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PREFACE.

These lectures, delivered at the University of Copenliagen un-
der the anspices of the Rask-Orsted fund, and later at the Uni-
versities of Lumd and Upsala, and in Svenska Likerasellskapet,
Stockholm, are veprinted from the Aecta Psychiatrica et Neuw
rologica, managing editor Dr. K. IL Krabbe,

By the conrtesy of the editor and the publishers, to whom I
am greatly indebted, they are now issned in this form.

I take thizs opportunity to express my gratitude for the hos
pitality received from my Seandinavian colleagues in the spring
of 1927.

.U Areens .r'l'l'l'lfill'.lf'!'.






ON NEUROBIOTAXIS,
A PSYCHICAL LAW IN THE STRUCTURE OF THE
NERVOUS SYSTEM.

In the first of these lectures I should like to speak about a
causal relation in the structure of the brain, the knowledge of
which is based chiefly on comparative anatomical researches.

The structural relation referred to is the material analogy
to a mental relation long known in psychology, the law of asso-
ciation, already mentioned by Aristofie.

We all know. that if we have often heard a certain tune in
fhe presence of a certain person, the mental images of this
person and of this tune will become connected. associated, In
onr mind.

These associations are greatly used in instruction. Thus, for
instance, when teaching childern the pronounciation of the let-
ters of the alphabei we utter certain sounds and at the same
time show them certain letters, and on account of their simul-
taneity the impression of the sound and the visual Inpression re-
main connected in the children’s memory.

This process of association is by no means the sole factor
in the strueture of our spiritual life, but it is a very important
one.

Do we find indieations in the anatomy of the brain that this
mental law may also be observed in the structure of the nervous
system?

In the following pages T shall discuss some stroetures which
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seem Lo give ns an answer to this question. I will start with
a simple example.

The skin of the head receives its sensorv nerves from several
roots, especially the Voand the upper cervieal nerve, in fishes
the Ist, in man the 2Znd dorsal eervical root chiefly.")

As the extensions of these nerves on the head border diree Iy
upon and even partly overlap each other, it is evident that these
nerves are often stimunlated at the same time.

Now we see that centrally the fibres of these nerves mee
becanse the frigeminus, after its entrance into the oblongata,
runs a long way downwards, deseending to the SENSOTY region
of the Ist (or 2nd) cervieal nerve, <o that the offshoots of hoil
nerves have a common centre of termination in the upper cer
vieal cord (fig, 1), —

This junetion of nerve fibres is evidently hased upon the faet
that these fibres arve often stimulated at the same time: their
function thus being simultaneously associated.

That this simultaneous function is really the ecause of this
anatomical corvrelation is elearly illustrated by the following
fact.

Besides the above named nerves, still another nerve takes
part in the cutaneous innervation of the head. although for a
small part only.

This nerve, the N. vagns, however, chiefly contains fibres
which do not proceed to the skin, but to the gullet and the in-
lestines,

Now it evident that the latter fibres of the vagus are
never stimulated at the same time as the skin of the head. —

Stimulations simultaneons with those of other nerves
of the head ocenr only with those branches of the vans
which also pass to the head (in man to the ear and the exfernal
anditory eanal).

Now as the N, vagns enters the oblongata we see that its
fibres immediately divide into two groups, the greater of which

"I The dorsal root of the 1st cervieal nerve in man is very small,
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(largely gustatory fibres in the cod) terminates in a medio

dorsal part of the oblongata, while the other group that ol
the abovenamed skin fibres joins the skin fibres of the tri-

ceminus (fig. 1) and deseends with 1t
Consequently we also here find a connection ol cutaneous

fibres of the head with other cutaneous fibres of the head,

enlrance ol
I||l|' ANNOTY 'II

L iiban eoiis '
: cawdal course

i rlu,- 1I'I

fibres of

the X

cErv,

reginn
Fiz. 1.
Hovizontal seetion of the oblongata of a codfish, showing the
conrse of the descendine ¥V root to the cervieal region and the
eutancons fibres of the X joining this root.

evidently based upon their associated function, so that this i=

a material connection based npon simultancous stimulation,

A similar process is observed in the fibers carrying the sense

ol taste. The sense of fagie. in man principally localized on the
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tongue and palate, is innervated here by two nerves, the VII al
the IX, which enter the central nervous system at places, that
are wide apart,

The peripheral branches, however, of these nerves lie elose
together upon the tongue, even partly overlap, and ave practically
always stimulated at the same time. —

The consequence of this is that the central axons of these
nerves join in the oblongata, ending in a centre, in which in
fishes also taste fibres of the vagus end.

Therefore the fibres of the VITih root descend a consider
able distance in order to reach the centre of the IXth (and
Xth) nerve (fig, 2).

Thus also here we find a junction hetween the offshoots of
two different roois as a consequence of simultaneous stimu-
lation (simultaneous funetion).

This process is seen in still another form in connection with
taste. It is well known that the organs of taste and smell are
often stimulated simultaneously. Thus if we drink a fragrant
drink, we taste and smell that drink simultaneously.

As a result of this, an anatomieal correlation bhetween the
centres of smell and taste is established, a connection that is
the more striking as smell is innervated by the 1st. nerve and
taste by the VIIth, IXth (and Xth) and their centres conse-
quently lie at a great distance from each other in the hrain.

The tertiary connection, however, between these two centres,
i= very distinet in some fishes (where taste and smell are more
developed than in man) and is eansed by a bundle, which, originat-
ing in a secondary taste centre of the oblongata, passes through
the midbrain ending in a region of the hypothalamus (Herriel),
where also tertiary olfactory tracts from the forebrain end.

These are simple examples of the neurotropic influence of
simultaneous and successive stimulations which 1 have called
newroliotactic processes, becanse they are processes of taxis
or tropism, oceurring during life in the nervous system.

[f is not surprising that the motor centres in the nervous
svstem are alzo strongly influenced by these processes.
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In fact. the motor nuclei were the first centres, in which 1
obzerved this phenomenon (1907). The consequences are more
striking here than in the sensory regions, important topogra
phic differences of homologons cellgronps being called forth,
The following pictures illustrate some examples.

Fignres 3—~6 are taken from animals, living under dif-

e

ra
.lIII ‘.
¥

-t :
. t
_

gt

entrance
of the

senzory VI

Ending of
the sens,

Vil

gong, I[X and X nucl.

iz, 2.
Horizontal section of the oblongata (and midbrain) of the il -
fish. at a level dorsal to fiz. 1. Caudal course of the sensory VII
roots to the sens, IN and sens. X nucleus,

ferent conditions, some in water, others on land, and of which
the bulbar nuclei are influenced differently by the different

ways which the animals are organized and live.
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[Pig. 3 left hand, at the top shows the sensory centre of the
cills (nuel. gust) of a shark.?)

This centre influences a motor nnelens that innervates the
VI muscles,

The sensory centre itself is stimulated by impulses from the
water in which the animal lives and by the condition of the

shark

rodent

rodent

Fig. 8.
Above: sensory amed modor VIE centers in oo shark  (left side)
and (rizhi side) extension of the superficial VII musceulature in

the ill rezion of this animal.
delow ; fhe different (moztly ) ventral reflex centres of the (ven-
tesld motor VI nuelens in o rodent and extension of the VIT mus-
culature in this animal.,

"y This is called nuel., gusiatorins becan=e the taste fibres also terminaie

here next to zeneral vigseero-zen=sory Tihres,



eills, which arve at different times more or less saturated with
oxygen or with the metabolic products of respiration.

As these impulses are transmitted by short neurones to the
motor VII nucleus the motor centre of the VII lies very
near this sensory nucleus, at the dorsal side of the brainstem.

If we compare with the above the topography of the homo
logons centre of a rodent (fig. 3, below), we find a very dilfereni
location of the motor VII nuelens.

To explain this we must realize that animals, when adapting
themselves to life on land, lose their gills, The muscles origi-
nally used for gill or associated movements acquire an
other function. In mammals they grow over the face and estab-
lish connections with the mouth, nose, ears, and eyes.') It is quite
evident that the stimulations which now influence the motor V11
nuclens are very different from those in fishes,

Whereas in sharks impulses from the mucous membranes of
the gills (among them taste) dominate the motor VI nneles,
in mammals many entaneous impulses from the surronndings of
the mouth, nose, eves and ears in addition to optie and acustic
impulses influence this centre.

Whereas the proprioceptive impulses of the facial muscles
keep their course in the facial root (Davis,®) Gerard®) the above
mentioned impulses do not enter by the sensory VII root (which
is very muech reduced in mammals) but enter the facial nuclens
by means of the trigeminus and ofher reflex paths localized
near the base of the oblongata.

Thus the sensory fibres of the mouth, nose and eyes run in
the trigeminus (V d.), a seenndary centre of the cochlea, causing

reflexes of the ear-amuscles, lies at the base (oliva superior: OLS.,

1) For the development of the facial muscles in vertebrates, especially In
mammils [refer to the papers by Erust Hather in the Amatomizche An-
zelger, Bnd. 51, 58, 59, 61, 61 and the Journ. of Comp. Wenr. Col, 2=,
1927,

) Davis. The deep sensibility of the face. Am. Archives of Neurology and
Psychiatry Vol. 8, 1823,

a) Gerard, Afferent impulses of the trigemal nerve, Thidem,

The results of these aunthors where confirmed by an experiment of
Fenst Huber who found the deep sensibility of the face Lo pass npor
mally after novoeain block of the trigeminus. ——
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fig. 3), and the optic reflexes (e. g. the eclosing of the eyes in
strong light) are also situated at the base of the oblongata
(1. b, fig. 3). Similarly collaterals of the anterolateral pain traet
enter the nuclens (Cajal). Think of the »facese we make when
hrt.

As o consequence, we see that the motor nucleus of the VII,
has also acquired as very ventral position, near the above men-
tioned reflex tracts and also near the decussation of the facial
pyramid (py, fig. 3).

A{ the same time this nueclens has become muech larger in
aceordanee with the faet that its muscles have increased largely

in extent.

Fig. 4.
Transverse section through the oblongata of a Teleost (Mugil
chelo), where the ventral reflex paths of the V1 nuecleus (ir. t. b.)
predominate, Note the small size of the fasce. longit. dorsalis.

Only the sympathetic nnelei of the faciali= keep a dorsa
position. The salivary center of the sublingnal agland (nu. Sa
fig. 3) lies near the taste centre (nu. gu.).

As the taste cenire influences salivation it is not snrprisin
ihat the sympathetic cells of salivation remain near this cenir
(Yagita and Haywma).')

"W The same holds good for the salivary nucleus of the parotis (IX

which also has a dorsal position in dogs (Yagita), not a ventral or

as is supposed by Kolasianem.,
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Similarly the sympathetie centre of lacrymation is located
dorsally (Yagifa).

Another motor nueleus which exhibits a very different place
according to the chiel reflex system dominating its function, 1=
the nuel. abducens.

