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CHAPTER I

REVIEW

OF

LITERATURE

ANATOMY OF THE OPTIC SYSTHM.

For about 90 years the optic connections in the central nervous system have attracted
the interest of many workers. As early as 1874 Gudden described the partial
decussation of optic fibres after removal of an eye in the rabbit. Cajal, using the
silver impregnation technique, confirmed these results.
Lateral geniculate body.
Von Monakow (1885) and Menschen (1923) stressed the importance of the lateral
geniculate body. Ascending fibres from the retina and descending cortical fibres were
found to end in this nucleus.
Brouwer and Zeeman (1925) described the detailed projection of the retinal quadrants
in the dorsal lateral geniculate body. The uncrossed lateral retinal fibres end in the
dorso-medial part of the lateral geniculate body, the upper retinal quadrants are projected medially. The projection from the macular zone of the retina occupies the largest
area in the lateral geniculate body and in the striate cortex.
O'Lcary (1940) described two cell types in the dorsal lateral geniculate body. The axons
of the large cells join the optic radiation. These axons however show a bifurcation.
These collaterals reach the dendrites of the small cells with short axons, in all three
layers. The axons of the smaller cells interconnect the three layers of the nucleus. The
axons end on the dendrites of the larger cells. The crossed heterolateral optic fibres end
in the layers A and B. The uncrossed homolateral optic fibres end in layer A'.
Salles Silva (1956) confirmed this with the Nauta method. No connection was found
between retinal fibres from different layers.
Rostral colliculus.
Conflicting statements have been made about the rostral colliculus. Probst (1902) and
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Κ. H. Bouman (1905) found no connections from here to the striate cortex, nor back
to the retina as Von Monakow had stated.
Pcarce, in 1959, destroyed the rostral colliculus and stained the degenerated fibres
according to Nauta. He noted that many fibres crossed in the posterior commissure, and
reached the rostral and caudal nucleus reticularis pontis. Pcarce could not find con
nections from the rostral colliculus to the motor nuclei of the eye muscles. Degenerated
fibres were seen to end in the cuneiform nucleus.
Pretectal area.
A description of the pretectal area was given by Kuhlenbeck and Miller (1949). These
authors divided this area into a dorsal thalamic, tectal, and a tegmental part.
Barris, Ingram and Ranson (1935) described retinal fibres to the pretectal area. No
degeneration in this area could be found after a lesion in the dorsal lateral geniculate
body.
Nauta and van Straaten (1947) removed eyes from rats, and subsequently used several
silver techniques for staining. They studied the terminal boutons. No boutons were found
in the ventral lateral geniculate body. In the dorsal lateral geniculate body many termi
nals were found. The boutons in the rostral colliculus were not exclusively hcterolateral.
The pretectal nucleus showed many terminal boutons, but only heterolaterally. The bou
tons in the nucleus of the optic tract (Cajal) were more numerous in the hetcrolatcral
nucleus, but could also be found in the homolateral nucleus. No boutons were found in
the hypothalamic nuclei.
Bûcher and Blirgi (1950) studied the pretectal area in the cat with the Marchi method.
The efferent connections from this zone are:
1.
2.
3.
4.
5.
6.
7.

A pretectal-tectal tract.
A pretectal tract to the nucleus ruber.
A pretectal tegmental tract.
The pretecto-thalamic tract to the centre médian (Luys).
Fibres to the supragcniculate nucleus.
Fibres to the ventral thalamic nucleus.
The pretectal areas on both sides are interconnected by fibres which run through the
posterior commissure.
8. The thalamo-pretectal-tegmental tract originates in the nucl. parafascicularis, in the
nucl. suprafascicularis and in the centre médian. The fibres mix with the descending
fibres of the posterior commissure, they terminate in the reticular formation of the
tegmentum mesenccphali and of the isthmus.

Afferent fibres to the pretectal area come from the dorsal and the ventral supraoptic
decussation. The termination of retinal fibres in the pretectal area is confined to the
large-cell nucleus.
The fibres of the dorsal supra optic decussation cross in the posterior commissure
together with corticotectal fibres.
8

Accessory optic tract.
Hayhow (1958) used the Nauta technique after eye removal. He did not find degenerated fibres to the hypothalamus. Retinal fibres were seen to end near the zona interpcduncularis in the medial nucleus terminalis of the accessory optic tract. Hayhow also
found some fibres penetrating the cerebral peduncle; they ended in the subthalamus.
Reticular jormation.
De Renzi, Magni, Rossi and Strata (1959) sectioned the optic nerve in mice. They
could not find degenerating fibres ending in the mesencephalic reticular formation.
Hypothalamus.
Frey, Blumcke (1958) and Knoche (1957) described unmyelinated retinal fibres to the
hypothalamus.
Morin (1948), however, showed that in the guinea pig these fibres did not degenerate
after eye removal.
Nauta and others denied any ending of retinal fibres in the hypothalamus.
Ventral lateral geniculate body.
Jefferson (1940) found retinal fibres ending in the ventral lateral geniculate body. This
finding was denied by many other workers, including Nauta (1947), Barris, Ingram and
Ranson (1935).
Lesions in the ventral lateral geniculate body were made by Jimencs Castellanos and by
Calvo Rubio (1954). The Marchi-staincd fibres were found to end in the pulvinar and
in the lateral posterior thalamic nucleus.
Lateral posterior thalamic nucleus.
The optic projection to the lateral posterior thalamic nucleus is not described with
certainty in the older literature. Only Brouwer and Zeeman found some Marchi granules
in this nucleus after eye removal (1922).
Minskowski (1920) observed cellular atrophy in the posterior part of the lateral posterior
thalamic nucleus 6 months after removal of one eye.
Nauta and van Straaten (1947) using the bouton method after eye removal, found a
slight degeneration on both sides in the lateral posterior thalamic nucleus, close to the
pretectal nuclei.
Retinal fibres to the cortex.
A detailed study of the projection of the retinal quadrants in the striate cortex was made
by van Heuven (1929). This author destroyed circumscribed areas of the lateral geniculate body with a known relationship to the retinal quadrants. His results were confirmed by Barris, Ingram and Ranson (1935).
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Taibot found a second optical projection zone in the cortex, anterior and lateral to the
striate area (1942).
In a recent Russian publication Drugaieva (1958) describes direct retinal fibres to the
cortex, without any synapse. This observation has so far received no confirmation
from other sources.
Lateral posterior fibres to the cortex.
Waller and Barris (1937) studied the efferent projections from the lateral posterior
nucleus to the cortex. They reported a pathway to the suprasylvian gyrus.
Cortico-fugal fibres from the striate cortex to the brainstem.
Much work has been done on the cortico-fugal fibres from the striate cortex to the
brainstem.
In earlier work these fibres were observed by K. H. Bouman (1905), Simpson (1952)
and Probst (1902); the fibres could be traced to the rostral colliculus and to the lateral
geniculate body. Nicssl von Maycndorf (1921) postulated a cortico-fugal connection to
the pulvinar.
K. H. Bouman (1905) demonstrated striatal fibres which accompany the cerebral
peduncle. From here they join the retinal fibres in the optic tract near the lateral geniculate body. The striatal fibres mix with the retinal fibres, some ending in the dorsal
lateral geniculate body, some in the lateral posterior thalamic nucleus and some in the
rostral colliculus. All these fibres arc uncrossed.
Bicmond (1929) made an extensive survey of the corticofugal fibre systems. He produced lesions in the striate cortex, and traced the degenerated fibres stained by the
Marchi method. The fibres ended in the lateral geniculate body, in the rostral colliculus, in the lateral thalamic nucleus, in the reticular thalamic nucleus and in the ventral
thalamic nucleus. Other fibres ran from the striate cortex to the parietal cortex, and
through the fornix to the septal area. Biemond observed fibres to the pulvinar, but in
his opinion these fibres did not end here but went uninterrupted to the rostral colliculus.
Barris, Ingram and Ranson (1935) also denied the existence of striatal fibres to the
pulvinar, they were unable to find degenerating fibres ending in the ventral lateral geniculate nucleus. These authors found some degenerated fibres ending in pontine nuclei.
They considered the ventral optic fibres from the striate cortex through the pulvinar and
through the lateral posterior thalamic nucleus to be passing cortico-tectal fibres.
Le Gros Clark (1941) states that the pulvinar only receives fibres from the ventral
lateral geniculate body, not from the striate cortex. A small lesion in the striate area
produced degeneration in all layers of the dorsal lateral geniculate body.
Nauta and Bûcher (1954) made superficial lesions in the striate cortex. They traced silverstained degenerated fibres into the lateral geniculate body, lateral posterior thalamic
nucleus, pretectal area, rostral colliculus, incertal zone and pons. The cortico-fugal
fibres mingled with the optic tract, they arrived in the lateral geniculate body from
the ventral side. The fibres from here to the lateral thalamic nucleus sometimes traversed the lamina medullaris externa and the ventral thalamic nucleus.
Shkolink-Yarros (1958) made cortical lesions in rabbits in area 17. They used the Marchi
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method. Degenerated fibres were seen to run to the lateral geniculate body, to the rostral
colliculus, to the pulvinar, to the posterior thalamic nucleus, to the pretectal area and
perhaps to the cerebral peduncle. These authors were not sure about direct cortical
fibres to the retina and to other thalamic nuclei.
PHYSIOLOGY OF THE PRIMARY OPTIC SYSTEM.

Dubner and Gerard in 1939 described a spontaneous electrical pattern in the lateral
geniculate body. The rhythm was independent of the cortical action potentials. Removal
of the cortex and a transsection through the brainstem at a mid collicular level did not
alter the spontaneous activity of the lateral geniculate body. The on and off effects in
the lateral geniculate body after optic stimulation consisted of a recurrent pattern with a
negative spike followed by a positive wave.
G. H. Bishop and Clare (1955) found synapses of the optic tract in the dorsal lateral
geniculate body at 4 different levels. These authors concluded that secondary fibres run
to the striate cortex, to the lateral thalamic nucleus, to the pretectal area and to the
superior colliculus.
Much more work has been done on the physiology of the lateral geniculate body, with
macro-electrodes and with micro-electrodes. The published results of these studies are
beyond the scope of this present work. The same applies to the extensive studies on
eye and head movements after pretectal and tectal stimulation.
Hamasaki and Marg (1960) studied the posterior accessory optic tract in rabbits. Evoked
potentials could be recorded at 1—3 msec, after electrical stimulation of the optic nerve.
A flash of light produced chiefly an on-effect. No action potentials were obtained in
the retina after stimulation of the posterior accessory optic tract.
Physiology of the striate cortex.
G. H. Bishop (1933) gave one of the first descriptions of an electrical reaction of the
cortex of the rabbit during illumination of the eyes.
O'Leary and G. H. Bishop (1938) studied the cortical activity after stimulation of the
optic nerve in the anaesthetized rabbit. They recorded a response from the striate
cortex and also more anteriorly and medially.
Goldman and Segal (1938) found rhythmic flicker stimulation to facilitate spontaneous
cortical activity.
Fields, King and O'Leary (1949) studied the response of the striate cortex after direct
stimulation of the lateral geniculate body.
Monnier (1949) measured the latent period between a flash stimulus and the arrival
of the evoked response at the striate cortex. It was 6 msec. The latent period for block
of the spontaneous α-rhythm in the cortex was much longer: 200 msec.
Many workers studied the form and time relationship of evoked potentials from the
striate cortex after optic stimulation:
G. H. Bishop and Clare (1951) recorded 5 cortical spikes, followed by a phase of de
pression which lasted 100 msec. During the depression a second stimulus had no
effect.
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These authors gave a weak stimulus to the optic tract which evoked only one spike
in this tract. Only a single post-synaptic spike could be recorded in the lateral geniculate
body. This was sufficient to produce a complete reaction of full amplitude in the cortex.
A stronger optic stimulus resulted in a second spike in the optic tract. The impulses,
which were conducted through the thinner fibres, now reached the pulvinar, the pretectal area and the rostral colliculus.
The latent period between the stimulus and the first spike at the cortex amounted to
1.8 msec. Between the first and the second spike it was 0.8 msec, between the second
and the third 1.2 msec, and between the third and the fourth, and the fourth and
the fifth spike 1.6 msec. The first cortical spike had a constant amplitude. The amplitudes of the second and third spikes were more sensitive to anaesthesia. These authors
assume that a pathway exists with more synapses for the spikes with the longer latent
periods. The second and third spikes have no relationship to the action potentials of the
lateral geniculate body.
Chang in 1952 found in cats under pentobarbital anaesthesia the same cortical response
at the striate area after optic nerve stimulation as after direct stimulation of the lateral
geniculate body. He concluded that a monosynaptic relationship must exist in the lateral
geniculate body between the optic tract and the optic radiation. Only the latent period
was shorter after direct stimulation of the dorsal geniculate body than after optic nerve
stimulation.
The evoked response was greater when the retina was constantly subliminally illuminated, and it diminished with strong retinal illumination. The evoked response diminished
at the beginning of a period of illumination and of darkness. The evoked cortical response also changed with the general excitability state of the whole cortex.
Jung, Creutzfeldt and Baumgartner (1956) found a number of neurons in the striate
cortex to be activated by stimulation of the lateral geniculate body. Other striate cells
were activated by stimulation of non-specific brainstem nuclei. Between these 2 systems
inhibition and facilitation have been observed.
Schoolman and Evarts (1959) chronically implanted electrodes into the dorsal lateral
geniculate body in cats. They registered the action potentials from the cortex. Anaesthesia
did not impair conduction from the lateral geniculate body to the cortex.
NON-SPECIFIC SYSTEMS.

Up to now it is predominantly the specific optic projection system that has been discussed.
For better understanding of the non-specific functions of the optic system such as arousal
and the enhanced susceptibility for seizures after flicker stimulation, a discussion of the
modern trends in neurophysiology is necessary.
In 1935 Bremer made a transsection through the brainstem of a cat at the rhombencephalon (encéphale isolé). The electrocorticogram of the animal was recorded simultaneously. It showed an activation pattern: low-voltage fast activity. When the section
was made at a higher, collicular level (cerveau isolé) the corticogram of the cat changed
into slow high-voltage activity: a sleep pattern. Bremer thought this change to be due to
dcafferentiation of the sensory system. Optic stimulation in this preparation evoked
action potentials in the striate area, but the sleep pattern of the corticogram did not
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change. Bremer also obtained a sleep pattern at the cortex after lesions in the hypothalamus and in the tegmentum.
In 1949 Moruzzi and Magoun made a more detailed study of the arousal effect. These
authors found cortical arousal: desynchronization and low-voltage fast activity in the
corticogram after stimulation of the reticular formation in the brainstem of the cat. In
encéphale isolé preparations according to Bremer (transsection through the rhombencephalon) blocking of the a-rhythm persisted after reticular stimulation. This effect
was identical to the arousal effect after sensory stimulation in the same animal. The
arousal reaction in intact animals could be obtained after stimulation of the reticular
formation in the rhombencephalon, in the pons, in the mesencephalic tegmentum and in
the caudal part of the thalamus. Collaterals to the reticular formation from the main
sensory pathways were thought to conduct impulses for this cortical arousal reaction.
Magoun demonstrated that the reticular influence upon the cortex is necessary for maintaining the waking state and alertness of the animal.
Starzl, Taylor and Magoun (1951) followed the afferent fibres to the reticular activating
system. High-frequency stimulation of this system caused cortical desynchronization. The
strongest arousal reaction from the diencephalon could be elicited after stimulating the
ventro-medial nucleus, the subthalamus and the dorsal hypothalamus. In animals under
chloralosanc anaesthesia, stimulation of the thalamic association nuclei caused no arousal
reaction. Stimulation of the sensory relay nuclei blocked the slow activity in restricted
cortical areas, but caused no generalized cortical arousal reaction. An arousal reaction
could be obtained with a high-frequency stimulus from those nuclei which gave a recruiting response at the cortex with low-frequency stimulation. Moreover, a generalized
arousal reaction could be obtained after stimulation of the classical sensory pathways,
the mesencephalon, the central grey substance and the rostral part of the pons.
French, von Amcrongen and Magoun (1952) found in the monkey a central area in the
tegmentum, in the subthalamus, in the hypothalamus and in the medio-dorsal thalamus,
from which action potentials could be recorded after somato-sensory, viscero-sensory,
optic and acoustic stimulation. The same action potentials could be obtained after stimulation of brainstem sensory systems. The strongest cortical desynchronization after this
stimulation occurred in the frontal cortex.
Gellhorn (1952) found a maximal cortical arousal reaction with desynchronization after
painful and nociceptive stimuli. Somato-sensory and proprioceptive stimuli caused a
somewhat weaker arousal reaction. Acoustic stimuli had a still weaker effect, and optic
stimuli the least.
Arduini and Moruzzi (1953) found olfactory influence on the reticular arousal system.
French, Hernández-Péon and Livingston (1955) consider the cortico-fugal projection
to the reticular arousal system to be nearly as important as the peripheral receptors
in respect of reticular activation. Reticular arousal patterns were obtained after cortical
stimulation of the orbital, latcro-frontal, paracentral and paraoccipital areas, and after
stimulation of the gyrus cingulus, the gyrus superior and the tip of the temporal lobe.
Stimulation of the hippocampus has a long-lasting effect on the reticular formation.
Hernández-Péon and Velasco (1956) worked with curarized cats. They recorded action
potentials from primary sensory nuclei: the trigeminal nucleus, the nucleus gracilis and
the lateral geniculate body, and also from the optic tract. The conduction from sensory
13

