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INLEWÍNG EN SAMENI/ATTIWG 

Dit proefschrift heeft betrekking op de centrifugale beïn
vloeding van de netvlies-functie. De feitenkennis omtrent dit 
onderwerp is in de laatste tachtig jaar moeizaam verworven. 
De basis waarop deze kennis berust is echter nog tamelijk smal. 
Dit zal de reden zijn dat de behandeling van dit onderwerp in 
bijna alle leerboeken achterwege blijft. In de meeste leer
boeken die handelen over de psychofysiologie van het visuele 
systeem, worden alleen de centripetale banen behandeld, d.w.z. 
de banen die verlopen van de retina in de richting van de her-
senschors. Niet vermeld worden de baansystemen die in omgekeer
de richting verlopen, de centrifugale banen. Een voorbeeld van 
een dergelijk baansysteem is de corticofugale projectie op het 
corpus geniculatum laterale, welke anatomisch reeds in 1928 
is aangetoond door BROUWER, en later door vele anderen. Maar 
dat er ook een centrifugale projectie zou bestaan op de retina 
is tachtig jaar lang een strijdvraag geweest. Pas in de laatste 
jaren heeft men het idee moeten verlaten dat er in de nervus 
opticus louter eenrichtingsverkeer bestaat, en moet de aanwe
zigheid van centrifugale vezels op anatomische en fysiologische 
gronden worden aangenomen. 

De betekenis die aan deze centrifugale systemen gehecht moet 
worden is die van een sturende invloed op de binnenkomende, 
centripetaal verlopende prikkels. Deze centrifugale besturing 
grijpt zelfs terug tot op het receptorniveau. Hier naderen we 
dan het terrein van de psychologie. Want vormt centrifugale stu
ring van centripetale prikkels niet juist de basis van de "se
lectieve aandacht"? "Bij het psychologisch proces dat we aan
dacht noemen - zegt SHERRINGTON - is er behalve de nadruk die 
valt op de prikkels waarop gelet wordt een gelijktijdige rem
ming van andere prikkels, die langs andere wegen toegang zoe
ken tot de geest. Dit terughouden van het antwoorden op andere 
prikkels is een onmiskenbaar element in het proces van de aan
dacht" . 

In dit proefschrift wordt getracht om aan anatomische en 
fysiologische gegevens een psychologische interpretatie te ge
ven. De centrifugale beïnvloeding van het netvlies wordt dus 
beschouwd in het kader van het psychologische proces van de 
selectieve aandacht. 
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Het proefschrift bestaat uit een literatuuroverzicht en vier 
reeds gepubliceerde onderzoekingen In het literatuuroverzicht 
wardende anatomische en fysiologische evidentie en contra-evi
dentie aangaande de centrifugale netvliesbeïnvloeding gepresen
teerd. Speciale aandacht is besteed aan mogelijke experimentele 
artefacten, die geleid hebben tot controversies in de litera
tuur. 

In het eerste onderzoek wordt het bestaan van centrifugale 
beïnvloeding bij het konijn aangetoond, met name door de in
vloed van nervus opticus sectie na te gaan op het dubbelflits-
electroretinogram (ERG). 

Het tweede onderzoek is gericht op een speciaal visueel 
corticaal gebied bij de kat, welk is gelegen in de sulcus su-
prasylvius. In dit gebied vertonen de "visual evoked potentials" 
een bijzondere dubbele relatie met de lichtintensiteit. In een 
bepaalde schorslaag bereiken de "visual evoked potentials" hun 
maximale amplitudo reeds bij een zeer geringe, scotopische 
licht-intensiteit. De uitkomsten van dit onderzoek doen ver
moeden dat dit gebied te maken heeft met een "arousal" functie 
en mogelijk ook met centrifugale beïnvloeding van het netvlies. 

In de laatste twee onderzoekingen wordt deze laatste hypo
these inderdaad bevestigd. Ablatie van dit corticale gebied 
blijkt de netvliesfunctie, zoals deze tot uitdrukking komt in 
de herstelcurve van het ERG en de kritische flikker-fusie cur
ve van het ERG, significant te beïnvloeden. Dit is in tegenstel
ling tot ablatie van andere corticale gebieden. Hiermee is bij 
de kat het corticale deel van het centrifugale systeem dat de 
netvliesfunctie reguleerd gevonden. 

BROUWER, В.: Over de centrifugale beïnvloeding van centripeta-
le systemen in de hersenen. Psychiatrische en Neurologi
sche bladen 32: 320-327 (1928). 

SHERRINGTON, CS.: The rôle of reflex inhibition. Science Pro
gress 20 (1911). 





INTRODUCTION 

The centrifugal control of retinal function tías long been a 
controversial issue. BRINDLEY (1970, p. 109), for instance, jus
tifies his sceptical attitude " because of the difficulty 
of finding any convincing suggestion of how the centrifugal con
trol of retinal activity postulated could be of sufficient use 
to an animal to justify the occupation of so much space in the 
overcrowded optic nerve,and because of the complete lack in the 
great body of information that we have about human vision of 
any phenomenon that requires centrifugal control for its expla
nation ". 

Although many studies deal with the efferent innervation of 
the retina, only a few to them can be interpreted unequivocally. 
In this light, a view like BRINDLEY's is understandable. How
ever, it is the opinion of the author that in spite of the ne
gative or doubtful evidence of a number of reports, sufficient 
positive evidence remains to justify a positive attitude with 
respect to the centrifugal control of retinal function. 
In the succeeding paragraphs the anatomical and physiological 
literature is reviewed and an attempt is made to discern pos
sible sources of artefacts and misinterpretations. 
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ANATOM/ 

Several of the earlier anatomists described the presence of 
centrifugal nerve fibres in the retina of vertebrates (VON MONA
KOW, 1889; RAMON Y CAJAL, 1894; D0G1EL, 1895; WALLENBERG, 1898; 
AREY, 1916; POLYAK,1941, 1957). These fibres, which had an un
known origin, terminated in the inner plexiform layer of the 
retina around the amacrine cells. CAJAL supposed these fibres 
to originate from unknown central structures. His observations 
were confirmed and supplemented by DOGIEL, who could trace the
se fibres in birds up to the optic disk. 

POLYAK (1941, 1957) considered the existence of centrifugal 
fibres not convincingly proved by the degeneration methods used 
and suggested that some of them could be recurrent axon colla
terals of ganglion cells. 

After a long interval this issue has been tackled again by 
anatomists with improved and refined methods, possibly due to 
the impetus of accumulating physiological evidence supporting 
the existence of efferent optic nerve fibres. 

The presence of efferent optic nerve fibres in the pigeon 
is now well established (COWAN and POWELL, 1962, 1963; Mc GILL, 
1964; HOLDEN, 1966,1968). These fibres originate from the isth-
mo-optic nucleus (which is not present in mammals), which re
ceives a topographically arranged projection of the retina via 
the optic tectum. The efferent fibres cross completely at the 
optic chiasm. They amount to 1 % of the total number of optic 
nerve fibres, spread over the whole retina, and terminate near 
the bipolar cells. Their endings resemble closely the endings 
around the amacrine cells, which were discribed by CAJAL. 

In mammals the presence of efferent optic nerve fibres is 
less certain. Using degeneration techniques and several silver-
staining methods, BRINDLEY and HAMASAKI (1966) were unable to 
show the presence of centrifugal fibres in the cat's optic ner
ve. They concluded that either the cat's optic nerve contains 
no centrifugal fibres detectable by silver-staining and light 
microscopy, or, if there are such fibres, they are much less 
susceptible to prograde degeneration and much more susceptible 
to retrograde degeneration than most of the centripetal fibres. 
They preferred the former conclusion. 

Contrary to the negative results of BRINDLEY and HAMASAKI, 
other investigators with different staining methods or electron 
microscopy were indeed able to provide convincing evidence for 
the existence of the efferent innervation of the mammalian re
tina. 
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FILLENZ and GLEES (1961) invesL-gated Che occurrence of de
generation of the cat optic nerve fibres 3-325 days after enu
cleation of one eye or removal of the retina by suction. Two 
different groups of fibres could be distinguished which dege
nerated along two different time courses. The majority of fibres 
which belong to the first group were completely fragmented by 
11 days and their debris was removed by 162 days. The second 
group consisted of fine fibres 0.1-1 micron in diameter which 
showed a much slower course of degeneration. It is quite concei
vable that these fine fibres are centrifugal fibres to the re
tina. 

BROOKE et al. (1965) attempted to find degenerating centri
fugal fibres in ultra-thin sections of the retinae of monkeys 
and cats with the electron microscope.In the retinae of monkeys 
seven days after section of the optic tract there was evidence 
of degeneration of a small proportion of the fibres. In the op
tic nerve fibre layer the cross-sectional area of these degene
rating fibres was several times greater than that of the normal 
fibre and they contained numerous mitochondria. Degenerating 
fibres, usually at advanced stages of degeneration, were most 
numerous in the region of the fovea and could be seen throug
hout the inner plexiform and on the inner aspect of the bipo
lar cell layer. The number of the degenerating fibres was re
latively small and seemed to be of the same order of magnitude 
as in the pigeon, where previous work by COWAN and POWELL(1964) 
had shown them to form 1% of the total number of fibres in the 
optic nerve. Six days after section of the optic nerve in the 
cat, similar but less marKed changes were seen in a few fibres 
in the optic nerve layer of the retina. The affected axons were 
larger than the normal optic nerve fibres and were filled with 
numerous mitochondria. In the inner plexiform layer occasional 
degenerating fibres and terminal endings were seen, and these 
showed a more advanced degree of degeneration than those in the 
layer of the optic nerve fibres. 

In the rabbit,CRAGG (1962) found small numbers of terminal 
boutons in the external plexiform layer of the retina in Glees 
preparations after lesions of the optic nerve, but centrifugal 
fibres in the latter were demonstrated only with difficulty with 
the Nauta method. 

HONRUBIA and ELLIOT (1968, 1970) investigated the presence 
and distribution of centrifugal fibres in the human and primate 
retina using retinal flat mounts and silver impregnation tech
niques. The method has permitted identification of individual 
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centrifugal fibres which emerge from the optic papilla as well 
as their course and distribution within the retina. These cen
trifugal fibres can be differentiated from axons of ganglion 
cells by their diameter, by their intense argyrophilia, by their 
successive bifurcations as they proceed peripherally in the re
tina, resulting in attenuation of the fibres, and by their des
cending trajectory from the nerve fibre layer into the inner 
nuclear layer. Parallel studies of vertical retinal sections 
have defined with more precision the descending trajectory of 
the centrifugal fibres from the nerve fibre layer across the 
ganglion cell and inner plexiform layer to the innermost portion 
of the inner nuclear layer where the majority of the fibres ter
minate. However, occasional fibres cross the inner nuclear lay
er to terminate in the outer plexiform layer. 

Some interesting reports in the clinical literature also ap
pear to be strongly in favor of the efferent innervation of the 
human retina. 

WOLTER et al. previewed in WOLTER, 1965) described a number 
of clinical cases which provided the following facts that sup
port the existence of efferent fibres in the human optic nerve 
and retina: 
1. Survival of nerve fibres in the central stump of the optic 

nerve up to 50 years after enucleation of the eye. 
2. Observation of normal retinal nerves which branch out from 

the optic disk and supply blood vessels. 
3. Observation of nerve fibre stumps with terminal swellings 

pointing towards the eye in the optic nerve and towards the 
periphery in the retina. 

4. Abortive regeneration at the distal end of interrupted ner
ve fibres in optic nerve stumps of children. 

5. Survival of nerve fibres at the disk with terminal swellings 
pointing towards the periphery after complete necrosis of 
the ganglion-cell layer due to occlusion of the central re
tinal artery. The centrifugal fibres were estimated to repre
sent about 10% of the nerve fibres of the normal human op
tic nerve and appeared to be of varying thickness. There we
re also thin, unmyelinated fibres which seemed to come into 
tne chiasm from the region of the pituitary stalk and not 
from the optic tract. The central visual pathways of a pa

tient who had bilateral 'congenital cystic eyeballs were studied 
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by SACKS and LINDENBERG (1969). This ocular anomaly results from 
failure of the optic cup to invaginate, thus precluding the de
velopment of the retina and its ganglioncells which form the ef
ferent fibres of the optic nerve (MANN, 1957, p.66). All fibres 
present must therefore be efferent. The intracranial portion of 
one optic nerve was tubular, representing a remnant of the op
tic stalk; no cniasm was present. The nerve fibres here, which 
are efferent fibres, amounted to 5-10% of the normal complement 
of nerve fibres and were essentially derived from the anterior 
hypothalamus. Few nerve fibres were seen in the optic tracts. 