As is known, the outward rotation of the eve cansed by
this nuelens — depends chiefly upon two sorts of impulses
some from the organ of equilibrinm, and others from the eye
(tectum) itselfl,

S
iz, 5.

Transverse section of the oblongata of a shark. Note the large
sige of the fase, longlt. postervior (f. 1. p.) and the origin of the
Y1 roots, near this faseicle,

Both sets of impulses take their course partly dorsally, par
lv venirally in the oblongata.

In those fishes where the dorsal tracts dominate, the ab
dueens nuclens has a dorsal position in the oblongata, amd
where the ventral reflexpaths dominate, it has a ventral posi
tion.

Thus in the figh of which a section is shown in fig. 4 the
ir. tecto-bulbaris (te. t. b.) at the base of the bulb exeris the
principal influence upon the abducens nueleus, whereas, in the
shark (fig. 5). the dorsal bundle (f. L. p.) exerts the greatest

influence, 2
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In hoth cases the motor nuclens occupies the place cor-
responding to the strongest veflex tracis. _

In mammals and in man the abducens nuelens also has a
dorsal position, — only in most cases it lies a little more la-
ferally, under the influence of Deiters’ nueleus') (fig. 6).

[From these examples we see that the struetures in the ner-
vous svstem are arranged according to the impulses that pass
throngh them.

Genn Nervl VII
nucl, trinngalaris vestil,

nuel. Deiters

nuel. Vi

rad V1

Figz. 6.
Transverse section of the oblongata of a rabbit.

It is. however, not mervely the impulses that dominate the
structures, but the associative relations of the impulses and
centres. These associative relations defermine the selection.

'y The accessory abducens nuclens, so eavefully studied in varous verte-
brates by Tullio Terni, keeps a more ventrolateral position near the
descending trizeminus root, that determineg the Tunetion of the nieti-
tating membrane, as a protector of thie corne.
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Thus in the example of the VII nuclens a motor cenire ac-
quires another position when the stimulative relations in the
region of the gill arches arve changed. 1t is striking, however.
that with an alteration of the sensory relations in the gill
region only the motor nuclei of the gill arches and no motor
cells of eye-movements change their position.

Why does one group of cells change its position while an
other does not? The reason for this is, that only this special
musele group (and its proprioceptors) are stimulated simultane:
ously with the structures in which the stimulative conditions
have changed.

Exactly as, in the example of a mental a=sociation, the re
membrance of a special person iz associated with a speeial
tune, becanse it was just that person who in our vouth plaved
that tune to ns. so in the case of material alterations in the
nervons system, only simultaneonsly associated influences canse
the selection.

It is evident that when the gills are moved, gill sensations
and mucons impressions of the animal are simultaneously
altered and when the eye moves or the body turns over, other
visnal and equilibratory impressions arise. Thus changes in
special eategories of impressions hecome associated with speeial
movements of the eves and body.

It is always the simultaneousness of function and impression
which causes struetural connections. Stimulations which do not
oceur sinmultaneously (unless they follow one another imme-
diately, ocenrrving successively) do not effeet each other and
thus do not create connections in the nervous systen.

Thus it is evident that the same rule which has been known
for centuries to act an important part in our mental life also
acts an important part in the strocture of the nervous systen,

In our special case one might say: simaltaneons (or hmme-
diately successive) stimulations bring about not only mental
associations, but also material connections in the nervons
sy=tem.

Thiz is the principal law of nenrobiotaxis, which thus is
analogous to the principal law of pzyvchology, already realized
hy Awristotle. 2
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Sinee I fonmd this law of nenrobiotaxis (1907 ) it has been
Mrequently confivmed and applied, by myself as well as by others,

[ <hall disens= a few stractural relations, on which it has
thrown =ome light.

Thinking of the proverb: sUart {'ennuver c¢'est raconter
toute, I shall give only short deseriptions.

I shall begin with the spinal cord, which in a primitive
vertebrate. Petromyzon, shows a stracture very different from
that obzerved in higher animals and in man.

intramed. =pin, (sens) zangl, cells

=S,
“ zhorns cells

maotor,
shorn«
colls

Transgverse section of the spinal cord of the Lamprey (Petro-
myzoni, Only one wing of grey matter is seen on each side of the
central canal.

In a transverse section of the cord of the Lamprey (fig. 7) we
distinguish a central mass of nerve cells, extending laterally on
cach side, in one wing only, surrounded by fibre tracts. In each
of these wings lie a number of cells, of which the ventral ones
are motor eells, the dorsal sensory cells, veceiving stimulations
from the dorsal or sensory roots,

The motor cells lie very near the sensory cells. Yei these
motor centres already receive a number of stimulations Trom
the tracts at the veniral side of the spinal cord, which influence
these cells,

Evidently, however, this influence from the hasal side is not

strong enongh to canse a ventral shifting of {hese cells,
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In higher fishes and in all higher vertebrates this is dif
ferent.

Here a diglocation of the sensory cells in a dorsal direction
and a shifting of motor cell= in a ventro-lateral divection takes
place, the sensory horns being mflnenced by the dorsal roots,
whereas the ventro-lateral tracts that influence the motor nu
clei, canse a ventral dislocation of the motor nonelei.

Thus the peculiar arrangement af grey sabstance in the spi-

Fiz. 8
Transverse section throngh the cervieal cord of @ furtle {Dammonind.,

nal cord of a higher animal, is explained by the impulzes, reach-
ing the sensory- amd motor cells of the cord. Kraws and Weil
even showed that also the shape of the cells in the spinal covi
i determined by this process.

Conecerning the oblongata, T have alrveady given examples of
this process, describing the different positions of the VI and
VII nuelei and the course of the V oand entaneous X fibres,

I shall add an example from the aconstic region.

In order to understand this example il =hould be rea

lized that the acoustic organ in lower animals is very poorly
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developed.') Most fishes are deaf and in those. which hear {he
aconstic function is limited to the perception of sGerinsches,

Real hearving commences (among vertebrates) in Amiphibia,
and inereases in reptiles and birds, to reach its highest develap-
ment in mammals, Partienlarly among rodents and carnivora ihe
acoustic apparatus acquires a high degree of development,

Thiz increase in the development of the peripheral acoustic
organ has a striking influenee upon the acoustic region in
the central nervous system (ef. fig. 9 and 10},

- nu lat, VIIL

nu magn., VI

2. cochl. VI

Irlz. B,
Section through the acoustic region of the oblonzaia of a bird
(Pratineola),

In veptiles and hivds (fig, 9) both central acoustic nuelei, the
nuel. lateralis (or angularvis) and medialis (or magno-cellularis),
lie at the dorsal side of the oblongata,

The cochlear nerve approaches these nuclei from below (see
fig. O,

In mammals, with the enlargement of the cochlea and of the
cochlear nerve, these nuelei commence to shift in the divection
of the increased nerve. As, however, this nerve approaches the
oblongata from below, the orviginally dorsal eentres shift ven
't L e the acoustic region in the proper sense of the word. The vesti-

bular and Iateral line senses arve strongly developed here,



24

frally and more and more acquire a position near the base of the
oblongata.

This migration, alveady started in the monotremes (Ntokes)
reaches its maximum in rodents, bats, carnivora (fig. 10) and
primates,

A similar process of shifting., bui in the reverse divection, is
observed in the cerebellum. The cerebellar nuclei. oviginally
derived from and connected with the vestibular nuclei, <hift more
and more dorsally, into the cerebellum itsell.

M Jat. cochl.
ftub. acust.)

MWu., magn. VI
Fig, 140,
Ventral exiension of the lateral cochlear nuwcleus (Luberculum

acustioun) and mazno-cellular aceoustic noclens (nuel, ventralis)
in a eat. Alfter Fuse.

This is due to the fact that the vestibular nuclei of the ob-
longata rveceive impulses from the cortex of the cerebellum.’
S0 a part of these nuelei, which in lower vertebrates still lie
in the dorsal edge of the oblongata, in higher vertebrates shift
into the cerebellnm forming the nuel. tecti (or fastigii) and the
1y This iz still the ease in mammals where Deiters’ nueleus and the nuel.
rad. vestib, dese. receive fibres from the cerebellar cortex (Haken-
hilndel ).
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dentate nuclens. This process alveady staris in reptiles, bt in
bivds the nuelei mentioned are still contignons with the vestibu-
lar nuelei of the oblongata. Only in the higher mammals they are
entively separated from them, being completely embedded in the
white matter of the cerebellum.

With the increase of the cevebellar cortex and of the sii.
mulations radiating from the Purkinje cells, the nuelei shifi
more and more in the divection of that cortex, so that the nuel.
tecti which is chiefly connected with the cortex of the anterior
lobe (van Vallenburg) extends more frontally than the dentate
nuclens that lies nearer the cerebellar hemispheres, extending
sometimes a separate part into the flocenlus (rabbit).

Also in the mid- and ’tweenbrain topographic changes
resulting from special stimulative relations are found. as, for
instance, the ontgrowth of the valvala cerebelli under the tectum.
the outgrowth of the torus longitudinalis tecti, the ventral
elongation of the so-called nuel, anterior thalami of teleosis to
the hypothalamus as nueleus rotundns, efe..

In order to explain these facts T should. however. have fo
enter into the special hodology of these animals. which would
carry me too far here. T shall only sav a few words aboni the
visual system hecause this system elearly shows how important
simultaneous stimulations are in determining the course of
fibres. and also in altering their conrse.

This is a very diffienlt subject. as T have to start with the
remarkable fact of the foial deenssation of the optic nerves in
lower vertebrates.

To this decussation Ramon y Cajal has given a teleologieal
explanation, based upon to necessity that the part of the pano-
rama observed hy each eve, is projected npon the midbrain.®) in
such a way, that the part of the projection loealized to one ove
and to the corresponding half of the midbrain is linked up in a
natural way to the part projected in the other eve and upon the
other half of the roof of the midbrain.

'} In most teleosts the main projection is upon  the midbrain: only
some temporal vetina fibres (Lubszen) end in the sanezl, senieulatum
laterale, which for the rest may be chiefly connected with optic eol
laterals.



The =cheme drawn in fig. 11 shows that this necessity is mel
by the total decussation of the optie nerves and not by a homo-
lateral conrse of the optie fibers.

A merely teleological explanation, however, gives little satis
faction, as the question remains: if it be necessary for the
natural relation of perception that there be a total erossing, how

Fig. 11.
Hinsirating Cefal’s explanation of the total oplic decunssation
in fishes, The small figure at the right shows fhe lack of natural
combination between images of the two eves if the nerves did not

decussate (especially if the areow be replaced by a Cish
which appears in the visual fields).

is this relation realised? Dy which intrinsic gqualities of the
nervons svstem are the fibres thus arvanged ?