Stimuli to these nuclei could be suppressed by stimulation of the reticular formation
Nauta (1957) divides the reticular formation into a medial and a lateral part.
The medial part of the reticular formation receives collaterals of the large ascending
fibre system. The lateral part of the reticular formation is an associative zone with
convergence of several sensory systems to one area.
Relation of the secondary optic fibre system to the reticular formation.
To explain the physiological features mentioned above we require more non-specific
optic pathways which conduct optic stimuli. Many optic impulses which are related to
arousal, to enhanced seizure susceptibility, and even to training and learning, travel along
pathways other than the classical route from the lateral geniculate body to the striate
cortex. Here wc lack sufficient anatomical and physiological background. Only little
work has been done in this field and the results obtained so far do not yet provide a
clear picture of the mechanisms involved.
Optic impulses to the reticular formation.
Harman and Barry (1957) worked with cats under pentobarbital anaesthesia. They
exposed the animals to flicker stimulation and recorded the action potentials in the
brainstem. These were registered from the optic tract, primary optic centres, lateral
posterior thalamic nucleus and pulvinar. The authors failed to record action potentials
from the mesencephalic reticular formation.
Ingvar and Hunter (1955) did the same experiments in cats without anaesthesia but
immobilized with curare. They reported the same results as Harman and Barry, but
they registered action potentials with a long latent period from the mesencephalic reticular formation. Some of the action potentials near the lateral posterior thalamic
nucleus extended into far frontal planes. After cortical destruction the latent periods
of action potentials in the brainstem after a flash stimulus were generally longer than
before removal of the cortex. The visual cortex seems to control the unspecific optic
pathways in the brainstem. These authors also assume the existence of a central diencephalic pathway conducting optic impulses to the caudate nucleus and cingulate gyrus.
Scheibel, Scheibel, Mollica and Moruzzi (1955) found a convergence of different sensory
stimuli (optic, acoustic, pain) on a single reticular cell. They worked with micro-electrodes.
Reticular influences on specific optic pathways.
Dumont and Dell (1960) stimulated the optic nerve and recorded the latent period of
the action potential in the striate cortex. Direct stimulation of the mesencephalic reticular formation or a sensory arousal stimulus produced a stronger evoked potential at the
cortex after a shortened latent period. The authors thought the facilitation to be cortical or thalamic. These experiments were carried out on encéphale isolé cats.
Stcriade and Demctrescu (1960) worked with cerveau isolé and encéphale isolé
preparations of the cat. They recorded from the lateral geniculate body after photic
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Stimulation with a frequency of 1/scc. Direct electrical stimulation of the mesencephalic reticular formation had a facilitatory effect, but it decreased the response in the striate
cortex. Stimulation of the dorsal half of the ventral anterior thalamic nucleus facilitated
the response in the lateral gyrus after photic stimulation at 8—9/sec. Stimulation of the
ventral half of the ventral anterior thalamic nucleus facilitated the evoked response in
the sigmoid gyrus, but it had no effect on the lateral geniculate body. The evoked response in the striate cortex was suppressed.
Stimulation of the thalamic midline nuclei, on the other hand, provoked facilitation of
the evoked potentials in the lateral geniculate body and in the striate cortex.
Fuster and Docter (1962) worked with rabbits with electrodes chronically implanted
into the lateral geniculate body, rostral colliculus, the mesencephalic reticular formation
and striate cortex. Reticular deactivation with pentobarbital diminished the primary
response after photic stimulation in the lateral geniculate body, but increased the
primary response in the rostral colliculus and in the striate cortex. It also decreased
the secondary response in the striate cortex and in the lateral geniculate body.
Reticular activation by amphetamine or by direct electrical stimulation did not affect
the primary response. It increased the secondary response in the striate cortex. These
authors conclude that a reticular influence is exerted on optic centres.
Secondary optic fibre system in relation to the cortex.
Klüver (1941) destroyed the striate cortex on both sides in the monkey. The animals
still reacted to optic stimuli, and they showed a reaction when the intensity of the light
was changed. Klüver recorded evoked potentials in the undestroyed cortical areas after
optic stimulation.
Mickle and Ades (1952) reported acoustic, vestibular and somato-sensory evoked potentials in the gyrus suprasylvius and in the anterior part of the gyrus ectosylvius in the
cat. This polyscnsory projection zone may have a correlating function concerning
posture and orientation towards the surroundings.
Clare and Bishop (1954) used direct stimulation of the optic nerve and of the striate
area to study a secondary optic cortical projection zone. They found one in the medial
half of the suprasylvian gyrus. The lateral half of the suprasylvian gyrus proved not to
react to optic stimuli. The reaction recorded from the suprasylvian gyrus resembled
the action potentials from the striate cortex. The action potentials in the suprasylvian
gyrus after a stimulus applied to the optic nerve appeared a few milliseconds after the
primary evoked potentials in the striate cortex. The action potentials in the suprasylvian
gyrus could also be evoked by direct stimulation of the striate cortex. Both optic and
acoustic stimuli produced action potentials in the suprasylvian gyrus.
Buser and Borenstein (1956) exposed the cortex of a cat immobilized with curare.
The suprasylvian gyrus showed a strong response after optic and acoustic stimulation.
These action potentials disappeared with barbiturate anaesthesia.
Buscr, Borenstein and Bruner (1959) registered action potentials in the lateral posterior
thalamic nucleus after optic and acoustic stimulation. They found physiological connections from here to the suprasylvian gyrus. Chloralosane facilitated conduction from
the lateral posterior thalamic nucleus to the suprasylvian gyrus. Barbiturates depressed
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the action potentials at the suprasylvian gyrus. Optic and acoustic impulses arrive at the
suprasylvian gyrus. Optic and sensory impulses arrive at the lateral anterior gyrus.
The latent period after a flash when an optic impulse arrives at the suprasylvian
gyrus is longer than the latent period for an optic impulse to arrive at the
striate cortex. The action potential recorded at the suprasylvian gyrus is slower than a
primary optic potential at the striate cortex. The action potential at the suprasylvian
gyrus is more affected by anaesthetics than the primary optic response at the striate cortex. An extensive destruction of the mesencephalic reticular formation does not affect
the action potentials at the suprasylvian gyrus, nor does direct electrical stimulation of
the mesencephalic reticular formation produce them. We are therefore not dealing with
the mesencephalic non-specific projection system to the cortex. Direct electrical stimulation of the primary sensory nuclei: the lateral and the medial geniculate body provokes both primary reactions at the sensory optic and acoustic cortical areas and the associative cortical response at the suprasylvian gyrus.
The thalamic associative area for optic impulses consists of the posterior thalamic
nucleus and of the dorsal half of the lateral posterior thalamic nucleus. Direct electrical
stimulation of this thalamic area produces associative action potentials at the suprasylvian
gyrus. These action potentials evoked in unrestrained cats with chronically implanted
electrodes appear best in moderately alert animals.
These action potentials do not appear at the suprasylvian gyrus during sleep, nor during
extreme arousal of the cat. Buscr, Borenstein and Bruner worked chiefly with cats
anaesthetized with chloralosane.
Brazier (1958) found the action potentials evoked in the rostral colliculus after flicker
stimulation to be independent of the secondary cortical after-discharge. This after-discharge originates from the dorsolateral geniculate body. This projection was not diffuse.
It was strongest in the entire lateral part of the optic cortex, in the gyrus sigmoideus and
in the ectosylvian gyrus.
Torres and Warner (1961) worked with cats immobilized with gallaminc; they stimulated
the eyes with short flashes. Two types of delayed responses were recorded. Type I is
associated with the primary response but type I extends beyond the striate cortex. It
has a short latent period and it disappears only late under anaesthesia. Type I can be
recorded from the lateral geniculate body and from the reticular thalamic nucleus and
from the lateral thalamic nuclei. An intercollicular transverse section facilitates the
type I after-discharge. The delayed response of type II disappears after an intercollicular section. It is suppressed by light anaesthesia. It has a long latent period.
Type II originates caudal to the intercollicular plane. It is a multisynaptic system.
Type II is not associated with the striate area.
Complete decortication on both sides does not affect type I or type II at subcortical
levels.
Ajmone Marsan and Morillo (1961) recorded in cerveau isolé cats from the dorsal
lateral geniculate body with micro-electrodes. Action potentials were recorded after photic stimulation of the eyes, and after electrical stimulation of the ipsilateral optic tract
and of the contralateral striate cortex. Stimulation of the ipsilateral striate cortex gave
a stronger reaction at the lateral geniculate body than stimulation of the contralateral
striate cortex. These authors assume a transcortical connection through the corps calló

losum to exist. Stimulation of the striate area influences spikes in the dorsal lateral
geniculate body, evoked by photic stimulation. The authors report convergence of impulses upon single cells.
THALAMO-CORTICAL PROJECTION SYSTEMS.
Many authors have written about the thalamo-cortical projection systems.
Starzl and Magoun (1951) assume the existence of 2 pathways to the cortex, which conduct generalized effects. The extrathalamic pathway leads from the subthalamus through
the intrcnal capsule to the cortex. The second pathway originates in the non-specific thalamic nuclei, it leads through the ventral anterior thalamic nucleus and through the
adjacent part of the reticular nucleus to the cortex.
Jasper in 1949 proposed a classification into 4 systems:
1. Primary afferent thalamic relay systems from the lateral and medial geniculate
bodies and from the lateral and medial ventral posterior thalamic nuclei.
2. Secondary afferent relay nuclei obtaining their impulses from the brain outside the
thalamus:
a. the mamillary thalamic tract which relays to the anterior nuclei and to the limbic
cortex;
b. the ventro lateral nucleus with afférents from the dentato-rubro thalamic tract,
which projects to the motor and prcmotor cortex;
с the medial dorsal thalamic nucleus which receives fibres from the fornix and
from the hypothalamus.
3. Specific elaborated sensory system: nucl. lateralis posterior, pulvinar, and nucl.
medio-dorsalis. These nuclei obtain afferent fibres from the cortex only.
These first three groups of thalamic nuclei project to localized cortical areas.
4. Diffuse projection systems from the reticular nuclei and from the intralaminary nu
clei. After stimulation of these nuclei, non-specific bilateral synchronous reactions
can be recorded from the cortex. There are no connections between the specific
afferent relay nuclei and the thalamic reticular formation.
The specific afferent relay nuclei project point for point on the specific sensory cortex.
The association nuclei project to other cortical areas. The thalamic reticular system,
which consists of fibres from the intralaminary nuclei and from the reticular nuclei, has
a diffuse cortical projection. Stimulation of this system produces 3/sec. spike-and-wave
complexes at the cortex.
Galambos (1959) made another classification:
1. The classical specific afferent pathways through the thalamus to the specific cortical
areas.
2. The efferent sensory system which originates in the cortex. The fibres go back to
the classical specific sensory centres. The fibres have a synapse at each level with
the ascending fibres.
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3. The reticular system. It receives collaterals from the classical afferent pathways and
from the efferent sensory system. The reticular system projects to the cortex, and
also influences lower centres.
4. The limbic system. Midbrain fibres project to the hippocampus and to the amygdala,
hypothalamus and septal area. From here fibres arch back to the reticular formation.
The classical afferent pathways and the efferent sensory systems are related to learning
and memory. The reticular formation is related to wakefulness and attention. The limbic
system is related to self-defence.
Bernhaut, Gellhorn and Rasmussen (1953) distinguish:
3. A general cortical response, including all specific and non-specific areas.
2. A partial generalized cortical response, including all specific and some, but not all
non-specific areas.
3. A specific cortical response only in the specific and non-specific areas.
According to these authors in deeply anaesthetized animals a generalized cortical
reaction could only be obtained with nociceptive stimuli. Less deeply anaesthetized
animals made some spontaneous movements and blinked. Nociceptive and acoustic
stimulation caused a generalized cortical response. Optic stimulation evoked only a specific cortical reaction.
Many experiments have been done to study thalamo-cortical relations.
Hanberry and Jasper (1954) destroyed the specific sensory thalamic nuclei and the
associated nuclei of the thalamus, in cats. Non-specific cortical reactions could still be
recorded after the operation.
Chang (1950) destroyed the thalamic massa intermedia in the cat. He could still record
cortical discharges after afferent stimulation. These discharges were synchronous in the
sensory cortical areas and the corresponding specific relay nuclei. Chang assumes the
existence of reverberating cortico-thalamiccircuits to explain long-lasting sensory afterdischarges.
Droogleever Fortuyn and Stefens (1951), using histological methods, demonstrated projections of the intralaminary nuclei and of the midline thalamic nuclei to the caudate
nucleus.
The centre median projects to the putamen and to the claustrum. The intralaminar
nuclei are best seen in horizontal sections.
Thalamo-cortical fibres do not cross.
The intralaminar cells degenerate, as can be seen in Nissl-stained sections after a complete cortex ablation. The same is true of midline thalamic nuclei.
Lesions in the head of the caudate nucleus produce degeneration in the anterior dorsal
part of the intralaminar nuclei and in the thalamic reticular nucleus. Lesions in the
anterior ventral part of the caudate nucleus result in degeneration of midline nuclei.
Fibres from the putamen and the caudate nucleus go to the globus pallidus and from
here to the ventral anterior nucleus of the thalamus.
In 1953 Droogleever Fortuyn gave a survey of the thalamic nuclei.
The intralaminar nuclei are the paracentral nucleus, the central lateral nucleus, the
suprageniculate nucleus, the centre médian and the thalamic reticular nucleus.
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The intermediate nuclei are the nucleus centralis mcdialis and the nucleus rhomboideus.
Spinothalamic fibres reach the centre médian.
Tectal fibres go to the suprageniculate nucleus.
A lesion in the caudate nucleus produces degeneration in the central lateral thalamic
nucleus and in the paracentral thalamic nucleus.
Hunter and Jasper (1949) experimented with cats with chronically implanted electrodes.
A sleep reaction could be obtained when the diffuse thalamo-cortical projection system
was stimulated with 3—5/scc. When the stimulus was changed to 10—30/sec. the
animal showed an "arrest reaction". When the frequency of the stimulus was raised to
200 per sec. the cat exhibited a sham rage and the corticogram showed an activation
pattern. These authors stimulated the lower part of the massa intermedia.
The recruiting response was first observed by Morisson and Dempsey (1942). It consists
of a synchronization of cortical activity after thalamic stimulation with low frequency and
under anaesthesia. Probably the diffuse thalamo-cortical projection system has been stimulated. Cats with electrodes chronically implanted showed an "arrest" reaction on stimulation of the thalamic areas which, under different circumstances gave a recruiting
response. The animals behaved as if their level of consciousness had been lowered.
Jasper (1949) reports a recruiting response at the cortex by direct electrical stimulation
of the thalamus in the cat between the planes A 9 and A 11.5. This response at the
cortex suddenly appears or disappears when the thalamic stimulating electrode passes
through the nucleus centralis mcdialis or the nucl. paracentralis. Stimulation of these
nuclei produces bilateral responses at the sensory motor cortex and at the frontal cortex of both hemispheres, with a latent period of 15—25 msec. When the stimulating
electrode was inserted 2—3 mm lateral to the midline the recruiting response was
strongest at the parieto-occipital cortex after a latent period of 40 msec. Even short
electric pulses produced trains of waves of 8—12/sec. at the cortex.
When the stimulating thalamic electrode was inserted 3—4 mm lateral to the midline,
predominantly ipsilateral cortical activity appeared. The contralateral cortical activity
then appeared, with a longer delay.
A long latent period was recorded for the recruiting response in the caudate nucleus
and in the hippocampus (60 msec.) The latent period of the recruiting response after
stimulation of the centre médian recorded at the frontal cortex amounted to 35 msec.
Slow wave responses, sometimes mixed with faster ones and then simulating spikewave complexes, appeared at the cortex after stimulation of the nucl. centralis lateralis
of the nucl. dorsomedialis and of the centre médian. The slow wave sometimes appeared to be independent of the fast one. Median sections in the massa intermedia in
the subthalamus and in the hypothalamus prevented spread of the electrical activity to
the opposite controlateral cortex. However, sections of the corpus callosum, anterior
commissure or the posterior commissure did not abolish the bilateral spread of activity
to both hemispheres. Bilateral synchronous activity could be produced at the cortex after
stimulation of the reticular nucleus of the thalamus at A 12 in the cat, the nucl.
rhomboideus, the nucl. centralis lateralis and the nucl. reuniens.
A few ipsilateral cortical reactions were produced in a single cat after stimulation of
the nucl. suprageniculatus and of the centre médian.
These recruiting responses do not affect primary responses at the cortex after stimula19

tion of main sensory systems. There are no connections between the specific afferent
relay nuclei and the thalamic reticular system.
Jasper observed no correlation between the 8—12/sec. activity recorded from thalamic
nuclei and the cortical activity. The cortex and the thalamus produce electric discharges
which are independent of each other.
Cortical bursts are only temporarily abolished by thalamic destruction.
Jasper, Naquet and King (1955) studied the recruiting response in the cortex of cats after
direct electrical thalamic stimulation of the central lateral nucleus, the ventral anterior
thalamic nucleus (this nucleus projects to the rostral cortical areas), and the anterior
part of the centre médian (this projects to the frontal cortex, to the anterior cingulatc
cortex and to the motor cortex).
The general state of excitation or alertness of the animals, the presence or absence of
specific sensory stimuli and the location of the thalamic stimulation electrode proved to be
of critical importance. Recruiting responses are hard to elicit in excited animals, or without general anaesthesia (barbiturates). The pathway for unspecific thalamo-cortical fibres
to the visual cortex is independent of the lateral geniculate body, since recruiting
responses arc enhanced following destruction of the lateral geniculate body. Specific
sensory impulses block recruiting responses in a given sensory area. Direct electrical
stimulation of the lateral geniculate body produced an arousal reaction and blocked
the recruiting response, but not when the animal was anaesthetized with pentobarbital.
A recruiting response could be suppressed by any stimulus which produced an arousal
reaction.
Starzl and Whitlock (1952) stimulated the thalamus with bipolar concentric electrodes
at 5—6/sec. in the monkey. After stimulation of the anterior part of the reticular
nucleus, the nucleus ventralis anterior of the intralaminary nuclei, the centre médian,
the nucleus centralis medialis, the nucleus centralis lateralis and the nucleus parafascicularis a recruiting response could be obtained at the cortex. Stimulation of the anterior
thalamic nuclei had the strongest effect. When one of these thalamic nuclei was stimulated, the recruiting response could be recorded from the other thalamic nuclei
mentioned above. These workers also found a strong projection to the association nuclei:
nucleus anteromedialis, nucleus anteroventralis, nucleus medialis, nucleus lateralis anterior, nucleus lateralis posterior and pulvinar. The nucleus medialis projects to the
orbito-frontal cortex. The nucleus anterior projects to the gyrus cinguli. The nucleus
lateralis anterior, the nucleus lateralis posterior and the pulvinar project to the parietal
and the temporal cortex. Cortical areas with a primary sensory and motor function
have no recruiting response. These specific areas have no connections with the association nuclei.
Enomoto (1959) studied the recruiting response in cats under pentobarbital anaesthesia.
Direct electrical stimulation of the medial part of the ventral anterior thalamic nucleus,
the paracentral nucleus and the nucleus reuniens provoked bilateral reactions at the
cortex with a nearly equal latent period in both hemispheres. Direct electrical stimulation of lateral thalamic nuclei often failed to produce a bilateral cortical reaction. As
a rule it was only ipsilateral. If a contralateral reaction appeared its latent period was
much longer than of the ipsilateral response. The ipsilateral response might have a latent
period of 10 msec, and the contralateral response one of 300 msec.
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Macchi, Angeleri and Careras (1956) found a connection of the reticular nucleus with
the thalamus. The nucleus rcuniens, the nucleus antero medialis, the nucleus ventralis
anterior and the nucleus ventro medialis have connections with the frontal cortex and
with the anterior part of the limbic system. The nucleus rhomboidcus, the nucleus centralis medialis and the intralaminary nuclei have connections with the corpus striatum.
Li (1956) stimulated the non-specific nucleus centromedialis thalami and the specific
nucleus ventralis postero lateralis thalami. He registered with glass micro-electrodes from
the gyrus sigmoideus posterior. Li found no synapse between the non-specific ascending
fibre and the primary sensory cortical neurons. The non-specific thalamic discharges
did not reach the neurons which react to specific thalamic stimulation.
Albe-Fessard and Rougeul (1958) studied the connections of the centre median in cats
anaesthetized with chloralose. This nucleus receives afferent somato-sensory stimuli.
Direct electrical stimulation of the centre médian provokes the same cortical bilateral
synchronous reactions as do somato-sensory stimuli. The latent period between the
sensory stimulus and the action potential in the centre médian was 4—6 msec. The
latent period between direct stimulation of the centre median and the action potentials
recorded at the cortex amounted to 3—6 msec. The suprasylvian gyrus, the anterior
sygmoid gyrus and the supra marginal gyrus were the cortical fields from which these
action potentials could be recorded.
Albe-Fessard, Rocha-Miranda and Oswaldo (1959) with cats under chloralose could not
demonstrate a direct connection from the centre médian to the frontal cortex. There
is probably a multi-synaptic connection with a long latent period.
The secondary optic system in relation to the thalamo cortical projection systems.
Sager, Brosteanu, Nestianu and Florca-Ciocoiu (1956) destroyed in the cat the whole
cortex on both sides, except for the right frontal area which they left intact. The authors
could still record a response in the frontal cortex after optic stimulation. The lateral geniculate body had degenerated on both sides. Sager assumes the existence of a pathway
through the hypothalamus to the frontal cortex.
Hunter and Ingvar (1955) studied cats with flicker stimulation and subconvulsive doses
of pentetrazole. They found two pathways to explain radiation to the frontal cortex. The
first pathway was transcortical and the second subcortical. The latent period for action
potentials to arrive at the frontal cortex was much longer when the optic cortex had
been removed. Pentetrazole had no effect upon the action potentials recorded from the
optic tract, from the dorsal lateral geniculate body nor upon the early (15—25 msec.)
action potentials from the rostral colliculus.The late action potentials from the rostral colliculus became higher with pentetrazole. These action potentials gradually expanded into
a frontal direction. The latent period of the early response at the frontal cortex is 21—35
msec. The late response after destruction of the striate cortex is at least 40 msec. Sometimes spike-wave complexes were recorded at the frontal cortex. The authors assume that
a fast irradiation occurs from the dorsal lateral geniculate body to the cortex. They
suggest a slow non-specific subcortical pathway to the frontal cortex through a hypothetical central diencephalic tract. The cortical connections from the striate area to the
frontal cortex could be demonstrated in cats after removal of mesencephalic and dien21

cephalic structures, with the lateral geniculate body left intact. Transcallosal connections
may allow irradiation to the opposite hemisphere. A third pathway which conducts
action potentials to the frontal cortex might be a cortico-subcortico-cortical one.
Liu, and Shen (1958) subjected cats to flicker stimulation. After administration of
chloralosane and semicarbazide. These authors recorded 3 cortical waves, after 30. 40
and 50 msec, in the sensorimotor cortex. The waves became smaller and appeared later
after bilateral destruction of the striate cortex. The first wave remained unaltered, but
the second and third waves disappeared after destruction of the ventral medial and of
the ventral anterior thalamic nuclei. All 3 waves disappeared after bilateral destruction of the lateral geniculate body. After destruction of the optic cortex in other animals
the 3 waves could be recorded in the sensorimotor cortex after stimulation of the lateral
geniculate body.
Albc-Fessard and Maliart (1960) registered action potentials from the centre médian
in cats under chloralosane anaesthesia. They recorded action potentials after somatosensory stimulation and less clearly also after acoustic and optic stimulation. Somatosensory stimulation had no effect when it was immediately preceded by an optic stimulus.
These authors assume that all those sensory modalities converge upon single neurons
in the centre médian. Only very small action potentials could be recorded from the centre
médian after optic or acoustic stimulation in cats under barbiturate anaesthesia.
Albe-Fessard and Gilctt (1961) reported evoked potentials in the centre médian after
a strong stimulus to the suprasylvian gyrus in 40% of the cats used. Weak stimulation
of the suprasylvian gyrus had no effect. These authors assume stimulation of subcortical
fibres to have occurred.
Demetrcscu and Dcmetrescu (1962) stimulated the caudate nucleus in cerveau isolé preparations of the cat. They recorded evoked potentials at the cortex after optic, acoustic
and somaesthetic stimulation. Stimulation of the caudate nucleus depressed these evoked
potentials. Facilitation, on the other hand, was observed after stimulation of the thalamic
midline nuclei.
PATHOPHYSIOLOGY OF EPILFPSY.