Conspicious in these last clinical studies is that the esti
mated number of efferent fibres in the optic nerve was so much 
higher than in lower mammals, that a considerable number of ef
ferent fibres appeared to come from the direction of the hypo
thalamus or hypophysis, and that those fibres were extremely 
resistant to retrograde degeneration. It can be concluded that 
the efferent innervation of the vertebrate retina, and even the 
primate and human retina, has been established beyond doubt. 

About the origin of these fibres, except in the pigeon, no
thing is yet known. In the physiological literature, however, 
one can find suggestions as to their possible courses. 

PHVS10L0GV 

The physiological literature will be discussed in four sec
tions dealing with different types of centrifugal effects on 
the retina: 
I Biretinal association: effects of illumination of the con

tralateral eye. 
II Effects of electrical, acoustic and somatic stimulation. 
III Effects of lesions central to the retina. 
IV Effects of attention and conditioning. 

I BIRETINAL ASSOCIATION. 

In biretinal association, the issue is whether retinal pro
cesses can be influenced by illumination of the contralateral 
eye. This question is directly related to the presence of cen
trifugal fibres in the optic nerve. 

In the non-illuminated human eye MONNIER (1949) and DODT 
(1951) observed a kind of c-wave which was synchronous with the 
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r-wave oí the illuminated eye- This eliect appeared lo be cau
sed partly by contraction ot the iris, but persisted to a Less 
extent after atropinization ol Ihe eye. MULLER-LIMROTH (1954) 
observed a similar effect in guincapig eyes alter removal ot 
the iris. 

AUERBACH et al. (1961) observed that monocular illumination 
in cats also produced ERG potentials in the non-illuminated eye, 
although these were much lower in amplitude and reversed in po
larity. They interpreted this electronegative response as an in
hibitory effect of subcortical origin. 

WIRTH (1951) in the human eye and both HORSTEN et al. (1961) 
and AUERBACH et al. (1961) in the cat's eye found that the ERG 
b-wave was smaller after binocular than after monocular illumi
nation. 

MOTOKAWA et al. (1956) observed a definite difference between 
ERG's recorded during monocular and binocular vision. The nega
tive swing which followed the b-wave was considerably deeper 
with binocular stimulation. They noted however that this pheno
menon was clearly detectable only when the conditions of illu
mination were adequate. An intensity range in which the a-wave 
of the ERG was just elicited or did not yet appear seemed the 
most favorable. In this experiment, both eyes had been atropi-
nized and eye movements were carefully controlled. 

HELLNER (1965) found a decrease in the ERG b-wave in the hu
man eye after single flashes, depending in height upon the fre
quency of a simultaneous flicker stimulation of the contralate
ral eye. Below flicker fusion frequency there was a maximum in
hibitory effect on the single ERG responses. 

An interesting observation was made by HAFT and HARMAN (1967) 
and HAFT (1968). In anaesthetized cats with atropinized eyes 
they found that an optic chiasm-evoked response of long latency 
and low amplitude to low-intensity illumination of one eye 
(right) was suppressed by simultaneous high-intensity illumi
nation of the contralateral eye (left). HAFT and HARMAN conclu
ded that central inhibition of the discharge from the right re
tina had occured. 

A number of investigators have obtained opposite results, 
yielding an insight into the role of artefacts. UCHERMAN (1955), 
BAGOLINI (1959), and HELLNER (1964) saw no differences in ERG 
in the human eye with monocular and binocular stimulation. 
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PONTE and MONACO (1963) found no differences in ERG with single 
or repetitive flashes in rabbits, no matter whether the contra
lateral eye was not illuminated or illuminated with continuous 
light or with single or repetitive flashes. Similar negative 
results were obtained in the cat by NAGAYA et al. (1963). In 
the experiments of MOLFETTA et al. (1967) the biphasic potenti
al which they recorded after light stimulation of the contra
lateral eye disappeared completely after atropinization and was 
therefore considered an iris phenomenon. 

HORSTEN et al. (1961, 1962) observed in cats that an eye that 
was totally shielded from light, or one which had been rendered 
functionless by interuption of its blood supply, gave a negati
ve potential upon illumination of the other eye. This potential 
was the mirror image of the b-wave of the normal ERG, and under 
favorable conditions (good dark adaptation and strong illumina
tion of the functioning eye) it was possible to discern the mir
ror-image of the a-wave as a small positive inflection preceding 
the negative wave. Actually, this was exactly the same potential 
observed by AUERBACH et al (1961), which they interpreted to be 
of centrifugal origin. As the experiments of HORSTEN et al. 
(1961, 1962) showed, this interpretation turned out to be false. 
Their experiments showed the phenomenon to be due to volume con
duction of potential differences originating in the functioning 
eye and conducted via the intervening tissues. Transection of 
the optic nerve and destruction of the optic chiasm had no in
fluence whatever on the occurrence of the negative potential. 
This potential could be recorded from all points in the neigh
bourhood of the blind or occluded eye, even from a pad of sa
line-soaked gauze placed in the empty orbit. The phenomenon was 
also reproduced in a human subject who had lost one eye. FIOREN
TINI and FREEDMAN (1963) also concluded that the electronegati
ve. response they measured at the occluded human eye when the 
contralateral eye was illuminated was caused by electrotonic 
volume conduction. Like HORSTEN et al. (1961, 1962), they did 
not find latency differences between the contralateral ERG and 
the consensual potential. 

The diminution of the b-wave with binocular as compared to 
monocular illumination (WIRTH, 1961; HORSTEN et al., 1961; 
AUERBACH et al. 1961) can also be explained by volume conduc
tion. The so called indifferent electrode on the forehead is 
not really indifferent and picks up potentials from both eyes. 
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This indifferent electrode will become mori· positive when hol h 
eyes are illuminated than with monocular illumination. Conse
quently, the potential difference between this indifferent 
electrode and the active electrode on the cornea will he less 
with binocular than with monocular illumination, resulting in 
a diminution of the ERG. 

Thus, a number of authors have unfortunately misinterpreted 
artefacts as being evidence for centrifugal influences and bi-
retinal association. 

PELLETT (1966) reviewed the possible sources of methodologi
cal errors that could be the partial cause of the contradic
tions in the literature, namely: 
1. Diffusion of light to the non-illuminated eye. This diffu

sion cannot always be counteracted especially in animals 
with a small interocular distance or with translucent pe
riocular distance or with translucent periocular tissue. 

2. Consensual pupillary reaction. This gives a cornea-positi
ve potential that can easily be confused with the ERG c-wa-
ve (MONNIER, 1949; DODT, 1951; PEARLMAN, 1962). The pupi
llary motility can be eliminated with atropine. 

3. Palpebral reflex. This reflex gives a cornea-negative po
tential which looks like a negative b-wave (DODT, 1951; 
ALFIERI and SOLE, 1964). This reflex can only be elimina
ted by general anaesthesia or curarization. 

4. Diffusion of the electrical field by volume conduction from 
the stimulated eye to the other eye. When the"indifferent" 
electrode is situated between the eyes, this diffusion gi
ves a reduced mirror-immage of the ERG at the non-stimulated 
eye. This artefact can be eliminated by recording from the 
anterior eye chamber. Due to the high resistance of the eye
ball the active electrode is shielded against diffusion from 
the contralateral ERG through the periocular tissue. With 
this method, PELLETT found no potential changes evoked by il
lumination of the contralateral eye in non-anaesthetized, 
paralyzed cats with atropinized eyes. 
From the studies mentioned in this section it appears that 

little or no convincing evidence concerning biretinal associa
tion has been put forward. 
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II. EFFECTS OF ELECTRICAL, AUDITORY, AND SOMATIC STIMULATION. 

A number of studies have dealt with the effects of electri
cal stimulation of various parts of the brain and the optic 
pathway upon the electrical activity of the retina. 

MOTOKAWA and EBE (1954) studied the effect of single-pulse, 
antidromic electrical stimulation of the cat optic nerve upon 
the photosensitivity of the retina, taking spike discharge of 
the retinal ganglion cells as an index. The excitability was 
reduced to 40-60% of normal and the phase of depressed excita
bility lasted about 100, 170 and 250 msec for red, green and 
blue test lights, respectively. At that time MOTOKAWA and EBE 
thought this depression to be analogous to the depression cau
sed by antidromic stimulation in spinal motoneurons, which is 
of the same order of duration as the depression under conside
ration, and no mention was made of the possible involvement 
of efferent optic nerve fibres. Later in his book, MOTOKAWA 
(1970) stated that it is a well-known fact that the depression 
at the motoneurons is due to recurrent inhibition mediated by 
RENSHAW cells, but that there are no known cells comparable to 
RENSHAW cells around retinal ganglion cells. According to MO
TOKAWA, the observed interaction between photic stimulation 
and optic nerve stimulation therefore seems to necessitate the 
assumption of efferent fibres in the optic nerve. 

GRANIT (1955), recording from retinal ganglion cells in the 
cat, investigated the effect of electrical repetitive stimula
tion (200-300 cps) of the tegmental portion of the reticular 
formation upon both spontaneous and light-induced spike dis
charges. Both post-tetanic potentiation and inhibition could 
be observed. The same effects were observed with antidromic 
stimulation of tectal and pretectal optic nerve fibres, but 
here, contrary to the case of reticular stimulation, antidro-
mically induced driving of the spikes also occurred. GRANIT 
concluded that the effects of reticular stimulation and pos
sibly even the effects of antidromic optic tract stimulation 
result from activation of efferent fibres, although he did 
not totally exclude vascular contributions to the effect. Ac
tually, reddening of the retina during reticular stimulation 
was observed in his experiments. Moreover, a stimulation du
ration of at least 2 sec was required and the effects were 
greatly favoured by a further increase of stimulation dura-
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tion up to half a minute or even one minute. This long stimu
lation time makes it possible that influences via pathways 
other than efferent fibres, for instance sympathetic influen
ces (see MASCETTI et al., 1969 a, b below) could be involved. 
Consequently the involvement of efferent optic nerve fibres 
in GRANIT's experiments seems questionable. 

In a continuation of the work of GRANIT (1955), DODT (1956) 
searched for centrifugal (as distinct from antidromic) impul
ses in the rabbit retina. Recording from the retinal surface, 
DODT found a small delayed spike following the antidromic spi
ke after optic tract stimulation. With optimal electrode pla
cement it could be obtained in isolation. In contrast to the 
ordinary spikes, this spike disappeared after light-adapta
tion, failed to follow repetitive stimulation at rates of 6/ 
sec, was abolished by mephenesin (an interneuronal blocking 
agent), and was facilitated by strychnine. DODT concluded that 
this delayed spike was of true centrifugal origin, recorded 
after its having crossed one or several synapses. One peculia
rity, however, was that the delayed spikes did not occur in 
regions further than 2 mm away from the blind spot. Later, 
GRANIT and MARG (1958) also distinguished similar delayed spi
kes from fast-conducting antidromic spikes. However, they fai
led to confirm the observations of DODT and concluded that 
these delayed spikes were ordinary antidromic spikes recorded 
from fine fibres which belong to small ganglion cells. 

OGDEN and BROWN (1964) observed a long-latency slow poten
tial (P-wave) in the retina of Cynomolgus monkeys after elec
trical stimulation of the optic nerve. For the following rea
sons, this P-wave was considered to be post-synaptic in na
ture: (a) it was more susceptible to barbiturate and hypoxia 
than the antidromic ganglion cell activity, (b) The latency 
of the P-wave was greater (by at least 1 msec) than that of 
the antidromic ganglion cell discharge recorded at the same 
retinal location, (c) The P-wave was recorded with maximum 
amplitude from the inner plexiform layer, (d) P-waves evoked 
by a train of stimuli became fused. This caused a sustained 
positivity in the inner plexiform layer during stimulation. 
Thus, it was unlikely that the P-wave resulted from summation 
of unitary potentials. It was postulated by OGDEN and BROWN 
that the P-wave was initiated by activation of efferent fi-
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bres in the optic nerve, since recurrent collateral fibres were 
not known to exist in ganglion cells. In a later study, however, 
OGDEN (1968) i'avoured another explanation, because he conside
red the existence of efferent retinal fibres in the primate to 
be controversial and because the pigeon, with a well developed 
efferent fibre system, had no P-wave. This alternative hypothe
sis was suggested by the observations of DOWLING and BOYCOTT 
(1965) on the fine structure of the monkey inner plexiform 
layer. These authors described tight junctions between the bo
dies of ganglion cells and the processes of bipolar cells; such 
junctions have been associated with electrical transmission be
tween cells. This observation suggests the interesting possibi
lity of an unconventional recurrent collateral system in the 
monkey. Backfiring of ganglion cells, through the tight junc
tions, could lead to depolarization of the involved bipolar 
cell terminals, which have conventional junctions with other 
processes. This might result in post-synaptic potential gene
ration in the inner plexiform layer with the prominence exhibi
ted by the P-wave. According to OGDEN, however, the true nature 
of the P-wave remains unclear. 

