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THE PLAN OF THE CENTRAL
NERVOUS SYSTEM.

TheE anatomical elements of which the central nervous
3}Tst;em is composed to which we can attribute specific functions
~are of two kinds only: nerve cells with their processes
branching and anastomosing to make up the matrix felt-work,
and nerve fibres. Nerve cells vary extremely in form and size
throughout the system, and a proper anatomical classification
of these elements would probably throw much light upon
the functions of the parts in which they ocecur. The grey
masses we know to be the centres of activity, the white but
the roads along which the products of this commerce and
traffic are conducted. The conspicuous elements in the grey
masses are the cells, and to these we are in the habit of attri-
buting functions indefinitely expressed by the terms Automa-
tism and Reflex Action. Automatisin in the absolute sense
may or may not be a philosophical necessity. Of its existence
as an attribute of any particular group of cells we have no
physiological evidence; one after another its strongholds have
been invaded and its imperial function replaced by the sub-
ordinate one of Reflexion. Nor even of reflexion as an active
property of nerve cells have we any evidence. That it is an
action which can only be carried out by a combination of which
they constitute a part, is obvious, but it cannot be proved that
they exercise, in virtue of their properties as cells, any selective
mfluence upon this action. Large and attractive as some of
the cells appear in the cord of a mammal, a very different
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2 RELATION OF CELLS TO FIBRES.

opinion as to their importance would be formed if the cord of
a fish were first examined; in the fish the filaments of the
meshwork are coarse and conspicuous, the cells little more than
nuclei situate at their meeting points. Indeed it would appear
that the course taken by the disturbance of nerve forece which
constitutes an impufsp, depends upon the resistance in the
matrix felt-work, not upon that in the cells. An impulse
travelling up a certain sensory fibre reaches the ecell in the
spinal cord with which that fibre is in connection ; from this it
travels, if the road be open, up the sensory tract, either by
means of felt-work, or of long or short commissural fibres, be-
cause the resistance is less in this direction than it is across
from sensory to motor cell. If however the msthesodic route
be blocked, transference across to a motor cell of its own meta-
mer occurs, and a simple reflex action is the result. We can
only describe the functions of the cell in this coanection as
distributive. 1t is the shunt at which meet many lines of con-
duction, and through which alone therefore can a redistribution
of the impulse oceur; while the course which the impulse now
takes depends not upon the resistance within the cell but in
that in the various lines of conduction which diverge from it.
I should regard the distributive function of the cell in this
instance as re-directive. A simpler arrangement appears how-
ever to obtain in the case of the ganglion cells of the retina.
Here the fibres connecting the rods and cones with the ganglion
cells are much more numerous than those connecting the gan-
glion cells with the primary optic centre, and the object of the
interposition of the cells is to condense, in other words, the
distribution is associafive. Many instances occur to us of an
arrangement the reverse of this; compare for instance the
single process reaching each cell of Purkinje in the cerebellum
(cells not wholly unlike the ganglion cells of the retina in ex-
ternal appearance) with the number of processes leaving it. In
this case the distribution is dissociative, and probably the fune-
tion of nerve cells throughout the system is to a very large
extent that of inereasing the number of fibres towards the peri-
phery.  Nerve cells may be regarded as the nodul points of the
nerve-network.




SIZE. OF FIBRES, 3

The fibres, by which term when used without further quali-
fication is to be understood the essential elements of the fibres,
the axis-cylinders, were deseribed by His as outgrowths of the
cells. This description has been fully confirmed by Vignal's'
recent researches. They may therefore be regarded as, per-
manently and throunghout their whole length, cell processes.
This explains their dependence for nutrition upon the cells,

Nerve fibres differ from one another in two respects. ~ Firstly
in the presence or absence of a medullary sheath, and secondly
in regard to size.