As optic stimulation can produce epileptic discharges in susceptible brains of epileptic
patients, a short survey of centrencephalic and focal cortical epilepsy is necessary at
this point. The provoking effect of optic stimulation and the systems which are affected
will be discussed later.
Walter and Walter (1949) provoked myoclonic centrencephalic epileptic seizures with
flicker stimulation in epileptic patients. These authors found a critical relation between
the frequency of the flicker stimulus and that of the spontaneous cerebral activity.
Gastaut (1950) combined in patients flicker stimulation with fractionated pentetrazole
injection. In cases of diencephalic epilepsy, less pentetrazole was needed to produce seizures than in normal controls. In patients with cortical epilepsy the same dose or a larger
dose of pentetrazole was needed to obtain seizures than in normal controls.
Gastaut, Roger and Gastaut (1948) assume that synchronization of the occipital circuits
with the pulvinar occurs.
Clinically, epileptic sei/urcs can be divided into 3 forms:
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I. Petit mal epilepsy: brief spells of an akinetic state with only brief loss of consciousness. Sometimes a transient twitching of eyelids and of the extremities can be
observed.
II. Grand mal seizures, with a tonic and a clonic phase. The loss of consciousness
extends over a longer period. There may be loss of bladder control. These seizures
usually last from a few minutes to half an hour or longer.
III. Psychomotor epilepsy. The clinical manifestations may differ greatly, from brief
spells of a dreamy state to long-lasting episodes of lowered consciousness. During
these episodes some patients may perform complicated activities.
Since the discovery by Gibbs and Lennox in 1936 of EEG alterations during epileptic
seizures, a clearer insight into the pathophysiology of the epilepsies has been obtained.
We are now familiar with the following classification of EEG disturbances in epilepsy.
I. Centrencephalic epilepsy. The seizures originate in the brainstem. As a rule the EEG
shows bilateral synchronous activity with a paroxysmal character.
A. During a petit mal seizure the EEG usually shows bilateral synchronous 3/scc. spikcand-wave activity, as a rule in all leads but sometimes predominantly in the frontal
regions. Before and immediately after the paroxysmal activity the EEG shows its usual
resting pattern.
B. During the grand mal seizure the EEG shows spikes and high-voltage sharp waves
in all leads. The paroxysmal activity is followed by a phase of flattening of the record.
It may take a long time before the record returns to its pre-seizure appearance.
II. Focal cortical epilepsy. The EEG in focal cortical epilepsy shows a localized cortical
zone of spikes, spike-wave complexes or slow delta activity. The clinical picture may vary
from a Jacksonian fit to a complete grand mal state. The cortical epileptical discharges
often occur without clinical manifestations. A special form of focal epilepsy is temporal
epilepsy. The EEG shows one-sided or bitemporal spikes, spike-wave complexes or dominant theta activity. Clinically this EEG corresponds to a psychomotor episode as
mentioned above, or to a complete grand mal state.
Rubinstein and Kurland in 1947 made some of the first observations in cats with chronically implanted electrodes in the brain. They produced seizures with current passed
through subcutaneous electrodes as in clcctroshock therapy, in man. The corticogram
of the quiet cat showed dominant 8—12/sec. activity. The corticogram of the anxious
cat showed dominant 14—21/sec. activity.The voltage of the corticogram increased
after repeated seizures. The frequency of the cortical waves decreased. In a later stage
the voltage of the slow waves decreased again until the death of the animal. During
the sequence of experiments, the voltage had to be increased gradually to be able to produce seizures.
Epileptic seizures after thalamic stimulation.
In 1947 Jasper and Droogleever Fortuyn stimulated in cats the thalamic intralaminar
nuclei and the massa intermedia. The corticogram of the cats reacted with 3/sec. spikeand-wave complexes. These authors did not understand however how this anterior
thalamic area could be related to the loss of the conscious state.
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Droogleever Fortuyn and Stcfens (1951) reported a short latent period of a cortical
reaction after intralaminar thalamic electrical stimulation. They sometimes observed
spike-wave complexes in small localized cortical areas. In the clonic phase of the epileptic
seizure, slow wavós appeared in the caudate nucleus and in the cortex. Direct electrical
stimulation of the caudate nucleus resulted in motor inhibition of the cortex.
Jasper (at a meeting in Amsterdam in 1960) stated that he had been able to produce
3/sec. spike-wave activity in the cortex after direct electrical stimulation of the intralaminar thalamic system in young kittens only, and not even in all of them. This effect
could not be provoked by stimulation of the intralaminar system in adult cats.
Simultaneous stimulation of the reticular formation, probably the cuneiform nucleus (as
could be seen from the histological sections) altered the cortical spike-wave discharges.
Penfield and Jasper (1947) observed that loss of consciousness was sometimes the sole
clinical manifestation of a petit mal seizure. They thought it more likely that the electric
discharge took place at a more caudal level of the brainstem which is more closely
related in structure to that part of reticular formation which functions in maintaining
the conscious state.
Hunter and Jasper (1949) made a detailed study in cats with electrodes chronically
implanted into thalamic nuclei. They studied chiefly the intralaminar system. The result
of direct electrical stimulation differed with the strength and frequency of the stimulus
applied, and with the localization of the stimulating electrodes:
1. With a 4—8 volt, 10—30/sec. stimulus to the intralaminar system, the cats
showed an arrest reaction. The authors sometimes observed activation after stimulation of the intralaminar nuclei. During this stimulation the animal no longer took
any notice of its environment. An arrest reaction was also obtained after stimulation
of the reticular nucleus rostral to the lateral geniculate body and after stimulation of
the anterio-medial and dorso-medial thalamic nuclei. Many arrest reactions were
followed by seizures when the strength of the current was increased.
2. With an 8 volts, 3—5/sec. stimulus applied to the massa intermedia and to the mamillo-thalamic tract, the animals fell asleep.
3. With an 8 volt, 200/scc. stimulus applied to the nucleus reuniens and to the mamillo-thalamic tract the animals became activated.
4. When a strong stimulus of 2—4/scc. was given to the centre médian and to the
subthalamus the animals turned their heads and their bodies to the side of the stimulus.
5. Seizures appeared when the stimulus was 8—12 volt and 5—200/sec. Sometimes
the seizures lasted longer than the duration of the stimulus. Jerking movements
of snout and eyes were observed. Thereafter a tonic-clonic seizure appeared, with loss
of reaction to other stimuli. Sometimes there was pupillary dilatation. The EEG demonstrated 3/sec. spike-and-wave activity mixed with 10—12/sec. medium-voltage
sharp activity.
6. 3/sec. bilateral synchronous spike-wave activity could be recorded after stimulation
of the anterior medial port of the thalamus.
7. When the stimulus was given to the fornix, the nucleus anterior ventralis and the
nucleus dorsalis, turning of the head to the contralateral side was first observed;
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the animal showed a fear reaction with escape behaviour. When the strength of the
current was increased a seizure developed with pupillary dilatation.
8. Stimulation of the medial part of the thalamus produced more changes in behaviour
of the animal than were seen after stimulation of the ventral and lateral thalamic
regions.
Hunter, in 1950, stimulated cats with chronically implanted electrodes in the fornix and
in the anterior ventral thalamic nuclei. At first he observed an arrest reaction with eye
movements to all directions. The animal seemed frightened. The corticogram in this
stage demonstrated 8 and 24/sec. activity in all leads, this being a kind of epileptic
activity. Subcortically this activity disappeared sooner than in the cortex. This "seizure"
was definitely different from grand mal and from petit mal. It also differed from the activity recorded at the cortex after intralaminar stimulation, or after stimulation of the
thalamic reticular nucleus. During the 8 and 24/sec. activity at the cortex the animal
did not react to sensory stimuli. Direct electrical stimulation of the hypothalamus produced sham rage.
Kopeloff, Whittier, Pacella and Kopcloff (1950) provoked seizures in monkeys by injecting aluminium cream into the medial thalamic nuclei. No seizures could be produced
by injecting the cream into the lateral thalamic nuclei, hypothalamus, caudate nucleus
or tegmentum pontis.
Meyer and Hunter (1952) coagulated the mamillo-thalamic tract in cats with chronically
implanted electrodes.
After the operation the animals showed no spontaneous movements. A lesion of the
anterior thalamic nuclei at the rostral end of the mamillo-thalamic tract produced
akinetic animals, but these followed their environment with their eyes. The corticogram
recorded during this state showed a sleep pattern which could be altered by sensory
stimulation.
Lesions of the middle of the mamillo-thalamic tract and of the intralaminar nuclei
produced catalepsy and an akinetic state. Lesions of the mamillary bodies provoked
a catatonic state.
The animals did not react at all. The EEG, however, was not affected by the last
operation.
Ingvar, in 1955, stimulated electrically the medial thalamic areas in cats. He could not find
a circumscribed area in the thalamus from which bilateral synchronous 3/sec. spikewave activity at the cortex could be produced. A few spike-wave complexes could be
recorded from the cortex after 3/sec. electrical stimulation of the massa intermedia and
its surrounding structures. However, it was never possible to produce long-lasting
3/sec. spike-wave activity at the cortex which was self-sustaining after the electrical
stimulation had been stopped. The spread of the cortical activity was predominantly
in the frontal areas, and was asymmetrical. The latent period was variable. The form
of the discharge activity was different from those recoded during a petit mal seizure.
Ingvar thought the cortex to play an active role in the production of 3/sec. spike-wave
activity. The cortical spike could be altered in his experiments by simultaneous electrical
stimulation of the mesencephalic tegmentum at 200/sec.
Freedman and Ferriss (1956) destroyed the rostral part of the reticular formation.
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There was less long-lasting hypersynchronous cortical activity after strong electrical stimulation than in non-operated animals. Pentetrazole injections still provoked seizures
in the operated animals, but these were shorter and less intense than in animals which
had not been operated on.
Buscr (1961) recorded activity from the pyramidal tract after stimulation of non-specific thalamic nuclei. Stimulation of the centre median and the ventral anterior thalamic
nucleus facilitated the pyramidal discharges. Stimulation of the caudate nucleus and
transmission from here to the ventral anterior thalamic nucleus suppressed the pyramidal
discharges.
Gastaut (1961) stimulated the caudate nucleus. This produced the tonic phase of a
seizure; it suppressed the clonic phase, which he thought to originate in the centre
médian.
Seizures after electrical stimulation of the cortex.
French, Gernandt and Livingston (1956) produced seizures in monkeys by stimulating
the exposed cortex. The seizures appeared after stimulation of the motor and premotor
cortex, the superior temporal gyrus, and the posterior part of the cingulate gyrus. The
epileptic discharges spread to the reticular formation, to the septal area and to the
amygdala. Stimulation of the frontal cortex failed to provoke seizures.
Powell, Haggart, Goodfellow and Niemer (1957) stimulated the dorso-lateral cortex.
Epileptic activity which spread to the hypothalamus appeared only after stimulation
of the occipital cortex and of the temporal cortex.
Seizures after stimulation of the mesencephalic reticular formation.
Electrical stimulation of the reticular formation in curarized cats with implanted electrodes, using 4 volt and 4—6/scc. current provoked seizures. Fernandez, Alcaraz and
Guzman reported that this could be repeated indefinitely.
Caspers (1957) worked with rats with electrodes chronically implanted. Stimulation of
the reticular formation decreased the cortical epileptic activity. The cortical activity,
however, increased when the brainstem activity diminished.
Kreindler, Zuckcrmann, Steriadc and Chimion (1958) produced seizures in cats and rats
by electrical stimulation of the brainstem reticular formation and of the central grey
substance around the aqueduct. After cessation of the electrical stimulus the seizures
continued. Seizures could be produced by stimulation of the brainstem with a weaker
current than was needed to produce cortical seizures.
The reticular seizures, however, were shorter than the cortical ones, and they showed
only a tonic phase.
The EEG during a reticular seizure showed a desynchronization which resembled an
arousal. No paroxysmal hypersynchronous activity could be recorded at the cortex.
When a brainstem seizure was induced by electrical stimulation, a cortical seizure, if
present, stopped.
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Comments on these experiments.
A seizure provoked by direct electrical stimulation of the mesencephalic reticular
formation in animals with electrodes chronically implanted clearly differs from a classical
epileptic seizure. This reticular seizure suppresses a cortical epileptic discharge if such
is simultaneously present. On the contrary, direct electrical stimulation of the thalamic
intralaminary system produces cortical epileptic seizures.
We might therefore assume that a classical epileptic discharge affecting or originating
in the hypothetical centrencephalic system suppresses the mesencephalic reticular for
mation. This then results in a loss of the conscious state. This conscious state might be
left intact in short bilateral synchronous 3/sec. spike-wave discharges which can be
recorded at the cortex. The mesencephalic reticular formation might then be unaffected.
Seizures after stimulation of the

cerebellum.

Valiant J. N. and Lepctit J. H. (1958) reported a clinical case of a "cerebellar" seizure
in a patient with encephalitis after an infection due to influenza virus. They described
the seizure with hypercxtension of the vertebral spine, the eyes deviated to the left, the
jaw deviated to the right, the arms in hyperflexion and the legs in adduction.
Between the epileptic attacks the EEG showed no abnormalities. During the epileptic
attack the EEG showed bilateral synchronous 14—20/sec. activity at the cortex. The
state of consciousness was not impaired. After the seizures had stopped a Parinaud
syndrome developed, with ocular convergence paralysis and ptosis of both eyelids.
This suggests some mesencephalic reaction, at a rather caudal level, combined with the
cerebellar fits.
Secondary optic systems in relation to the pathophysiology of epilepsy.
Gastaut and Hunter (1950) studied the action potentials in cats after flicker stimulation.
A single flash resulted in a primary response in the dorsal lateral geniculate body and
in the striate area. The response recorded from the striate cortex consisted of a triphasic
wave (positive, negative, positive), a burst of α-activity and a final slow delta wave.
When rhythmic flicker stimulation was applied to the retina the cortical response became
simpler in form and the final delta wave disappeared. Simultaneous injection of pentetrazolc intravenously augmented the delta wave.
When flicker stimulation with a 3/sec. frequency was combined with pentctrazole intra
venously, 3/scc. spike-wave activity appeared in the striate area.
During the pentctrazole injection, irradiation of optic impulses to the frontal cortex,
with a latent period of 30 msec, after the flash, was observed. Irradiation to other tha
lamic nuclei, with a latent period of 25 msec, was also observed. These thalamic nuclei
were the ventral lateral thalamic nucleus, the dorsal medial thalamic nucleus, the anteromedial thalamic nucleus, the pulvinar and the centre médian. The centre médian responded to all flicker frequencies. Jerking of the legs was observed during this phase
of the experiments. This jerking disappeared after bilateral destruction of the striate
cortex, as did the irradiation response to the thalamic nuclei.
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Lohman and von Hedenström (1951) made a lesion in the optic radiation. The susceptibility to epileptic seizures was found to be decreased after the operation.
Wall, Rémond and Dobson (1952, 1953) raised the question whether optic stimulation
had an effect upon the discharges of the motor system, and whether this effect was
exerted on the motor cortex or on the motor system at lower levels. They made records
at the medullary pontine level from the pyramidal tract during flicker stimulation,
using cats under chloralose anaesthesia. The effect of retinal stimulation by light or of
direct electrical stimulation of the lateral geniculate body resulted in action potentials
in the pyramidal tract. The authors concluded that a prolonged period of facilitation
of the motor cortex occurred at the cortical cells and at the cortical interneurons, because both types of pyramidal action potentials, both early and late ones, were increased. These authors also tried to find the pathway which conducts the optic stimuli
to the motor cortex. Destruction of the striate cortex, of the superior colliculi and even
of the dorsal lateral geniculate bodies did not impair the cortical facilitation. Only lesions
in the pretectal area abolished this effect. The authors assume that a pathway exists
from the ventral lateral geniculate body to a region near the pretectal area.
Liu and Shen (1958) confirmed these findings. They recorded from the pyramidal tract
and from the reticulo-spinal tract. The action potentials were greater after optic and
acoustic stimulation. These authors also report that a cortical lesion had no effect on this
phenomenon.
Grafstein (1959) destroyed the major part of the subcortical white substance in cats;
the fibres of the corpus callosum however, were left intact. The animals received no
anaesthesia. One suprasylvian gyrus was stimulated. Diphasic action potentials lasting
50 msec, were recorded from the opposite suprasylvian gyrus. The stimulating electrode
was gradually inserted more deeply into the suprasylvian gyrus. Three fibre systems to
the opposite suprasylvian gyrus were found as concluded from the hctcrolateral action
potentials.
These results may explain the observation recorded by Zanocco and Reggiani (1956)
in a patient with an atrophic parieto-occipital cortical lesion. The EEG however,
showed bilateral synchronous epileptic activity.
TKMPORAL LOBE AND HIPPOCAMPUS.