In a few studies, the effect of electrical optic nerve sti
mulation upon the ERG has been investigated. In 1939 GRANIT and 
HELME found no influence of antidromic stimulation of the op
tic nerve upon the ERG pattern in the cat. However, by means 
of intraretinal recording with micro-electrodes in the unanaes-
thetized cat, TASAKI et al. (1962) found that repetitive sti
mulation of the optic nerve (200/sec) caused a consistent re
duction in the amplitude of the c-wave. They attributed this 
effect to the effects of efferent fibres. 

HORSTEN et al. (1970) studied the influences of repetitive 
electrical stimulation (240/sec) of the lateral geniculate bo
dy in unanaesthetized, paralyzed cats. The ERG amplitude (a+b 
potential) was enhanced during electrical stimulation at all 
stages of darkadaptation. The electroretinographic CFF curve 
also showed a rise when the lateral geniculate body was stimu
lated. These effects were statistically significant. 

In agreement with the finding of HORSTEN et al. (1970) on 
the electroretinographic CFF, DODT (1964) found that the CFF 
of on-off responses of retinal ganglion cells in the light-
adapted rabbit were considerably enhanced 10 seconds after a 
5-second period of repetitive electrical stimulation (300/sec) 
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of the contralateral optic tract -
All electrical stimulation experimenLb in which the stimu

lation period lasts a few seconds or more (GRANIT, 1955, TASAKI 
et al., 1962; DODT, 1964; HORSTEN et al., 1970) can be subjec
ted to the same criticism. Namely, although it is quite possi
ble that the observed retinal effects are produced by efferent 
optic nerve fibres, other pathways have not been excluded. What 
other pathways these might be becomes dramatically clear from 
the magnificent experiments of MASCETTI et al. (1969 a, b). 

MASCETTI et al. (1969a) found that the optic nerve activity 
in free-moving, dark-adapted cats was increased in association 
with arousing stimuli, like a sudden sound. This increase occur
red simultaneously in both eyes and had a latency of about 2 
sec after the stimulus. It generally subsided within a few se
conds after the stimulus but could sometimes be maintained for 
several minutes. Habituation was observed upon repetition of 
the stimulus. This effect depended upon an increase in activi
ty of sympathetic nerves to the eye, since (1) no arousal-de
pendent changes in retinal activity were observed after section 
of the cervical sympathetic trunk and (2) phasic increases in 
retinal output could be produced by electrical stimulation of 
the peripheral stump of the sectioned cervical sympathetic 
trunk. Unilateral ablation of the increase in retinal activity 
accompanying arousal could be obtained, the cervical sympathe
tic trunk being left intact, by instillation of a few drops of 
a sympathomimetic (neosynephrine) into the conjunctival sac of 
the ipsilateral eye. This drug produces a persistent mydriasis 
and retraction of the of the nictitating membrane. On the con
trary, changes in retinal dark-discharge associated with arou
sal were not interfered with by application of a parasympatho
lytic which also results in a persistent mydriasis. In their 
following experiments MASCETTI et al. (1969b) found that elec
trical stimulation of the cervical sympathetic trunk of uti-
anaesthetized, midpontine pretrigeminally sectionea cats pro
duced a parallel increase in intraocular pressure of about 5mm 
Hg and mass activity of the retinal ganglion cells. The incre
ase in nervous output was not produced by the rise in intraocu
lar pressure, since it still occurred after removal of the cor
nea and the lens; further more, artificial changes in intra
ocular pressure, similar to those induced by sympathetic sti-
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mutation, did not afi'ect the nervous activity of the retina. 

The exact mechanism by which the sympathetic nerves exert 

their action upon retinal activity thus remains unclear. The 

important aspect of these studies is that the retinal activity 

is under control not only of efferent optic nerve fibres, but 

also under control of efferent sympathetic nerves. In studies 

of efferent control via optic nerve fibres, one should take 

the simple precaution of instilling of neosynephrine into the 

conjunctival sac in order to abolish the sympathetic part of 

the efferent influence. 

One of the objections often raised against electrical sti

mulation studies is that the observed effects are produced an-

tidromically instead of orthodromically by efferent optic ner

ve fibres. To overcome these difficulties of interpretation, 

SPINELLI et al. (1965), SPINELLI and WEINGARTEN (1966), and 

WEINGARTEN and SPINELLI (1966) used auditory and somatic stimu

lation instead of electrical stimulation in order to modify the 

retinal activity. In the study of SPINELLI et al. (1965), clicks 

were presented to unahaesthetized cats and bipolar recordings 

were made of potential changes evoked in the optic nerve and 

tract with implants of small electrode wires (300μ spaced about 

200μ apart). Click-initiated optic nerve responses with an am

plitude of 10 - 60 μ V were obtained at a latency of 20 msec. 

These responses were unaffected by atropinization or paralysis 

they showed decreasing amplitude with repeated presentations, 

were unobtainable when the animal was restless, and were aboli

shed by bilateral section of the optic tracts central to the 

implant sites. Similar optic nerve responses could be initiated 

by tactile stimulation. A silent flash also produced recordable 

responses in the eighth cranial nerve. It was shown that the b-

wave of the ERG was suppressed when the light stimulus, a flash 

was preceded by a click with an interval of 100 - 300 msec. Ar

tefacts due to pupillary changes, ciliary muscle contraction, 

skeletal muscle activity and eye movements could be ruled out 

because the effects were insensitive to atropinization and cura-

rization. Volume conduction from neighbouring brain tissue also 

did not play a role in view of the small electrode size and small 

electrode distance. Moreover, the auditory responses could only 

be recorded from specific places in the optic nerve and these 

responses disappeared after resection of the optic tract. 
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Later, SPINELLI and WEINGARTEN (1966) Iriud lo identity ef

ferent activity at the single-unit level of the cat optic nerve. 

Twenty-nine out of 300 investigated units were found to be se-

lectivily activated by nonvisual stimuli and were classified as 

efferent. The receptive fields in the optic nerve units were al

so found to change in dimension during auditory and somatic sti

muli, only the direction of the change was largely unpredictable 

(WEINGARTEN and SPINELLI, 1966). These experiments are good il

lustrations of the interaction of stimuli of different sensory 

types at the peripheral level. The findings of SPINELLI et al. 

(1965) on click-flash interaction on the ERG are rather astoni

shing and demand repetition. In their picture the b-wave was 

completely suppressed while GRANIT's Ρ III component was left 

intact. This kind of ERG, in other circumstances, is indicative 

of a state of severe retinal deterioration. 

These experiments in general leave no doubt as to the exis

tence of efferent influences on retinal function. However, it 

has not always been proven that these efferent influences act 

via centrifugal optic nerve fibres. 

III. EFFECTS OF LESIONS CENTRAL TO THE RETTI NA. 

One way to clarify the function of centrifugal retina inner

vation is to investigate the effect of section of the optic ner

ve upon the ERG. If the centrifugal control of the retina is a 

matter of any importance, one would expect severe and clear-cut 

alterations in retinal activity after section of the optic ner

ve. JACOBSON and GESTRING (1958), using lightly anaesthetized, 

paralyzed cats, found that the ERG b-wave was increased immedia

tely after optic nerve section. Administration of barbiturates 

had the same effect. Hexamethonium, a ganglion blocking agent, 

markedly reduced the amplitude of the ERG. Strychnine and penty

lenetetrazol (Metrazol), central nervous system stimulants, also 

diminished the response. Section of the optic nerve eliminated 

the effect of the drugs. A later study (JACOBSON and SUZUKI, 1962) 

showed that optic nerve section shortened the recovery cycle of 

the ERG b-wave. In both studies it was concluded that there is a 

tonic centrifugal inhibitory influence upon retinal excitability 

in a normal preparation. Unfortunately, the results of JACOBSON 

and GESTRING (1958) and JACOBSON and SUZUKI (1962) could not been 
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repeated by other investigators. BRINDLEY and HAMASAKI (1962) 
found that acute section of one optic nerve immediately in front 
of the chiasm had no effect on the ERG's produced by regularly 
repeated short bright flashes of light, either in cats lightly 
anaesthetized with pentobarbital or in conscious but resting and 
drowsy cats« As they stated, the differences between their expe
rimental conditions and those of JACOBSON and GESTRING (1958) 
were minor and irrelevant. NAGAYA et al. (1962), also working 
with cats, found no consistent effect of acute optic nerve sec
tion upon the ERG b-wave. From these studies one must conclude 
that an increase in the b-wave immediately after optic nerve sec
tion is not a consistent feature. 

In some studies the late effects of optic nerve section have 
been investigated. HORSTEN and WINKELMAN (1969) followed the ERG 
and electroretinographic critical flicker fusion curves (CFF cur
ves) for 1¿ years in a dog whose left optic nerve was destroyed 
by electrocoagulation immediately in front of the chiasm a few 
hours after birth. The recordings from the left and right eye, 
which were made under light pentobarbital anaesthesia, were in
di stinguisable. Histological examination showed that the retina 
of the eye with the sectioned optic nerve had differentiated 
normally with the exception of the ganglion cell layer, which 
was almost absent. GILLS (1966) investigated the ERG in two hu
mans in whom one optic nerve was sectioned during removal of a 
pituitary tumor. In one case, the electroretinographic responses 
to single and flickering light flashes were normal and equal in 
both eyes 16 months after section of the optic nerve. At 33 months 
the ERG responses in both eyes were reduced, the values in the 
good eye being reduced more than two standard deviations while 
in the blind eye the values were reduced more than one standard 
deviation below the range of normal values. The responses in the 
blind eye were at least 20% larger than those in the good eye. 
In the other case ERG's were recorded only 45 years after sur
gery. The responses were found to be more than 157o higher in the 
blind eye than in the good eye, while the responses from both 
eyes were within normal limits (2 standard deviations). GILLS 
tentatively suggested that these findings support the concept 
that there are inhibitory centrifugal fibres in the optic nerve. 
It seems very improbable however, that GILLS' findings have any 
relationship to inhibitory influences upon the ERG via efferent 
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fibres. This is because of the fact that changes in the ERG be
came only apperent after a latency of between 16 and 33 months. 
Moreover, the ERG's of both eyes changed, and in the same nega
tive direction. It is more likely that the observed changes are 
related to other processes which may affect the retinal activity. 
GILLS himself already suggested that retrograde transsynaptic de
generation might play a role. Indeed GILLS found that in a num
ber of autopsied eyes from patients having had lesions of the op
tic nerve for longer than two years, there was a significant re
duction in the cellularity of the inner nuclear layer of the re
tina, thus confirming in humans the results of VAN BUREN (1963) 
in the macaque. However, this would not explain the ERG changes 
in the good eye. 

There are many reports in the literature the changes in ERG 
associated with various optic nerve processes. These reports seem 
rather contradictory and need a special review. Therefore, and 
because its relations to the centrifugal control of retinal ac
tivity is obscure, this literature will not be reviewed here. 

Effects of pentobarbital were also found in the ERG of eyes 
with sectioned optic nerves by DANIS (1958), ARDEN et al. (1960), 
BRINDLEY and HAMASAKI (1962), and NAGAYA et al. (1962). Thus, no 
central connection of the retina seems to be necessary for pento
barbital to exert an effect. 

There is also little agreement in the literature on the ef
fects of optic nerve section on the post-excitatory phase of the 
ERG or its recovery cycle, which can be studied with double fla
shes. This post-excitatory phase can be divided into a first 
subnormal period, corresponding to the relative refractory pe
riod, and a supernormal period in which the ERG is larger than 
that of the preceding, conditioning light flash (VAN HASSELT, 
1972a). NAGAYA et al. (1962) observed no changes in the post-
excitatory subnormal phase after acute optic nerve section in 
cats while the supernormal phase was invariably less marked or 
completely absent in the eye with a sectioned optic nerve. These 
findings are in total contradiction to those of JACOBSON and SU-
SUKI (1962), where the subnormal phase was shortened and the su
pernormal phase was more marked in the eye with a sectioned op
tic nerve. It is not clear what the cause of these contradic
tions might be. 

VAN HASSELT (1969) compared a group of normal rabbits with a 
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group of rabbits in which the optic chiasm had been stereotac-
tically coagulated ten days before. During the recordings the 
animals were dark-adapted, fully conscious and only restrained 
to prevent bodily movements. Bright double-flashes were used 
with an interval between the conditioning flash and test flash 
of 500 msec. Some interesting differences which were statisti
cally significant, appeared between the normal and operated 
group. The a-wave of the ERG of the conditioning flash was a-
bout 50% higher in the animals with coagulated chiasm. In the 
b-wave(measured from the base-line), no significant difference 
appeared. The recovery of both the a- and b-wave after 500 msec 
was considerably less in the sectioned group than in the normal 
group. The significance of these findings can better be inter
preted in relation to the later experiments of VAN HASSELT 
(1972a) in the cat. ABE (1962) and MITA et al. (1962) also found 
changes in the b-wave after optic nerve section. However in their 
preparations the blood supply of the retina was also disturbed, 
so from these studies no definite conclusions can be drawn re
garding efferent retinal control. 