That the endings of the optic fibres on the midbrain really
are such as is required by the theory of Cajal, is evident Trom
investigations of Zeeman and Latbzen, who, did not published
their results but communicated them to me,



2
=i

Is it not possible, however, to explain this areangement by
the facts of nenrobiotaxis and thos give a causal instead of a
teleological explanation of this relation? We might at any rate
try to do =o,

When regarding the visual relations in fishes we must take
it for granted that the eyes of most lower vertebrates — where
the total decussation oceurs — are loeated laterally in the head,
looking =zideways and notf, as with us, forward, — Neither is
there any active convergence in fishes.

If we now follow the (reverse) projection of the panorama
upon the retina of these eves and mark ont its further projeciion
upon the midbrain with an arrow (as Cajal did), we then notice
that this arrow is only completed in an exact (though reverse)
wiay, when the optic nerves of hoth eyves decnssate and not when
each of these nerves ends on the same side, —

Thiz arrangement can, however, also he explained in the ol
lowing. way hy the law of simultaneous association,

In the whole panorama, there is only one section that may
be seen by hoth eyes simultaneously, viz. the middle of the pano-
rama, Which is projected upon the utmost temporal parts of each
retina (e. f. fie. 11). —

If. however, the area in the middle of the panorama is seen
by both eves simultaneonsly, the utmost temporal retina part s,
which are simultaneously stimulated by this middle-part, should
Join centrally according to the law of nenrobiotaxis, i. e. they
should meet in the middle of the roof of the midbrain. as they do,

The degree of associate collaboration for the visual fields is
the smaller the more they are placed further away fom each
other” and we see in fig. 11 that centrally these fibers are projec.
ted far away from each other.

In other words, the useful relation emphasized by Cajal and
proved to exist by Zeewman’s and Lubsen’s experimentis need nof

"I B0 the =mall fignre with the unerossed optic nerves i= netrobiotaeiilly
impossible hecause here the extreme points, which never are seen
simnltaneously by both eves are deawn joining each other,
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be explained feleologically, but may also he explained eausally
by the same nenrobiotactic principle as met with everywhere
in the nervous system, amd which has also heen adopted by the
above mentioned anthors,

In favour of this nenvobiotactic explanation of optic nerve
relations is the fact that it also, and even more obviously, holds
good for the relation in mammals, where, with the frontal po.
sifion and convergenece of the eves, the total deenssation has
changed into a semidecnssation,

A frontal position with convergeni eyveaxes running throngsh
the maenlae as centres of convergent vision. ineludes a mneh
larger projection of the visual field on the retinae of bofh cyes,
as appears from fig. 12 (middle).

We see in this figure that this position of the CVES Callses
not only both ceniral retinal paris (maculae) to collaborate
simultaneously in the perception of the central part of the
panorama, but that also the temporal retinal field of one eve
collaborates with the nasal retinal half of the other in observing
lateral parts of the panorama (see also the side figures of fig.
12).

As a consequence of this overlapping of visual fields and the
simultaniety of the temporal vetinal funetion of one eve with
the nasal retinal funetion of the ofher, we may expect not only
the macular fibres of hoth eves to collaborate in the brain. bl
also the temporal fibres of one eve fo end together with the
nasal fibres of the other. And this is indeed the case, as is
well known,

Consequently the optie fibres in mammals and man hecome
partially homolateral. on account of the fact that the tenporal
half of the retina of one eye functions simultaneously with the
nasal projection of the other,

The temporal fibres of one eve join the nasal fibres of ihe
other, on account of simultaneous stimulation.

As, however, the nasal half of the retina keeps its old homo-
lateral function, whereas the temporal half of the vetinal changes
its function. from a homolateral to a heterolateral one (with
regard to the midline of the body), there is no reason for the
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na=al retinal fibres to alter their original course, but only for
the temporal fibres, as really occeurs.

Better than words figure 12 shows the cause of this re-
lation; here we see that the course of the optic fibres in man
is in perfect accordance with the neurobiotactic law of the in-
fluence of simultaneous stimulations.

From the facts and canses given here, interesting deductions
may be drawn relating to the development and significance of
the gangl. geniculatum®’) and the topographic change of the
centre of exact vision from the lateral to medial side in the tem-
poral retinal field through the series of vertebrates. For this |
have, however, no time in this short review.

I prefer to mention another example, where bilateral simnl-
taneous impulses canse a central union of bilateral projections
Ly partial decussation, viz, the remarkable central connections
of the organs af equilibrinin (statocysts) in an invertebrate
(I"terotrachea) as described by Tschachotin (fig. 13).

As the figure shows, here also a partial crossing of eentral
fibres oceurs and this too is easily explained by nenrobiotaxis.

In both statoeysts the statolith, which stimulates the maenla
(M) as well ax the neighbouring hair cells, presses upon the
right wall of both statoeysts, if the animal tfurns over to the
right side, i. e. stimulates the outer hall of one statocyst, while
it stimulates the inner half of the other.

Nenrobiotactically this implies that the Tibres of the onter
half of one statoeyst must centrally join the fibres of the inner
half of the other statocyst, and this actually occenrs.

Consequently the central connections become =nch, that the
nerves of both statocvsts exhibit a statie semi-decnssation,

As with the visual semi-decnssation this has the nseful elfeci
that both statoevsts collaborate very closely in one ganglion at
every change in the position of the animal and consequently the
animal iz more quickly stimulated to correct its position.

Thus here also we have a teleological consequence, cansally
explained.

"y For these I refer to the investigations of Bromwer and Zecman,
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[ shall now mention some examples of nenrobiotaxis in the
development of the forebrain, which, s<till small in primitive
vertebrates, and inereazing considerably in the higher ones,

linally developes to the large forebrain mantle of man, the seat of

our highest funetions (ef. fig. 15).

Partial decossation of the staloeyst fibres of Pleroteachen, eaus-
ing the simultaneou=ly stimubted onter half of one and inner half
of the other statoeyst oo e projecied centrally in one ganglion,
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delore dealing with the eansal inflnences, which determine
this increase, I want to mention that the forebrain in its firsi
organization develops under the influence of the organs of smell.

While these organs ave paived in all vertebrates, the con-
dition is different in the ancestral form: Amplioxuas,

In this animal one finds an unpairved organ of smell') from
which nerve fibres grow out into the frontal wall of the hrain

Pig. 14.
Bilateral ontzrowth of the telencephalon to the hilateral olfactory

placodes (Reuk) in o shark,

vesicle, and this consequently keeps its orviginal impair chavae
Ler.

Tn all higher animals (e, g. the sharks, fig. 14}, two olfactory
organs are found, one on each side of the head.”)

In accordance herewith, and as a nenrobiotactic consequence,
the originally impair forebrain forms paired protrosions in the
direction of these olfactory organs (the lobi olfactorii).

That the outgrowth of the forebrain in the direction of the
Y The olfactory eharacter 'of thig organ in Amphioxus hag even heen

doubted recently by Fronz,
) A thimd, impaired one, still present in the lamprey, disappears, being
abzorhed in the organisation of the hypophysis (Woerdeman),
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olfactory placodes is really determined by those placodes, is
demonstrated by the experiments of Bure, who cut out the
ridiment of those placodes in young larvae of amphibia and
iserted them again in another place on the head. Developing
in the new place, they caused another part of the brain wall to
grow in their direction.

Besides, we know of pathological cases in man where the
paired olfactory sense epithelinm has not developed,

Such eases of arrbinencephaly are described by Riese and
by de Jong. In these cases also the frontal part of the fore-
brain had not grown out bilaterally in a frontal direction but
frontally remained nnpaired.t)

Thus it is evident phylogenetically as well as experimentally
and pathologically, that the paired evaginations forming the se-
condary forebrain (telencephalon) depend on neurobiotactic
influences of the pairved olfactory placodes.

In lower vertebrates, the forebrain is chiefly olfactory®) in
character. Not till later in phylogeny do many other impressions
join the telencephalon, causing a considerable enlargement of
this region, especially in mammals, where nearly all sensory and
motor centres are associated with it.

An idea of this inerease is given in fig. 15, where the bhrain
of a fish, a reptile, a bird, a marsupial, a dog, a primate. and
a man (Indian) are represented on the same scale. From this
it is obvious that the forebrain of a bony fish is even smaller
than its midbrain.

We should now consider the question: why is it that the
forebrain becomes the centre of =0 many associations and why
does not the midbrain develop into the general associative re-
sion of the nervous system?

This question is the more urgent as in lower animals the
midbrain has such an  important function, not merely as
a visnal centre, but also as a centre of primitive sensory im-
'} That the oceipital parts of the forebrain develop bilaterally in such

cases must be attrilmted the fact that in man the projection of other

=

function= is also paired.
) Not execlusively, however,
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pressions, primitive musele sense and  impressions of equili-
brivum, while the forebrain is mainly ollactory here,

[t is not =0 easy to answer the question why the general
associative centre of the nervons syvstem does nof develop in
the midbrain.

Perhaps the following considerations may throw some lighi
upon this question.

The projections connected with the midbrain, particularly
in fishes, all have the characteristic of primitive sensations
(protopathic sensations, Head, dyscritic sensations, Parsonst),
that means they are sensations of little diseriminative value
mostly belonging to the class called hy Nhervington nociceptive
sensations, which result principally in negative reflexes: avoid-
ing reflexes, correcting movements of the hody or the eves,

We know, however, that smell, which is localized in the fore-
hrain. is a sense of high diseriminative value by which even
man {(in whom it is rvelatively little developed ) may recognize
(quantities of some odorvific substances 250 times smaller ihan
can be detected by spectral analysis (Zwaardemaker) .

Smell can even diseern ethyl aleohol in a dilution 25000
stnaller than observed by taste (Parker).

When this is the ease with man. how mueh stronger and of
how much greater explorative value is the sense of smell of
lower animals that scent objects miles away.

It is only in higher animals that other sense organs develop
a similar degree of discriminative and explorative value,

The higher discriminative development of other organs he
gins with the sense of touch in reptiles by a refinement of the
sense of the head, especially the orsal sense (Kappers)). This is
located centrally in the frontal sensory V nuelens and is praoject-
ed not not only upon the midbrain, but chieflv on the forebrain,
partially indivectly (thalamus) partially divectly (principally in
birds).

In the forebrain, however, this new diseriminative sense js
associated with olfactory stimumlations.

The impnlses, which thus join the rhinencephalon are again

oAn introduoction to the theory of perception, Cambridge University

Press, 1027,
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diseriminative impulses in easu entaneous and proprioceptive
diseriminations of the mouth, nose and head.

Parvtienlarly in birds this association is very striking (Tr,
quinto-frontalis, Walleabery). [t is. however, looking at it
from a nenrobiotactical point of view, not strange that this
diseriminative sense becomes associated with smell.

When searching for food rverrestrial animals, especially
mammals, usze smell simultaneonsly with  diseriminative im
pulses of the mouth and nose, while the search for food in the
case of fishes in water does not canse nearly as mneh robhing
of the head and mouth.

Thi=x also explains the fact that with terrestrial life the sen-
sory organs of touch of the head inerease, while tasie decreases,
In this respect alszo the sinusz hairs of mammals aet a large
part.')