Temporal fits are a special form of cortical seizures. They have attracted the attention
of many workers, since the finding of the alterations in the EEG.
Gastaut, Naquet and Vigouroux (1953) injected aluminium cream into the amygdala
of cats. Some animals, but not all developed seizures after 5 weeks.
Akert and Andy (1953) chronically implanted electrodes into the hippocampus in cats
and monkeys. Even with a weak electrical stimulus, paroxysmal activity appeared and
spread to the other hippocampus, the diencephalon and certain parts of the cortex. A
stronger stimulus was needed to) produce paroxysmal activity in the thalamus, hypothalamus and striate bodies. These authors recorded local activity of 18—25/sec. and
500—5000 ¿ivolt during the hippocampal seizure. The epileptic discharges ended
abruptly.
Afterwards an electrical depression appeared. During the epileptic discharges the ani28

mals demonstrated few behavioural changes. They showed no spontaneous movements. A
cat was not interested in a mouse during the experiment. The primitive reactions after
optic, acoustic and nociceptive stimuli remained intact.
Liberson and Akert (1955) stimulated the hippocampus in unaesthetized guinea pigs. A
weak electric stimulus resulted in epileptic discharges of 0.3—5/sec. and 10—30/sec.
activity, accompanied by short spikes.
There were no cortical or subcortical after-discharges. The animals rarely had a grand
mal seizure, they mostly showed minor behavioural changes. More current was needed
to produce electrical activity after stimulation of the neocortex, the striate bodies and
the thalamus.
Many workers have studied the connections of the hippocampus with parts of the cortex and of the brainstem.
Marsan and Stoll (1951) studied the connections of the tip of the temporal lobe to
branstem nuclei, using strychnine. They reported connections to the pulvinar, the lateral
posterior thalamic nucleus, the fornix, septal area, the hypothalamus, the basal ganglia
and the thalamic reticular formation.
Jasper, Ajmone Marsan and Stoll (1952) stimulated the anterior temporal area and the
insula. They found a projection to the frontal cortex and to the cingulum. A stimulus
to the tip of the temporal lobe gave discharges in the mesencephalic reticular formation.
Gastaut, Naquet and Roger (1952) stimulated the amygdala of the cat. They found
many connections to the gyrus sylvius anterior, the gyrus sylvius posteror, the orbital
gyrus, the lobus piriformis, the lateral olfactory gyrus, the subcallosal region, the posterior cctosylvian gyrus and the posterior part of the suprasylvian gyrus.
Simpson (1952), Whitlock and Nauta (1956) made lesions in the temporal lobe. They
found silver-stained degenerated fibres to the medio-caudal part of the pulvinar, the
medial geniculate body, the rostral colliculus, the nucleus intcrcollicularis and the
antcro-Iateral part of the mesencephalic tegmentum. Other fibres arrived at the pretectal area and at the medio-dorsal thalamic nucleus.
Schreiner and Kling (1953) destroyed in cats the amygdala and the lobus piriformis on
both sides. The operated animals showed enhanced motor irritability after optic stimulation. They were easily agitated and they demonstrated hypersexuality. These behavioural changes disappeared after destruction of the ventro-mcdial hypothalamus.
Green and Arduini (1954) found opposing phenomena between the normal activities of
the hippocampus and of the cortex. During arousal, which provokes a cortical desynchronization, the hippocampus produced rhythmic 3—7/sec. activity. The arousal could
be elicited by all kinds of afferent stimulation which drew the animal's attention. These
authors also provoked an arousal reaction by stimulating the ascending reticular system,
the medial thalamic nuclei, the hypothalamus, the preoptic area and the tegmentum.
The stimuli to the diencephalon were conducted to the cortex and through the septum
and the dorsal fornix to the hippocampus. A desynchronization in the electrical pattern
of the hippocampus was recorded during sleep.
The secondary optic fibre systems in relation to the temporal lobe.
Liberson and Cadilhac (1954) registered action potentials from the hippocampus after
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optic and acoustic stimulation. They recorded reaction only at the beginning of a stimulus. The stimulus was not expected by the animal.
John and Killam (1958) used flicker stimulation, which at first provoked action potentials in the dorsal lateral geniculate body. After some time these action potentials
disappeared and then action potentials could be recorded from the septal area, the
amygdala, the reticular formation and lastly from the hippocampus.
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CHAPTER II

MATERIAL

AND

METHODS

The classical histological methods only permitted a study of the fibre systems having
myelin sheaths. Fibres without a myelin sheath, or with only a very minor one, were
rather neglected up to 1954. when the Marchi method was mostly used. Nauta and
Gygax, in 1954, described a silver-staining technique to demonstrate degenerated axon
cylinders with or without a myelin sheath.
The physiological methods which have commonly been used in the last two decades
demonstrate fibre systems which can be studied by means of their recorded action
potentials. These fibre systems could not be demonstrated with the histological methods
used before 1954.
However, the physiological methods have also their shortcomings. Anaesthesia, which
has long been used in many types of experiment, blocks several fibre systems, such
as the reticular arousal system of Magoun. This method, on the other hand, permits a
study of the animal's brain with needle electrodes in a stereotaxic apparatus. In particular the brainstem can be studied millimetre by millimetre. General anaesthesia has in
some experiments been replaced by transsection of the brainstem (encéphale isolé,
Bremer). It is combined with artificial respiration but it produces severe damage to
the central nervous system, and the motor reactions of the animal cannot be studied.
The cerebral blood flow is severely impaired in this method.
Replacement of general anaesthesia by local anaesthesia and nitrous oxide inhalation
has also been used.
When the inhalation has been stopped, immobilization with curare combined with artificial respiration gives satisfactory experimental results. But here again the motor reactions of an intact animal cannot be studied.
The implantation technique as introduced by Hess, permits observation of freely moving
animals. They can be stimulated by their environment, or directly with electric current
to the brainstem through the cable and the implanted needle electrodes.
This technique, however, only permits the implantation of a limited number of electrodes
into the brain. The electrodes cannot be moved in the brain when the animal has reco31

vered from the operation, and they remain in the same place as long as the animal
survives. Hess and Sem Jacobsen demonstrated respectively in cats and men that properly
implanted steel electrodes in the brain produce hardly any histological destruction. Delga
do in 1955 took records from cats with implanted steel needle electrodes for 14 months.
After this long period no more electric current was needed to produce motor reactions
than at the beginning of the experimental period.
In the study reported here, physiological and histological methods have been combined
in successive stages.
The implantation operation of the needle electrodes in the optic fibre system was per
formed in middle-sized female cats during pentobarbital anaesthesia combined with
nitrous oxide inhalation. During this implantation of electrodes, the action potentials
provoked by flicker stimulation with a flash intensity of 2 Joules were recorded through
these needles on a tcxtronic cathode-ray oscilloscope. Thus, the precise localization of
the needle tips in a primary or a secondary optic nucleus was determined when the
maximal action potential from this nucleus after a flicker stimulus could be recorded.
Then the needles were fixed at this depth.

Fig. 1.

Modified polyester plastic
electrode socket.

We modified the electrode socket as first used by Hess. At first a "positive" plaster cast
was made from the top of the skull of a cat with an average sized skull. This polished
plaster cast was immersed in Polyvinylchloride plastic which has been placed in a va
cuum beforehand. The p.v.с plastic was then kept at 200° C. for 2 hours, during which
period the liquid plastic became hardened and acquired elastic qualities. When the
plaster cast had been removed a "negative" p.v.с cast remained. The p.v.с model was
greased with bee's wax in gasoline, after which it was filled with polyester plastic ("Eplcx")
containing a catalyst. This polyester plastic was hardened at 58° С This transparent.
hard "positive" cast thus obtained could be polished. Its upper plane was made parallel
with the plane of the cat's skull where the coronary suture and the sagittal suture cross.
Burr-holes with a diameter of 0.40 mm were made in lines at right angles. In the mesh
M

Fig. 2.

Needle electrode (magnification

2,5 χ).

Fig 3.

Cortical electrode (magnification

2.5 x).

Fig. 4. Open end leather strap showing insertion
of banana plugs of implanted electrodes into small
female counter plugs, attached to 24-pole Johnson
plug (cat 144).

Fig. 5 and 6.

Chronic tmrestained cat with implanted electrodes ready for physiological
ments (cat 144).

experi
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which was produced in this way, the distance between 2 holes on a straight line was
1 mm from centre to centre. We made 3 types of this plastic electrode socket, for 3 different skull types. At a later period these polished electrode sockets were directly reproduced by using them as a first cast.
The plastic electrode sockets were fixed on the skull with screws into the frontal sinus.
As horizontal plane we could only use the plane at the crossing of the 2 sutures, which
is at a different angle than the horizontal plane from the stereotaxic atlas of Jasper and
Ajmone Marsan (1954). The horizontal plane used by these authors goes through the
middle of the external acoustic meatus and through the middle of the inferior orbital
edge. It has many advantages in localizing brainstem nuclei. A plastic socket fixed on the
skull according to this latter horizontal plane however, makes a good suture of the skin
after the operation impossible. We were therefore obliged to work with the horizontal
standard plane according to the Hess technique.
The steel needle electrodes were made of straightened stainless hardened steel wire
with a diameter of 0.30 mm. A fine tip was obtained by immersing the needle point in
concentrated hydrochloric acid. The needle was made positive with 4 volt. The tip
obtained after removing the iron chloride was about 30 /<.. The sharpened needles were
coated with "araldit 985" (CIBA). Before immersion of the needles in the "araldit"
they had to be heated to 200° C , in order to obtain a smooth coating. Three or 4
coatings were needed to obtain sufficient electrical insulation. Small hydrogen bubbles
only were seen at the non-insulated needle tips when they were immersed in salt solution
and the needles were made a few volts negative. The electrical resistance of the needles
measured this way was between 40,000 and 70,000 ohms.
The cortical electrodes were made from brass screws with a longitudinal thread. A hole
was bored in the longitudinal axis, and a silver coating was applied to prevent damage
of the tissue by the brass. Copper wire with plastic insulation was fixed into the screw
and at its tip all capillary space was closed with polyester plastic. In this way corrosion
of the copper wire beneath the plastic insulation by capillary action of body fluid could
be prevented. The copper wire ended in a silver ball of 0.2 mm diameter. This silver
ball was the only part of the electrode from which electrical potentials from the cortex
were recorded. These cortical electrodes were pushed through a hole into the skull so
that the silver tip rested on the cortex or on the dura mater. The brass screw was only
a supporting unit without any electrical purpose, and was sometimes replaced by a nylon
screw.
All wires from both the cortical electrodes and from the needle electrodes were passed
subcutaneously from above the skull to the middle of the back where they emerged
through the skin in pairs. At this site small banana plugs were soldered to the inside of a
24 Johnson plug. This large Johnson plug was fixed in a leather strap around the body
of the cat. The leather strap in its turn was kept in place in the cat's back by a kind of
"pyjama suit" which surrounded the body of the cat underneath the leather. The "pyjama
suit" permitted better healing of the operation wound in the skin of the back, and it also
prevented skin lesions caused by the leather.
With this technique the implanted electrodes and the wires attached to them could be
protected for years.
When action potentials from the brain were recorded on a 4-channel Schwarzer elec34

troencephalograph through a cable connected to the large plug, traction by the freely
moving cat was applied only to the leather strap. There was no direct traction on the
implanted electrodes. For detection of flash frequency in the rhythm of the subcortical
structure, a van Gogh, AVAT frequency analyser was used.
The acute operations were done under sterile conditions. The animals were protected
with antibiotics: Oxytetracycline and methicillin, injected intramuscularly. The sutures in
the skin were covered with plastic containing chloramphenicol. The tunnel under the skin
from the head to halfway down the back was rinsed with a 0 . 1 % solution of Chlorhexi
dine before the operation was completed. Infections during the acute stage of the experi
ment could be prevented in this way.
Needle electrodes were placed in the brain through the electrode socket. First 2 small holes
were made in the skull through the holes in the plastic socket at a desired place, using a
burr of 0.40 mm diameter.
When an electrode was introduced into the brainstem in this way it was fixed above the
brain at 2 places: in the skull and in the socket. Therefore no sideward movement of the
electrode tips was possible. This prevented any unnecessary lesions of the nervous tissue,
as could be demonstrated afterwards in histological sections.
The needles were placed in pairs with the tips 1 mm apart. Bipolar recording of action
potentials from the brainstem after flicker stimulation gives a much better localization of
the needles in the optic nuclei than can be obtained with monopolar recording. Mono
polar recording from one needle electrode to an "indifferent" electrode in the frontal
sinus leads to picking up the clectro-retinogram through this frontal reference electrode,
as demonstrated by Ingvar in 1954. When the needle tips had reached the desired depth
in the optic nuclei they were fixed at this depth by surgical bone wax at their proximal
end on the plastic socket.
The same technique of locating needle electrodes was used in purely histological experi
ments. A small coagulation lesion could be made through the wire at the end of the
needle tip by a Siemens radiotherm coagulator. After this lesion had been made the needles
were withdrawn and these cats, which were only used in histological experiments,
were allowed to survive 8—11 days after the operation. After this period they were sacri
ficed. The brains were fixed in 10% neutral formaldehyde solution, and frozen 25μ sec
tions were stained by the Nauta-Gygax method.
Unmyelinated fibres could be traced as well as the myelinated ones when they were
degenerated after the coagulation lesion.
The Nauta-Gygax staining method proved to be of unexpected value in tracing implan
ted needle electrodes in chronic cats where no coagulation had been applied. In these
frozen sections the needle track could be demonstrated in the brain tissue by small black
granules around a small hole in the brown section.
There were many more small holes in the stained sections but these were artefacts or
small blood vessels without any black granules. The damage produced by direct electrical
stimulation in chronic freely moving cats, as used to elucidate the physiological signifi
cance of a part of the optic system, could be observed in these histological sections, as
will be described on following pages. We therefore did not need to coagulate through the
implanted electrodes in the chronic cats to determine the exact localization of the needle
tip.
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Some brains of cats which had had electrodes implanted in the brainstem were stained for
small iron deposits according to the Tirman technique, using carmine for contrast stain.
The blue spots indicating iron could be easily detected in paraffin sections.
Twenty-one cats were used. In 5 cats small coagulation lesions were made in either the
ventral half or the dorsal half of the dorsal lateral geniculate body. In 3 cats the striate
cortex was superficially coagulated on one side. A lesion in the lateral posterior thalamic nucleus was made in 3 cats.
The physiological experiments were carried out in 10 unrestrained cats with stainless
steel needle electrodes implanted according to Hess into various brainstem nuclei known
to receive optic impulses.
Summary.
Recording of action potentials in anaesthetized cats serves to determine the localization
of a needle electrode tip. However, the technique of recording action potentials fails to
give good results in attempts to study the connections from one nucleus to another one
nearby. If one directly stimulates the first nucleus it is not possible to record properly
from the second nucleus a few millimetres distant. The stimulation artefact makes recording from the second nucleus impossible. With the histological tracing of degenerated
fibres the connections of one nucleus to another can be determined, even if it is only
a connection between 2 adjacent nuclei.
Neither the histological technique nor the recording of action potentials from the
anaesthetized cat, however, are able to give a proper impression of the physiological significance of a certain cell group or fibre system. For this only the technique of freely
moving cats with implanted electrodes can b ; used. These cats can be subjected to direct
electrical stimulation through the needle electrodes and their behaviour and their electrocorticogram can be registered. These animals can also be stimulated in externally
way (pain, acoustic stimulus or showing them a mouse) and the corticogram can be
recorded during this stimulation. In these latter experiments, recording from the brainstem nuclei is also possible.
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CHAPTER III

SUBCORTICAL

EFFERENTS

OF PRIMARY

OPTIC

NUCLEI

INTRODUCTION.

Wall, Rémond and Dobson in 1952 registered action potentials from the motor cortex
in the cat by recording from the pyramidal tract with needle electrodes. Flicker stimulation enhanced the motor unit activity. Direct electrical stimulation of the lateral geniculate body had the same effect. However, stimulation of the striate cortex or of the
rostral colliculus did not increase the action potentials registered from the pyramidal
tract. A lesion in the striate cortex or in the rostral colliculus did not affect the pyramidal action potentials either. Complete destruction of the dorsal lateral geniculate body
did not decrease the effect of the flicker stimulation, although stimulation of the same
nucleus resulted in increased neuronal activity. These authors demonstrated only that
transsection at the pretectal level abolished completely the facilitation of motor neuronal
activity by flicker stimulation.
In this case we may speak of a reflex arch without a known anatomical pathway. The
lateral geniculate body has only a partial role. Stimulation of this nucleus has a definite effect on the reflex, destruction of the same nucleus does not abolish the reflex.
HISTOLOGICAL EXPERIMENTS RELATED TO THE LATERAL GENICULATE BODY.

In 5 cats (Nos. 128, 129, 132, 138 and 141) small coagulation lesions were made in the
lateral geniculate body at different levels. The degenerated fibres were stained in frozen
sections according to the Nauta-Gygax technique.
Cat 141. The lesion in this cat was seen in the middle caudal part of the dorsal geniculate
body near its dorsal border at the level A 5. The degenerated fibres could be traced into
the whole dorsal lateral geniculate body and into the surrounding optic tract, at A 5.
Scattered fibres at A 6 were seen in the dorsal lateral geniculate body; several fibres
passed through the pulvinar into the posterior thalamic nucleus.
However, the maximal degeneration of the fibres was seen in the lateral posterior thalamic nucleus. Some fibres could be traced into the supragcniculate nucleus. The degencr37

ated fibres at A 7 were seen in the dorsal geniculate body, in the optic radiation, in the
lateral posterior thalamic nucleus and some in the pulvinar.
Cat 132. The lesion in cat 132 could also be seen in the lateral part of the dorsal lateral
geniculate body; this time however somewhat more ventral, close to but not reaching the
ventral lateral geniculate body.
This time a more caudal plane could be studied. At A 4 degenerated fibres could be
traced into the rostral colliculus. These fibres were probably degenerated retinal optic
fibres destroyed in their course around the geniculate body.
Minor degeneration was also observed in the mesencephalic reticular formation lateral
to the grey substance round the aqueduct.
The degeneration at A 5 was confined to the dorsal lateral border of the lateral geniculate body. These fibres were thought to be passing ones.
At A 6 a broad zone of degenerated fibres could be traced from the dorsal lateral geniculate body through the posterior thalamic nucleus into the lateral posterior thalamic nucleus. The fibres seemed to end here.
At A 7 the same picture was observed as at A 6. The strongest degeneration took place
in the lateral posterior thalamic nucleus. Less strong degeneration was seen in the
posterior thalamic nucleus, in the pulvinar and in the optic radiation.
Cat 138. The coagulation lesion in this cat was made at the level A 5, in the dorsal
lateral geniculate body at its medial border close to the fibres of the surrounding optic
tract. The lesion could be found just dorsal to the ventral lateral geniculate body.
The degenerated fibres at the level A 4 could be traced into the brachium of the
superior colliculus. Some fibres terminated in the reticular formation ventral to the superior colliculus and lateral to the grey matter round the aqueduct.
The degenerated fibres at the level A 5 spread through the dorsal lateral geniculate
body, through the medial part of the surrounding optic tract and through the posterior
thalamic nucleus into the lateral posterior thalamic nucleus.
At the level A 6 the same conditions were found as at A 5. At A 6 some degenerated
fibres could be traced into the optic radiation dorsolateral to the lateral geniculate
body. There was a minor degeneration in the pulvinar. The majority of the degenerated
fibres terminated in the lateral posterior thalamic nucleus. The degenerated fibres in
this nucleus terminated with small ramifications.
The degenerated fibres in the lateral posterior thalamic nucleus could be very easily
seen at the level A 7.
The level A 8 could be studied in this cat. The degenerated fibres could be seen in the
pulvinar and in the lateral posterior thalamic nucleus. From here some fibres strayed
into the incertal zone and into the centre médian (Luys). Only minor degeneration was
present here.
Cat 129. The lesion in cat 129 had a location identical to that in cat 138: at the medial
side of the dorsal lateral geniculate body, close to the ventral lateral geniculate body
and close to the surrounding optic tract.
At the levels A 5, A 6 and A 7 the degenerated fibres took the same course as in
cat 138.
Degenerated fibres in cat 129 could thus be traced into the optic tract, the optic radiation
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and the lateral posterior thalamic nucleus, while some degenerated fibres were seen in
the pulvinar and in the posterior thalamic nucleus.
The same conditions were seen at the level A 8.
This time no degenerated fibres could be traced into the centre médian (Luys).
At the level A 9 the degeneration could still be found in the optic radiation and in the
lateral posterior thalamic nucleus.
At the level A 10 some degenerated fibres could be traced close to the dorsal lateral
thalamic nucleus.
Cat 128. The lesion in the dorsal lateral geniculate body in cat 128 was located in the
centre of this nucleus and in its ventral part close to the medial geniculate body at the

Fig. 7.
A. Lesion ¡n the dorsal lateral geniculate body at the level A 8. Magnification 100 x.
B. Nauta-Gygax section of normal contralateral lateral posterior thalamic nucleus at level A 9.
C. Same section as B. with degenerated fibres in homolateral lateral posterior thalamic nucleus at
level A 9. Magnification 400 χ Cat 128.
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Fig. 7.