From the experiments on the effects of optic nerve section it 
can only be concluded that the literature is confusing at best. 

Besides the studies on the effects of optic nerve section, 
there are two investigations on the effects of cortical lesions 
(VAN HASSELT, 1972a,b). In order to elucidate the involvement 
of visual cortical areas in the system of centrifugal control 
of retinal function, the effects of bilateral ablation of these 
areas upon the double-flash electroretinogram and the electro-
re tinographiс critical flicker fusion (CFF) curve was studied 
in unaesthetized, paralyzed cats. Measurements were done before 
and two (in the CFF experiment) or three (in double-flash ex
periment) weeks after the ablations. In the double-flash expe
riment the intervals between conditioning flash and test flash 
were 0.10, 0.22, 0.47, 1.00, 4.70 and 10.00 sec. Ablation of 
the visual area of the suprasylvian sulcus (area V ) signifi
cantly deoressed a certain period of the recovery cycle of the 
b-wave. This period included the intervals of 0.22 and 0.47 sec. 
Maximal effect was at 0.22 sec. Outside this range there was no 

effect. These results indicate that area V exerts an enhan-
ss 

cing effect upon a part of the b-wave recovery cycle.The reco
very cycle of the a-wave was not affected at any of the inter-
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vals. Additional section of the optic nerve produced no further 

effect. Bilateral ablation of the striate (Vj), parastriate 

(VJJ), and peristriate ( ц і ) areas also had no effect upon the 

recovery cycle of the a- and b-waves oí the ERG. The amplitude 
of the ERG of the conditioning flash was affected by neither 
ablation nor optic nerve section. These results show some remar
kable aspects. Thus, in intact cats after a conditioning flash, 
there is a short-acting centrifugal influence with a latency of 
at least 100 msec upon the retinal sensitivity, as shown by the 
increase in part of the recovery cycle of the b-wave of the ERG. 
This is in agreement with the study of VAN HASSELT (1969) on 
the effect of optic nerve section on the double-flash ERG in 
conscious rabbits. These findings are also related to the pre
viously mentioned findings of SPINELLI et al. (1965), who found 
that a decrease in the b-wave of the ERG could be observed in 
nonanacsthetized, paralyzed cats when a click stimulus preceded 
a light flash by 100-300 msec. These findings of SPINELLI et al. 
(1965) and VAN HASSELT (1969, 1972a) can readily be interpreted 
in terms of a short-acting sensory-specific attention reaction. 
Thus, immediately after a sudden flash, the attention of the 
subject is primarily directed towards the visual input, which 
results in a short-lasting enhancement of retinal sensitivity. 
After a sudden click, the attention is primarly directed to the 
auditory input, while other sensory inputs are suppressed, re
sulting in decreased retinal sensitivity. 

In the CFF study (VAN HASSELT, 1972b) it appeared that bila
teral ablation of the visual area of the suprasylvian sulcus se-
veiely depressed the photopic part of the CFF curve, while lea
ving the scotopic part unaltered. Again, bilateral ablation of 
the striate, parastriate and peristriate areas did not have any 
influence on the CFF curve. This study thus indicated that area 
Vss greatly enhances the temporal resolvind power of the retina 
in the cat. The fact that this occurs only photopic illumination 
suggests a relationship to pattern vision. It is interesting to 
note, therefore, that the temporal and spatial resolving power 
of the eye may be intimately related. In amblyopia ex anopsia, 
where foveal pattern vision is severely depressed, FEINBERG 
(1956) found that the subjective foveal CFF is also depressed. 
In the last section of this review, the role of the centrifu
gal control of retinal activity in the mechanisms of selective 
attention will be discussed more extensively. 
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Another significant aspect of the studies of VAN HASSELT 
(1972a,b) is that these provide an indication as to the anato
mical pathway of the centrifugal control of the retina. 

In the cat, area Vss gets its afférents from the lateral 
genicualte body (GLICKSTEIN et al., 1967; WILSON and CRAGG, 
1967), the posterior part of the thalamus, including the pos
terior nucleus, the lateroposterior nucleus, the ventrolateral 
geniculate body, the nucleus of the optic tract (HEATH and 
JONES, 1970) and Vj, ц and ці (HUBEL and WIESEL, 1965; 
GAREY et al., 1968; WILSON 1968). The efferent pathway from Vss 
to the retina probably runs via the superior colliculi, since 
V

s s
 has projections to these nuclei and not to the lateral ge

niculate body (HEATH and JONES, 1970). 

An important question is whether there is a cortical area 
in the brain of the monkey and man that would be homologous to 
the V

s s
 area in the cat. Some interesting findings in monkey 

and man are of particular relevance to this question. Projec
tions of fibres from the striate area(Vi) to a narrow strip in 
the superior temporal sulcus at the side of the inferotemporal 
gyrus are found in the macaque monkey (CRAGG and AINSWORTH, 
1969; ZEKI, 1969, 1971) and also in the saimirí monkey (SPATZ 
et al., 1970). In this small area, visual evoked potentials can 
also be recorded (in saimirí, DOTY et al., 1964). In this area 
in the Aotus monkey, ALLMAN and KAAS (1970) found a topogra
phic representation of the contralateral half of the visual 
field by determining the receptive fields of units. DOTY et al. 
(1964) suggested that this area in the monkey is probably the 
homologue of area Vss in the cat. 

There are a few other reports relevant to the problem of the 
existence of a homologous area in primates and man. These re
ports describe the effect of temporal lobe lesions on the sub
jective CFF. In the macaque, MISHKIN and WEISKRANTZ (1959) found 
that the subjective CFF is impaired by both inferotemporal and 
lateral occipital lesions. GOLDMAN et al. (1968) found that in 
patients without field defects, those with left but not those 
with right temporal lobectomy had an impaired subjective CFF 
(especially in the nasal fields), suggesting that hemispheric 
specialization may extent even to basic sensory processes. Re
gardless of the site of temporal lobectomy, patients with field 
defects (from optic radiation damage) showed losses not only in 
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the partial optic quadrant but also in all three intact quadrants. 
In these two studies, only one (photopic) intensity was used. 

Apart from possible lateralization in man, all these studies 
in man and monkey strongly support the suggestion of DOTY et al. 
(1964) that the visual area in the temporal lobe of the monkey 
is the homologue of the visual area of the suprasylvian sulcus 
in the cat. The decreased subjective CFF in man and monkey after 
temporal lobe lesions could, therefore, be explained by a defect 
in centrifugal influence on the retina. In the monkey, however, 
there are no known connections between the lateral geniculate 
body and the visual area of the inferotemporal cortex, so this 
area may depend on the striate area for its input. This would 
explain the fact that occipital lesions also impair the subjec
tive CFF. 

IV. EFFECTS OF ATTENTION AND CONDITIONING. 

The significance of the central control of retinal activity 
in the mechanism of selective attention was stressed by VAN 
HASSELT (1972a,b). However, up till now, no paper has appeared 
providing conclusive evidence that attention indeed influences 
retinal activity by way of efferent optic nerve fibres. 

In the fifties, several authors claimed that visual evoked 
optic tract potentials could be modified by habituation, atten-
tion^ and conditioning (HERNANDEZ- PEÓN et al.; summarized by 
HERNANDEZ-PEÓN, 1961). They concluded that efferent fibres ori
ginating in the reticular formation mediate the changes in op
tic tract potentials. 

Unfortunately, the role of the pupils and eyelids in the re
gulation of the intensity of visual input was neglected in the
se investigations. FERNÁNDEZ-GUARDIOLA et al. (1961) found that 
the habituation of visual evoked potentials at the optic tract 
level in unanaesthetized cats was completely abolished after a-
tropinization of the pupils. Similar findings were obtained by 
NAQUET et al. (1960) on the influence of cortical arousal on 
the visual evoked optic tract potentials. 

Attempts to prove the influence of attention upon the ERG 
have also not been succesful (VAN BALEN, 1964). 

In this review, the findings of VAN HASSELT (1972a) and SPI
NELLI et al.(1965) have been considered to support the theory 
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oí the author that the main function of the centrifugal control 
of retinal activity in its involvement in attention mechanisms. 
However, this theory is not supported by any other investigation. 
On the contrary, other invstigations even seem to provide argu
ments against it. In order to explain this discrepancy it is 
useful to make a distinction between light perception and pat
tern perception. For modulation of the input in light percep
tion, pupillary and palpebral motility provides a very power
ful mechanism (especially in the cat, FERNÁNDEZ-GUARDIOLA et 
al., 1964). For modulation of the input of pattern perception 
the pupillary and palpebral mechanisms are not very helpful 
and it is possible that the centrifugal control of retinal ac
tivity via efferent optic nerve fibres plays a significant role 
just in pattern perception. A few examples may clarify this the
ory. When a different pattern is presented to each eye, binocu
lar rivalry develops, i.e., the two pattern are seen alternati
vely, or, pieces of both patterns are seen in transitory phases. 
When one pattern is seen the other is completely suppressed. 
The question arises, at what level of the visual pathway does 
this suppression occur? It is generally believed that this sup
pression is accomplished at the cortical level, but this view 
encounters a serious difficulty. Beyond the optic chiasm there 
is no longer a separation between the visual fields of both eyes. 
In binocular rivalry the whole visual field (and not only a half) 
of one eye can be suppressed. According to our theory the cere
bral cortex is involved in binocular rivalry, but the actual 
suppression is accomplished at the retinal level by way of ef
ferent optic nerve fibres. The cortical site of this mechanism 
in the cat is the visual area of the suprasylvian sulcus (area 
V s s ) . It is remarkable in this context that in the cat, unlike 
the striate, parastriate and peristriate areas, in which only 
the parts representing the vertical meridian are callosally con
nected (CHOUDHURRY et al., 1965; CAREY et al., 1968; WILSON, 
1968), in area Vss the whole retinal representation is connec
ted across the midline (HEATH and JONES, 1970). 

In squint amblyopia the initial binocular rivalry has deve
loped to a permanent suppression of the foveal field of the de
viating eye. Here also, according to our theory, this suppres
sion is accomplished by means of centrifugal influences acting 
upon the retina. Therefore, one would expect a suppressed or 
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lowered foveal ERG in cases of squint amblyopia. However, no 
reports have been found in the literature in which a true fove
al ERG was measured. A considerable number of reports deals 
with full field illumination in amblyopia. These reports show 
many contradictions in their results, and will not be reviewed 
here. 
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Ophthalmologica 159: 65-70 (1969) 

Effects of Optic Nerve Section on the Double-Flash 
ERG in Unanaesthetised Rabbits 

A Study of Centrifugal Influences on the ERG 

P . V A N H A S S E L T 

Laboratory of General Neurophysiology, Calholic University, Nijmegen 

Introduction 

The existence of centrifugal fibres in the optic nerves of mam
mals, and the centrifugal control over retinal function remain 
controversial issues. One way to tackle these problems is to in
vestigate the effect of optic nerve section as registered on the 
electroretinogram. 

Jacobson et al. [1958, 1962], using lightly-anaesthetised cats, 
found an increase of ERG amplitude after unilateral optic nerve 
section, and the postexcitatory inhibition was, moreover, much 
less. Administration of barbiturates had the same effect. Pentetra-
zole, hexamethonium, or stimulation of the reticular formation 
had the opposite effect. Section of the optic nerve eliminated the 
effects of the drugs. According to Jacobson et al. these results 
indicated a tonic centrifugal inhibition. Changes in ERG ampli
tude after optic nerve section were not, however, found by Brind-
ley and Hamasaki [1962], who used lightly-anaesthetised and 
unanaesthetised cats. Nagaya et al. [1962] recorded an increase 
in amplitude with some preparations and a decrease with others. 
Effects of pentobarbital were also found in sectioned optic nerve 
by Brindleij and Hamasaki, and Nagaya et al., and likewise noted 
in decerebrated animals by Arden et al. [1960] and Danis [1958]. 
Thus, no central connection seems to be necessary for pento
barbital to take effect. Nagaya et al. observed no changes in the 
post-excitatory subnormal phase, although the late supernormal 
phase was significantly less marked. Gills [1966] reported an in
crease in ERG in two people after unilateral optic nerve section. 
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Horsten ¡uid Winkel man |H)()N| іхтГоппсчІ imilnlcral oi)lic nervo 
section on a dog a lew hours a fior il was born, and when relinal 
development was siili incomplele. Л year and a half later, they 
discovered no difference in the ERG and С Fl·' values of the 
two eyes. 

The present study yields fresh evidence for the existence of 
centrifugal control over retinal function in unanaeslhetised rab
bits, and compares the ERG responses to double-flashes of normal 
rabbits and those with coagulated chiasms. 

Methods and Material 

Twenty-lwo albino rabbits wcic ubcd, each weighing about 2.5 kg. Eighteen 

were normal and 4 had coagulated chiasms. 