It is not surprizsing that this explorative szense, of the V,
shonld join the olfactory region and consequently the forebrain,
which thus becomes an associative region of still higher diseri-
minative significance?) in the exploration for food (sniffling).

With mammals, the anterior extremities hecome also involved
in the exploration of fomd, as i= evident with rabbits, moles, and
some ecarnivora, In eonnection herewith it is not strange thal
next to and above sensibility of the head the =ensibility of the
forelegs i= projected upon the forebrain, followed only later in
phylogeny by the projection of the trunk and hindlegs.

Thus in these projections on the mantle a peenliarity appears

which mayv also be explained by associative relations.

Yy osee KNoppers Verzleichende Anatomie des Zentral Nervensysiems ele.,
Vol. I Dohn, Haarlem, 1920, p 335—3G. — The great influence of the
zinus hairs on the trigeminng also appears also from the fact discov-
ereld by Erast Huber and Hughsop that their localization amd develop-
ment even determines the place of the ceranial foraminae of this nerve,

%y The inerease of the forebrain as a centre of diseriminative assoe-
ciations, ig seen algo in connection with vision, as the lower visual
reflexes (ohserved by the peripheral vetinal fields) rvemain located,
also in mammalz to the midbrain, whereas the diseriminative centre
of the reting, also the maenla — i projected on the forebrain,

31
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It iz well known that the projection of cutaneous and deeper
sen=ibility upon the eortex is such that the sensibility of the
head is loeated ventrally, near the olfactory lobes, and that of
the hindlegs dovsally ¢ Cushing, v. Valkenbiryg).

The projection thus is the contrary to the position of an
erect body., Thiz, however, is not surprising from the stand-
point of nenrobiotaxis, since we know that the sensibility of the
head is the first diseriminative sense associated with smell.

We may expect therefore that this projection immediately
horders on the smell-area. Since, however, smell is primarily
located to the ventral side of the forebrain, head sensibility can
e projected only above it, followed by the projection of the
foreless, which is the most closely azsociated with that of the
head. ATter this follow the projections of the bhody and of the
hindlegs.

The reverse projection of the body upon the cortex thus has
the useful effect that the projection of the oral sense (nose and
mounth) is nearest to that of smell.

Here also. however, we see that this useful effect need not
be explained teleologically, but that it is caused by the asso
ciation of =imultaneons stimulations, which do not only aet a
large part in the development of onr mental life, It are just as
well found in the strnctural phenomenon of nenrobiotaxis.

Many other examples of nenrobiotaxis might still he men-
tioned, but 1 fear that T have already given too many details
in this one hour.

I hope. however, that, when these details have been forgotten,
two eardinal points may be remembered:
lo. That the mental law of association may also be observed

in the phenomena of nenrohiotaxis.

20. That the teleolozic character of the infrinsic strocture of
the brain, eoincides with nenrobiotactie cansality,




THE CORPUS STRIATUM, ITS PHYLOGE-
NETIC AND ONTOGENETIC DEVELOPMENT
AND FUNCTIONS

Before dealing with the corpus striatum itsell I must eall
attention to the general subdivision of the neural tube, as this
is of fundamental importance in order to understand the region
where the striatum arvises.

It is well-known that the median lines of junction. the floor-
plate and roofplate of thisz tube are different in character, the
Moorplate being joined ol origine, whereas the dorsal junction
forming the roofplate only arvises when the tube closes, and is
thus a secondary junction, As we know this closure is first estab-
lished about the middle of the tube and grows gradually for-
wards and backwards. Both roof- and floorplate arve thin.,

In the thicker lateral walls of the embryvonie fube a suleus
may be observed especially in the spinal cord and the oblongata:
the sulcus limitans of His. It divides the lateral walls into twao
regions, a dorsal or alar region, and a ventral or basal vegion. -

[t has been a matter of some diseussion how far the floor
plate, the primary junction of the tube, extends frontally.
Researches made by Kingshury, Kingshury and Adelman and by
Burr, seem to have settled this problem. The floorplate, ae-
cording to these authors, does not extend bevond the mammil
lary region of the brain, but ends in what is generally called the
tiuber posterius (the backwall of the infundibulum ). This con-
elusion is experimentally confirmed by Bok.")

1) This author put a hair in the open neural tube of a frog and then
allowed the tube to continue its growth. Later he found it sticking
out anteriorly from the tuber posterins, the frontal part baving closed
secondarily around It.
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AL the rest of the brain possesses only a secondary joining
which extends from the whole dorsal region of the spinal cord,
over the oblongata, midbrain and primitive prosencephalon,
bending anteriorily over what is generally called the lamina
terminalis (which consequently is not a primitive junction) into
the bottom of the hypothalamus,

[t isin the frontal region of this line of junction that the last
closure takes place. The exact position of this neuroporus an-
terior, however, does not seem to be constant. In Mammals ii lies
(van den Broek, J. P. Hill) in front of the anterior commis

Flz, 1.

Schematic representation of the chief subdivisions of the brain in a pri-

mitive fish,

N. termin = Nervus terminalis (failing in the lamprey, but present
in all other fishes). vee, pr. opl. = recessus praeopticus,

£ v. = sacens vasculosus (failling in the mprey, bul present in all other
fishes),

pin. st. = pineal stalk.

I o= paraphysis.

Ir. C. = parencephnlon,

n. I = nuel. interpeduncularis,

sure, in sharks, reptiles and bivds (e. Wahe) lower down gl
further back in the region of the optie chiasm. Consequently the
position of the neuroporus anterior is not sueh a typical brain-
mark as was formerly believed. The swleus lmitans, on the other

hand, is a very important brainmark, as it indicates the limit
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between the sensory (alar) and motor (basal) region of the
neural tube.

While the alar or =ensory plate of the tube increases in size
frontally, the motor or basal plate ends at the ||t'|"u]:I:i{' (R
(His, Johnston, Brailey), or even morve backward (. Sehulte, Tl
ey, Kingshury).

The suleus limitans indicates the position of the sympathetic

e
Fig. 2

Kuocleus pracoplicos magnocellularis of Lota lota,

centres (the intermedio-lateral nuclei in the cord, the dorsal
vagus nuelei. the salivary ecentres and lacrymal centres in the
bulb., the Edinger-Westphal nuelei of the internal eye-muscles in
the mid-rain). Other sympathetic centers are found at the place,
where the sulens bends down into the optic recess near the tuber
cinerenm. This frontal sympathetic centre of the "tweenbrain is
very conspicunous in fishes, namely in Teleosts.

In these animals we find near the pracopiic recess a mass ol
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large cells (fig. 2) the nucl. magnocellularis pracopticus (orv
nuel. supra-chiasmaticus), which apparently is sympathetic in
character, sinee its nenrvites run backward in the bottom of
the hypothalamus as the tr. praethalamo-hypophyseos et sacen
laris (Johnston), ending among the glandular cells (N, Holm-
gren) of the hypophysis, and the bloodvessels of the saceus vas
culosus ( Dammernian).

The area where the cells of orvigin of this tract lie. also re-
ceive fibres from the N. terminalis, which includes sympathe
tic neurones in many animals, This also is in favour of ihe
sympathetic function of this region. Similar cells are to he
found where the above mentioned tract enters the cerebral
stalk of the hypophysis (nuel, hypothalami ventralis) and ana-
logous cells lie between both these groups (nnel. hypothalami
lateralis). The nucl. hypothalami (or tuberis) ventralis is parti
cularly large in Belone (fig. 3 at X).

The same cellgronps are found in dogs, cat= and man, where
they are of great influence (Camus and Roussy) on the hypo-
physeal funetion, their destruetion eansing changes in the hlood:
pressure amd diabetes insipidus: lesions of this region may
even canse death from shock (Felding).

The appearance of these cells corvesponds with their sy
pathetic character as 1 found them to be move or less chromaltin
and possessing sometimes more than one nuelens.

I found them richly provided with bloodvessels, which malkes
it possible that they are more apt than other cells to act upon
the hormonistie elements of the blood, —

Moreover in cats the sympathetic character of this region has
been proved experimentally by Karplus and Kreidl, who showed
its influenee upon the bloodpressure and the pupils, via the tho-
acic sympathetic svstem.

I mention these facts because they show that the place where
the suleus limitans ends is, like the rest of this suleus, a place
of predilection for central autonomic nuclei.

[mmediately in front of this place the palacosiviatiom arises,
the primordium of which lies near the cells around the preoptic
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recess (fig, 5). T shall veturn to this peint when I discuss the
funetion of the striatum.

The morphology and phylogenetic development of this body
is best studied by starting with the forebrain of Amphibia, which
is a prototvpe of the forebrain of higher vertebrates,

Big. o
Transverse section of the infundibular region of Belone belone, Nuclei
hypothalami ventrales (3 X

[n my following lecture I shall diseuss the Forebrain mantle
of the frog: the palaeo- and archicortex.

I s<hall now deal with the ventral or =triatal region of the
frog, because this provides the basiz for understanding the de
velopment of the striatal complex i Reptiles, Birds and Mam
mals.



The arrangement of the striatal complex in Amphilia is very
simple. Two parts may be distinguished, an epistriatum and a
palacostriatun. They do not seem to be related. The cpistialum
is a ventrieular thickening of the lateral brainwall. receiving
olfactory tract fibres ( Herriek').

It already appears a good disiance in front of the foramen

Fiss. sept. pall.  Area pracc. septi. Nu med. septi,  Fibr. hipp. ext
[

T Y ————

.
I

Titrem Palacopall,

----

P'rim. hipp.

Fiss. endorh
int. sup.

Epistr,
I'r.elf core
sept,

Area prace. sep-
ti. M. lat. sep.

Medial forebreinbundle.
IMig. 4.
Section through the hemispheres of Rana mugiens at the level of srealest

development of the epistriatum.

Monroi (fig. 4) and, diminishing in size (fig. 5). extends hack-
ward., gradually disappearing into the lateral wall.

The palaco-striatum develops in the basis of the fore-brain
more ventrally and caudally (fig. 51, near the foramen Monroi,

) Herrick found that the fibres of the aceessory olfactory bulb — a spe-
cial part of the bulbar formation in frogs — ends here, 1 am able 14
confirm this,
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The palacostriatum receives impulses from the lower thalamus
( peduncular nuelei). It contains large cells, the nenrites of which
form the descending striohypothalamic tract, running in the
lateral peduncle of the forebrain (fig. 5). In this bundle cells
are found which reinforce the tract and which are move or less

For Monrai

-----

.s {-—. Palacapall.

=

£ J.-L Ead. fr. co. pallii
Pars suprafor. b Epistr,
5. fimbr. septi.
Palaeo —

striatuim,
iMed, forebr. b,

p- frontco.ant.)

Lat. torebr.
bundle.

N, opt.

Nu. pracopt.

Transverse section of the forebrain of Rana mugiens at the level of the
foramen of Monro, the preoptic recess and the palaeostriatum.
contignouns with the cells of the palaeostriatum. These cells are

the primordinm of the substantia nigra of mammals.