Histogenetically the medullary sheath is a secondary strue-
ture, formed of mesoblastic cells applied around the exterior of
the fibre. Composed almost entirely of a phosphatic fat it
constitutes a barrier to the passage to the fibre of the fluids of
surrounding tissues, and would also prevent, if the disturbance
of nerve foree resembles in this respect an electrie eurrent, the
dissipation of its energy to surrounding conductors and the
inductive action of neighbouring currents. The analogy in
structure between a medullated nerve and an insulated electric
conductor 1s so obvious as to tempt one to suppose that the
presence of a medullary sheath depends wpon the need for insulu-
tion only. Varions anatomical facts occur to me in justification
of this hypothesis. For example, the long unprotected course
of fibres of Remak in the olfactory mucous membrane, seat
of origin of the least localized of onr senses. In the case of
efferent nerves, it is impossible by stimulating the grey fibres
of the sympathetic to bring about a localized contraction of
plain muscle fibres; the result is always on the contrary a
reluctant long-drawn spasm or peristalsis.  As an instance
mtermediate between these two extremes of nerve fibres, those
on the one hand conveying sudden impulses to each individual
muscle-fibre and those on the other hand ecarrying gradual
mmpulses, one might almost say contractive influences rather
than impulses, to a muscular mass, through which they will
turther travel from fibre to fibre, we may take the case of the
nerve fibres supplying the red muscles in the rabbit. 1 find

! Travaur du lab. &' Histologie du Collége de France, 1885, p. 141.
1—2



4 NO STRUCTURAL NERVE CENTRES.

those going to the soleus, for example, to measure only two-
thirds as much in diameter as those going to the gastrocnemius;
a proportion in harmony with the structure and mode of con-
tracting of the two muscles. I cannot help thinking that the
size of the whole structure depends principally upon the amount
of the medullary sheath, and that this varies with the need for
rapid, undiminished conduction and localized action. On this
ground I should account for the great thickness of the medul-
lary sheath in the long sensory nerves and also in the peripheral
fibres of the posterior columns of the spinal cord. these latter
being the fibres which, there are reasons for believing, run the
longest conrse.

These are the only elements which as far as we are aware
enter into the construction of the central nervous system ; and
were 1t possible to unravel this system, we should probably find
it to be composed of simple combinations of these elements, the
combinations constituting as it were primary couples by the
complex connections of which the whole intricate machine is
made up. The direction which an impulse takes through this
machine, whether it be immediately reflected through the
mechanism of a primary couple or whether it be broken up
and distributed through many couples, depends upon the resist-
ance in the lines of conduction. No specialized struetures are
sct apart for the reflexion of certain sets of impulses. The
nerve centre 1s the chimera of anatomists, a fabulous mixture
of incongruous elements, which is nowhere to be found. Our
so-called centres are merely the meeting points of lines of con-
duction.  Suppose an impulse to be generated in a sensory
nerve of the foot. This is conducted up a well-insulated nerve
to the wsthesodic region of the spinal cord. From this, through
the mechanism of a primary couple, it may be immediately
redivected to a motor nerve of the region in which it originated.
If the route up the wsthesodic part of the cord be blocked by
section, or what comes to the same thing by the functional
depression of the receptive nerve mechanism in the brain, this
immediate primary reflexion occurs. In the case of ordinary
sensory conduetors, however, the resistance interposed between
the termination of the posterior root in the cord and the cortex
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REFLEX ACTION,. 0

of the brain, is less than that between the neighbouring sensory
and motor parts of the cord, and as long as the way is open the
impulse takes the longer route. Where however a so-called
“centre” exists, the constant passage across of impulses has
broken down the resistance; has widened as it were the con-
ducting roads. For instance, an impulse from the lungs, tra-
velling up the sensory fibres of the vagus nerve, reaches the
@sthesodic part of the medulla. Between this and the motor
fibres by which the respiratory muscles are Innervated, the
resistance is slight. The constant passage of nmpulses has
beaten down a broad path, and without the awakening of our
consciousness, the mechanism of inspiration is called into action.
It is however possible for us, by exalting the activity of the
cortical connections of the vagus nerve, by directing our atten-
tion to the impulses received through this nerve, to diminish
the resistance in the longer circuit, so that either the whole or
a part of the nerve eurrent (we have no means of determining
which) takes the longer route, and the movements of respira-
tion are carried out through our consciousness and volition.
Let, however, the stimuli from the lungs gather head and reach
a certain degree of urgency, and no effort of the will can pre-
vent their breaking through the shorter circuit. I propose now
to show how the anatomy of the nervous system admits of the
existence of thgse two kinds of mechanism only, the simple
couple of corresponding sensory and motor elements, situated
in the basal part of the system, and the higher cortical me-
chanism with which it is connected.

