó for their helpful assistance and to Mr. L. Szerényi 
for the mathematical analysis of the EEG records.

REFERENCES

1. Anchel, H. and I.indsley, D. B. Differentiation of two reticulo-hypo- 
thalamic systems regulating hippocampal activity. EEG clin. Neuro­
physiol., 32: 209-226, 1972.

2. Baklavadjian, O. G. and Astvatsatrian, E. G. Analysis of the neo­
cortex responses to stimulation of different hypothalamic structures. 
Fiziol. Zh., 62: 160-168, 1976 (in Russian).

3. Benedek, G., ObAl, F. jr., Szekeres, L. and ObAl, F. Cortical synchro­
nization induced by thermal stimulation of the preoptic area in immo­
bilized rats. Acta physiol. Acad. Sei. hung., 48: 65-72, 1976.

4. Bernstein, S., Lamarche, M. and Buser, P. Supressive effect of the 
olfactory bulb on pyramidal and extrapyramidal discharges in the cat. 
Arch. Sei. biol., 53: 73-88. 1969.

5. Bremer, F. Preoptic hypnogenic area and reticular activating system. 
Arch. ital. Biol., 111: 85-111, 1973.

6. Bremer, F. Existence of a mutual tonic inhibitory interaction between 
the preoptic hypnogenic structure and the midbrain reticular formation. 
Brain Res., 96: 31-33, 1975.

7. Caspers, H. and Winkel, K. Die Beeinflussung der Grosshirnrinden­
rhythmik durch Reizungen in Zwischen-und Mittelhirn bei der Ratte. 
Pflügers Arch., 259: 334-356. 1954.

8. Clemente, C. D. and Sterman, M. B. Cortical synchronization and 
sleep patterns in acute restrained and chronic behaving cats induced 
by forebrain stimulation. EEG clin. Neurophysiol., suppl. 24: 172-187, 
1963.

9. Dempsey, E. W. and Morison, R. S. The production of rhythmically 
recurrent cortical potentials after localized thalamic stimulation. Amer. 
J. Physiol., 135: 293-300, 1942.

10. Di vac, I. Magnocellular nuclei of the basal forebrain project to neo­
cortex, brain stem, and olfactory bulb. Review of some functional cor­
relates. Brain. Res., 93: 385-398, 1975.

11. Fadiga, E., Manzoni, T., Sapienza, S. and Urbano, A. Synchronizing 
and desynchronizing fastigial influences on the electrocortical activity 
of the cat, in acute experiments. EEG clin. Neurophysiol., 24: 330-342, 
1968.

12. Favale, E., Rossi, G. F. and Sacco, G. EEG synchronization and 
behavioral signs of sleep following low frequency stimulation of the brain 
stem reticular formation. Arch. ital. Biol., 99: 1-22, 1961.

13. Feldman, S. and Wagman, I. H. The effect of pentobarbital on evoked 



184 G. BENEDEK, F. OBÁL JR., L. SZEKERES AND F. OBÁL

potentials in brain oí macacoa mulatta. EEG clin. Neurophysiol., 13: 
747-760, 1963.

14. Grastyán, E„ Karmos, G., Vereczkey, L. and Kellényi, L. The hip­
pocampal electrical correlates of the homeostatic regulation of motiva­
tion. EEG clin. Neurophysiol., 21: 34-53, 1966.

15. Hernández Peón, R. Central neuro-humoral transmission in sleep 
and wakefulness. Pp. 96-117. In Akert, K., Bally, C. and Schadé, 
J. P. (Eds.). Progress in Brain Research. Vol. 18. Sleep Mechanisms. 
Elsevier, Amsterdam-London-New York, 1965.

16. Hess, W. R. Diencephalon: Autonomic and Extrapyramidal Functions. 
New York, Gruñe and Stratton, 1954.

17. Jasper, H. H. and Ajmone-Marsan, C. A Stereotaxic Atlas of the Dien­
cephalon of the Cat. Ottawa, Nat. Res. Council of Canada, 1954.

18. Karamian, A. I. and Sollertinskaya, T. N. Certain phylogenetic 
features in development of hypothalamo-cerebral relationships in verte­
brates. Fiziol. Zh., 30: 962-974, 1964 (in Russian).

19. Kataoka, K„ Sorimachi, M., Okuno, S. and Mizuno, N. Enzymatic 
evidence for a meso-limbic dopaminorgic innervation in the olfactory 
tubercle of the rabbit. Brain Res., 88: 513-517, 1975.

20. Kievit, J. and Kuypers, H. G. J. M. Basal forebrain and hypothalamic 
connections to frontal and parietal cortex in the rhesus monkey. Science, 
187: 660-662, 1975.

21. Lineberry, C. G. and Siegel, J. EEG synchronization, behavioral 
inhibition, and mesencephalic unit effects produced by stimulation of 
orbital cortex, basal forebrain and caudate nucleus. Brain Res., 34: 
143-161, 1971.

22. Macadar, A. W„ Chalupa, L. M. and Lindsley, D. B. Differentiation 
of brain stem loci which affect hippocampal and neocortical electrical 
activity. Exp. Neurol., 43: 499-514, 1974.

23. Mágnes, J., Moruzzi, G. and Pompeiano, O. Synchronization of the 
EEG produced by low-frequency electrical stimulation of the region of 
the solitary tract. Arch. ital. Biol., gg: 33-67, 1967.