D. diagrams of degeneration pictures in cat 128.

level A 7—8. This lesion was thus situated in a more rostral plane than those in the preceding cats.
At the level A 5 degenerated fibres could be found in the medial part of the optic tract
close to the lateral dorsal geniculate body and in the lateral posterior thalamic nucleus.
The same conditions were observed at the level A 6. At this level degenerated fibres traversed the posterior thalamic nucleus.
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The same conditions as at the level A 6 were observed at the level A 7.
Degenerated fibres in the optic radiation and also a few degenerated fibres in the pulvinar could be seen at the level A 8.
At the level A 9 a very clear picture of degeneration was seen in the lateral posterior
thalamic nucleus and in the fibre bundles close to its lateral border.
Some degenerated fibres at the level A 10 were found in the central lateral thalamic
nucleus, and also some in the lateral posterior thalamic nucleus.
Cat J27. The lesion in cat 127 was made dorsal to the dorsal lateral geniculate body, in
the optic radiation. The coagulation lesion did not reach any of the thalamic nuclei. This
cat was operated on to study the damaging effect of the passing needle shaft in the tissue
dorsal to the dorsal lateral geniculate body, when the tip reached the geniculate body as
in the preceding cats. The lesion could be found at the level A 5—6. Degenerated fibres
were not found anywhere in the dorsal lateral geniculate body in this cat.
At the level A 4 small degenerated fibres could be seen ventral to the brachium of the
superior colliculus, somewhat more lateral than the degenerated fibres in the mesencephalic reticular formation as found in the preceding cats after a geniculate lesion.
A few degenerated fibres at the level A 5 were seen in the pulvinar and in the lateral
posterior thalamic nucleus.
At the level A 6 this picture became more clear. A small band of degenerated fibres ran
from lateral to medial from the lesion through the pulvinar, the fibres reaching only the
lateral part of the lateral posterior thalamic nucleus. Many degenerated fibres were observed dorsolateral to the lateral geniculate body in the optic radiation.
At the level A 7 the degenerated fibres could be seen only in the optic radiation.
Discussion of the lesions and the degenerated fibre tracts in these 6 cats according to
the Horsley Clark planes.
The lesions in all cats were small and most of them did not exceed one cu mm. In 4 cats:
Nos. 129, 132, 138, 141 the lesion was located in the caudal part of the dorsal lateral
geniculate body at A 5. The lesion in cats 138 and 129 was found in the medial half
of this nucleus. The lesion in cats 132 and 141 was located in the lateral half. The lesion
in the dorsal lateral geniculate body, of course, destroyed not only the nerve cells but also
the afferent retinal fibres to this nucleus, and the afferent fibres to and the efferent fibres
from the striate cortex to the dorsal lateral geniculate body.
Sometimes, however, the lesion predominantly destroyed the nerve cells. This was especially the case in cat 128, where the lesion was made at a more rostral level than in
the other cats. Here hardly any surrounding fibres were involved in the lesion. In all
cats the sections at the levels A 5, A 6 and A 7 were examined histologically.
In the cats 128, 129 and 138 the levels A 4 and A 8 were also studied. The more frontal
planes A 9 and A 10 were examined in cats 128 and 129.
The degeneration seen in the mesencephalic reticular formation at the level A 4 could be
located in the cuneiform nucleus close to the pretectal area. The number of degenerated
fibres which terminated in the cuneiform nucleus was small. In a more ventral part of the
reticular formation at this level A 4 no degenerated fibres could be found at all. Ingvar
and Hunter in 1955, however, in physiological experiments on curarized cats reported
41

after flicker stimulation a strong reaction of action potentials in the mesencephalic reticular formation at A 4 and at a few more caudal levels. This physiological result cannot
yet be confirmed with the histological method used here. A much stronger degeneration
pattern of secondary optic fibres would be expected in the mesencephalic reticular formation. Probably the afferent optic fibres to the mesencephalic reticular formation have
not yet been found. No evidence of a collicular origin of the optic fibres to the mesencephalic reticular formation has been reported until now. Kuypcrs and Pearce in 1959
made small lesions in the superior colliculus; they found few degenerating fibres from here
to the mesencephalic reticular formation and no degenerated fibres at all to the motor nuclei of the eye muscles. I have repeated these experiments in 3 cats; the results will not
be reported here in detail, but they confirm those of Kuypcrs and Pearce, who also used
the Nauta-Gygax staining technique. In my experiments some degenerated fibres were
also found in the region of the cuneiform nucleus after a lesion in the superior colliculus.
The more caudal degeneration observed in these experiments will not be reported here.
It is possible that the accessory optic fibres, as reported by Hayhow in 1959, form the
afferent optic fibre system to the mesencephalic reticular formation, but this has not yet
been worked out.
The degenerated fibres at the levels A 5 and A 6 surrounded the lateral geniculate body
and many degenerated fibres passed through this nucleus. These degenerated optic fibres
passed through the pulvinar.
It is possible that some fibres terminated in the posterior thalamic nucleus, as some blackstained degeneration due to coarse passing fibres in this nucleus was observed. It was
difficult to judge the small degenerated terminal branches.
The majority of the degenerated optic fibres terminated in the lateral posterior thalamic
nucleus. Fine ramifications in this nucleus could be observed very clearly in all cats.
These fibres did not reach the adjacent pretectal area.
A few degenerated fibres were seen in the pulvinar. The majority of these fibres were
coarse. Many fibres seemed to pass through the pulvinar to the lateral posterior thalamic
nucleus. Some fibres appeared to end in the pulvinar.
Only a few observations could be made in the histological sections at more rostral levels.
A few degenerated fibres could be seen in the centre médian (Luys) in cat 138. Cat 129
had the same lesion as cat 138, but in cat 129 no fibres reached the centre médian.
In all cats where it was possible to study the histological sections at the levels A 8, A 9,
A 10, degenerated fibres were found in the lateral posterior thalamic nucleus. Some of
these fibres also reached the pulvinar.
Summary of results of histological experiments.
1. A fibre connection from the lateral geniculate body to the lateral posterior thalamic
nucleus is probable.
2. Some passing fibres to the lateral posterior thalamic nucleus may terminate in the
pulvinar and in the posterior thalamic nucleus.
3. A few aberrant fibres to the cuneiform nucleus were seen.
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Discussion of results in relation to the literature.
The region of the pulvinar and the lateral posterior thalamic nucleus is identical with the
dorsolateral projection zone reported by Ingvar and Hunter in 1955. These authors found,
in curarizcd cats with flicker stimulation, a very strong reaction with action potentials
having a short latent period of 12—24 msec.
The caudal part of the lateral posterior thalamic nucleus is at the lateral side of the
pretectal area. The transsection made by Wall, Rémond and Dobson in 1952 (mentioned
above) at the level of the pretectal area must have damaged the lateral posterior thalamic
nucleus too. Most of afferent fibres from the geniculate body to the lateral posterior thalamic nucleus enter this latter nucleus in its caudal part, where the transsection was
made by these investigators.
The various workers as reported in the literature, do not agree about the afferent connections to the lateral posterior thalamic nucleus. These fibres probably arrive from
different sides.
Brouwer and Zeeman in 1922 used the Marchi method after enucleation of one eye.
Some retinal fibres were found to terminate in the lateral posterior thalamic nucleus.
The same observation was made in 1947 by Nauta and van Straaten, in rats. These
authors used the bouton method. A few retinal fibres were found to terminate in the
medial part of the lateral posterior thalamic nucleus.
Jimenes Castellanos and Calvo Rubio in 1945 also used the Marchi method after a
deep lesion in the lateral geniculate body in its ventral nucleus.
The degenerated fibres were reported to terminate in the lateral posterior thalamic
nucleus.
K. H. Bouman in 1905 made a lesion in the striate area. The degenerated fibres passed
with the cerebral peduncle until they met the retinal fibres of the optic tract ventral to
the lateral geniculate body. Some of these fibres terminated in the lateral geniculate body.
Other fibres continued until they reached the superior colliculus and the lateral posterior
thalamic nucleus.
Bicmond, in 1929, also made striate lesions. He also employed the Marchi method. He
reported striate fibres through the pulvinar, but in his opinion these fibres did not terminate in this nucleus.
Barris, Ingram and Ranson in 1935 and Le Gros Clark in 1941 came to the same conclusion.
Nauta and Bûcher in 1954 used the Nauta-Gygax staining technique after a striate lesion.
These authors reported degenerated fibres to the dorsal lateral geniculate body, lateral
posterior thalamic nucleus, pretectal area, superior colliculus, incertal zone and pons.
The lesion dorsal to the lateral dorsal geniculate body in cat 127 was made to obtain
some information about the anatomical course of the corticofugal fibres. Some of these
fibres might have been damaged in other cats by the tip or the shaft of the needle electrodes when they passed through this fibre region into the geniculate body. In cat 127
some degenerated fibres could indeed be traced into the lateral posterior thalamic
nucleus. But this was a minor degeneration in comparison to the marked degeneration
observed in the lateral posterior thalamic nucleus after a geniculate lesion. The degenerated fibres in cat 127 were confined to the dorsolateral part of the lateral posterior thalamic nucleus. After a geniculate lesion in the other cats, as mentioned above, the de43

generation pattern in the lateral posterior thalamic nucleus was diffused through the whole
nucleus.
The striate lesions made by me in cats 143 and 145 were identical to those made by
Nauta and Bucher in 1954. My results in these cats were similar to theirs.
The striate fibres mingle ventral to the geniculate body, with the fibres of the retinal
optic tract. Therefore it is impossible to make pure cellular lesions in the geniculate
body. Retinal and striate fibres must also be destroyed by a geniculate lesion.
On anatomical grounds it is not possible to say which of the afferent fibres to the lateral
posterior thalamic nucleus originate in the geniculate body and which fibres originate
in the striate cortex. These fibres are mixed over a long stretch in their course.
The physiological study done by Ingvar and Hunter in 1955 in curarized cats can solve
this anatomical problem. These authors used flicker stimulation and they registered the
latent period after which an action potential could be recorded from the brainstem nuclei
with the stereotaxic technique. Some of their cats were relatively intact. In other cats
the complete cortex had been removed on both sides, and thus there was no optical
cortex left.
The latent period after which an action potential could be recorded in the cats with an
intact cortex subjected to a flicker stimulus was 13—23 msec, for the lateral posterior
thalamic nucleus. On the contrary the latent period in the lateral posterior thalamic
nucleus in decorticated cats had decreased to 9—16 msec, at the level A 5.
The latent period in the lateral posterior thalamic nucleus at the level A 8 was 13—22
msec, in intact cats and 8—23 msec, in decorticated cats. The shortening of a latent
period after flicker stimulation as observed in decorticated cats, could be found only in
the lateral posterior thalamic nucleus. In other nuclei the latent period after flicker
stimulation increased after decortication.
At the level A 12 in the ventral anterior thalamic nucleus the latent period in the intact
cat was 18—25 msec. After decortication the latent period was 27—45 msec.
The latent period after flicker stimulation in the ventral part of the reticular formation
at the level A 2 was 14—24 msec, before decortication and 22—40 msec, after decortication.
At the level A 5 in the reticular formation the latent period was 17—25 msec, before
decortication and 28—45 msec, after decortication.
At the level A 8 the latent period registered in the centre median (Luys) was 17—45
msec, before and 26—45 msec, after decortication.
Decortication did not, of course, affect the latent period recorded in the primary optic
centres receiving retinal fibres. At the level A 2 the latent period recorded from the
superior colliculus was 14—25 msec, before and 16—27 msec, after decortication. The
latent period in the lateral geniculate body at A 5 was 12—14 msec, before and 8—10
msec, after decortication. In the same nucleus at the level A 8 the latent period was
12 msec, before and 10—13 msec, after decortication.
A real shortening of the latenj period between a retinal flicker stimulus and the
appearance of the action potential in the brainstem nuclei after decortication could be
observed only in the lateral posterior thalamic nucleus. It might be assumed that the
long detour for the retinal impulses, through the geniculate body and through the striate
cortex to the lateral posterior thalamic nucleus, had been destroyed by decortication.
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In this case only the shorter, taster direct route from the retina through the lateral ge
niculate body to the lateral posterior thalamic nucleus would remain intact. It might
also be assumed that an inhibitory effect of the striate cortex on the shorter pathway
had been eliminated by decortication.
PHYSIOLOGICAL
NUCLEI.

EXPERIMENTS RELATED TO PRIMARY AND SECONDARY OPTIC

The physiological significance of the connection from the lateral geniculate body to the
lateral posterior thalamic nucleus has not been worked out in detail before.
To solve this question, electrodes were implanted into this nucleus and also into the lateral
geniculate body and into the mesencephalic reticular formation near the superior colliculus. Sometimes these electrodes were still implanted into the superior colliculus, some
times they reached the cuneiform nucleus. Three cats (Nos. 142, 144 and 146) will be
described in detail here.
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Fig. 8. Action potentials recorded from Ihe lateral geniculate body (LGD) and
from the striate cortex in cat 142, under penlobarbital and nitrous oxide anaesthe
sia without any stimulus and after a flash.
All cats also had cortical electrodes implanted through the skull. On both sides one
cortical electrode was implanted above the frontal cortex near the sigmoid posterior
gyrus or near the anterior ectosylvian gyrus. Two ccntro-parietal electrodes were implan
ted close to the lateral gyrus or close to the posterior suprasylvian gyrus, one at each
side. From occipital electrodes, 2 on each side, were implanted above the occipital
striate cortex. The reference electrodes were implanted through the skull into the frontal
sinus.
When the non-insulated tips of the needle electrodes, destined to be implanted into the
lateral geniculate body, reached this nucleus, a flicker stimulus was given to the contra
lateral eye. A sharp spike of 50—100 //.volt could then be recorded on the cathode-ray
oscilloscope. This action potential was observed after each flash. It was synchronous
with the frequency of the flicker stimulation.
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Clear action potentials were seen even at a flicker frequency of 40 per sec. or more.
When other needle electrodes were brought into the lateral posterior thalamic nucleus, the
action potential recorded after a light stimulus did not as a rule exceed 15—20 /¿volt
amplitude. Some of the difficulties in localizing the lateral posterior thalamic nucleus
might be attributed to the combined nitrous oxide-pentobarbital general anaesthesia during the operation, which might suppress action potentials.
During the operation we sometimes had to vary the flicker frequency between 4 and 15
flashes per second in order to produce action potentials from the lateral posterior thalamic nucleus. The action potentials were always on a cathode ray oscilloscope during the
operation.
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Fig. 9. Action potentials recorded from the
lateral posterior thalamic nucleus (LP)
in cat 153 under pentobarbital and nitrous
oxide anaesthesia without any stimulus, after a
flash and after continuous sound.
Buser, Borenstein and Bruner in 1959 reported action potentials in the lateral posterior
thalamic nucleus after acoustic stimulation. This was also tried during our operations,
in order to obtain a better localization of the needle tips. In these experiments an acoustic
stimulus was delivered by clapping the hands. When the needles reached the lateral pos
terior thalamic nucleus the oscilloscope then showed a row of action potentials with
50 juvolt amplitude, the single spikes lasting 5—20 msec. A good example was seen in
cat 153 which will be discussed in the following chapter. In a later stage we allowed
the cat to recover from the operation, with the electrodes implanted.
A week later, action potentials of a higher amplitude could be recorded from the lateral
posterior thalamic nucleus after flicker stimulation in the now freely moving cat.
Results in the operated animals.
Cat 142. Records were taken from this freely moving animal over a period of several
months after implantation of the electrodes. The records were taken with a 6-channcl
Schwarzer electroencephalograph through the connecting cable from the animal.
The amplitude of the action potentials from the lateral geniculate body reached about
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200 :uVolt. The continuous activity recorded from the lateral posterior thalamic nucleus
mostly did not exceed 20—50 /¿volt amplitude. The spontaneous pattern from this
nucleus consisted of a dominant irregular activity of 3—5/sec. and 40 ^volt amplitude
mixed with 10—12/sec. activity of 20 μνοΐΐ amplitude, with 15/sec. activity of 20 /ivolt
amplitude and with fast activity of about 25/scc. and 10 /ivolt amplitude.
Sometimes the spontaneous pattern from the lateral posterior thalamic nucleus flattened.
It then consisted of activity of 3—6/sec. and 10—15/scc. frequency and 15 ^volt
amplitude, mixed with fast activity of 5 ^volt amplitude. This record taken from the
lateral posterior thalamic nucleus did not resemble the pattern from the ipsilateral occi
pital cortex. The cortical electrical activity consisted of 5—6/sec. activity and 200 /xvolt
amplitude mixed with activity of 10—15/sec. and 100 /xvolt amplitude. Phase relations
between the lateral posterior thalamic nucleus and the occipital cortex were not found.
The lateral geniculate body and the lateral posterior thalamic nucleus were now directly
stimulated with electric current by a Van Gogh stimulator.
The frequency of the electrical stimulus was 2—20 per sec, usually 10 per sec. As a
rule we used a current of Уз—3 mA strength. Sometimes 5 mA currents were used.
The cat showed some vague restlessness when the lateral geniculate body was stimulated;
it shivered but showed no other motor reactions. Increasing the strength of the stimulus
at the end of the last stimulating session, many months after the first operation, up to
5—Л0 mA had no more effect than stimulation with the weaker currents as used pre
viously. Direct electrical stimulation of the lateral posterior thalamic nucleus produced
a strikingly different effect. Even with a very weak stimulus the head turned towards the
ipsilateral side. When somewhat stronger current was applied, jerks became apparent
in the four legs, first in the homolateral ones. The animal fell down. With a 3 mA stimulus
a complete epileptic seizure developed. The animal lost its bladder control. It seemed to
be unconscious, as it did not react to other external stimuli. The animal appeared to be
exhausted for some time after the seizure. These seizures could always be reproduced by
stimulating the same electrodes in the lateral posterior thalamic nucleus.
An clcctrocorticogram recorded from this animal during the tonic-clonic epileptic seizures
demonstrated continuous 2—4 sec. spike-wave activity of 500 /¿volt amplitude. This seizure discharge could be recorded from all cortical electrodes simultaneously. Taking a
record during the seizure was sometimes difficult, as the jerking animal moved its connecting cable. The artefacts produced this way sometimes blocked the amplifiers. This
cat survived l 1 /., years after the first implantation operation, and was then sacrificed.
The histological sections were stained with the Nauta-Gygax technique.
No additional coagulation lesions were made before sacrificing this cat. We could see,
therefore, to what extent the direct electrical stimulation in the freely moving animal
had damaged the nervous tissue.
In the dorsal lateral geniculate body at the level A 7 a small zone with black granules,
probably due to degenerated axons, was observed in the middle of the nucleus.
At the level A 8 a small zone with black granules was located in the middle of the lateral
posterior thalamic nucleus. At the level A 9 another small black spot was observed in
the lateral posterior thalamic nucleus in its dorsomedial half. There was very little
damage to the nervous tissue visible after I 1 /., years. Epileptic seizures had been obtained by stimulation of both lateral posterior thalamic electrodes.
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Cat 144. This animal was operated on in the same way as the one described above. The
placement of the cortical electrodes was similar to those in cat 142. Needle electrodes
were implanted into the dorsal lateral geniculate body, the superior colliculus and the
lateral posterior thalamic nucleus.
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Fig. 10. Action potentials recor
ded from the rostral colliculus in
cat 144 under pentobarbital and
nitrous oxide anaesthesia without
any stimulus and after a flash.
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Fig. 11. Following reaction in the electrocorticogram
frequencies in unrestrained cat 144.
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The electrical pattern recorded in the freely moving animal from the lateral geniculate
body consisted of dominant 3—4/sec. waves of 250 ¿uvolt amplitude, mixed with 7—
12/sec. activity of 150 ^volt and with 15—25/sec. activity of 30 /¿volt amplitude.
The electrical pattern recorded from the superior colliculus was very flat, it did not
exceed 15 /xvolt amplitude. This record showed very little differentiation. The spontaneous electrical pattern recorded from the lateral posterior thalamic nucleus consisted
of irregular 4—6/sec. activity of 60 /¿volt amplitude mixed with components of 12—
15/sec. with 40 ,ανοΐί amplitude and with low voltage fast activity up to 20 /¿volt. No
phase relationship between the patterns from any of these brainstem nuclei and the
ipsilatcral occipital corticogram could be observed.
The unrestrained animal was now subjected to flicker stimulation, with a frequency of
1—40 per sec. The electrical pattern from both the cortex and the subcortical nuclei
was registered.
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Following reaction in the electrocorticogram
frequencies in unrestrained cat 144.
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A good reaction, with following at all flicker frequencies, could be recorded from the
occipital cortex, the lateral geniculate body and the superior colliculus. This reaction
was different, however, in the lateral posterior thalamic nucleus. At the frequency of 1 —
3 per sec. only a minor following pattern could be recorded from this nucleus. A clear
pattern could be obtained when the flicker stimulation had a frequency of 4—9 per
sec. At a flicker frequency of 7/sec. several subharmonic waves of 3 1 / 0 /sec. appeared.
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The following reaction recorded from the lateral posterior thalamic nucleus clearly de
creased with flicker frequencies of 12/ sec. and higher. Hardly any following could be
observed with flicker frequencies of 25—4()/sec., whereas a good following reaction
could still be obtained from the cortex and from the other brainstem nuclei mentioned
above.
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Fig. 14. Arousal reaction in occipital electrocorticogram after stimulation
of the rostral colliculus with 20/sec. and 0,1mA in unrestrained cat 144.