Ti reptiles the striatal complex, and, in connection with if,
the dorsal thalamus, shows a progressive development. I shall
illustrate this by photo’s of Varanws salvator (for the Alligator
see Croshiy).




Both the striatal nuelei deseribed in frogs are found in
reptiles, but to both of them other striatal territories have been
added. The epistriatum as it is found in Amphibia is in Reptilia
more or less represented by a lateral mass of cells lyving a short
distance behind the insertion of the olfactory stalk and generally
referved to as the lateral olfactory nucleus of Croshiy. Tt receives
olfactory tract (mitral cell) fibres as does the epistriatum of
the frog — though most of these end in the palacocortex (as
they also do in frogs). This small centre is, however, entirvely
hidden in Reptiles by the addition of a large secundary epistri-
thim ov archistriatum, which develops from the lateral wall
ol the hemisphere (partly from the piriform cortex) behind the
nucleus olfactorius lateralis and which does not receive olfie-
tory tract fibres, but fibres arvizing in the (olfactory) palaeo-cor
tex. This tract was called by Edinger tr. cortico-epistriaticus.
A still better name is tr. cortico-archistriaticus (fig. G). The
archistriatum in which it ends posteriorly grows out caudally
to-a large mass, which forms the most candal part of the whole
striatal complex, reaching the hindpole of the mantle, jusi as
its mammalian homologue, the amygdala, does,

In Lizards the amygdala is relatively larzer than in mammals, forming
the candal half of the whole intraventricular complex,

The archistriata of both sides are connected by the com-
missura archistriatica. From the archistriatum an efferent {raci
(described by Williom Herman) yans to the hvpothalamms anil
mesencephalon.)

Ventro-medially to the archistriatum, diveetly in froni
of the foramen Monvoi, lies the palaco-striatum or basal nu-
clens (fig. 7)., consisting of large efferent neurones. This pa-
laeo-striatum is relatively small and is covered by the archi-
striatum. It is sometimes delimited by a large bloodvessel ( Elliof
Nmith). '

On top of the palaeostriatum and medial to the amyedala
"y This tract is homologous to Wallenbergs tr. oecipito-mesencephalicus

in birds, which there also arises from the arehistriatum (A. Hermann),



(fiz. 7) lies the third and most imporiant component of the
striatal complex, the neostriction (fig. G, 7 aud S), the frontal
extenszion of which stretches far bevond the palaeo-striatum,
from which it iz delimited only by a shallow ventrienlar
fissure') (fig. 7). It is separated from the archistriatum Jin
Varanus, not in Laceria) by a deep fissure® ). It developes partly
from the basal wall, parily from the mantle with which it is

continnons frontally ifig. 8) and from which eells connected

5. archismeostriat

archistriat neastr,

Figz, 6.
Sasitial section of the forebrain of Varanus salvator. The tr. corltico
archistriaticus 15 seen running from the ventral olfactory lobe into the
archistriatam.

with the primordinm neopallii, may enter it, forming its dorsal
layer. Thus the neostriatum, like the avchistriatum, is partly a
ventrieular outgrowth of the pallinm (a hypopallial strneture,
as Fllioft Smith would call 1t).

The connections and functions of the neo-striatum are very
different from those of the archistriatum, the latter receiving
secondary olfactory fibres (fig 6) and the former (Tig. 8) receiy

ing ascending fibres from the dorsal thalamus.

1y Fizsurn palaeoneostriation (fig. 8).

5y Wissura avchineostriatica (fiz, 6, T amd S),
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As in amphibia the palaeostriatum, which lies centrally, remaing ehief-
Iy an efferent centre of hypothalamic and basal midbrain conneetions, It
al=o receives some ascending fibres Trom these regions, but these are few,

As in amphibia, its cells are more or less contiguous with ithe
cells of its ventral thalamie pedunele,’) or primitive substantia nigea.

The dorsal thalamus (see fig, 8) from which fibres arise
proceeding to the neostriatum, has become much larger in rep-
tiles through the development of the anterior. medial and smal-

Caudal end
of neostrat s, archisneostriat

.'|n.|‘|i~.|'.
tr. cors
tica ars
chistr.
palaen
&,
|1‘.1|.I.L'-l'|'
striat

Piz. 7.
Transverse section of the forebrain of Varanus salvator, Archiziriatmm
and candal end of the neostriatum with the perlneostrintum undernesth i,

ler ventral nueleus, whieh together form the neothalomus, From
these neothalamic nueclei, especially from the anterior and me-
dial nueclei, numerons fibres run to the neostriaium.

The character of the impulses thus reeeived, iz not exactly known,
Probally they are 5 correlation of impulses Teom the trizgeminus and from
the mammillary tweenbrain region, since we know that the medial nu-
clens (in mammals) is eonnected witl secondary rizeminus filves, whe-
"t The palaeo-strintum, however, does not arise from a migration of suel

cells, as Spaty thought. FPanwl, who examined ite mmtogenetic develop-

ment in Reptiies confivmed Ay statement thai it arises from (he Tore-
brain ifself.



47

reas the anterior thalamic nucleus is connected with the hypotbalamus,
especially the mammillary avea, In addition viseeeral impulses may occeur
In it.

We thns see that while the archistriatum is chiefly an olfae-
tory correlation-nuelens, the neostriatum, heing conmected with
the neothalamus, introduces a new funetion of the forebrain,
not present in the frog.

In birds the striatal complex obtains a very large size, whicl

Fiss. Fasc. dent. Fiss. archineostr.

Tectum.
Fiss, palaess
neosiriat
+ Prim. neop,
[Dorsal
Thalam.

alf, anterior Lak

Tr. thal. ste. Tr. thai. cort,

Fig. 8.
Qacitial gection thronzh the forebrain of Varanus, medially to fig.

i< the more striking as the mantle in itself is so poorly devel-
oped here, — The same constituents as observed in reptiles ave
foumd in bivds (fig. 9). The Pﬁfﬁr'u-m‘f'r’ﬂ-'Hm, lll*'h'i-l{lpillg alsn
here about the level of the foramen Monrvoi near the pracop
fie recess, obtaing a mueh larger size. Tt was deseribed by
Edinger and Wallenberg as the meso-striatwin, In its centre, the
primitive palacostriatiom is fonnd as a colleetion of large effer-

ent nenrvones (basal nuwclens) to which, however, a great many
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cells are added (palaco-striatwm augmentatum) indieating a
secondary inerease of this part, that has cerebellar connections.

I also conld state the homology the meso-striatum of birds
to the palacostriatum (globus pallidus) of mammals by the
sulfur ammonium reaction of Spatz, which stains this part blune
leaving the neostriatum nnstained.

Lateral to and behind the palaeostviatum the arelhistriatim
or amiygdale ocenrs (hardly eut in the sections of fig. 9).
This nueleus is very large in these animals, which seems strange
sinee birds (with the exception of the Kiwi; Hunter) are mi-
crosmatic.

The size of this nueleus is a strong argument in favor of the concep-
tion that the archistratum is not only concerned with olfaction, This
is confirmed by the fact that in the region where the cortico-arvchistrialic
tract in these animals arises, the olfactory cortex, is correlated with o
strong secondary tract (tr. guinto-frontalis)’) arvising ( Wallenberg) In the
sen=ory Irigemings nucleus of the oblongata from which also fibres pro-
ceed to the cerebellum (Biondi, Craigic).,

Thiz points towards an intimate correlation between olfaction and
cutaneous and proprioceprive sense of the head and mouth (oral sense
nssociation, Kappers), which iz easily explained by the fregquent corre-
lation between olfaction and movements of the head in search of fol
{see my first lecture).

As in Reptiles, the archistriata of birds ave commissurally
connected, and send an efferent tract chiefly to the ventral thala-
mus and mesencephalon (the tr. occipito- or epistriato-mesence-
phalieus of Wallenberg and Hermann).

The neo-sériatum is mueh larger than in reptiles, though
it develops in the =ame way, arising partly from the base of the
brain, partly from the mantle (see fig. 9 B). Its large size seems
to be due to the greater development of the neothalamie nuelei,
of which the nuelens rotundus (= nuecl. medialis b of the cro-
codile) and nuclens anterior dorsalis, are the most important.

The function of these nuelei, the topography and connections
of which in birds were studied by Fdinger and Wallenbery,
Nehroeder, Craigie, Ingrar, Crosby and myself iz not easily

1y Partly crossing, mostly unerossed,
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nnderstood. It is probable, that they are related to correlations
in space based on sensory proprioceptive, static and optic') im-
pressions, all of which arve connected with regulation of
movements, It would require too much space to enter into the
details of the very intricate network of mntual interrelations
bhetween the thalamus and neo-striatum in these animals.

Efferent impulses from the neosiriatum run to the midbrain
| Walleabery), where they are coordinated with optic and statie
impulses. These coordinations arve probably transmitied by new
neurones to the oblongata and the spinal covd.

While the mantle already takes part in the ontgrowth of the
neostriatum, its role in the development of hypopallial intraven-
iricular masses is still more striking in the avian hyperstriatim
(hyperstriatum superior of Edinger e. s.), which might be ealled
hypopallivm Eat'erogen. becanse it is nothing but an inward
growth ol the mantle (see specially fig. 9 A). While in early
embryonic stages the mantle is still separated from the under-
lving striatal complex by the ventricle, in adult birds this pallial
ontgrowth nearly entirely obliterates the ventricle,

The hyperstriatum oviginates from  the fronto-dorsal and
lateral pallinm, growing inwards through the newrobiotactic
influence (Blliot Smith, Dart)y of aseending tracts from the
thalamns and shorter neuronic conections with the neostriatnm,
with which it entirely coalesces') in the adult,

It seems 1o replace a surface extension of the (neo) pallinm in a8 way
analogous o that in which the primary epistrintum in Teleosts replaces
asurface extension of the (palaeo) pallivm. Like the episteiatum in Te-
leosts this pecullar growth may Tind itg orvizin in influences preventing
the mantle from growing oul in a normal way (by surface extension), the
hrain of birds being very narrowly enclosed in the small skull,

In  my opinion  the hyperstriatum in  birds has  no
analogue in mammals. The elausirom of the latter, which has a
similar position, i= not homologons to it. It may, however, be

that it is functionally related to those parts of the mammalian

' The nueleus rotundus of birds recelves a strong fiber traet from the
tectinm opticum arising near the sanglion isthmi which sanglion has
eravi- amnd aphototatic functions,
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cortex which (according to Minkowsky, Marvinesco, Lhermiie,
Coenen a. o.) are connected with the neostriatum.

The functions of the different paris of the forebrain in birds
have been examined experimentally by Kalisher in the parrot,
and by Rogers in the chicken. The former practically stimulated
the cortex only, and found that this had a loecalized influenee
upon the motility of the animal. Rogers, who extirpated paris of
the striatum, did not find localized funetions in it, but he saw
that the morve he removed of it the instincetive actions of the
animals gradually deterviorated.