24. Mancia, M., Mariotti, M., Roman, E. R. and Schiepatti, M. Basal 
forebrain and hypothalamic influences upon brain stem neurons. Brain 
Res., 107: 487-497, 1976.

25. McGinty, D. J. and Sterman, M. B. Sleep suppression after basal fore­
brain lesions in the cat. Science, 160: 1253-1255, 1968.

26. Millhouse, O. E. A Golgi study of the descending medial forebrain 
bundle. Brain Res., 15: 341-363, 1969.

27. Mizuno, N., Clemente, C. D. and Sauerland, E. K. Fiber projections 
from rostral basal forebrain structures in the cat. Exp. Neurol., 25: 
220-237, 1969.

28. Mok, A. C. S. and Mogenson, G. J. Effects of electrical stimulation 
of the lateral habenular nucleus and lateral hypothalamus on unit acti­
vity in the upper brain stem. Brain Res., 78: 425-435, 1974.

29. Morgane, P. J. The function of the limbic and rhinic forebrain-limbic 
midbrain systems and reticular formation in the regulation of food and 
water intake. Ann. N. Y. Acad. Sci., 137: 806-848, 1969.

30. Moruzzi, G. The sleep-waking cycle. Ergebn. Physiol., 64: 1-165, 1972.
31. Nauta, W. J. H. Hypothalamic regulation of sleep in rats. An expe­

rimental study. J. Ñeurophysiol., g: 285-316, 1946.
32. Nauta, W. J. H. and Haymaker, W. Hypothalamic nuclei and fiber 

connections. Pp. 136-209. In Haymaker, W., Anderson, E. and 
Nauta, W. J. H. (Eds.), The Hypothalamus. Springfield, Ill., Charles 
C. Thomas, 1969.

33. Palkovits, M., Saavedra, J. M., Kobayahi, R. M. and Brownstein, M. 
Choline acetyltransferase content of limbic nuclei of the rat. Brain Res., 
79- 443-450. I974-

34. Powell, T. P. S., Gowan, W. M. and Raisman, G. The central olfac­
tory connexions. J. Anat., gg: 791-813, 1965.



SYNCHRONIZING MECHANISMS IN THE BASAL FOREBRAIN 185

35-

36.

37-

38.

39-

40.

41.

42.

43-

44-

45-

46.

47-

Roberts, W. W. and Robinson, T. C. L. Relaxation and sleep induced 
by warming of preoptic region and anterior hypothalamus in cats. Exp. 
Neurol., 25'. 282-294, 1969.
Rougeul, A., Corvisier, J. et Letalle, A. Rhythmes électrocorticaux 
caractéristiques de l’installation du sommeil naturel chez le chat.. Leurs 
rapports avec le comportement moteur. EEG clin. Neurophysiol., 37'. 
41-57. 1974- , ,
Sauerland, E. K., Nakamura, Y. and Clemente, C. D. The role of the 
lower brain stem in cortically induced inhibition of somatic reflexes in 
the cat. Brain Res., 6: 164-180, 1967.
Schlag, J. D. and Chaillet, F. Thalamic mechanisms involved in cor­
tical desynchronization and recruiting responses. EEG clin. Neuro­
physiol., 15: 39-62, 1963.
Shute, C. C. D. and Lewis, P. R. Cholinergic and monoaminergic path­
ways in the hypothalamus. Brit. med. Bull., 22: 221-226, 1966.
Siegel, A., Edinger, H. and Dotto, M. Effects of electrical stimulation 
of the lateral aspect of the prefrontal cortex upon attack behaviour in 
the cats. Brain Res., <)3'. 473-484, 1975.
Siegel, J. and Wang, R. Y. Electroencephalographic, behavioral, and 
single-unit effects produced by stimulation of forebrain inhibitory struc­
tures in cats. Exp. Neurol., 42: 28-50, 1974.
Skinner, J. E. and Lindsley, D. B. Electrophysiological and behavioral 
effects of blockade of the nonspecific thalamocortical system. Brain 
Res., 6: 95-118, 1967.
Sterman, M. B. and Clemente, C. D. Forebrain inhibitory mechanisms: 
cortical synchronization induced by basal forebrain stimulation. Exp. 
Neurol., 6\ 91-102, 1962.
Sterman, M. D. and Clemente, C. D. Forebrain inhibitory mechanisms: 
sleep patterns induced by basal forebrain stimulation in the behaving 
cat. Exp. Neurol. 6: 103-117, 1962.
Sterman, M. B. and Wyrwicka, W. EEG correlates of sleep: Evidence 
for separate forebrain substrates. Brain Res., 6: 143-163. 1967.
Tokizane, T. Sleep mechanisms: Hypothalamic control of cortical acti­
vity. Pp. 151-185. In Jouvet, M. (Ed.), Aspects Anatomo-functionnels 
de la Physiologie du Sommeil. Paris, C.N.R.S., 1965.
Wilson, Ch. L., Motter, B. C. and Lindsley, D. B. Influences of hypo­
thalamic stimulation upon septal and hippocampal electrical activity 
in the cat. Brain Res., 107 \ 55-68, 1976.



EXTRAIT DES ARCHIVES ITALIENNES DE BIOLOGIE
(Tome 117, fasc. 2, 1979).

Rédaction: Via S. Zeno, 31 - 56100 PISA (Italie).

Administration: Università - Lungamo A. Pacinotti, 43 - 56100 PISA (Italie), 
Abonnement Lire 23.000 ou $ 30 U.S.A.