Direct electrical stimulation of the lateral geniculate body resulted in shivering of the
cat. Even an electrical stimulus with current up to 10 mA, as used in the last stimulation
session, did not result in the development of a seizure. Some arousal reaction in the
cortex could by registered after strong geniculate stimulation.
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restrained cat 144 The recording started 30 seconds after termination of the
stimulation

51

Direct electrical stimulation of the superior colliculus and of the dorsal part of the
mesencephalic reticular formation resulted in an extreme arousal reaction of the cat. The
corticogram became flattened. The cat was alerted and tried to run away. Even a current
up to 10 mA, as used in the last stimulation session only, did not produce a seizure.
With direct electrical stimulation of the lateral posterior thalamic nucleus with a weak
curent of 0.1 m A a moderate arousal reaction could be seen in the corticogram. When
the stimulation current reached 3 mA a predominantly clonic seizure appeared on both
sides, combined with loss of bladder control. Bilateral synchronous and spike-and-wavc
activity of 3—4/sec. with 500 ,uvolt amplitude could be recorded from all cortical leads
during this seizure.
When this animal was sacrificed 1 Vz years after the implantation operation, the locali
zation of the needle tips was studied in frozen sections. Small lesions appeared in the
lateral geniculate body at A 6, in the borderline between the superior colliculus and
the reticular formation at A 3. In the lateral posterior thalamic nucleus, where only
weaker currents had been used, 2 black spots were seen at A 7 and A 8.
Cat 146. The implantation of the cortical electrodes was similar to that in cats 142 and
144. The needle electrodes were also implanted into the lateral geniculate body, the
lateral posterior thalamic nucleus and the superior colliculus and the dorsal part of the
mesencephalic reticular formation.
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Sample of an electrocorticogram of resting unrestrained cat 146 with chroni
cally implanted electrodes.
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Fig. 18. Following reaction in unrestrained cat 146 recorded during flicker stimulation with the frequencies I'/j/sec, 5/sec.
and 20/scc. in the lateral geniculate body, in the lateral posterior thalamic nucleus, in the transition zone between the rostral
coUiculus and the mesencephalic reticular formation and in the occipital electrocorticogram.
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The spontaneous electrical pattern registered in the unrestrained awake cat from the
geniculate body did not exceed 100 /ivolt amplitude. The record from the mesencephalon
was flat with activity of 12—20/sec. and 15 ^volt amplitude. The record from the
occipital cortex reached 200 juvolt amplitude.
The spontaneous pattern recorded simultaneously from the lateral posterior thalamic
nucleus consisted of 5—6/sec. activity at 50 /xvolt amplitude mixed with 4—5/sec.
activity at 20 /tvolt amplitude and with 12—20/sec. activity at 10 /tvolt amplitude.
The following reaction after flicker stimulation of the unrestrained cat appeared to be
very strong for all frequencies between 1 and 40/sec., as recorded from the occipital
cortex, the lateral geniculate body, the mesencephalic reticular formation and the superior colliculus.

Fig. 20. Photos of cat 146 taken during a
seizure, showing loss of posture and loss
of bladder control.

The strength of the following reaction recorded from the lateral posterior thalamic
nucleus depended on the frequency of the flicker stimulation. At low frequencies of
1—3/sec. the following reaction was not constant: sometimes it was very clear but
sometimes hardly any following pattern could be seen in the spontaneous record. When
flicker frequencies of 4—8/sec. were used the following reaction recorded from this
nucleus was always very strong. This following reaction clearly decreased when the
flicker simulation attained a higher frequency than 9/sec. With higher frequencies
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Record of a complete epileptic seizure taken from both cortical hemispheres in chronic cat 146, starting directly
after termination of the electrical stimulus of 20/sec. 3mA, applied for 6 seconds.

the following reaction was not constant. Sometimes it appeared to be completely
negative, with only a slight increase of the voltage of the spontaneous pattern. A following reaction after 15—25 per sec. flicker stimulation could sometimes be traced in the
record from the lateral posterior thalamic nucleus.
The results of direct electrical stimulation of the needle electrodes were identical to
those mentioned in cats 142 and 144. Only some shivering appeared when the lateral
geniculate body was stimulated, at first with weak and later with stronger current.
Stimulation of the mesencephalic implanted electrodes did not produce seizures either.
The cat became extremely alerted and constantly tried to run away backwards. Clear
pictures could be taken of this flight reaction. Direct electrical stimulation applied independently to both electrodes in the lateral posterior thalamic nucleus constantly produced
epileptic seizures, mostly of clonic type. Turning of the head to the ipsilateral side preceded the seizure. Loss of bladder control followed. The seizure continued even when the
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current had been turned off. The cat was exhausted after the seizures so that we had to
let it rest for some time afterwards. We never needed a stronger current than 3 mA to
produce a seizure every time.
This cat had to be sacrificed 4 months after the first implantation operation, as it had a
violent fight with a non-operated animal; the operation wound was opened during this
fight and it could not be repaired.
An extremely clear histological pattern was obtained from this animal. At the level A 4
a large hole surrounded by black granules was attributed to the maximal stimulation
current used here. The hole was situated both in the dorsal part of the mesencephalic
reticular formation and in the ventral part of the superior colliculus.
A large hole produced by electrical stimulation of maximal intensity was seen in the
middle of the dorsal lateral geniculate body at the level A 6.
The electrode tips in the lateral posterior thalamic nucleus were seen at the levels A 8
and A 9. Only a slight tissue reaction was observed here. There was no real destruction
of the nervous elements. This nucleus was stimulated with only a much weaker current
than the other nuclei mentioned above. The weaker current had sufficed to produce
epileptic seizures.
It must be repeated here that the strongest electric current used in the geniculate body
and in the mesencephalon was applied only in the last stimulation session. This strong
current had finally produced a coagulation lesion. Both nuclei had been repeatedly
stimulated with weaker currents up to 3 mA, but no seizure could ever be produced by
stimulation of this part of the mesencephalon or of the lateral geniculate body.
SUMMARY OF THE EXPERIMENTAL RESULTS.

1. The afferent fibres to the lateral posterior thalamic nucleus originate partly from the
lateral geniculate body and from the striate cortex. The mesencephalic cuneiform
nucleus is one of the few nuclei where degenerated nerve fibres can be traced after
a lesion of the superior colliculus; this has been reported by other authors.
2. The lateral posterior thalamic nucleus demonstrated a much better following reaction
with flicker stimulation of 3—10/sec. than with higher or lower flicker frequencies.
3. On the other hand no preference for a special flicker frequency, as recorded by the
electroencephalograph, was shown by the superior colliculus, the cuneiform nucleus,
the lateral geniculate body, or the occipital cortex. The following reaction had the
same intensity irrespective of the flicker frequency.
4. A physiological study has been performed by direct electrical stimulation in unrestrained cats of 2 primary optic centres: the dorsal lateral geniculate body and the
superior colliculus, and of the lateral posterior thalamic nucleus.
A. Direct electrical stimulation of the lateral geniculate body produced shivering of
the cat. The corticogram showed only a sjight flattening, which is a minor arousal
reaction.
B. Direct electrical stimulation of the area of the superior colliculus and of the
cuneiform nucleus resulted in alertness of the animal, followed by a flight
reaction. In many cases the animal moved backwards.
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These findings are not new. They are reported here for comparison with the following.
C. Direct electrical stimulation of the lateral posterior thalamic nucleus only, which
resulted in epileptic seizures of a predominantly clonic type. At first the head
turned to the side of the stimulus, but the seizures thereafter were completely
bilateral.
This has not been reported in detail before.
Epileptic seizures produced by direct electrical stimulation of the lateral posterior
thalamic nucleus were seen in 10 cats; in this chapter experiments in 3 of these
cats have been reported in detail.
CONCLUSION.

The lateral posterior thalamic nucleus is so far the first nucleus with anatomically proved
optic afférents from which epileptic seizures can be produced by direct electrical
stimulation, as has been demonstrated in this work.
The lateral posterior thalamic nucleus receives both optic and acoustic afférents.
It reacts differently to alternating frequencies of flicker stimulation.
Direct electrical stimulation of the lateral posterior thalamic nucleus produces complete epileptic seizures with a strong clonic component, with loss of bladder control
and apparently with some loss of consciousness.
For these three reasons it now appears probable that the optic-acoustic lateral posterior
thalamic nucleus is a part of the centrencephalic epileptic system.
It is possible that this part is routinely stimulated in patients when an EEG is taken,
because flicker stimulation is always used.
In the next chapter the connections of the lateral posterior thalamic nucleus to other
better known parts of the centrencephalic epileptic system (Jasper, Droogleever Fortuyn)
will be studied.
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CHAPTER IV

CONNECTIONS

OF THE LATERAL
THALAMIC NUCLEUS
FRONTAL THALAMIC
AREAS

TO

MORE

INTRODUCTION.

Ingvar and Hunter in 1955 and Harman and Barry in 1957 assumed a central diencephalic tract to exist. This tract was thought to conduct optic action potentials from the
caudal thalamic levels to more rostral regions in the thalamus. Ingvar and Hunter used
curarized cats, Harman and Barry worked with cats under general anaesthesia with
pentobarbital. The latent period recorded after a flicker stimulus in the caudal thalamic region was 13—23 msec, at the level A 5. At the rostral thalamic levels at A 10
—13 the latent period before an action potential could be recorded after a flicker
stimulus had increased to 18—25 msec. This means that there is only a short lengthening of the latent period when records are taken from more rostral thalamic levels. A
possible assumption is that a short direct connection exists between the caudal and
the rostral levels of the thalamus. But this connection had yet to be proved by the use
of histological techniques, as will be shown in this chapter.
However, there is a second possibility to explain the differences in latent periods after a
flash, as recorded by the action potentials in the thalamic nuclei. Descending cortical
fibres, perhaps from the striate cortex, conducting optical impulses might have a short
pathway to caudal thalamic nuclei and a longer pathway to more distant rostral thalamic areas. This second possibility however receives no histological support. Nauta and
Buchcr in 1954, using silver techniques, made superficial lesions in the striate cortex.
They reported degenerated fibres to the lateral posterior thalamic nucleus, the pretectal area, the rostral colliculus, the ventral lateral geniculate body and the pons, but not
to rostral thalamic areas.
Ingvar indicates 2 areas in the mesencephalon and in the thalamus with a maximal
reaction of optic action potentials after flicker stimulation. The ventromedial part
coincides with the mesencephalic reticular formation at the level A 4—5 which continues at the more rostral level A 7—8 in the thalamus into the centre median (Luys)
and into the incertal zone.
The second area is situated in a more dorsolateral part of the brainstem. At the level
A 4—5 it coincides with the lateral posterior thalamic nucleus and with the pulvinar.
The same is true at the level A 7—8.
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At the thalamic level A 10—12 the projection zone with optical action potentials
coincides with the ventral anterior thalamic nucleus and with the lateral part of the
central lateral thalamic nucleus. The afferent tracts to the dorsolateral projection zone
of the lateral posterior thalamic nucleus have been discussed in the former chapter.
The lateral posterior thalamic nucleus receives fibres from the lateral geniculate body
and from the striate cortex.
The afferent optic impulses to the ventromedial projection area travel along a route
unknown until now. Only Bûcher and Biirgi in 1950 published a diagram with tracts
from the mesencephalic tectum into rostral directions. These authors assume the existence
of tectal tracts to the suprageniculatc nucleus, to the centre median (Luys), to the incertal
zone and to an area lateral to the habenula. They studied the physiological preparations
of Hess ST. in Zurich. They stained the brain sections with the Marchi method.
In the first part of this chapter experiments will be described which were done in order
to find the efferent connections from the lateral posterior thalamic nucleus especially in
frontal directions.
HISTOLOGICAL EXPERIMENTS RELATED
NUCLEUS.

TO THE LATERAL POSTERIOR THALAMIC

Small coagulation lesions, using the localization technique described in chapter 2, were
made in the lateral posterior thalamic nucleus in 3 cats. The cats were anaesthetized with
pentobarbital and nitrous oxide. It was sometimes difficult to record a spike from the
lateral posterior thalamic nucleus after a flicker stimulus, probably owing to the general
anaesthesia. Sometimes we had to change the flicker frequency in order to obtain results.
It seems, therefore, that the nerve cells of this nucleus sometimes responded only to flicker
stimulations within a limited frequency range. In some cases when the two needle electrodes had reached the lateral posterior thalamic nucleus we applied acoustic stimulation
in order to obtain the best localization of the electrode tips. The results in the 3 cats, 148,
149 and 153, used in this experiment will be reported here.
Cat 148 had a very small coagulation lesion in the ventral half of the lateral posterior
thalamic nucleus at A 8. With the Nauta-Gygax stain technique a few degenerated fibres
could be followed to the caudal level A 5. They terminated on the ipsilateral side near
the nucleus of the posterior commissure.
The majority of the degenerated fibres could be followed in a more rostral direction. At
level A 9 the fibres were scattered through the whole lateral posterior thalamic nucleus;
some fibres could be seen more dorsolaterally in the adjacent reticular nucleus.
The nucleus lateralis posterior at level A 10 is gradually replaced by the ventral anterior
thalamic nucleus. This whole region contained degenerated nerve fibres which extended
into the lateral part of the central lateral thalamic nucleus at the medial side and into the
reticular thalamic nucleus at the dorsolateral side. The same situation could be seen at
level A 11. A few degenerated fibres in the ventral anterior thalamic nucleus and in the
reticular thalamic nucleus could still be seen at level A 12,5.
No more degenerated fibres were seen in more rostral thalamic levels.
The coagulation lesion in cat 149 was situated exactly in the middle at plane A 8 of the
lateral posterior thalamic nucleus.
No degeneration could be seen at level A 8 in the centre médian (Luys).
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Fig. 23.
A. Lesion in the lateral posterior thalamic nu
cleus in cat 153 at the level A 8, NautaGygax technique, magnification 40 x.
B. Normal contralateral control side of the
ventral anterior thalamic nucleus at the
level A 10. magnification 400 x.
C. Degenerated fibres of the ventral anterior
thalamic nucleus on the homolateral side at
the level A 10, same section as B. 400 x.
D. Normal control contralateral side of the
ventral anterior thalamic nucleus at the
level A l l . magnification 400 x.
E. Degenerated fibres of the ventral anterior
thalamic nucleus on the homolateral side
at the level A l l , same section as D. 400 x.
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Degenerated fibres could be clearly demonstrated at level A 10 in the lateral posterior
thalamic nucleus, in the ventral anterior thalamic nucleus, at the medial side in the lateral
part of the central lateral thalamic nucleus and at the dorsolateral side in the thalamic
reticular nucleus.
The level A 11 showed about the same picture as the level A 10. The lateral posterior
thalamic nucleus at this level has been completely replaced by the ventral anterior thalamic nucleus, which contains the majority of the degenerated fibres. The zone of the
degenerated fibres however extended beyond this nucleus, into the thalamic reticular
nucleus at the dorsolateral side, into the anterior ventral nucleus at the dorsal side and
into the anterior medial nucleus and the central lateral nucleus at the medial side.
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The coagulation lesion in the lateral posterior thalamic nucleus in cat 153 was situated
at level A 8 in the middle of this nucleus. The scattered degenerated fibres in this
nucleus could also be seen more caudally at level A 7 and more rostrally at level A 9.
At level A 9, degenerated fibres could be studied in the reticular thalamic nucleus
nearby. The degeneration at level A 10 could be studied in the lateral posterior thalamic
nucleus, in the ventral anterior thalamic nucleus, in the reticular thalamic nucleus and
in the central lateral thalamic nucleus.
The majority of the degenerated fibres at level A 12 were seen in the ventral anterior
thalamic nucleus and in the surrounding reticular thalamic nucleus and the anterior ventral thalamic nucleus.
Conclusion from these histological experiments.
In 3 cats a lesion was made in the lateral posterior thalamic nucleus. A clearly visible
degenerated fibre system could be studied from here to more rostral levels, to the ventral anterior thalamic nucleus and to its surrounding reticular thalamic nucleus and to
the central lateral thalamic nucleus.
A few degenerated fibres were observed in the anterior ventral thalamic nucleus. The
results of the experiments in these 3 cats were identical. This rostral fibre tract is exclusively ipsilateral.
Crossing fibres to the contralateral side have not been found at any level.
The histological connection from the lateral posterior thalamic nucleus to more rostral
levels exactly coincides with the central diencephalic tract (Ingvar and Hunter, 1955),
as found with the technique of recording of action potentials. It is a tract with only 1
synapse from one nucleus to the other.
This explains the small difference between the latent period of the action potentials
which appear after flicker stimulation at the caudal thalamic levels and those in the
rostral thalamic levels, which appear only 5 msec, later.
No clear fibre tract could be studied from the lateral posterior thalamic nucleus in
caudal directions. Only cat 148 showed a few ipsilateral degenerated fibres to the reticular formation lateral to the aqueduct at level A 4—5.
We shall now consider the physiological significance of the diencephalic tract histologically described in the preceding pages.
PHYSIOLOGICAL
NUCLEI.

EXPERIMENTS

RELATED TO SECONDARY AND TERTIARY OPTIC

In 6 cats needle electrodes were implanted, using the technique described in chapter 2.
The placement of the cortical electrodes was identical to that used in the former chronic
cats, as reported in chapter 3.
In this scries of experiments we placed the needle tips in the lateral posterior thalamic
nucleus, in the ventral anterior thalamic nucleus and sometimes in the central lateral
thalamic nucleus. Needle electrodes were also implanted into the lateral geniculate body
for comparison and for purposes of localization. We operated on 6 cats in this way. Reports on 3 of these cats will be given in detail below. The results obtained from the
other 3 cats were identical. In this series of unrestrained animals we also first recorded
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the spontaneous electrocorticogram and the spontaneous electrical pattern from the
subcortical nuclei.
In the second stage of the operation we studied arousal reactions on cortical and sub
cortical patterns. Then the cat was subjected to flicker stimulation and we recorded the
cortical and subcortical following reaction through the implanted electrodes. Stimulation
of the subcortical structures with electric current was done in the next stage, in the same
way as described in the preceding chapter. The electrocorticogram was recorded on a
Schwarzer electroencephalograph and the behaviour of the unrestrained cat during and
after the stimulation was observed.
The principal purpose of this series of experiments was to compare the effect of direct
electrical stimulation of the lateral posterior thalamic nucleus with the results obtained
from direct electrical stimulation of the ventral anterior thalamic nucleus and of the
central lateral thalamic nucleus in the same cat under the same experimental conditions.
Description of the experimental results in cats Nos. 162, 163 and 165 follows below.
Cat 162 had 4 needles implanted into the ventral anterior thalamic nucleus. Two needles
were implanted into the lateral geniculate body and 2 needles into the lateral posterior
thalamic nucleus. The position of the implanted cortical electrodes remained unchanged.
The spontaneous electrical pattern of the unrestrained cat, recorded from the ventral
anterior thalamic nucleus, showed a higher voltage than the pattern from the lateral
posterior thalamic nucleus. The ventral anterior thalamic nucleus produced a regular
3—5/sec. activity and 50 μ.volt amplitude mixed with 8—15/scc. activity and 40 ^volt
amplitude. Sometimes this pattern was broken up by spindles of «-activity of 8/sec. fre
quency and 400 /uvolt amplitude. These a-waves did not show any phase relationship
to the record obtained from the occipital cortex at any site. The occipital cortex some
times produced an increase in voltage for a short time, but this record mostly consisted
of 3—7/sec. activity.
The following reaction after flicker stimulation of the unrestrained cat was recorded
from the ventral anterior thalamic nucleus. The strongest reaction occurred with flicker
frequencies of 1 Vz—8/sec. The following reaction decreased with higher flicker frequen
cies, but the reaction remained visible up to 30/sec. frequency of stimulation. Direct
electrical stimulation of the most anterior needles in the ventral anterior thalamic nucleus
had no visible effect. The posterior needles in the ventral anterior thalamic nucleus,
1 mm behind the anterior ones, were stimulated in the next stage. Some jerking
movement, which stopped when the electric current of 5 mA had been turned off,
occurred with stimulation of these posterior needles.
Stimulation of the lateral posterior thalamic nucleus with a current of 3 mA under the
same experimental conditions produced a complete epileptic seizure with loss of bladder
control and of postural control which continued after the stimulation current had been
turned off.
For histological verification of localization in the brainstem of this cat, paraffin sections
were made and were stained for iron deposits with the Tirman technique. For contrast
the background of the sections was stained red with carmine.
The needle tips in the lateral geniculate body could be seen at level A 6 in its ventral
part, and also at level A 7.
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Fig. 24. Histological sections stained according t o Tirman and with carmine in cat 162.
Magnification 7 x.
A. Level A 7. needles in the lateral posterior thalamic nucleus.
B. Level A 9. localisation of needles deep in the lateral posterior thalamic nucleus.
C. Level A 10, needles in th^ transition zone of the ventral anterior thalamic nucleus and the
lateral posterior thalamic nucleus.
D. Level A I I . needles in the ventral anterior thalamic nucleus.