The coagulation was slcrcotactically performed 10 days before the rabbits 

were used in these experiments. After the experiments, the animals were sacri

ficed, and we checked if the optic chiasm was destroyed. Only those animals 

in which destruction occurred are mentioned in the findings. 

Because unanaeslhetised rabbits were used, it was necessary to fasten them 

on a board in a kind of strait-jacket in order to prevent movement artifacts in 

registration. Tying up the animals a few limes before registration was sufficient 

to get Ihem accustomed to the restraining board. For registration one eye was 

covered and the other was held open with an eyelid speculum. Pupils were 

dilated with atropine (1%), and the cornea was anaesthetised with oxybupro-

caine (i%). 

Registration was performed with an electroencephalograph. The active 

needle electrode was inserted into the limbus cornea. The inactive electrode 

was placed in the nose of the animal. 

The light source was a xenon flash lamp, which was placed 20 cm from the 

rabbit's eye. Intensity was 1.5 Joule/flash. 

The experimental procedure was as follows: first, there was 10 min of 

lighl-adaptalion with 1,000 Lux, which was measured on the eye. Then, after 

HO min of dark-adaptation, 20 duublr-fliishcs were delivered, each douhlc-flnsh 

being given at fivc-minule intervals The inlcrvul botwron tin· two flushes of the 

double-flash was 0.5 sec. 

Results 

The mean amplitude of a- and b-waves evoked by every 
double-flash is shown in figures 1 and 2. In figure 3 the recovery 
after each first flash ist expressed by the ratio of the second and 
first flash amplitudes. During experiment, the a- and b-wave am
plitudes of both the normal animals and those with coagulated 
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chiasms increased with the first flash of the double-flash, but de

creased with the second. 

There are, however, some marked differences between normal 

rabbits and those whose retinas have no central connection. 

To obtain statistics, the Monn-W/ii'i/iey-U-test was used. The 

values of the a- and b-waves of each rabbit were averaged over 

the 20 double-flash presentations. The results were: 

Normal rabbits had a lower first flash a-wave amplitude than 

rabbits with coagulated chiasms (p < 0.05, U = 15) ; there was no 

significant difference between Ilio first flash b-wave amplitude of 

normal rabbits and those with coagulated chiasms (U = 35); nor

mal rabbits had a higher second flash a-wave amplitude (p = 

0.001, U = 3) ; they had a higher second flash b-wave amplitude 

( p < 0 . 0 1 , U = 8); a higher ratio 2 7 l ' flash a-wave amplitude 

(p < 0.001, U = 1) ; and a higher ratio 2 7 l ' flash b-wave ampli

tude ( p < 0 . 0 1 , U = 8). 
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/Jisciissio;» and Conclusion 

The changes we found during dark-adaplation almost con

formed with those recorded hy Sven'tk and Peregrin [1967] They 

were the same in both the normal and coagulated-chiasm animals, 

and consequently had no relation to centrifugal influences. 

Our results demonstrate the existence of centrifugal influences 

upon retinal function These influences decrease the first flash 

a-wave amplitude without apparently affecting the b-wave, and, 

moreover, they shorten the recovery cycle, which is expressed by 

increased second flash a- and b-waves These findings are not in 

harmony with the experiments mentioned in the introduction. One 

major difference between this study and most of the earlier ex

periments was that the rabbits used were fully conscious. If, as we 

believe, centrifugal influence has some relation to an 'arousal', 

'attention', or 'vigilance' system, then it is quite reasonable that 

such a system should only work optimally in a fully conscious 

subject. 

Acknoivledgements 
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Summary 

With double flash ERG under scotopic conditions, and comparing un-
anaesthetised normal rabbits and unanaesthetiscd rabbits with sectioned optic 
chiasms, it was possible to demonstrate unequivocally the existence of some 
marked centrifugal influences upon retinal function The first flash a-wave 
was much smaller in normal rabbits, but the first flash b wave appeared to be 
the same in both groups The recovery cycle for both a- and b waves was much 
shorter in normal rabbits 

Zusammenfassung 

Unter skotopischen Bedingungen konnte mil Hilfe des Doppelblilz EKGs 
ein Vergleich zwischen nicht narkotisierten normalen Kaninchen und solchen, 
denen das Chiasma durchlrennt war, angestellt werden Dabei wurde eindeutig 
das Vorkommen einiger zentrifugaler Einflüsse auf die Nelzhautfunktion fest
gestellt Die erste a-Welle war wesentlich kleiner bei normalen Kaninchen, die 
erste b-Welle dagegen war in beiden Gruppen gleich Die Erholungsphase fur 
die a- und b-Welle schien bei normalen Kaninchen kurzer zu sein 
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liâsumé 

II a élé possible de démonlrer, sans ¿'(juivoque, Гехіьіепсс de quelques in
fluences centrifuges marquées sur la fonclion rétinienne. On a utilisé, dans des 
conditions scotopiques, l'ERG à double-éclair cl comparé des lapins normaux 
non anesthésiés avec d'aulres, non ancsthésiés, mais dont le chiasma avait été 
sectionné. L'onde a du 1er éclair était beaucoup plus petite chez les lapins 
normaux, mais l'onde b du 1er éclair paraissait identique dans les deux groupes. 
Le cycle de récupération des ondes a et b était beaucoup plus court chez les 
lapins normaux. 
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Dual Relationship Between Light Intensity and 
Evoked Potentials in the Visual Area of the Suprasylvian 

Sulcus of the Cat 

P. V A N H A S S E L T 

Laboratorium voor Algemene Neurofysiologie, Universiteit van Nijmegen, Nijmegen 

Abstract In the visual area of the suprasylvian sulcus (Vs,) Key Words 
of the cat, a dual relationship does exist between light flash mten- Evoked visual response 
sity and amplitude of the initial complex of the evoked poten- Suprasylvian sulcus 
tials 20 cats were investigated Light flash intensity was varied Light intensity 
over a range of 8 log unit intensity In the lateral and medial Cat 
layers of the Vs,cortex, the amplitude is a steady increasing func
tion of the light flash intensity, until a( high intensities a plateau is reached, where the 
amplitude rema ins consistent or may decrease This type of function is the same as that found 
m the primary visual areas However, at points about the middle of the V^ cortical layers 
the amplitude increases very rapidly with light intensity, and the plateau is already reached 
within 102 times the absolute threshold intensity, which is still in the scotopic range. When 
the plateau is reached, the amplitude remains steady or may decrease The amplitudes in 
this small area can reach very high values, over 1,200/< , even at scotopic intensities. The 
latencies of the first deflection have with both the types of amplitude intensity functions the 
same relationship with light intensity The possible role of Vss is discussed. 

Introduction 

Many areas of the cat cerebral cortex react with evoked potentials to light 

stimuli Some areas, such as areas 17, 18 and 19, or called with their physio

logical names, Visuali, ц and ш, arc mainly umsensory and are mainly 

responsive to light stimuli Other areas, such as the anterior and posterior 

suprasylvian gyrus, the anterior lateral (marginal) gyrus, and the sygmoid 

gyrus, arc polysensory in nature, since Ihey also react to light, sound and touch. 

However, outside the classical visual areas, V|, ц and ці, there is another 

specific visual area (Ум) in the medial wall of the suprasylvian sulcus. It is this 

area that is subject of the present study щ gives evoked potentials to light 

flashes, with short latencies, that are comparable to those found in W\, ц and 

Received: December 19, 1970, accepted February 5, 1971 
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ці [MARSIIALI el al., 1943, Ci ARI and llisiioi·, I9S4, ПлішлмапсІ Ui RRV, 

1956; DOT Y, 1958; Busi R et al., 1959; B R U N I R , 1965; BICNALI. and IMIIIKI, 

1966]. ад also receives direct projections from the lateral geniculate body, as is 

shown by electrophysiological [VASTÓLA, 1961] and anatomical studies 

[GLICKSTEIN et al., 1967; WILSON and CRAGG, 1967]. 

Contrary to V|, ц and щ, area и does not project back to the lateral 

geniculate body; its sole thalamic connections, which arc reciprocal, are with 

the posterior nucleus, the ventral lateral geniculate, the nucleus of the optic 

tract and the lateroposterior nucleus [HEATH and JONES, 1970]. 

ν ω receives fibres from Vt, ц and щ bilaterally [HUBEL and WIESEL, 

1965; GAREY et al., 1968; WILSON, 1968] and sends fibres back to these areas 

ipsilaterally [HEATH and JONES, 1970]. 

VJS sends commissural fibres only to its counterpart of the opposite side 

and no parts of it are devoid of commissural connections. Therefore, unlike 

Vj, ц and цг, in which only the parts representing the vertical meridian are 

callosally connected [CHOUDHURY et al., 1965; GAREY et al., 1968; WILSON, 

1968], in Vss the whole retinal representation is connected across the midline 

[HEATH and JONES, 1970]. 

There is a topographically organized projection from м to the superior 

colliculus [HEATH and JONES, 1970], comparable to the other visual areas 

[GAREY et al., 1968] and like щ, ^ receives projections from the superior 

colliculus via the complex of nuclei at the posterior end of the thalamus 

[HEATH and JONES, 1970]. V^ as well as Vmhaveanonreciprocal projection to 

area 6 [HEATH and JONES, 1970]. 

The receptive fields of the units оГУ^аге topographically organized, with 

the vertical meridian represented in the depth ofthe sulcus [HUBEL and WIESEL, 

1969]. The respective fields are larger than in Vj, ц and Vm, but most of them 

are like the complex and lower-order hypercomplex types found in those areas, 

and were driven independently by the 2 eyes [HUBEL and WIESEL, 1969; 

W R I G H T , 1969]. However there are also units that respond to a stimulus of a 

given size, moved around in any direction, at any orientation, within the re

ceptive field [ W R I G H T , 1969] 

At present there is some knowledge about the anatomical connections of 

щ, and about the receptive fields of a number of units. However the special 

role of VJS in the visual system is still uncertain. 

This paper reports experiments in which a dual relationship was found in 

area Vs, between intensity of the light flash and amplitude of the evoked 

response. Certainly this study does not elucidate directly the function of ν ω , 

but it may add significantly to our knowledge. 
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Methods 

20 adult cats were used, weighing 2 2-2 8 kg The cats were premediuited with 2 mg of 
Haloperidol and 15 mg of pethidine to produce a moderate neuroleptanalgesia, as a pro-
fylactic against brain edema, the cats received 0 5 mg of prednisolone sodium succinate The 
trachea, femoral vein and artery were cannulated under halothane, N 2 0 and 0 2 anaesthesia 
The animal was then placed in a stereotactic frame, and the brain exposed after removing the 
overlying bone The dura was deflected and the cortex was covered with gelatine sponge All 
wound edges were infiltrated with procaine (2%) After these preparations the anaesthesia 
was discontinued, curanzation by continuous infusion in the femoral vein with N,M'Diallyl-
bisnor-toxifenne (0 25 mg/h) was started, together with artificial respiration, which was 
performed with an Amsterdam Infant Ventilator One or more times during an experiment 
arterial blood gas values, pH, and bicarbonate concentration were measured, and the ven
tilation eventually adjusted Arterial Po¿ was kept around 100 mm Hg, Pcoa between 
20-28 mm Hg, and pH between 7 35-7 45 The relative low Pcoz values are normal in cats 
and are necessary to compensate the lower bicarbonate concentration existing in cat blood 
plasma as compared with bicarbonate concentrations found in human blood plasma Body 
temperature was maintained between 38 39 C, by means of an electrical heating pad Pupils 
were dilated with atropine (2%) One eye was held open with an eyelid speculum and its 
cornea was anaesthcti7ed with oxybuprocame (0 4%) An opaque cover was applied to the 
other eye For recording stainless steel electrodes were used, which were insulated except at 
their lips, tip diameter was approximately 40/im Monopolar electrodes were used, inserted 
into the brain contralateral to the eye stimulated The mdilTerent electrode was inserted in the 
temporal muscle After amplification the potentials were displayed on a storage cathode ray 
tube and photographed Time constant was set 0 03 high frequency filter was 75 

In a number of experiments the potentials were also fed into a Hewlett Packard 5480A 
Signal Analyzer for averagemg Light flashes with a duration of 7 //sec were given with a 
xenon flash lamp, which was placed 20 cm from the cat's eye Flash energy was 1 J The light 
intensity could be varied with neutral density filters over a range of 8 log unit intensity The 
experimentation room was completely dark Before flashing started the animal was dark-
adapted for half an hour From every light intensity a series of 16-20 flashes was given, 
with a frequency of 1 flash in 10 seconds Between the series the animal was again dark-
adapted for 5 mm The first scries was with the lowest light intensity, which was increased in 
each successive series by I log unit intensity After the experiments the electrode points were 
marked by electrocoagulation The brains were fixed in formalin, embedded in paraffin, 
sectioned at 7//m and stained with thiomn 

Results 

In previous, unpublished experiments we mapped in 4 cats visual evoked 
potentials of different parts of brain cortex In 3 animals the most active area 
of VM was situated between Horsley-Clarke planes A4 and A6 In 1 animal 
however the most active area was located more anteriorly between planes A 8 
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and A 14. In ligure I the probable extent of area V,, is reconstructed according 
to the information from various authors. 