These actions were courting and feeding movements, fighting
ete. This is interesting, in so far as we know that also in human
beings with striatal degenerations the actions of daily life ave
more impaired than shighere movements. I remember a patient
with striatal lesions, who could do all sorts of higher move
ments' | apparently cortical, it whose habitnal daily life ae-
tions were greatly impaired.

This disturbance in the motor fanetions often has a more or
less spasiic character, (as also observed in Parkinson’s disease),
and may be due to a disturbance of the tonic innervation.
Whether this tonie innervation is of a sympathetic character
by the accessory sympathetic musele fibres of Boeke (de Boer)
we do not know, It is, however, not impossible sinee there are
also other svmpathetie chanzes after striatal lesions, as e, o
changes of the bladder funetion, bloodpressure and temperature.

After this short survey of the progressive evolution of the
striatum in Amphibia, Reptiles and Birds, we must now con-
sider these paris of the brain in Mammals and man where the
corpus strictim after Kinaier Wilson's discoveries on lenticular
degeneration amd recent observations on chronic epidemic ence
phaliti= ( Wimmer®) a. o.) has attvacted so much attention.

The corpus striatim in Mammals and in man, thongh devel-
oping according to fhe same principle as in Reptiles, has ae-
quired a very different form. I shall first point ont the same
principle.

e ———

'} As e, g, writing,
2y Chronie epidemic encephalitis, London, 1924, See also these Acta. Vol
I, 1926, p. 173 4%
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Ontogenetic researches on the corpus siriatum of rabbits
have convineed me that here also (apart from the archistriatum
or amygdala which is connected with the piriform lobe and cor-
relates olfactory impulses)') a palaco-striatwm and a neostria-
tum may be distinguished, the former arising medially just in
front of the pracoptic recess, about the level of the foramen of
Monro, the latter in front of this, partly from the base of the
brain and partly from a fronto-lateral ingrowth of the mantle
(erus epirhinicum of His, fig. 10: 2).

Fig. 10.
Harittal section of the forebrain of a 4 em embryo of Lepus canic. At 2
the neostrintum is continuous with the neopallium (above the olfactory
veniricle: erus epicrhinicum of His).,

The palaeo- and neostriatum arve orviginally (see fig. 11),
separated by a very conspicucus furrow, the fiss, palaeo-neo-
striatica, but the relation between these two parts soon changes,
The neo-striatum, increasing very much in size and growing
medially over the palaeostriatum, soon covers this entirely, so
that nothing, or only a vestige of the separating furrow, is left on
the medial ventricnlar side of the striatal complex (fig. 12).

'y 1 shall not diseuss the relations of the amygdala in mammals, For this
[ refer to Craigie's book : The Central nervous System, based upon that
of the albine rat. University of Torento press, 1025, and GGurdjon,
Journ. of Comp. Neur, 1927,
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This considerable increase of neostriatwn in comparison to
the underlying palaeo-striatum in mammals is an example of the
greater increase in higher organized brains (compare the fol-
lowing lecture) of receptive corvelative functions in comparizon
to effectory functions, the neosiriatum being chiefly a receptory,
the palaeo-striatum a effectory centre.

In the adult mammal the neostriatum is represented by the
caudate nueleus and by the putamen, the palaeostriatum by the
globus pallidus, which in Mammals also is continuous with the
peduncular eells of the veniral thalamus and midbrain, the cor-

angulusstris
atospallialis

fiss. palaco.necestriat.

nédeslT,

palacostr, neastriatum

Fig. 11,
Transverse section through the forebrain of a human foeing of 27 mimn.
The sectlon is slightly obligue. At the Reft, both the palaeostriatum
(medially) and neostriatum (laterally) are seen, separalbed by the fiss.

palaemmepstriaticn. In the right half, which is eot more frontally, {he
palaeostriatum has disappeared.

pus =ubthalamienm of Luys, and the substantia nigra (being the
further development of the peduncular nuelet of hirds and Rep-
tiles).

In two') respects the striatal complex of mammals differs from
that in Reptiles: firstly, by the fact that the neostriatum has

1y The divigion made in the neostrintum by the internal ecapsule in mam-
mals has no intrinsiec volue, Moreover the location and extengion of
this ecapsule varies in different mammals (F. de Vreies).
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considerably inereased, and =ccondly, by itz =hape. This is a
curved one running from the anterior portion of the lateral
veniricle along the thalamus to the inferior horn where it joins
the amygdala, which remains attached to the backpole of the
piriform lobe.?)

The elongation of the neostriatum is due to the fact that the

whole forebrain develops in a caundal direction, extending hack-

neestr, [hu ga il )

fiss. palace-neos
sir.

meostr. | patam. )

Laemia semicire,

palacostriat
com. ant.

clavstram

subcom. part of the palacostr.
nE i
Fig, 12.

Palaeostriatom (globus pallidos) ond neostriatuwm in an adult man, Faintly

stained fibers of the taenin semicireualaris cover the ventricular side of

the palaeostriatum, underneath the fissora-palasonensiriatica.

wards and downwards.

Althoueh the neostriatum inereases in size, much more than
the palaeostriatum, its increase does not by any means keep
pace with the increase of the neopallinm with which it has some,
but only few. connections (specially with the anterior and cen-
tral lobes) asz has now been definiiely proved in man, by Min-
kowski (in rabbits by L. Coenen).

It cannot ¢verr be said that the corpus striatom is comparatively besi

4y The position of the amyzdala is externally indieated on the piriform
lobe by Retzins” syvrus lunarvis and soreounded by the gyvrnz: ambiens
{(folliot Sipith),



developed in man, its size, compared with the brealnztem. may even e
larger in some lower mammals (de Tries),

These connections, however, also prove that there is not only
a developmental but also a funetional relationship between the
neopallinum and the neostriatum, a relationship which has been
confirmed by the pathological researches of L. Bowman and
Bolk, who showed that pathological changes (such as plagues

Fig. 13.
Section throungh the neostriatmm (putamen: N = and cadate noelens:
N ') and palaecostrintum (I, & = Globus pallidus). A 8 = archistriatum

or amygdala. A bloodvessel, V. 8., separates the palaeo- and neostriatum
ag it does in bivds (fiz, 9) amd in Varanus,

seniles) which affeet the coriex, may also affeet the neostriatum
(not the palaeo-striatum). Moreover Mills, alrveady in 1914,
pointed out that in spastie disturbances of the face, both the
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neostriatum and the adjacent central and frontal neopallinm
may be affected.

The functions of the corpus striatum and the nuclei related
o it (substantia nigra, corpus subthalamicum and nuel. ruber)
are connected with motility. It is degenerated in spastic diseases
such as Parkinson's disease, Wilson’s disease, chorea and simi-
lar processes, including encephalitis lethargica (Levaditti, Win-
mer)., We do not know, however, exactly on which striatal me-
chanismn these extrapyramidal.innervation disturbances depend,
but we do know that degenerations of the substantia nigra, the
nucleus of Luys and those nuel. ruber which are connected with
it in a descending (partly also in an ascending) way, may have
similar resalts and often accompany striatel degenerations

( Winkler).

It is interesting to nofe that In disturbances oceurring in conse-
guence of encephaliti= lethargica also the actions, which may be considerad
actiong of daily life, are those that arve most Impalrved. The higher
movements which aparently  depend more on  corfical  innervations,
may be muiech less mpaired in such cases. Rogers’s experimentz on hirds
(see above), which have a large strintum and a small pallium, also  speak
in favour of an influence on habitual actions.

Apparently the tonic innervation of the musecles is influenced
by the striatum. It would be interesting to know whether this
has anything to do with the sympathetic or accessory inner-
vation of voluntary muscles discovered by Bocke, and experi-
mentally demonstrated by S. de Boer.

This iz the more interesiing =inece degenerations of the stria-
tum, may be accompanied by other sympathetie disturbances
e. . of the bladder (van der Scheer and Stwwrman, Marbury,
Browwer), perspiration and of the intestines,

These facts are in accordance with the primary development
of the corpus striatum just in front of the ending of the sulens
limitans.

As far as the difference in function beitween the neo- and
palaeostriatum in mammals and man is coneerned all the elini-
cal and pathological facts at hand at the present time indi-
cate that we have a relation between those two parts similar to
the relation found in Reptiles — the palaeostriatum being more
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efferent, the neostriatum more receptory and correlative in fune
tion.

As the neostriatum is a new addition to the palaeostriatum
and, moreover, increases more than does the Iatter in birds and
mammals (compared with reptiles), their relation reminds us
of that in the cortex, in which the veceptory-correlative upper
layers also inerease more phylogenetically than the deeper effec.
tory cortex cells,

I shall disenss this in my last lecture.
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THE DEVELOPMENT OF THE CORTEX
AND THE FUNCTIONS OF IT5 DIFFERENT
LAYERS.

The functions of the different lavers of the neocortex are a
matter of greal importance to the neurologist.

The character of the neocortex and the significance of iis
different layers are, however, most ea=ily understood when com-
pared with the older forms of cortex, the primary olfactory
cortex, which T called palacocorter, and the zecondary olfactory
cortex or archicorier.

In the frog. only the two latter regions may be distinguished :
the dorso-lateral region being the paleeocortes and the dorso
mesial the archicorter or primordinm hippocampi (fig. 1).

The former receives a large mumber of olfactory fibres from
the formatio bulbaris, and. perhaps in addition, some fibres from
the dorsal thalamus (Rubaschlin). The cortical ending of these
fibres is still doubtful and certainly =o insignificant in eompa-
rison to the former that we are fully justified in ealling this
cortex a primary olfactory or palaeo-cortex,

Its cells (fig. 1) show a very primitive arrangement, being
mosily loealized near the ventrieular ependyma, as is also the
case in the mammalian neocortex in an early stage of devel-
opment (ef. fig. 5).

Most of the dendrifes of these cells extend to the lateral
siirface of the palaeopallimm (PP. Ramon o. a.), to the tractus
olfactorii that are unmyelinated in frog< (not drawn in fig. 1).
The stimuli of these tracts canse their onterowih in this direc
tion ( newrohiotaris, Kublenbeek).

The palaco-cortex of frogs gradually continues into  the
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primovdivm hippocampi, which in not yet differentiated into lay-
ers, but whose cells are migrated further away from the periven-
tricular matrix than those of the palaco-coriex:; a conse-
quence of the Lirger mumber of fibres running in the superficial
zone of the archicortex (tertiary olfactory largely) which fibres,
moreover, are wyelinated, thus showing a greaier functional effi-
ciency.

The cells of the articortex arve also larger than those of the
palaeocortex, especially the move peripheral ones.

Pig. 1.
Arrangement of cellg in the pallinm of Hana esculenta.

In Reptiles, a further differentiation occurs. In Serpents and
Lizards three cortical lavers may be obzerved in the midregion of
the hemisphere, more or lessg joining each other in front and
behind. These layers may topographically be called the lateral-,
dorsal-, and medio-dorsal laver (fig. 2).