Needle tips in the lateral posterior thalamic nucleus could be localized at level A 7 in
the caudal part of this nucleus.
In a more frontal plane, A 9—10, two needle tips were seen in the transition zone of
the lateral posterior thalamic nucleus and of the ventral anterior thalamic nucleus.
The most frontal pair of needle tips was seen at level A 11 —12, exactly in the centre of
the ventral anterior thalamic nucleus.
Cat 163 had the same placement of needle electrodes as cat 162: 2 needles in the lateral
geniculate body, 2 needles in the lateral posterior thalamic nucleus and 2 pairs of needles in a straight line in front of the needles in the lateral posterior thalamic nucleus. These
65

needles were implanted in pairs with 1 mm distance between the tips in a lateral direction.
Each frontal plane was 2—3 mm more rostral than the former one. The diencephalic
tract, thus, was implanted with needle electrodes from caudal to rostral.
The spontaneous electrical pattern recorded through the 2 anterior needle electrodes in
the ventral anterior thalamic nucleus (at level A 11—12) consisted of 4—6/sec.
activity and 250 ^volt amplitude. This activity could sometimes also be seen in the ipsilateral occipital cortex. The ventral anterior thalamic nucleus also produced 8—10/sec.
activity and 120 ¿ivolt amplitude which could be seen only in this nucleus and not in the
occipital cortex. Faster frequencies could also be seen in the record from the ventral
anterior thalamic nucleus: 12—15/sec. activity and 50 μ\ο\1 amplitude and low voltage
faster activity. The spontaneous patterns from the ventral anterior thalamic nucleus
and from the ipsilateral occipital cortex coincided only occasionally. The record from
the ventral anterior thalamic nucleus was comparatively regular and it produced more
«-activity than any other thalamic nucleus from which records were taken.
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Fig. 25. Arousal reaction in unrestrained cat 163 in the occipital corticogram in
the lateral posterior thalamic nucleus and in the ventral anterior thalamic nucleus.

An acoustic stimulus by an automobile claxon produced a clear arousal reaction with
low voltage fast activity recorded from the ventral anterior thalamic nucleus. The same
arousal reaction could be simultaneously recorded from the cortex.
The following reaction after flicker stimulation was strongest in the lower frequency
range of l 1 /.,— 15/sec. with a maximum at 1%—8/sec. frequency recorded from the
ventral anterior thalamic nucleus. The following reaction definitely decreased with
flicker stimulation with a frequency of 15/sec. and more.
The most anterior electrodes in the ventral anterior thalamic nucleus were directly stimu
lated with current up to 5 mA strength. This strength was reached only after extensive
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big. 26. Following reaction in unrestrained cat 163 recorded during flicker stimulation with frequencies IV./sec, б'/.Лес.
and 19/sec. in the left occipital cortex, in the lateral posterior thalamic nucleus and in the ventral anterior thalamic nucleus.

trials with weaker current. This resulted in shaking of the head of the unrestrained
cat, but no further motor reaction could be obtained.
When the middle pair of needle electrodes (afterwards their tips were located in the
transition zone of the lateral posterior thalamic nucleus and of the ventral anterior thala
mic nucleus, and also in the head of the central lateral thalamic nucleus) was stimulated,
the head turned to the ipsilateral side. Some jerks were observed and a few spikewave complexes were recorded from the cortex. The cat started to mew and fell on the
ipsilateral side, but a real seizure never developed.

Fig. 27.

Four sections, stained with the Nauta-Gygax technique from cat 163.

Magnification Ί)Α Χ
Α.

Level A

6, needles in the lateral posterior thalamic nucleus.

B.

Level A

7, needles in the lateral posterior thalamic nucleus.

C.

Level A 9-10, needles in the lateral posterior thalamic nucleus and in the central lateral tha
lamic nucleus.

D.

Level A 11. needles in the ventral anterior thalamic nucleus.
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Fig. 28. Combination of diagiams indicating localisation of needle tips in cats 146 and 163 with
implanted electrodes.
A. A 3-4. Needle in transition zone of rostral collictilus and mesencephalic reticular formation.
Stimulation in these animals produced arousal and flight reaction.
B. A 5,5. Needle tip in the lateral geniculate body. Stimulation produced some shivering and only
a minor arousal reaction in the corticogram.
C. A 7. Needles in the lateral posterior thalamic nucleus. Stimulation of these electrodes produced
complete grand mal seizures.
D. A 8. Needles in the lateral posterior thalamic nucleus Stimulation of these electrodes produced
fully developed seizures.
E. A 10. Needles in the transition zone of the literal posterior thalamic nucleus and the ventral
anterior thalamic nucleus. Stimulation of these needîe electrodes produced sometimes a few short
jerks in the legs, which stopped after termination of the stimulus. The same was true for the
needles in the central lateral thalamic nucleus.
F. A l l . Needles in the ventral anterior thalamic nucleus. Stimulation of these electrodes produced little motor reaction of the animal.
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For comparison, the lateral posterior thalamic nucleus was also directly stimulated with
current up to a maximum 3 mA in this cat. For the first time in this cat loss of bladder
control was observed; this had never appeared during direct electrical stimulation of
the ventral anterior thalamic nucleus which was done first in these experiments. The cat
fell to the ipsilateral side when the lateral posterior thalamic nucleus was stimulated,
and a tonic clonic seizure developed, while 2—4/scc. spike-wave activity could be recorded from all cortical leads.
When this cat was sacrificed, frozen histological sections were stained with the NautaGygax technique. The damage done by the needle tips after electrical stimulation of the
lateral geniculate body was seen at level A 6.
The needle tips in the posterior part of the lateral posterior thalamic nucleus were seen
at the planes A 6 and A 7. These were the electrodes from which the seizures could be
produced by stimulation.
The middle pair of needles in a more rostral plane was located at the level A 9—10.
The lateral needle tip could be localized in the lateral posterior thalamic nucleus in its
transition zone to the ventral anterior thalamic nucleus. The medial needle tip was
localized in the lateral part of the central lateral thalamic nucleus.
The most rostral pair of needle electrodes could be traced at the level A 11—12.
Two adjacent needle tips were seen in the middle of the ventral anterior thalamic nucleus.
Cat 165. One pair of needle electrodes was implanted in the lateral geniculate body. One
pair of needle electrodes was implanted in the lateral posterior thalamic nucleus (at the
level A 8—9). A third pair of electrodes was implanted in the ventral anterior thalamic
nucleus (at the level A 11—12).
The spontaneous electrical pattern recorded from the occipital cortex of this cat contained
more fast activity than we usually recorded from this area. The dominant frequency was
12—18/sec. and 100 /¿volt amplitude, mixed with faster activity of 20—30/sec. and
40 /tvolt amplitude. Some slower activity of 8—10/sec. and \00μvolt and of 3—5/sec.
and 50 .uvolt could occasionally be recorded.
The spontaneous electrical pattern from the ventral anterior thalamic nucleus also showed
much 15—25/scc. activity up to 50 /¿volt. Short bursts of 8—10/scc. activity and
100 /ivolt amplitude were recorded. Such activity could not be seen at these moments in
the occipital cortex on the ipsilateral side. Some 4—6/scc. activity of 100 μνοΐΐ ampli
tude could be seen occasionally in the ventral anterior thalamic nucleus. This activity
was, in a minor degree, simultaneously seen in the occipital cortex but without definite
phase relationship.
Electrical stimulation of the needle electrodes in the ventral anterior thalamic nucleus
produced some restlessness of the animal and a few minor jerks of the legs. This imme
diately stopped after termination of the stimulation. The maximal current strength used
here was 5 mA.
On the other hand, direct electrical stimulation of the electrodes in the lateral posterior
thalamic nucleus with a maximal intensity of 3 mA provoked fully developed tonic-clonic
seizures with loss of posture and of bladder control. Spike-wave activity of 2—4/scc.
was recorded in the clectrocorticogram in all leads.
The frozen histological sections of this cat's brain were stained with the Nauta-Gygax
technique.
70

The lesion in the lateral geniculate body was seen at the level A 8—9.
In the lateral posterior thalamic nucleus, 2 needle tips could be localized at levels A 8—9.
The needle tips in the ventral anterior thalamic nucleus were seen in the centre of the
ventral anterior thalamic nucleus at the level A 11—12.
The results of the experiments in cats 159, 160 and 161 were in accordance with the
results in cats 162, 163 and 165 as described above.
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Fig. 29. Sample of cortical seizure activity continuine after termination of the 10, sec. 3mA
electrical stimulation of the lateral posterior thalamic nucleus in unrestrained cat 165. Regi
stration started 1 minute after termination of the stimulus.

CONCLUSION

The spontaneous electrical pattern recorded from the ventral anterior thalamic nucleus
had a higher voltage and was much better differentiated than the electrical activity
recorded from the lateral posterior thalamic nucleus. The ventral anterior thalamic
nucleus produced series of waves of 8—10/sec.: α-activity. This «-activity never showed
any relationship to the electrical pattern from the occipital cortex. Cats have hardly any
cortical occipital α-rhythm. It is not probable that occipital «-activity would originate
from the ventral anterior thalamic nucleus, as can be concluded from these experiments.
The ventral anterior thalamic nucleus reacted with a low-voltage fast arousal pattern
when an automobile claxon produced a distinct acoustic arousal stimulus.
The following reaction after flicker stimulation recorded from the ventral anterior
thalamic nucleus had a different strength according to the frequency of the flicker
stimulus.
The best following reaction from the ventral anterior thalamic nucleus could be ob
tained by a flicker frequency of IVz—8/scc., sometimes up to 15/sec. The following
reaction in the ventral anterior thalamic nucleus clearly decreased but remained visible
with higher flicker frequencies of 15—35/scc.
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The following reaction recorded from the occipital cortex and from the lateral geniculate body did not depend on the frequency of the flicker stimulation: even up to 40
flashes per sec. evoked an equally strong reaction from the cortex and from the lateral
geniculate body, as did much lower frequencies.
The effect of direct electrical stimulation through the implanted electrodes changed with
the nucleus in which the electrode tips were located. All electrodes were stimulated in the
same cat under the same experimental conditions.
Electrical stimulation through electrodes implanted in the lateral posterior thalamic
nucleus at the level A 7—8 always produced tonic-clonic seizures with loss of posture
and of bladder control. A stimulation current of 3 mA was strong enough to produce
this effect. In all seizures the jerks continued after the stimulation current had been
interrupted.
In a 2 mm more frontal plane at A 9—10 the needles were situated in the border zone
of the lateral posterior thalamic nucleus and the ventral anterior thalamic nucleus.
Sometimes a needle tip reached the lateral part of the central lateral thalamic nucleus.
Direct electrical stimulation of these electrodes never produced loss of bladder control.
Some jerking of the legs could sometimes still be produced with strong current. As a
rule the cats maintained their posture; occasionally one fell on the ipsilateral side. Seizures which continued after interruption of the current were never observed at this level.
The needle electrodes implanted into a 2 mm still more rostral plane at the level A l l —
12 had their tips situated in the ventral anterior thalamic nucleus. With direct electrical
stimulation no seizures could be produced. A few minor jerks could sometimes still be
observed. However, as a rule the cat only shivered, and did not lose its posture or
bladder control.
Bilateral synchronous 2—4/scc. spike-wave activity during a seizure could be recorded
from the entire cortex after direct electrical stimulation through the needle electrodes in
the lateral posterior thalamic nucleus only. Stimulation of the other needle electrodes in
more rostral planes resulted in flattening of the elcctrocorticogram. Only once were a few
spike wave complexes observed in the cortex after stimulation at level A 9—10.
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CHAPTER V

FINAL DISCUSSION OF RESULTS OF HISTOLOGICAL

AND

PHYSIOLOGICAL

EXPERIMENTS

In 1946 Walter and Dovey reported the effect of photic driving on the human electroencephalogram. Walter and Walter in 1949 provoked myoclonic centrencephalic epileptic
activity in the EEG of epileptic patients, this sometimes being accompanied by clinical
seizures.
Many workers since these publications have looked for the mechanism and the histological pathways which are involved in the production of epileptic activity after photic
stimulation.
The subcortical primary optic system shows no correlation with the centrencephalic
epileptic system, as has been stressed in chapter 3. Only direct electrical stimulation of
the cortical striate area can produce seizures. Direct electrical stimulation of the lateral
geniculate body or of the rostral colliculus does not provoke any epileptic activity in the
cortex. Therefore secondary optic systems are probably related to the production of
epileptic activity.
In 1947 Jasper and Drooglcever Fortuyn stimulated the intralaminar system, but without knowledge of its optic afférents. These authors produced spike-wave activity in the
cortex after intralaminar stimulation.
The histologically demonstrated connection from the lateral posterior thalamic nucleus
to the ventral anterior thalamic nucleus, as described in this chapter, is a bridge between
the lateral posterior thalamic nucleus and a part of the thalamus which was thought by
Jasper and Droogleever Fortuyn (in 1947) to belong to the subcortical pacemaker for
convulsions.
These authors include in this system the ventral anterior thalamic nucleus, the central
lateral thalamic nucleus, the reticular nucleus, the intralaminar system and many medial
thalamic nuclei. Direct electrical stimulation of these nuclei with a frequency of only
3/sec. provoked 3/sec. spike-wave activity in the cortex.
Ingvar, in 1955, repeated these experiments in the cat. He could find no precise localization in the thalamus to reproduce the findings of Jasper and Droogleever Fortuyn.
Ingvar was never able to produce 3/sec. spike-wave activity in the cortex which continued after termination of the electrical stimulus.
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Only a stimulus with a frequency of 3/scc. provoked the 3/sec. cortical activity, as long
as the stimulus continued. This cortical activity only appeared at localized frontal cortical
areas; large cortical areas were seldom included.
The spike and wave activity was asymmetrical in both cortical hemispheres.
Jasper, in a personal communication in Amsterdam in 1960, reported that he had only
been able to produce the 3/sec. spike-wave activity in the cortex of young cats, and not
even in all of these.
The symmetrical 3/scc. bilateral synchronous spike- and poly-spike-wave activity in all
cortical areas during a seizure after direct electrical stimulation of the lateral posterior
thalamic nucleus, as elaborated in this work, was independent of the frequency of the
electrical stimulus applied. As a matter of fact, the use of a 3/sec. stimulus was avoided
as far as possible, to prevent any direct relation between the frequency of stimulation
and the dominant frequency of the corticogram which might lead to development of a
seizure.
The frequency of the electric stimulus used was 10—20/scc., sometimes even higher.
This 2—5/sec. spike-wave seizure activity could be produced in all (adult) cats in which
the lateral posterior thalamic nucleus was stimulated.
The seizure activity continued after termination of the electrical stimulus. This was not
observed in the same animals when under the same conditions the ventral anterior
thalamic nucleus was stimulated. Different strengths of the following reaction on flicker
stimulation with alternating frequencies could be recorded from the lateral posterior
thalamic nucleus and the ventral anterior thalamic nucleus only. There was no change
in intensity of the following reaction to alternating flicker frequencies in recordings
taken from other subcortical areas having a known optic afferent supply, and no
such change was recorded from the centre médian in 1950 by Hunter and Gastaut.
These observations resemble clinical findings. Many epileptic patients produce only
paroxysmal activity in the EEG after flicker stimulation in a limited frequency range.
This was first reported by Walter and Walter in 1949.
Epileptic patients sometimes also have seizures after rhythmic acoustic stimulation
Buser, Borenstein and Bruner (1959) demonstrated that auditory impulses arrive in
the lateral posterior thalamic nucleus. This has been confirmed in this study, and acoustic stimulation was sometimes used to obtain a better localization of the needle tips in
the lateral posterior thalamic nucleus.
The optic afferent fibres to the lateral posterior thalamic nucleus were interrupted by
Wall, Rémond and Dobson (1952, 1953) in the cat when they made a transsection near
the pretectal level. The facilitatory effect of flicker stimulation on the pyramidal motor
discharges then was abolished. Lesions of the striate cortex, rostral colliculus and lateral
geniculate body had no effect.
Hunter, in 1950, was unable to produce epileptic seizures in cats with chronically
implanted electrodes by direct electrical stimulation of the anterior thalamic nuclei. He
obtained only an arrest reaction.
We confirmed Hunter's findings as far as the ventral anterior thalamic nucleus and the
central lateral thalamic nucleus are concerned. In all cats, arrest reactions appeared
after electrical stimulation of these two nuclei. Only in a few cats were some short jerks
of the legs observed during stimulation of those two nuclei, but convulsions never de74

vclopcd. The electrocorticogram usually showed flattening. Only once in 24 experiments
did a few spike-wave complexes appear in the cortex. These effects of the stimulus
applied to the ventral anterior thalamic nucleus immediately stopped on termination
of the electrical stimulation.
The ventral anterior thalamic nucleus and the central lateral thalamic nucleus might be
thought to be only one of the offshoots of the centrcncephalic epileptic system. These
nuclei probably conduct epileptic seizure activity, which originates in the lateral posterior
thalamic nucleus, to the frontal cortex, as direct electrical stimulation of the lateral
posterior thalamic nucleus always results in epileptic dicharges which does not occur
after direct stimulation of the ventral anterior thalamic nucleus. Connections from the
ventral anterior thalamic nucleus to the frontal cortex were demonstrated by physiological methods by Macchi, Angelcri and Careras in 1956. Moreover, electrical stimulation of the ventral anterior thalamic nucleus facilitates motor pyramidal discharges, as
reported by Buscr in 1961.
Histological methods and the physiological technique of evoked potentials also give evidence for the important position of the lateral posterior thalamic nucleus in relation to
connections to the cortex.
Waller and Barris in 1937, using histological methods, reported a connection from the
lateral posterior thalamic nucleus to the suprasylvian gyrus. This was confirmed by physiological techniques by Buscr, Borenstein and Bruner in 1959.
Gastaut, Naquet and Roger in 1952 using physiological methods, and Whitlock and
Nauta in 1956 using histological methods, reported a connection of the lateral posterior
thalamic nucleus to the hippocampus.
Starzl and Whitlock in 1952 reported a connection of the lateral posterior thalamic
nucleus to the temporal cortex.

Fig. 30. Diagram of subcortical epileptic pacemaker
(LP) in relation to the lateral geniculate body (LCD),
striate area, supra sylvian gyrus, hippocampus, temporal lobe and ventral anterior thalamic nucleus. Efferent connections from the ventral anterior thalamic
nucleus are to the frontal cortex and diffusely to the
whole cortex.
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A.

Diagram showing possibility of fast spreading of discharge activity from one half of the brain
to the contralateral side, from the lateral posterior thalamic nucleus to the suprasylvian gyrus,
and through the corpus callosum to the other suprasylvian gyrus.

B.