In area ю the electrodes in this experiment were placed between planes A 4 
and A6, which is the part of ш also investigated byHuBELand WIESEL[1969]. 

Visual evoked potentials in V e appeared to differ in respect to: 

(a) the sign of the initial deflection. 
(b) the relationship of the amplitude of the initial complex with the light 

flash intensity. The initial complex is called the total first positive or negative 
part of the potential. Amplitudes and latencies are measured as indicated in 
figure 2. 

2 m m 

10 mm 

Fig. 1. Extent of V„. Diagram of cat brain, a as seen from above, and b in coronal section 
at Horsley-Clarke plane A S (right is medial). Shaded area is и . 

Fig. 2. Indication of measurements of latencies and amplitudes. 
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A. The Sign of the Initial Deflection in Уа„ 

Phase reversal was observed in the majority of recordings. Evoked poten
tials in the lateral half of the cortical layers were positive in their initial sign. 
Evoked potentials in the medial half of the cortical layers were negative in their 
initial sign (see fig. 3). 

2 mm 

Fig.3. Distribution of evoked potentials in VM. Note sign of initial deflection. 

B. Relationship of initial Complex Amplitude with Light Intensity in я 

In VB we found 2 types of amplitude intensity functions. 
Type I. The amplitude was a steadily increasing function of the light flash 

intensity, until at high intensities a plateau was reached, where the amplitude 
remained steady or decreased. This amplitude intensity function was found in 
the lateral layers of the VM cortex, where the initial sign was positive, and in the 
medial layers of the и cortex, where the initial sign was negative. With 
barbiturate anaesthesia (pentobarbital, 30 mg/kg i. p.) the potentials decreased 
strongly in amplitude, but the type I function remained. 

Type II. The amplitude increased very rapidly with the light intensity, and 
the plateau was already reached within 102 times the absolute threshold in
tensity, which is still in the scotopic range. When the plateau was reached, the 
amplitude remained steady or decreased. Compared with evoked potentials in 
other visual areas, the amplitudes were large and could reach very high values, 
over 1,200 /ÍV, even at scotopic light intensities.The sign of the initial deflection 
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was always positive. This lypc of function was found at points about the 
middle of the cortical layers. 

Type Η disappeared with barbiturate anaesthesia (pentobarbital, 30 mg/kg 

i.p.). 
Example of type I function is shown in figure 4. Example of type II function 

is shown in figure 5. 
The anatomical distributions of type I and type II functions are shown in 

figure 6. Examples of evoked potentials in V,, are shown in figure 8. 

Amplitude Intensity Function in V\ 

In order to compare the results found in V., with a classical primary cortical 
area, we recorded in 3 animals evoked potentials simultaneously in V,, and Vi. 
The electrode position in Vi was always at Horsley-Clarke coordinates P2, L2. 
Experiments not yet published have shown that this location was about the 

pv -, 

300 -

200 -

100 -

Amplitud· 

/ 

/л 
ff 

Л »Cot 2005 

J Ь Cat 2904 

10"* 10"Т io"* io"' 
-* -i .χ л Rtlotiv· 

10 10 10 10 1 intensity 

Fig.4. Type I amplitude intensity function in Vu. Recordings in cat 2003 were made in 
the medial side of the V„ cortical layers. Recordings in cat 2904 were made in the lateral side 
of the Vu cortical layers. Every point represents the mean of 16 (cat 2005) or 20 (cat 2904) 
amplitudes of the 1st complex. 
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Amplitude 

Relative 
t intensity 

Fig 5 Type II amplitude intensity function in VS5 Recordings were made in the middle 
of theV,, cortical layers. Each point represents the mean of 20 amplitudes of the 1st complex 

2 mm 

Fig.6. Distribution of type I amplitude intensity function (small dots) and type II 
amplitude intensity function (large dots) m м . 
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middle of the most active part of V|. We found the sign of the initial deflection 
always negative. The amplitude intensity function found in Vi is similar 
to type I found in VM. 

Examples of this function are shown in figure 7. Examples of evoked 
potentials in Vi are shown in figure 8. These were recorded from the pia mater. 

Type II function was not found in Vi. 

Latencies of First Deflection in V,, and V\ 

The latencies of the first deflection of the evoked potentials in и and Vi 
had, despite the type of amplitude intensity function, the same course in re
lation to light intensity (fig. 9-11). 

Thus, in the case of type II amplitude intensity function, when the ampli
tude had reached its plateau, the latency still decreased with increasing inten
sity. Note that the latency graphs show in general a breakpoint at relative 
intensity ICH. Probably this is the transition point between scotopic and 
photopic function. In order to obtain more evidence about this we flashed 

Amplitude pV 

300 

200 -

100 -

-β -, -* -j -. -i -t -i Relativ» 
10 10 10 10 10 10 10 10 1 intensity 

Fig. 7. Type I amplitude intensity function in V]. Each point represents the mean of 16 
amplitudes of the 1 complex. 
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Relative a b c 
intensity 

ICT 
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1 0 - 5 

10 -4 
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I O ' 2 
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Fig 8. Examples of evoked potentials in relationship to light flash intensity Upward 
deflection means negativity, a Single evoked potentials of cat 2904 recorded in V n Type I 
amplitude intensity relationship, b Single evoked potentials of cat 1308 recorded in V„. 
Type II amplitude intensity relationship, с Computer averages of 16 evoked potentials of cat 
2005. Upper trace was recorded in Vj. Lower trace was recorded in Vu. Type I amplitude 
intensity relationship. 
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msec-. Lotency 
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10"' 10*' 10~' io'* i o " 10"' 10" 1 
Relotive intensity 

Fig. 9. Latency intensity function in Vu. Recordings in cat 2005 were made in the medial 
side of the и cortical layers. Recordings in cat 2904 were made in the lateral side of the V,, 
cortical layers. Each cortical point represents the mean of 16 (cat 2005 [ J) or 20 
(cat 2904 [ ]) latencies of the 1st deflection. 
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ι ι I 
-7 - t -3 -<· -\ - t ·1 
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Fig. 10. Latency intensity function in V„. Recordings were made in the middle of the и 

cortical layers. Each point represents the mean of 20 latencies of the 1st complex. Cat 
2008, -.-.-cat 1308, cat. 1808. 
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Fig. II. Latency intensity function inV]. Each point represents the mean of 16-50 lat
encies of the first deflection. Cat 2005, -.-.-cat 2105, cat. 9006. 

1 cat (1308) also with red light. Relative intensity KH appeared indeed to be 
the threshold intensity for eliciting potentials in Vn. In the amplitude graphs 
however the scotopic-photopic transition points are not so clear. 

Discussion 

The type I amplitude intensity function found in the lateral and rtiedial 
layers of VM is not surprising. The type is found very general in biological 
systems, and is often expressed as a logaritmic or a power function. For the cat 
Vi and ц areas, this type of relationship between amplitude of evoked poten
tial and light flash intensity is described by various authors [VATTER, 1966; 
KUHNT, 1967; AUERBACHetal., 1961 ;THORN, 1968; FUSTERand SIERRA, 1968]. 

Type I function is also described for evoked potentials in optic tract 
[THORN, 1968], and lateral geniculate body [THORN, 1968; FUSTER and SIERRA, 

1968]. 
Quite surprising however is the type II function found in the middle layer 

of V,,. 
Despite thefact that thetypell function has reached its plateau already in the 

middle of the scotopic values, it is not a matter of scotopic vision alone. Since 
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photopic white and red flashes are able to elicit large potentials, the type II 
potentials are also involved, in equal degree, in a scotopic as well as in a photo
pic system. Further, for the type II function potentials, consciousness of the 
subject is required, because they disappear with barbiturate anaesthesia. 

What does this information tell about the role of VM in the visual system? 
At this stage we can only hypothetize. In trying to obtain additional informa
tion, we did some preliminary experiments concerned with the effect of bi
lateral ablation of и on behaviour and visual capacities. 

In some animals, there was no postoperative behavioral effect at all. In 
other animals the immediate post-operative behavioural effects were more 
serious and they showed temporally the effects which also occur after tectal 
lesions [URBAITIS and MEIKLE, 1968]. In the first days after the operation these 
animals were mostly standing with their heads lowered against the back wall 
of the cage. The pupils were dilated and did not react to intense light. There 
was, however, a palpebral reaction to intense light. When the animals walked 
they bumped into objects and walls, they behaved like blind animals. After the 
first days vision recovered gradually and seemed to be completely restored 
1 or 2 weeks. They then had a normal pupillary reaction to light, showed visual 
placing reactions, were able to localize and follow with their eyes moving 
objects. There was no indication that their ability for visual orientation in 
scotopic conditions had deteriorated. Thus, there are no permanent effects on 
behaviour and visual capacities, when the animals are allowed to recover. 
There is little evidence that the analysis of visual form is carried out further 
in ν Μ [HUBEL and WIESEL, 1969]. Research along different lines is needed. 
For instance, as HUBEL and WIESEL[1969] propose, a comparison of the prop
erties of cells in different layers could be investigated. The effect of electrical 
stimulation of different sites in VS3 on behaviour in the freely moving cat might 
provide additional information. Finally it may be that more sensitive behav
ioural tests can reveal some minor effects of ablation of VM on behaviour and 
visual capacities. 

The possible function of the cortical area Vn in the cat is still obscure and no 
definite conclusions can yet be drawn from the available evidence. 
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Effects of Ablation of Visual Cortical Areas and Optic Nerve 
Section opon the Double-Flash Electroretinogram of the Cat 

P . V A N H A S S E L T 

Laboratory of General Neurophysiology, University of Nijmegen, Nijmegen 

Abstract. In order to elucidate the involvement of vis- Key Words 
ual cortical areas in the centrifugal influences upon the Electroretinogram 
retina, the effect of bilateral ablation of these brain areas ERG recovery cycle 
upon the double-flash electroretinogram (ERG) was in- Double-flash 
vestigated in unanaesthetized, paralysed cats. The inter- Centrifugal retina influence 
vals between conditioning flash and test flash were 0.10, Visual cortical areas ablation 
0.22, 0.47, 1.00, 2.20, 4.70 and 10 sec. Optic nerve section 

Bilateral ablation of the visual area of the suprasylvian Cat 
sulcus appeared to depress significantly a certain interval 
of the recovery cycle of the b-wave. This interval included 0.22 and 0.47 sec. The maximum 
effect was at 0.22 sec. At 0.10 and at 1.00 sec and above the ablation had no effect. The 
recovery cycle of the a-wave was affected at none of the intervals. 

Additional section of the optic nerves revealed no further effect. Bilateral ablation of 
the striate, parastriate and peristriate areas had no effect upon the recovery cycle of the 
a- and b-waves of the ERG. 

The amplitude of the ERG of the conditioning flash was affected by neither the abla
tions nor optic nerve sections. These results indicate that in intact cats after a conditioning 
flash there is a short-acting centrifugal influence upon the retinal sensitivity, as appears 
from the increase of part of the recovery cycle of the b-wave of the ERG. The cortical 
origin of this effect appeared to be the visual area of the suprasylvian sulcus. This effect is 
interpreted in terms of selective attention processes. The possible role and significance of 
the centrifugal influences upon the retina is discussed. 

Introduction 

The presence of centrifugal fibers in the optic nerves of mammals including 
man, has been established by several investigators [CRAGG, 1962; BROOKE 
et ai, 1965; WOLTER, 1965; HONRUBIA and ELLIOT, 1968, 1970]. 

Received: July 8, 1971; accepted: July 28, 1971. 
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The main functional significance of the system of which the centrifugal 
optic nerve fibers form a part seems to lie in the centrifugal control of retinal 
sensitivity. 

Electrical stimulation of the optic nerve and tract and the lateral geniculate 
body in general enhances the retinal sensitivity expressed as the amplitude 
and flicker fusion frequency of the electroretinogram (ERG) and retinal 
ganglion cell discharges [MOTOKOWA and EBE, 1954; DODT, 1964; HORSTEN 

et al., 1970]. On the other hand, stimulation of the tegmental portion of the 
reticular formation can produce both inhibitory and excitatory effects upon 
retinal ganglion cell photic sensitivity [GRANIT, 1955]. 

The following two studies may elucidate more specifically a part of the 
function of the centrifugal control of retinal sensitivity. In awake rabbits it 
was found that the recovery of the a- and b-waves of the ERG 500 msec, after 
a sudden flash, is significantly enhanced when the optic nerve is intact as 
compared with animals with a sectioned optic chiasma [VAN HASSELT, 1969]. 
When an acoustic click stimulus preceded a flash by 100-300 msec, a decrease 
of the b-wave of the ERG was observed in awake cats [SPINELLI et al., 1965]. 
These last two findings can readily be interpreted in terms of a short-acting 
sensory-specific attention reaction. 