The lateral and dorsal layers consist of large pyramidal
cells, but the medio-dorsal layer consists of small granular
cells.

In the lateral layer, frontally, the olfactory tract ends. Its
frontal part, conzequently. iz a primary olfactory cortex or pa-
laco-cortexr, a primitive homologue of the mammalian prepiri-
form-cortex in Brodmann’s nomenclature.
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Backward it passes into a sort of piriform cortex and there
extends over the archistriatum (the piriform cortex extends into
the amygdala in mammals).

Although the frontal part of this cortex is the primitive ho-
mologue of the praepiviform cortex and the caudal part corre-
sponds to the piriform cortex of mammals, it everywhere has
approximately the same simple sirueture, in which no distinet
layvers may be recognized: thus showing a lower plan of organi-
sation than the praepiviform and espeeially the piriform cortex
of mammals (ef. also Rose, Jucol, Rathig and Kuhlenbeek ).

Fibr. hipp. extern. Amm. pye. (Archic.) (Jors. layer)

Superpos. mesd

Su'plel;pm, - Fasc. dent. {Archic.)
i (medio dors. laver)
Palagoscoriex

(lateral laver) = Fibr. superf

== f. septo-cort,

s i
Fig. 2,

Arrangement of the cortical layvers In a serpent.

The dorsal and medio-dorsal layer, though different in strue-
ture, belong together, establishing the archi- or hippoeampal
cortex, which, as in mammals, consizsts of two layers, for the
most part adjoining each other, althongh the medio-dorsal cells
lie some what neaver the surface.

The dorsal laver represents the ammon-pyramids and the
medio-dorsal or granular layer the faseia dentata (Adolf
Meyer).

As in mammals, also in Reptiles, the relation between the
fascia dentata and the ammonpyramids is such, that the latier,
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only for a short distance extends below the former as subgra-
nular pyramids.!)

Concerning these two strata of the arehicorfex, we know
that the eells of the granular layver or fascia dentata., gene
rally have short nenrvites (shorter than those of the ammon-
pyramids, and moreover, mostly arborvize in the neighbouring
cortex (=ome extending info the septum).

We also know (P, Ramon) that the dendrites of ihese grann-
lar eells all extend to the surface of the mantle, where the
ascending tertiary olfactory neurones run. From this it is ap-
parent that this granular layer or fascia dentata is a predomi-
want receptive or correlative layer, transmitting the impulses fo
neighbouring strueinres only.

Contrary to the latter the eells of the dorsal laver, ihe an-
monpyramids, have large neurites passing into ithe lining of
the ventricle and then leaving the hemisphere to enter either
the hemisphere of the opposite side (commissural fibres) or run
backward into the hypothalamus, (fornix) and epithalamnus (tr.
cortico-habenularis), Consequently the amomonpyramids are cor
tico-fugal and commissural newrones').

Recapitulating the above said e may say: the avehicorter
of Reptiles consists of two lagers, a reeceptive (corvelative) gia-
wular, layer, and a cortifugal and commissural papranvidat Tager

carhich partly eaotends under the grawnlar layer,

This ix the first clear example of a laminar differentiation.
[t is fonmd again and in the same way in the hippocampus of
mammals and the funetional division it shows is very instroe
tive as it gives ns a key to the understanding of the lamination
in the mammalian neocortex.

Before proeeeding to the mammalian relations, T shall briefly

"W In Lizards, in addition to these some pyramid cells are Iying above
the faseia dentata (really they are a part of the fascin dentata itself,
which passes upnward and changes its granular character inlo o pyra-
midal one),

o Pt Smdlh also found o lanmination in Lepidesiven and an indication

af it was found by Kathig in Bufo. But these laminations are | 1 T

means so distinet in their Tunetional significanee as thoze in Repiiles,



digenss the question whether a neocortical primordinm is al-
ready present in Reptiles.

Doing =0 we immediately meet with the difficulty of
recognizing it, since it is evident, that in lizards we do not find
any strneture so complicated as in the mammalian neocortex i, e.
consisting of several (five- or six)-layers, on top of each other,

Yet there might be a primordinim neopallii — as Elliot Smilh
called it — in an undifferentiated way.

In order to know if sueh a primovdinm neopallii is found in
Reptiles we mnst determine whether or noi there are any fibres
proceeding from the neothalamus which end in the cortex,
sinee the typieal feature of the neocortex is that it does nof
receive olfactory, but neothalamie projections (sensory, visnal
ete.).

It is not impossible — it is even likely — that a few of sueh
fibres are found.

As appears in fig. 8 of may 2nd lecture, in Reptiles, a strong
tract of fibres runs from the neothalamus 1o the forebrain, mosi
of them ending in the neostriatum.

Some of these fibres, however, seem (o continue their conrse
frontally and laterally bevond the neosfriatum and to  the
mantle. They end (some perhaps beging in that part of it, where
the dorsal edee of the palaco-cortex stops, or where (in lower
Reptiles) it joins the ammonpyramids.

Consequently this spot (Croshy’s general cortex) lies between
the palaeo-cortex and the ammonpyramids of the achicortex,

This proves that, if there is a primordinm neopallii, it is re
presented by eells connected with or arizing at the dorsal edge
of the palaeo-cortex, in the frontal region of the mantle.

This location is very interesting since we know (ef. fig. 7)
that also the mammalian neocortex develops frontally between
the palasocortex (or cortex lobi olfactorii) and archi-cortex (or
hippocampus).

Whereas, however, even in the lowest mammals (e, 1. MWiss
Obenclain's paper on Caenolestes) this neocortex is larger and
mueh thicker than either of the other forms of corliex (=ee fio
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S), in Reptiles it is a mere vestige, only characterized by this
fibre-connection and a little thickening of the mantle Just in
front of the place where the neostriatum is in contact with ii.

Frome the above it appears, that if a vestige of a neocorter
occurs in Reptiles, it is only present in the most frontal part of
the mantle, lying between the arehicorter and palaco-corter and
connected with the latter.

Proceeding to the cortex of mammals, T shall first discuss the
fate of the palaeo- and archicortex in these animals.

The neocortex of mammals, being intercalated between the
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Fig. 3.
Palaeocortex of a Marsupial (Hypsiprymnus rufescens),

palaeo- and the archi-cortex, its large development in mam-
mals, pushes the palaco-corter ventrally, eansing a limiting
fissure between them, the fissura rhinalis.

The palaeocortex, or prepiviform cortex of mammals, more.
over, shows a higher stage of development, exhibiting two layers
(fig. 3) an upper granular and a deep pyramidal laver, the for-
mer being mainly receptive-correlative, the latter sending ont
large efferent tracts to various parts of the fore- and tweenbrain.
Apparently we arve here dealing with a similar differentiation
as in the archicortex, with the difference, however, that in this
palaeocortex the different layers lie on top of each other,

On the other hand, the dorsal and medial extension of the



a5

neocortex causes the adjacent pyramidal layer of the archi
cortex to be lifted up and pushed medially (fig. 4), thus form
ing the semicirenlar enrve so characteristic of the ammonlayver.
the lower point of which remains underneath the hooklike
fascia dentata (ef, fig. 9).

Thi= folding of the ammonpyramid laver gives vise (o (he
fissura hippocwinpi, which is not a limiting, but an axial foerow
Iying in the area of the ammonpyramids (nof limiting an area
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Archicortex and regio cingularvis of o AMarsapial (Hyps=iprymnus
rufescens).

as the fiss. rhinalis does). The eyvtological difference hetween
the mammalian and reptilian archicortex chiefly consisis in a
relative increase of ammonpyramids at the expense of the gra
nules of the fascia dentata the cells of which apparently are
partly embryvonie or matrix cells, This corresponds with an in-
crease of fibres of the psalterinm and fornix.

The first development (fig. 5 and G} of the weocorter veminis

3
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us of the arrangement in the palaeo-cortex and archicortex of
the frog (ef. the rabbit of 1 ¢.M. length, fig. 5)%). All the cells
are located mn a ventricular matrix, az iz the ease in the palaeo-
cortex of the frog (fig. 1). Only later (fig. 6) some of these
matrix cells shift in the direction of the zonal laver®),
as it is also observed in the archicortex of Amphibia. Still later
the neocortex starts to develop into different laminae (fig. 7).
In this stage the neocortex is already muech thicker than the
palaeo- and avchicortex. In Dasvpus (fig. 8} at birth, in man
already in a prenatal stage (Brodmann) it consists of five
cell-layers.”) showing a granular layer (IV) in the middle, and
two layers of larger cells in either side of it (above and beneath ).

These five cell-lavers may, however, be classified in three
croups: the supra-granwlar cells (layer 11 and II1 of Brod-
wani ), the granular tayer (IV of Brodmann ), and the subgranu-
lar cells (V and VI of Brodmann).

We shall see that the relation of these three layers to the
two lavers of the older cortex forms is such, that the granunlar
layer (IV) of the neocortex is homologous to the granular layver
of the archicortex .{ fascia dentata), and to the superficial granu-
les of the palaeocortex, while the large subgranular cells (V and
VI) of the neocortex are homologous to the ammonpyramids of
the archicortex and to the deep pyramids of the palacocortex.

The supragranuler pyramids of the neocorter, however, are
a new development, typical of the manmalian neocorter. Though
ariging from the granular layer they have a more highly devel
oped receptive-associative function than the granule cells.

The laminar homology of the large subgranular cells of the
neocortex with the ammonpyramids is seen from the faet that

) In the human embryo at the end of the 3rd foetal month the same is
observed ( Nullenbeel, An. Anz, 190200,

) This oceurs in the human embryo about the 4—5 month (Kullenbeck),

) Generally six ecortical layvers are distinguished, I. zonal layver (which
is no cellular layer), 1L layer of small pyramidal or stellate cells, TIT,
the supragranular pyramids, IV. the internal grannlar or sranular
layer =tout courtes, then V. the ganglionie layver and finally VIL the
multiform layer, Campbell’s division is very similar (differing slighi-
Iy in nomenclature).
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the ammon-pyramids continne divectly in the subgranular pyra-
mids of the neocortex (fig. 8 and 91, as do also the deep pyramids
of the prepitiform cortex. From this also vesults the homo
logy of the neocortical grannlar layer (IV) with the granules

Lam. zon. (I} Lam, gran. ext. (10)

l.am. pyr. ([11)

Meacorhes.

Lam. gran. inf.

)

Lam. gangl. (V)

i
4
% Lam. multif.
& Vi
a ¥ (V1)
= L
N 3
: z
r [~
=T =
L2 3 r -
= 2 =
[ =
e =
=5 0
L ]
H
P
- |
A ll Amm. pvr.
2 P
b= (]
= RS

Tig. 8.
Neocortex  (exhibiting six layers) between the palaeco- and arehicortex
in an embryo of Dasypus novemcinetus, Note the transition of the
ammonpyeamids in the subgranular layers (V oand VI) of Lthe
neecoriex,

of the palaeo- and archicortex, as in both eases the deep pyra
mids lie under these grannles (in the archicortex partly nnder
the fascia dentata).