Diagram of hypothetical spreading of seizure activity along a slower multisympatic fibre system
in the thalamus from the lateral posterior thalamic nucleus through the ventral anterior
thalamic nucleus and the central lateral thalamic nucleus through the centre median to the
opposite ventral anterior thalamic nucleus.

Only the subcortical radiation from the lateral posterior thalamic nucleus to more frontal
cortical areas takes a pathway through the ventral anterior thalamic nucleus.
The fibre connection from the lateral posterior thalamic nucleus to the ventral anterior
thalamic nucleus is exclusively ipsilateral, no crossing fibres could be detected in the
histological sections.
Droogleever Fortuyn and Stefens reported in 1951 that thalamo-cortical fibres do not
cross.
Therefore the question arises how unilateral direct electrical stimulation of the lateral
posterior thalamic nucleus can produce bilateral synchronous discharges in the cortex.
No crossing fibre systems in the thalamus or at a mesencephalic level were seen in the
histological sections examined in this study.The role of the cortical commissures will be
discussed below. In the thalamus, the multisynaptic intralaminar system might perhaps
play a role.
Jasper, in 1949, recorded the recruiting response in the cat after direct thalamic stimulation. This recruiting response was bilaterally synchronous in both cortical hemispheres, with a latent period of 15—25 msec, after stimulation of the paracentral nucleus and of the ventral medial nucleus. When Jasper stimulated 3—4 mm more
laterally in the thalamus the latent period of the contralateral recruiting response became much longer than the latent period of the ipsilateral recruiting response. A median section through the massa intermedia, the subthalamus and the hypothalamus
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prevented spread of the electrical activity to the opposite cortex. This section, however,
also destroyed the cortical commissures.
Enomoto, in 1959, repeated Jasper's experiments on the recruiting response in cats.
Direct electrical stimulation of the medial part of the ventral anterior thalamic nucleus
provoked almost bilateral synchronous activity in both cortical hemispheres. Direct
electrical stimulation of more lateral thalamic nuclei produced an ipsilateral reaction
in the cortex after a latent period of about 10 msec. The reaction in the contralateral
cortex appeared only after 300 msec.
This could mean that the subcortical connections to the contralateral thalamic areas
consist of a multisynaptic system.
A faster connection from the ipsilateral to the contralateral half of the brain to conduct
the spread of paroxysmal activity originating in the thalamus might be a cortical one
through the corpus callosum. As mentioned above, the lateral posterior thalamic nucleus
has a direct connection to the suprasylvian gyrus (Waller and Barris 1937; Buser, Borenstein and Bruner 1959).
Grafstein in 1959, using physiological methods in the cat, found three fast fibre connections from the suprasylvian gyrus to the contralateral suprasylvian gyrus through the
corpus callosum.
The importance of these cortical commissures for the spread of seizure activity to the
opposite cortex is stressed by an observation made in 1956 by Zanocco and Reggiani.
A patient had an atrophic parieto-occipital lesion. The EEG, however, demonstrated
bilateral synchronous epileptic activity, probably due to a fast spread from one hemisphere to the other.
Ajmonc Marsan and Morillo in 1961 proved the existence in the cat of a callosal pathway
which conducts optic impulses from the ipsilateral striate cortex to the contralateral
lateral geniculate body.
But, as can be shown in some EEGs of patients with centrencephalic epilepsy, the spread
of seizure activity to the other hemisphere is sometimes incomplete or variable. In many
cases with petit mal discharges bilaterally synchronous on both sides, localized onesided slow activity can be seen alternating in the left or the right hemisphere, but occurring independently of each other.
Naquct in Marseilles demonstrated in 1961 an EEG of a patient with centrencephalic
epilepsy. Here the seizure discharges of spike-and-wave activity were strictly unilateral,
alternating in the left or the right hemisphere. In such cases one might assume that the
left and the right halves of the thalamic centrencephalic system were brought into a
paroxysmal state separately. The same observation has been made in very young infants where the commissural system has probably not yet developed.
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SLOTBESCHOUWING
EN
SAMENVATTING
VAN DE
RESULTATEN
VAN DE HISTOLOGISCHE EN FYSIOLOGISCHE
EXPERIMENTEN
In 1946 hebben Walter en Dovey het effect beschreven dat lichtflitsprikkeling heeft op
het electroencefalogram van de mens. In 1949 konden Walter en Walter door lichtflitsprikkeling bij epileptische patiënten centrencefale myoclonische epileptische activiteit in
het EEG opwekken; soms deden zich zelfs klinische insulten voor.
Sinds deze publicaties hebben het mechanisme en de daarmee in verband staande histologische verbindingen die betrokken zijn bij het opwekken van epileptische activiteit door
lichtflitsprikkeling vele onderzoekers beziggehouden.
Zoals in hoofdstuk 3 is aangetoond heeft het subcorticale primaire optische systeem
geen rechtstreeks verband met het centrencefale epileptische systeem. Slechts directe
electrische prikkeling van de area striata kan bij proefdieren insulten opwekken. Daarentegen veroorzaakte directe electrische prikkeling van het corpus geniculatum laterale of
van de colliculus rostralis geen epileptische activiteit van de cortex. Hieruit volgt dat
secundaire optische vezelsystcmcn waarschijnlijk een rol spelen bij het opwekken van
epileptische activiteit.
In 1947 prikkelden Jasper en Droogleever Fortuyn het intralaminaire systeem bij de
kat. Zij registreerden toen piek-golfactiviteit van de cortex. De afferente optische verbindingen naar het intralaminaire systeem waren echter destijds nog niet bekend.
De in hoofdstuk 4 door middel van histologische technieken aangetoonde verbinding
van de nucleus lateralis posterior thalami naar de nucleus ventralis anterior thalami
slaat een brug tussen een kern met optische afferente vezels (de nucleus lateralis posterior thalami) en een deel van de thalamus dat Jasper en Droogleever Fortuyn in 1947
in verband hebben gebracht met het subcorticale centrum voor convulsies.
Dit centrum voor convulsies omvat volgens deze auteurs de nucleus ventralis anterior
thalami, de nucleus reticularis, vele mediale thalamische kernen en de intralaminaire
kernen in engere zin. Directe electrische prikkeling van dit systeem met een prikkelfrequentie van alleen 3 per seconde veroorzaakte de 3/seconde piek-golf-activiteit aan
de cortex.
Ingvar herhaalde deze experimenten in 1955 bij de kat. Hij kon evenwel geen nauwkeurige localisatie in de thalamus aantonen, zoals Jasper en Droogleever Fortuyn die in
hun proeven hebben aangegeven. De 3/seconde piek-golf-activiteit die Ingvar aan de
cortex opwekte hield altijd onmiddellijk op wanneer de electrische prikkel werd onderbroken. Uitsluitend een prikkel met een frequentie van 3/seconde (dus geen andere
prikkelfrequenties) kon de 3/seconde pick-golf-activiteit van de cortex opwekken. Deze
activiteit breidde zich zelden over grote cortex gebieden uit, meestal bleef ze beperkt tot
circumscripte frontale corticale gebieden. Bovendien was de door Ingvar opgewekte
piek-golf-activiteit aan beide corticale hemisferen asymmetrisch. Ten slotte deelde Jas78

per in een lezing, die hij in 1960 te Amsterdam heeft gehouden mee dat hij de 3/seconde piek-golf-activiteit alleen kon opwekken in de cortex van sommige jonge katten (niet
eens bij alle) en niet bij volwassen katten.
In de in dit werk beschreven experimenten kon bij volwassen katten gedurende een toeval piek-golf-activiteit en poly-piek-golf-activiteit worden opgewekt in alle cortex-gebieden van waar uit werd afgeleid. De frequentie van de piek-golf-activiteit zoals deze van
de cortex werd geregistreerd, was onafhankelijk van de frequentie van de elcctrische
prikkeling die de nucleus lateralis posterior thalami werd toegediend. Om iedere toevalligheid in de gelijkheid van prikkelfrequcntie en frequentie van het corticogram te
voorkomen, werd daarom zelden of nooit geprikkeld met een frequentie van 3/seconde.
Bij voorkeur werd een prikkelfrequcntie van 10—20/seconde gebruikt, soms zelfs een
hogere.
De 2—5/seconde piek-golf-activiteit die tijdens een toeval van de cortex kon worden
geregistreerd, trad bij alle volwassen katten op waarvan de nucleus lateralis posterior
thalami werd geprikkeld. De toevallen en de epileptische activiteit van de cortex gingen
door nadat de electrische prikkel van de nucleus lateralis posterior thalami was gestaakt.
Dit laatste was niet het geval in de experimenten, waarbij onder gelijke omstandigheden
de nucleus ventralis anterior thalami werd geprikkeld.
Een verschil in intensiteit van een „volgreactie" na lichtflitsprikkeling met wisselende
flitsfrequenties werd slechts gezien bij de nucleus lateralis posterior en in mindere mate
bij de nucleus ventralis anterior. De intensiteit van de volgreactie na lichtflitsprikkeling
was even sterk, ongeacht de flitsfrequentic, in de andere subcorticale kernen waarvan
bij deze proeven is geregistreerd; volgens een mededeling van Hunter en Gastaut (1950)
is dit ook het geval met het „centre median". Men kan hier een overeenkomst zien met
de klinische electroencefalografie. Bij vele epileptische patiënten ontstaat alleen na lichtflitsprikkeling met één of enkele frequenties paroxysmale activiteit in het EEG; bij prikkeling met alle andere flitsfrequenties blijft genoemde reactie achterwege. Walter en
Walter (1949) zijn de eersten die dit hebben vermeld.
Sommige epileptici krijgen ook insulten door het ondergaan van ritmische geluidsprikkeling. In dit verband moet worden opgemerkt dat Buser, Borenstein en Bruner in 1959
actiepotentialen registreerden in de nucleus lateralis posterior na acustische stimulatie
bij de kat. Ook bij de hier beschreven experimenten is dit waargenomen; herhaaldelijk
werd van dit verschijnsel gebruik gemaakt om de naaldelectroden nauwkeurig in de
nucleus lateralis posterior thalami te localiseren.
In 1952 en 1953 trachtten Wall, Rémond en Dobson de facilitatie van lichtflitsprikkeling op de neuronale ontladingen in het motorische pyramidale stelsel tegen te gaan.
Lesies van de striaire schors van de rostrale colliculus en van het corpus geniculatum laterale hadden geen effect. Alleen een dwarssnede vlak rostraal van de colliculus
rostralis ging de facilitatie tegen.
In 1950 slaagde Hunter er niet in bij katten met chronisch geïmplanteerde electroden
epileptische insulten op te wekken door directe electrische prikkeling van de rostrale
thalamuskernen. Hij zag alleen een „arrest-reactie".
De hier beschreven experimenten bevestigen de resultaten van Hunter voorzover het de
nucleus ventralis anterior thalami en de nucleus centralis lateralis thalami betreft; bij
prikkeling van deze beide kernen werd een soort „arrest-reactie" gezien. Slechts bij uit79

zondering toonden sommige katten tijdens de electrische prikkeling enige kortdurende
trekkingen met de poten; tot echte insulten kwam het echter nooit.
Meestal toonde het electro corticogram ten gevolge van deze directe electrische prikkeling een afvlakking.
Alleen éénmaal op 24 verrichte experimenten traden enkele piek-golfcomplexen aan de
cortex op. Het effect van de prikkeling van de nucleus ventralis anterior thalami hield
terstond op wanneer de prikkel werd onderbroken.
De nucleus ventralis anterior thalami en de nucleus centralis lateralis thalami kunnen
worden beschouwd als uitlopers van het centrenccfale epileptische systeem. Deze kernen
verzorgen waarschijnlijk de voortgeleiding van de epileptische activiteit, die is opgewekt
in de nucleus lateralis posterior thalami, naar de frontale schors; ook zouden zij een meer
diffuse corticale projectie kunnen verzorgen. Immers directe electrische prikkeling van
de nucleus lateralis posterior thalami veroorzaakt steeds epileptische insulten; dit is echter niet het geval bij directe electrische prikkeling van de nucleus ventralis anterior
thalami.
Met fysiologische methoden hebben Macchi, Angeleri en Careras in 1956 verbindingen
aangetoond tussen de nucleus ventralis anterior en de frontale schors. In 1961 heeft
Buser medegedeeld dat directe electrische prikkeling van de nucleus ventralis anterior
thalami een facilitatieve invloed heeft op de ontladingen van pyramidale motorische
neuronen.
Histologische experimenten en fysiologische proeven met registratie van „evoked potentials" wijzen ook op de belangrijke plaats die de nucleus lateralis posterior thalami
inneemt onder de verbindingen van de thalamus met de cortex.
Waller en Barris hebben in 1937 door middel van histologische technieken een verbinding gevonden van de nucleus lateralis posterior thalami naar de gyrus suprasylvius.
Buscr, Borenstcin en Bruner hebben deze resultaten in 1959 met fysiologische onderzoekmethoden bevestigd.
Gastaut, Naquct en Roger vonden in 1952 met fysiologische methodieken en Whitlock
en Nauta in 1956 met histologische technieken een verbinding van de nucleus lateralis
posterior thalami naar de hippocampus.
In 1952 maakten Starzl en Whitlock melding van een verbinding van de nucleus lateralis
posterior thalami met de schors van de temporale kwab.
Waarschijnlijk verlopen de subcorticale verbindingen van de nucleus lateralis posterior
thalami naar de frontale schorsgebieden via de nucleus ventralis anterior thalami.
De vezelverbinding van de nucleus lateralis posterior thalami naar de nucleus ventralis
anterior thalami is volledig homolateraal. In de histologische preparaten zijn nooit kruisende vezels gevonden naar contra lateraal.
Reeds in 1951 hebben Droogleever Fortuyn en Stefens bericht dat thalamo-corticale
vezels niet kruisen.
Thans rijst de vraag hoe het mogelijk is dat directe unilaterale electrische prikkeling van
de nucleus lateralis posterior thalami bilateraal synchrone epileptische ontladingen aan
de cortex kan veroorzaken. Bij de hierboven beschreven experimenten zijn in de histologische coupes geen kruisende vezels gezien, noch ter hoogte van het mcsencefalon
noch in de thalamus.
Waarschijnlijk speelt een multisynaptisch, misschien intralaminair systeem in de thala80

mus hierbij een rol. Het belang van de corticale commissurcn zal in een volgend gedeelte worden besproken.
In 1949 registreerde Jasper na directe electrischc prikkeling van de thalamus de
„recruiting response" bij de kat. De recruiting response was bilateraal synchroon in
beide corticale hemisferen met een latentietijd van 15—25 milliseconden wanneer de
nucleus paracentralis of de nucleus ventralis medialis thalami geprikkeld werd. Prikkelde
Jasper echter 3—4 mm meer lateraal in de thalamus dan werd de latentietijd van de
recruiting response in de contralatcrale hemisfeer veel langer dan die in de ipsilaterale
hemisfeer. Een mediane snede door de massa intermedia, door de subthalamus en door
de hypothalamus verhinderde de uitbreiding van het electrischc patroon naar de andere
hemisfeer. Opgemerkt moet echter worden dat deze mediane snede ook de corticale
commissuren moet hebben beschadigd.
In 1959 herhaalde Enomoto de proeven van Jasper over de recruiting response bij de
kat. Hij vond dat directe electrischc prikkeling van het mediale deel van de nucleus
ventralis anterior thalami vrijwel bilateraal synchrone activiteit veroorzaakte in beide
corticale hemisferen.
Directe electrischc prikkeling van meer lateraal gelegen thalamuskernen veroorzaakte
een ipsilaterale reactie aan de cortex met een latentietijd van ongeveer 10 milliseconden. De recruiting response in de contralatcrale hemisfeer volgde pas na 300 milliseconden.
Dit kan erop wijzen dat de subcorticale verbindingen naar de contralatcrale thalamus
een langzaam multisyaptisch systeem vormen.
De corticale verbinding van de ene hemisfeer met de andere door het corpus callosum
kan een snellere weg zijn waarlangs de in de thalamus opgewekte paroxysmale activiteit
een bilateraal synchroon corticaal karakter krijgt. Zoals vroeger reeds is vermeld heeft
de nucleus lateralis posterior thalami een rechtstreekse verbinding met de gyrus suprasylvius: Waller en Barris (1937) en Buser, Borenstein en Bruner (1959).
Grafstein vond met fysiologische methoden in 1959 bij de kat 3 snelle verbindingen, die
via het corpus callosum van de ene gyrus suprasylvius naar de andere liepen.
Het belang van deze corticale commissuren voor de verspreiding van de epileptische
activiteit naar de andere hemisfeer blijkt ook uit een waarneming van Zanocco en
Reggiani in 1956. Een patiënt had een atrofische parieto-occipitale lesie. Het EEG liet
echter bilateraal synchrone epileptische activiteit zien, die waarschijnlijk het gevolg was
van een snelle voortgeleiding van deze activiteit van de ene hemisfeer naar de andere.
In 1961 toonden Ajmone Marsan en Morillo met fysiologische methoden bij de kat een
verbinding aan door het corpus callosum, waarlangs optische impulsen van de ipsilaterale striaire schors werden voortgeleid naar het contralatcrale corpus geniculatum
laterale.
Soms is in de electroenccfalogrammen van patiënten met centrcncefale epilepsie de verbreiding van de epileptische activiteit naar de beide hemisferen wisselend of incompleet.
Bij vele patiënten met petit mal komt in het EEG behalve de bekende bilaterale synchrone piek-golf-activiteit gclocaliseerde langzame activiteit voor aan één zijde, soms
wisselend aan de linker of de rechter hemisfeer, maar dit dan links en rechts onafhankelijk van elkaar.
In 1961 toonde Naquet te Marseille een EEG van een patiënt met centrcncefale epilep81

sie. De piek-golf ontladingen traden hier alleen unilateraal op op een bepaald moment,
maar afwisselend aan de linker of de rechter hemisfeer.
In dergelijke gevallen zou men kunnen veronderstellen dat de linker en de rechter helft
van het thalamischc centrencefale systeem onafhankelijk van elkaar in een paroxysmale fase kwamen. Iets dergelijks kan worden gezien bij zeer jonge, vaak pas geboren
kinderen bij wie de commissurale verbindingen waarschijnlijk nog niet tot ontwikkeling
zijn gekomen.
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STELLINGEN

ι.
De nucleus lateralis posterior thalami vormt de verbinding tussen het optische en het
centrencefale epileptische systeem.

2.
De behandeling voor periostaal ossificerend fibrosarcoom dient, behoudens enkele uit
zonderingen, amputatie te zijn.

3.
Om histochemisch peroxydase aan te tonen, heeft het gebruik van 5-6-dihydroxyindol
voordelen boven benzidine.

4.
De lijders aan een hernia van de hiatus oesophageus, die alleen dyspepsie of vage
klachten in de bovenbuik hebben, behoren tenminste gedurende enige jaren alleen con
servatief te worden behandeld.
5.
De opsporing van gonokokken met behulp van een fluorescerend konijnen antigonokokken-serum is voorlopig niet bruikbaar voor de routine-diagnostiek.

6.
Om de diagnose van aangeboren blindheid bij pasgeborenen en zeer jonge kinderen te
kunnen stellen, is electro-retinografie een balangrijk hulpmiddel.

7.
Jood-deoxy-uridinc is een belangrijke therapeutische aanwinst bij de behandeling van
herpes corneae.

8.
De klinische evaluatie van een anti-depressivicum zonder rekening te houden met de
familie-anamnese van de patiënt is onmogelijk.
9.
Wegens het veelvuldig defectraken van hoorprotheses bij jeugdige slechthorenden, verdient het aanbeveling hun een reserve hoorapparaat te verstrekken; voor zover zij bij een
ziekenfonds zijn aangesloten behoort dit op kosten daarvan te geschieden.
10.
Bij een pasgeboren zuigeling, die de eerste dagen klinisch geen gezonde indruk maakt, is
het aanbevelingswaardig een lumbale punctie te verrichten.
11.
Voor de normale ontwikkeling van het occipetale a-ritme in het clectro-enccfalogram, na
de geboorte, is lichtperceptie noodzakelijk.
12.
De wet van Mulder, zoals die werd opgesteld voor impulswaarden aan de hand van
drempelmetingen van het evenwichtsorgaan, geldt niet voor superliminale stimuli.