Thus immediately after a sudden flash the attention of the subject is 
primarily directed towards the visual input, which results in a short-lasting 
enhancement of retinal sensitivity. But after a sudden click, the attention is 
primarily directed to the auditory input, while other sensory inputs are 
suppressed, resulting in decreased retinal sensitivity. Nothing is known yet 
about the central pathways involved in the centrifugal control of retinal 
sensitivity. 

In the present study, the possible role of the cortical visual areas in this 
centrifugal attention system is investigated in the cat. These areas include the 
striate (Vi), parastriate (Vu), peristriate ( щ) area, and the visual area in 
the suprasylvian sulcus (V„). In particular, Vu may play a special role in an 
attention system. In VM a dual relationship exists between the amplitude of 
the flash-evoked potential and flash intensity [VAN HASSELT, 1971]. 

In the lateral and medial layers of the VM cortex, the amplitude was a 
steadily increasing function of the flash intensity, until, at high intensities, 
a plateau was reached where the amplitude remained consistent or decreased. 
This is a common type of function and is also found in other visual areas. 
However, at points about the middle of the Vu cortical layers, there is 
another amplitude-intensity relationship which is not found in other visual 
areas. Here the amplitude increased very rapidly with the flash intensity, and 
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the plateau was already reached in two log units intensity above threshold 
intensity. The amplitudes in this small area could reach very high values, 
over 1,200 /ÍV, even at intensities that are two log units intensity above 
absolute threshold intensity. This last amplitude-intensity relationship, which 
required consciousness of the subject, could very well be an expression of an 
attention system which comes into action after sudden visual stimulation. In 
the present study, m order to settle the involvement of the cortical visual 
areas m the centrifugal control of retinal sensitivity, Recovery fpnctions of the 
ERG evoked with double-flashes were determined before and after bilateral 
ablations of areas ь ц and щ, and of area VM The effect of additional 
optic nerve section was also investigated 

With optic nerve section, a condition is created in which centrifugal 

influence is no longer possible. The effect of optic nerve section was compared 

with the effect of the cortical ablations 

Methods 

Ten adult cats were used, weighing 2 5-3 8 kg Recording was performed in paralysed 
(with N'.M'-diallylbisnortoxiferme), non-anaesthetized, artificially ventilated (with an 
Amsterdam Infant Ventilator) preparations Body temperature was maintained between 
38 and 39 "С by means of an electrical heating pad From both eyes the ERG was recorded. 
The eyes were held open with an eyelid speculum The corneas were anaesthetized with 
oxybuprocame (0 4%) Pupils were dilated with atropine (2%) The active needle electrodes 
were inserted in the limbus cornea The reference electrode was placed in the nose of the 
animal The light source was a xenon flash lamp placed 20 cm from the cat's eyes Flash 
energy was 1 J Before the recording session the animal was dark adapted for 30 mm Then 
series of double-flashes were given, with a frequency of one double-flash a minute Time-
intervals used between conditioning flash and test flash varied in logarithmically equal steps 
and in the following sequence 0 10, 0 22,0 47, 1 00, 2 20, 4 70 and 10 00 sec A series with 
one time-interval consisted of ten double-flashes After the series with all intervals were 
completed, some additional control measurements were made in order to check the relabi-
hty of the measurements After amplification the ERG was displayed on a storage cathode 
ray tube Amplitudes of a- and b- waves were measured as indicated in figure 1 The time 
constant of the amplifier was 0 03 sec After the recording session the animals were treated 
with prostigmine to counteract residual curanzation Every animal had one recording ses
sion before and one recording session exactly three weeks after surgery 

For each animal the two recording sessions were at the same time of the day In five 
animals area VM was removed bilaterally, and in five animals areas Vj, ц and щ were 
removed bilaterally, as indicated in figure 2 All animals recovered from the operation in a 
few days 

For reasons that will be explained in the 'Results', two cats, randomly selected from the 
cats with VM ablations, underwent bilateral section of the optic nerves 
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The optic nerves were sectioned stcreotaclically by electro-coagulation at the level of 
the optic foramina. After two weeks of recovery these animals had a third recording ses
sion. 

After the experiments, the brains of the cats were fixed in formalin and checked for the 
extent of the lesions. The ablations appeared to be as in figure 2. The optic nerve sections 
were complete. In the calculation of the results the values of the right eye and left eye of 
each animal were averaged. 

Fig.]. Indication of measurement of a- and b-waves of the double-flash electroretino-
gram. 

Vss ablation ідш ablation 

Fig. 2. Extent of the ablations. 
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Results 

In the account of the results the following parameters are considered: 
(a) The amplitudes of the ERG a- and b-waves of the conditioning flash 

before and after ablation. 
(b) The recovery cycles of the a- and b-waves before and after ablation. 
(c) The amount of centrifugal influence of the brain areas in question 

expressed as the percentage change in amplitude and recovery that appears 
when these brain areas are present rather than absent. This is computed by 
the following general formula: 

X (before ablation) — X (after ablation) 
— χ inn% 

X (after ablation) 1 Ш / о · 

where X stands for either the amplitude of the a- or b-waves, or their percent 
recovery. 

Effect of Vss Ablations 

(1) VM ablation had, after three weeks of recovery, no effect upon the 
amplitude of the a- and b-waves of the ERG of the conditioning flash 
(table I). 

(2) VM ablation had no effect upon the recovery cycle of the a-wave (fig. 3 
and 5). The value at 0.22 sec is statistically not significant. 

(3) VM ablation did depress a certain interval of the recovery cycle of the 
b-wave (fig. 4 and 6). This interval included 0.22 and 0.47 sec at which values 
the depression was statistically significant (five animals, Wilcoxon test, ρ = 
0.03). The maximum effect was found at 0.22 sec. At 0.10 and at 1.00 sec and 
above the ablation had no effect. This result indicates, as is shown in figure 6, 
that VM exerts an enhancing effect upon a part of the b-wave recovery cycle. 

Table I. Amplitudes of ERG with conditioning flash 

Intact, μ\ VM ablation, /iV Centrifugal 
influence of ,„ % 

a-wave b-wave a-wave b-wave a-wave b-wave 

Mean (5 cats) 58 327 62 346 — 5.9 —5.0 
SD ±3.0 ±29.6 ±2.3 ±42.0 ±10.6 ±4.7 
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Fig.3. Mean recovery cycles of the a-wave of 5 cats before and after ablation of ш 

Vertical bars represent the standard deviations. 
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Fig. 4. Mean recovery cycles of the b-wave of S cats before and after ablation of Ve 

Vertical bars represent the standard deviations. 
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Effect of Vi, „, „, Ablation 

One of the five animals became sick before the last recording session and 
was omitted from the assessment of the results. In the remaining four cats 
ablation of ц ,,, ш had no effect on either the amplitude of the ERG a-wave 
and b-wave of the conditioning flash or the recovery cycle of the a- and b-
waves (table II, fig. 5 and 6). 

Effect of Optic Nerve Section after Vss Ablation 

There could be a residual centrifugal influence upon the ERG after V e 

ablation. In order to settle this, two cats, randomly selected from the five cats 
with ablated Vu, underwent additional bilateral section of the optic nerves. 

Table II, Amplitudes of ERG with conditioning flash 

Intact, /iV Vj, u, m ablation, /iV Centrifugal influence 
of v i . II· in. % 

a-wave b-wave a-wave b-wave a-wave b-wave 

Mean (4 cats) 
SD 

56 
±14.6 

347 
±60.4 

59 348 
±11.0 ±84.4 

— 5.5 + 2 
±11.0 ±10.2 

го-

% change in 
recovery a-wave Centrifugal effect of 

VSS 

10.00 sec 

Fig. 5. Mean centrifugal effect of VM (5 cats) and Vj, п , ш (4 cats) expressed as percent
age change in recovery of the a-wave. Vertical bars represent the standard deviations. 
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As is shown in table III and in figure 7, optic nerve section after Ve 

ablation had no consistent effect upon the amplitude of the ERG a- and b-
waves of the conditioning flash, nor upon the recovery of the a- and b-waves. 
In neither of the preparations was there a change of form of the ERG. All the 
oscillatory components as in figure 1 remained. The control measurements 
which were made after the series of all intervals were completed, showed that 
the measurements had not changed. 

Table III. Amplitude of ERG with conditioning flash 

Mean (2 cats) 
range 

VM ablation,/iV 

a-wave b-wave 

57 308 
± 1 ±28 

V n ablation plus 
optic nerve section, 
μ\ 
a-wave b-wave 

56 324 
± 9 ±95 

Residual centrifugal 
influence after ы 

ablation, % 
a-wave b-wave 

+ 4.9 + 1.1 
±18.6 ±21.2 

1. change m 
50 -ι recovery b-wave 

40 - Centrifugal effect of 

10.00 sec 

Fig.6. Mean centrifugal effect of VM (5 cats) and Vj, п. ш ( 2 c8 1 8) expressed as percent
age change in recovery of the b-wave. Vertical bars represent the standard (5 cats) devia
tions. 
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·/. change in 
recovery 
. a-wave 

—\ I I I I I 1 

010 020 047 100 220 470 1000 sec 
Interval 

Fig 7 Mean residual centrifugal influence upon a- and b-waves after VM ablation as 
revealed by additional optic nerve section (2 cats) Vertical bars represent the ranges. 

Discussion 

The fact that centrifugal influences did not affect the conditioning flash 
ERG or single flash ERG is in full agreement with the findings of BRINDLEY 
et al. [1962], NAGAYA et al [1962], and HORSTEN and WINKELMAN [1969]. 
However, a centrifugal inhibitory influence upon the conditioning flash ERG 
b-wave was observed in cats by JACOBSON et al. [1958, 1962], and in two 
humans by GILLS [1966], as revealed by unilateral optic nerve section. VAN 
HASSELT [1969] found in rabbits with sectioned nerves a significantly raised 
a-wave as compared with intact rabbits 

This implies a tonic inhibitory centrifugal influence upon the a-wave in 
intact animals No difference was found in the b-wave Some of these discre
pancies in the literature may be due to species differences, but so far as cats 
are concerned, the majority of the studies failed to find evidence for a 
centrifugal influence upon the ERG of the conditioning flash or single flash. 

The results on the recovery cycle of the b-wave clearly show that area и 

is involved in the centrifugal influences upon the retina Thus, after a condi
tioning flash, there is a short-acting centrifugal influence with a latency of 
at least 100 msec, which partly offsets the decreased sensitivity of the retina. 
This influence appears to affect the retina more at the level of the bipolar cells 
than at the receptor level, because only the b-wave of the ERG is enhanced, 
and not the a-wave, at least with the intensities used heie. Ablation of V e 

is sufficient to abolish totally this centrifugal effect, as is shown by the fact 
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that additional ablation of the optic nerves did not reveal any residual 
centrifugal influences. Moreover, this centrifugal influence occurs without 
involvement of Vj, п , ш . 

This centrifugal influence is probably part of a selective attention system 
as is proposed in the introduction. This centrifugal attention is probably also 
connected with the special relationship between flash intensity and the ampli
tude of evoked potentials in V„ [VAN HASSELT, 1971]. 

Two studies report the immediate effects of optic nerve section upon the 
recovery of the ERG b-wave in cats. JACOBSON et al. [1958, 1962] state that 
optic nerve section did increase the subnormal and the supranormal part of 
the b-wave recovery cycle. However, NAGAYA et al. [1962] report that optic 
nerve section did decrease the supranormal part of the b-wave recovery cycle. 
These findings are contradictory, and are also not in agreement with the 
findings of the present study. For the time being, one may conclude that the 
immediate effects of optic nerve section are precarious. 

The results of the present study are partly in agreement with those found 
in the study of VAN HASSELT [1969] with rabbits. In that study in which only a 
double-flash time-interval of 500 msec was used, both the a- and b-waves of 
the test flash were increased in normal rabbits, as compared with rabbits with 
sectioned optic nerves. 

In the present study, at least one aspect of the function of area Vu is 
revealed. But if involvement in the system of centrifugal influence of the 
retina is indeed the major function of V„, one would expect that this cortical 
area would be able to influence the retina in a more complicated and discrete 
way. The fact that VM is topographically organized and the fact that the 
receptive fields of its units are of complex and hypercomplex order [HUBEL 
and WIESEL, 1969; WRIGHT, 1969] are strongly in favour of this view. 