The function of the granularvis (IV) and of the subgranular
prramids are also the same in the three forms of cortex: the
granularis having a correlative—receptive funetion the sub
granular pyramids giving rise to efferent teacts and to com
missural fibres. This is seen fvom the following facis:

Lam. gran. int. (IV)

End of the supra

- g = gTam lagers of
the meocartex.

Qa"\ === Fiss. hipp-
SR

*
=

Alveus hipp.  Superpos. medialis.
Fig. 9.

Transition (of > ) of the archicoviex of an adolf eat into the

geep layers of the neocortex (of, fiz 4 and 2),

The granular layer is strongly developed in those regions ol
the neocortex that have an exqguizite sensory funetion the

posteentral or sensory region. the frontal cortex (which receives
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fibres from the nueleus ruber), the auditory and visual cortex.
In the area striata (visual cortex) the efferent fibres run in the
stria Gennari and Vieg d’Azvr, ending chiefly in the granular
layer'). Only few fibres end in deeper layers (Poljak).

This does not mean that in the neocortex the granular layer is
the only laver which receives afferent impulses. In the sensory
(central) and frontal region these impul=es also reach the supra-
avanular pyramids, which, as we shall see, are developed from
ihe eranular laver., acquiring larger cellbodies, and developing
longer neurites,

On the other hand, the prevailing efferent-commissural and
corticofugal character of the subgranular pyramids is shown
by the fact that cutting the corpus callosum (v, Vallenburyg,
J.ode Vreies) or the centro-fugal tracts ( Holmes and Nissl) can
ses a degeneration of subgranular pyramids, while lesions of the
supragranular pyramidal region give no cortico-fugal degenera
tions, althongh some of the callosum fibers may also originaite
here (Lorenfe de No, vide infra). — So in the granular and
sithgranular laver of the neocortex we find a similar localization
of functions as in the older cortical areae,

The specilic neo-cortical character of the supra-granular
pyramids, however, is evident, and appears from the fact that in
the palaeo- and archicortex on top of the granular layer no
layer of pyramidal cells oceurs (the few pyramidal cells in
which the faseia dentata of Lizards continues dorso-laterally
eiving off fibers in the zonal layer, may be the only indication
of such a process).

Besides the move recent characier of the supra-granular layer
'y This sranular layer is single in the lower mammals. In primates anul

man it is doubled. Aceording to Kieist the doubling of the sranular

laver in the striante area of the cortex in primates amnd man may be
explained by a separate course of the crossed and uncrossed visual
profection on the cortex, and, acceovding to his opinion, the deeper gra-
nular layer (IVh of Brodmaenn) ecorvesponds to the crossed, the higher
one (IVa of Brodmanx) with the uncrossed projection, a conception
which — though =still wanting experimental confirmation — seelns
quite possible considering the fact that also in the geniculate body

{ Minkowski) the crossed and uncrossed fibers of the optic tract end

in separate layers.



of the neocortex appears from the fact that this layer is
the last one to ripen ontogenetically ( Broduann).

That, however, the supragranular layer chiefly is an associa
tive extension of the granular layer (IV) is proved by van’f
Hoog, who showed that in animals of the same sub-order bul
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Flg. 10,
The sensgory corlex of a small ungulate (sheep)d compared (o that of a
Iarge one (cow) after van o' oo,

differing in size {as eat and tiger, sheep and cow ) in the larges
animal the snpra-granular cells are inereased at the expense of
the granular layer, which has become smaller (Fig. 10).

This is apparently due to the faet that in large animals sen-
sory lTunections inerease more than motile functions (Dubois).
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the latter increasing only with the bulk of the museles, the sen-
sory functions as well with the bulk of the musecles (proprio
ceplive sensibility), as with the surface of the skin and sense

organs (exteroceplive sensibility).
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telative developient of the supragrannular and other layers i an ungi-
late, carnivore, lemur, shimpansee and in oman, Granulae layver black.
Supragranular eell layvers striped obliguely, subgranular layers crossed,
After van t"Hoog,

Besides in these lavers the ending of eallosum Hbres ocenrrs
{ i Valkenburag).

That the supragranular cells at the same time become larger
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ihan those of the granular layer, may be the resull of their
axis eyvlinders (the area covered by it) growing oui more in the
larger brains, transmitting the received impulses over larger
areas of the hemisphere. In addition to receptive they have
associative functions, as appears also from the fact that the cal-
losnm fibres end here.

Finally the higher, associative character of the supragranu-
lar layers appears from the fact, first observed by Mott and con-
firmed by vant'Hooy, (fig. 11), that in higher mammals this
layer is much more developed than i lower ones.

Moveover Bolton observed that, in cases of exireme idiocy
specially, this laver shows a lack of development. A similar con-
clusion may be drawn from some of the cases described by Ham-
nietrhersg.

The germinal character of the granularis explains that the de
ceneration of eells in dementia praceox chiefly occurs in that pari
of the supragranular layer {I11) that lies nearest to the granu
lariz, and also in that part of the subgranular cells that lies near-
et (o the granulavis (Sioli, Alzheimer, O, Vogt, Josephy, Naito,
.
pointed ont, by a lack of vitality in the layers that lie nearvesi

H. Bowman). This may be understood, as K. H. Bowman

the germinal matrix (IV), the more so as also in the grann-
laris itself. Mot found a striking lack of basichromatine.
I'robably this involutive degeneration is an anatomical corrol-
lary of the dissociated thoughts and actions (K. H. Bownany,

The functional division of the cortex given here, and which
I first defended in 1908') has vecently received several confir-
mations. (ran Hoog?) Kleist®) and Jakol,')y Kublenbecel™) and
Faul).®)

1y Kappers., The structure of the palaecortex and archicortex compared
with the progressive evolution of the visual neocortex, Moft's Archives
1909 and Phyls Rhinen zephalon, Folia New zohiologica Bnd. 1, 1908,

Yy Van Hoog. Depth localization in the cortex. Journal of nervous and
mental Diseases 1919,

*y  Kleist. Klinische Wochenschr, Jahez, V, Heft T, 1926,

U Jakob. Normale und pathologizche Anatomie, Bnd, T der Hirnrinde.

5y Kullenbeck., Ueber den Ursprung der Grosshienvinde, Anat. Anzeiger,
Bnd, 55, 1922,

%y Fawl. The ontogenetic development of the Claunstrum. Proceed. Kon,
Akad. v. Wet. Vol. 26, 1924,
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Reswmd,

Sununarizing the facts we may say that the primitive arrange
ment of the cortex as it appears in the palaeo- and archipallinm,
shows two cell layers, the Iamina granulavis which has a mainly
receptive-correlative function; and the deep-pyramids, having o
cortico-fugal and commissural effevent funetion.

The principle of this lamination is kept up in the neocortex,
with this difference, however, that the receptive correlative gra-
nular layer. moreover, has given rise to supragranular cells
which again arve subdivided into two sublaminae as its e
cells still keep a smaller size, while the cells lyving nearver the
Lamina granulavis (IV) acquire a pyramidal form.

This differentiation of the supragranular cells does not seem very i
portant. In some parts of the neocortex, in the regio retrosplenialis
especially, the differentintion of the supragranular laminae even fails.

I this area, according (o Beodmann, whose observations T can only
confirm, the lamina zonaliz is still very very wide, the original granular
layer (IV) still large, and the lamina supragranulavis, between the zonal
and granular layer is only poorly developed and shows no subdivision,

As far as concerns the eause of the development of the S -
granular layer, Kulilenbeek and later, but independently of hin,
Faul, have given the following neurobiotactic explanation of this
process, which is perfectly in accordanee with the facts,

As in the palaeo-cortex and in the archicoriex the afferent
cortical fibres, careving corticopetal impulses, run in the
zonal layer — a fact most fandamentally represented by the
primary and secondary olfactory tracts — similarlv in the
neocortex callosum fibres and part of the ascending thalamic
fibres run in the more superficial parts of the cortex, between
the smrface and the granular Iayer.

Where thus, the space between the surface and the eranular
layer originally is an important region for covticopetal inmpulses
it is not strange that these impulses give rise (0 a
much greater ontgrowth of matrix cells of the granular laver
i a superficial direction, and thus to the formation of supra-
granular cell-layers, which in ripening — at the same time
acquire a larger size.



Finally T would like to point out that a similar stroctural
arrangement as occurs in the cortex cerebri: the combination of
a  superficial rveceptive associative cellzone with a  deeper
mainly efferent one and the greater increase of the receptive
associative cells comparved to the effectory ones (as also oceurs
in the striatum)?) is equally seen in the cerebellum, where the
intracerebellar effectory nuclei in higher mammals do not in-
crease as mueh as the more superficial granules and Purkinje
cells do, which receive the impulses and corrvelate them before
leading them via the Purkinje cells to the medial and dentate
nuelei.

But even in the organisation of the oblongata a process oc-
curs that points to a relatively greater increase ol correlative
cells in comparison to effectory cells in higher development,

The fact 1 refer to is that in lower vertebrates as Sharks.
Amphibia and even in Teleosts and Reptiles the motor root nuclei
of the oblongata contain only few intercalating (corvelative)
cells=, while in higher animals (mammals chiefly) the motor
nuelei appear to consi=t of root cells to which a great many
smaller correlative or reticular nenrones are added.

This ix especially demonstrated by Fuse for the abducens
nielens of mammals in which many cells remain undegenerated
after entting the root. Sueh a thing is hardly obzerved in lower
vertebrates, where the motor cellgroups are much more simply
organised.

Thiz addition of more cells of corvelation apparently is a
phenomenon of finer adju=tment.

CONCLUSIONS.

1) The phylogenetic evolution of the palacocortex and archi
cortex shows that the development of cortical gray matter from
the periependymal matrix is a nenrvobiotactic result of the su-
perficial position of the afferent cortical fibre systems, as vighl
v pointed out by Kulilenbeek.

———————

'y SBee my second lecture,
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2} The first differentiation, a= it is found in the archicoriex
of Reptiles and the palaeo- and archicoriex of Mammals, gives
rise to only two different cell-layers; a granular receptive layer
near the surface where most afferent impulses run, and a deeper.
or subgranular, efferent pyreamidal laver.

3) In the neocortex, in addition fo these two layers a third
layer developes more superficially forming the swpra-granular
cells which develop from the granularis. The development of
these cell= is a consequence of the increase of cortico-petal and
associative Tibers,

43 17 eallo=al fibors do not only end (rv. Valkenburg) Yl
partly also originate in supra-granular pyramids (Lovenfe de
Noy this would only more emphazise the associative funetion of
this layer.

) The correlative charvacier of the supragranular cells also
accords with the fact that in higher animals these cells increase
much more than any other laver of the cortex.

6) A similar increase of receptive corvelative cells in com-
parison to effectory parts is observed in the striatum. the cerve

bellum, and in the motor centers of the oblongata.
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