In addition to the excitatory effect described in this study, it is possible 
that there are also inhibitory effects upon the retina. These inhibitory effects 
could be responsible for a number of perceptual phenomena, especially in 
those instances where vision in the field of one eye is partly or totally 
suppressed in order to avoid diplopia, as in binocular rivalry and squint 
amblyopia. It is equally possible that centrifugal retinal inhibition could 
account for the reduced visual perceptual sensitivity during saccadic eye 
movements [LATOUR, 1962; VOLKMANN, 1962; BEELER, 1962], and for the 

disruption of after-images by eye movements [GREGORY et al., 1959]. For 
these hypotheses, however, no direct evidence is yet available. 
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The Effects of Ablation of Visual Cortical Areas on the CFF 
of the Electroretinogram of the Cat1 

Ρ V A N H A S S E L T 

Laboratory of General Neurophysiology, University of Nijmegen, Nijmegen 

Abstract The efTect of ablation of visual cortical Key Words 

areas on the electroretinographu critical flicker fusion Electroretinogram 

frequency (CFF) was studied in unanaesthetized, para- Critical flicker fusion frequency 

lysed cats Bilateral ablation of the visual area of the Centrifugal retina influence 

suprasylvian sulcus severely depressed the photopic Visual cortical area ablation 

part of the CFF curve, while leaving the scotopic part Sulcus suprasylvius ablation 

unaltered Cat 

Bilateral ablation of the striate, parastnate and pen-

stnate areas did not have any influence on the CFF 

curve 

The visual area in the suprasylvian sulcus is cons.dered to play a crucial rôle in the 
system of centrifugal control of retinal function The possibility of a homologous area in 
the monkey and human brain is discussed 

Introduction 

In a previous article [VAN HASSELT, 1972], evidence was presented that the 

visual area of the suprasylvian sulcus (area к ) in the cat was the cortical site 

ofthe centrifugal co Urol system ofretmal function In this study, it was shown 

that bilateral ablatio.! of area Vss did depress a certain intCiVal ofthe recovery 

cycle ofthe b-wave ofthe eleclroretmogram (ERG), b;twe;n 100 msec and 

I sec, with a maximal effect at 220 msec Additional optic nerve sec'ion had 

no further effect Bilateral ablation of the striate, parastnate and penstnate 

areas (areas Vi, ц, ш ) had no effect on the recovery cycle ofthe ERG It 

1 I am indebted to Miss R LIGNAC, Mr Η Τ PENSO and Mr L GROENEN for their 

careful technical assistance m carrying out these experiments 
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was concluded, therefore, that in the intact animal, the recovery cycle of the 
ERG is partly enhanced by means of centrifugal influences on the retina, in 
which area Vra plays a crucial part. 

In the present study, the recovery function of the ERG was approached in 
a different way by determining the critical flicker fusion frequency (CFF) of 
the ERG. By using different light-flash intensities, it is possible to separate the 
photopic and scotopic functions of the retina. The effects of ablation of νΜ, 
and Vi, ц, ш on the electroretinographic CFF were then studied. 

Methods 

Ten cats were used, weighing 2.2-3.0 kg. Recordings were performed in paralysed 
(with diallyl-bis-nor-toxiferin, 0.3 mg/kg i.V.), nonanaesthetized, artificially ventilated (with 
an Amsterdam Infant Ventilator) preparations. 

Body temperature was maintained between 38 and 39 °C by means of an electrical 
heating-pad. 

An opaque cover was applied to one eye and the other was held open by means of an 
eyelid speculum. The cornea was anaesthetized by oxybuprocaine (0.4%). The pupil was 
dilated with atropine (2%). The light source was a xenon flash lamp placed 20 cm in front 
the cat's eye. Flash duration was 7 /isec. Flash energy was 1 joule. Luminance could be 
reduced with neutral density filters, ranging in density from 4.0 to 1.0. A white diffusing 
filter with density of 0.4 was always used. The active needle electrode was inserted in the 
limbus comea and the reference electrode was placed in the nose of the animal. The CFF 
values were determined by selective amplification of the ERG, according to the method of 
HENKES et al. [1956]. An Avia-type frequency analyser (Ahrend van Gogh, Amsterdam) 
was used. The selective amplification factor was 20 and the time constant set at 0.1. 

The use of a frequency analyser, which selectively amplifies the ERG in the flash 
frequency, gives a higher signal-noise ratio, and consequently higher and more accurate 
CFF values than those obtained by visual inspection of the normally amplified ERG. Be
fore the recording session, the animal was adapted to dark for 30 min. The CFF values 
were then determined, starting with the lowest flash intensity. The experimental chamber 
was kept completely dark. 

Each animal had one recording session before, and one exactly two weeks after, 
ablation of the visual cortical areas. For each animal the two recording sessions were held 
at the same time of the day so as to control any extraexperimental time variables that might 
influence the ERG. 

For surgery, the animals were premedicated with 0.0S mg/kg of atropine, 0.2 mg/kg of 
di-adreson aquosum, S mg/kg of pethidine, and 1 mg/kg of haloperidol, injected intra
muscularly. Surgery was performed under pentobarbital anaesthesia (20 mg/kg i. p.), with 
additional halothane, Ν,Ο and O, if necessary. In S cats, area Vu was removed bilaterally; 
in 5 other cats, areas Vj, ц and щ were removed bilaterally. After the experiments, the 
cats were sacrified and their brains fixed in formalin (4%). The extent of the ablation was 
checked macroscopically, and is described in the former paper [VAN HASSELT, 1972] (fig. 1). 
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Results 

The luminances used here are the same as those used in a previous study 
[VAN HASSELT, 1971]. It was then shown that the threshold for photopic func
tion was at a relative luminance of 1.4. It is assumed in this study, therefore, 
that a relative luminance of 1 represents a scotopic value; relative luminances, 
of 2 and 3 are considered as mesopic, relative luminances of 4 and S as 
photopic. 

Effects of Va ablation. The CFF curves before and two weeks after bilateral 
ablation of ю are shown in figure 1. As demonstrated in this graph, V^ 
ablation had a significant effect on the photopic part of the CFF curve, while 
leaving the scotopic part intact. 

At a scotopic relative luminance of 1, there was no Vu ablation effect. 
At a relative luminance of 2, the effect was not statistically significant, but 
at 3, and especially at higher photopic luminances of 4 and 5, V a ablation 
did decrease the CFF considerably. At these luminances, the effect was 
statistically significant (5 animals, Wilcoxon test, ρ = 0.03). 

Effect of Vi, ц and Vm ablation. In figure 2, the CFF curves before and 
two weeks after bilateral ablation of Vj, n, m are shown. These curves 
demonstrate that Vi, ц, ш, ablation had no effect on the electroretinographic 
CFF, neither in the scotopic, nor in the photopic part. 

CFF 

100 -

80 -

60 -

<0 -

20 -

1 2 3 < 5 Log Relatwt 

Luminance 

Fig. I. Electroretinographic CFF curve before ( ) and two weeks after ( ) 
bilateral ablation of Va. Means and standard deviations of 5 cats. 
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Fig. 2. Electroretinographic CFF curve before ( ) and two weeks after ( ) 
bilateral ablation of Υχ, ц, ш . Means and standard deviations of 5 cats. 

Discussion 

The results of this study clearly indicate that area м influences the photo-
pic part of the electroretinographic CFF curve, while leaving the scotopic part 
intact. However, this does not necessarily imply that Vu is inactive at scotopic 
stimulation. VAN HASSELT [1971] showed that the middle layers of V,, react 
with very high potentials after scotopic light flashes. In fact, in V«,, a dual 
relationship exists between light flash intensity and the amplitude of evoked 
potentials. The meaning of this is still unclear. 

As shown in the previous study [VAN HASSELT, 1972], ablation of Vi, ц 
and ш had no effect. The results of that study and the present one strongly 
support the theory that V u is the cortical part of the system of centrifugal 
control of the retina. Concerning the subcortical part of the system, some ana
tomical connections of V„ are known and offer several possibilities. 

In the cat, area V n gets its afférents from the lateral geniculate body 
[GUCKSTEIN et al, 1967; WILSON and CRAGG, 1967], the posterior part of the 
thalamus, including the posterior nucleus, the lateroposterior nucleus, the 
ventrolateral geniculate body, the nucleus of the optic tract [HEATH and JONES, 

1970] and also from Vi, Vn and ш [HUBEL and WIESEL, 1965; GAREY et al., 
1968; WILSON, 1968]. 

The efferent pathway from V e to the retina probably goes via the superior 
colliculi, because V a has projections to these nuclei and not to the lateral 
geniculate body [HEATH and JONES, 1970]. 
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An important question is whether there is a cortical area in the brain of the 
monkey and of man that would be homologous to the VM area in the cat. Some 
interesting findings in monkey and man are of particular relevance to this 
question. Projections of fibres from the striate area (Vi) to a narrow strip in 
the superior temporal sulcus at the side of the inferotemporal gyrus are found 
in the Macaca monkey [CRAGG and AINSWORTH, 1969; ZEKI, 1969,1971] and 
also in the Saimirí monkey [SPATZ et al., 1970]. In this small area, visual-
evoked potentials can also be recorded [in Saimirí, DOTY et al., 1964]. In this 
area (in the Aotus monkey), ALLMAN and KAAS [1970] found a topographical 
representation of the contralateral half of the visual field by determining 
receptive fields of units. DOTY et al. [1964] suggested that this area in the 
monkey was probably the homologue of area м in the cat. 

There are a few other reports relevant to the problem of the existence of a 
homologous area in primates and man. 

These reports describe the effect of temporal lobe lesions on the subjective 
CFF. MISHKIN and WEISKRANTZ [1959] found in the Macaca monkey that the 
subjective CFF is impaired by both inferotemporal and lateral occipital 
lesions. GOLDMANN et al. [1968] found that in patients without field defects, 
those with left, but not with right, temporal lobectomy had an impaired sub
jective CFF (especially in the nasal fields), suggesting that hemispherical spe
cialization may extend even to basic sensory processes. Regardless of the site 
of temporal lobectomy, patients with field defects (from optic radiation dam
age) showed losses not only in the partial optic quadrant but also in all three 
'intact' quadrants. In these two studies, only one (photopic) intensity was 
used. 

Apart from possible lateralization in man, all these studies in man and 
monkey strongly support the suggestion of DOTY et al. [1964] that the visual 
area in the temporal lobe of the monkey is the homologue of the visual area of 
the suprasylvian sulcus in the cat. The decreased subjective CFF in man and 
monkey after temporal lobe lesions could, therefore, be explained by a defect 
in centrifugal influence on the retina. In the monkey, however, there are no 
known connections between the lateral geniculate body and the visual area of 
the inferotemporal cortex, so this area may depend on the striate area for its 
input. This would explain the fact that occipital lesions also impair the sub
jective CFF. In our former study [VAN HASSELT, 1972], it was suggested that 
centrifugal inhibition could be responsible for the decreased pattern vision in 
amblyopia ex anopsia. Therefore, it is interesting to note that FEINBERG [1956] 
found the subjective foveal CFF in the amblyopic eye to be markedly de
creased. 
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STELLINGEN 

1. Het klinisch-psychologisch onderzoek ten be
hoeve van de neurologie zal vooral gericht 
moeten zijn op het meten van specifieke psy
chologische funkties, met gebruikmaking van 
de gegevenheden van de experimentele funktie-
psychologie. 

2. Het bestaan van genuine "electrosleep" of 
"electrohypnose" dient ernstig betwijfeld te 
worden. 

3. Door middel van pharmaca kunnen latente neu
rologische en psychologische afwijkingen in 
gevallen van hersenbeschadiging geprovoceerd 
worden. 

P. van Hasselt, J. Neuropharm. In druk. 

4. Er bestaan sterke aanwijzingen dat bij een 
aantal personen nervus opticus potentialen 
geregistreerd kunnen worden vanaf de oorschelp 
en het mastoid. 

P. van Hasselt, Electroenceph. clin. 
Neurophysiol. 33: 517 (1972). 

5. De bewering in de meeste leerboeken dat de 
zweetklieren cholinergisch geïnnerveerd zijn 
is een ongerechtvaardigde simplificatie. 

D.W.K. Cotton en P. van Hasselt, 
Brit. J. Dermatol. 87: 80 (1972). 

6. In zeer lage dosering heeft atropine in plaats 
van п sympathicolytische, juist een sympati-
comimetische werking op de zweetklieractivi-
teit van de hond. 

P. van Hasselt en D.W.K. Cotton, 
J. Pharmacy Pharmacol. In druk. 



7. De bewering dat het alpha-ritme gegenereerd 
wordt door oogspieractiviteit berust op on
juiste interpretatie van experimentele gege
vens. 

0. Lippold, Nature, 226: 616 (1970). 
P. van Hasselt, Nature, 226: 1074 
(1970). 

8. De observatie van Méry (1704) dat bij een on
der water gedompeld katteoog de retina direct 
geobserveerd kan worden, heeft een belangrij
ke bijdrage geleverd tot de ontwikkeling van 
de methodiek in de moderne electrofysiologie 
van het visuele systeem. 

P. van Hasselt, Vision Res. In druk. 