Anatomy.—The study of the structure of the brain presents
very considerable diffieulties, owing to its resistance to staining
agents and the impracticability of all methods of dissociation.
Hence its investigation with the aid of the microscope, from which
so much was expected, has proved a signal failure. In justifica-
tion of the use of such a strong expression I have only to appeal
to the discordant results of various observers. A conspicuous
mass of large cells, the nuclens ambiguus, I find allotted by
different neurologists to each of the four nerves connected with
the medulla. At the present moment a controversy is being
waged as to whether the largest mass of grey matter in the



i CENTRAL GREY TUBE.

brain, the nucleus lenticularis, 1s or 1s not connected with the
overlying cortex from which it is separated (at the seat of origin
of the supposed connecting fibres) by less than a quarter of an
iuch. The huge mass of fibres composing the corpus callosum
i1s by some anatomists supposed to consist of transverse com-
missural fibres between the hemispheres only—by others to be
restricted to the fibres of decussation derived from the erura
cerebri. If after all the time and labour which have been
devoted to microscopic investigation of the brain such discre-
pant opinions are possible, it is time that this method as well
as naked-eye observation was treated with the utmost distrust,
and recourse was had to fundamental morphological and physio-
logical considerations to obtain a conception of the plan of
structure of the system.

Originating as” an involution of the epiblast, the tubular
character of the primitive central nervous system is the key to
the position. Although the tube is dilated in the anterior
region (fig. 1), this character is recognisable thronghout its whole
extent. The first differentiation, which oceurs in the tube,
results in its separation into three concentrie parts, of which the
inuer becomes the epithelinm of the central canal, the middle,
what I propose to call the CENTRAL GREY TUBE, and the outer,
the conducting matter of the white columns.

Fig. 1. Fig. 2. Fig. 3."

LY

[In jfiguwres 3—11 the cells of antevior horn are marked by the large eross, of
lateral horn by the large cross with dots, of visceral horn (Clarke’s column)
by the small cross, of posterior horn by dagger.]

The sequence of the changes by which this grey tube is
converted into the several cell groups has not been satistactorily




CELLS OF COLlD. T
determined. But it would appear that the lozenge shape of the
central canal early divides it into four eolumns, which constitute
eventually the two anterior and two posterior horns (fig. 2),
Although the assumption of a permanent form by the nerve cells
would appear, from Kolliker's deseription, to oceur first in the
posterior horns, the anterior are, at an early period. by far the
larger, while the small size of the posterior is compensated for
by the large ganglia of the posterior roots. Whatever may be
the history of their formation, we eventunally find, in any typical
section of the cord, four groups of cells, consisting of three well
defined classes (fig. 3). Of these, two groups are situate in the
ventral part, the cells of the anterior and lateral horns respec-
tively, which blend together in the cervieal and lumbar enlarge-
ments, but in other regions are separate. The relative sizes of
the cells of these two groups vary somewhat in different parts of
the system, but their structure is sufficiently similar to justify us
in considering them as belonging functionally to the same class,
Their diameter varies from G7 to 135u (Schwalbe); as seen in
hardened preparations, they appear angular, but when examined
fresh, in a drop of serum, they are globular or ovoid in form;
the nucleus 1s extremely large (20 in diameter) and contains a
single round nueleolus; they are provided with numerous
branching, and a single unbranched (axis-eylinder) process. In
short, the characters of these cells arve sufficiently well defined
to enable us to recognise them in whatever part (of the central
orey tube) they may occur. These cell groups constitute con-
tinnous columns extending throughout the whole central grey
tube, presenting nevertheless, in certain animals, the eel for
instance, well marked alternations in number coincident with
the somatomes. This metameric arrangement Schiefferdecker
poetically characterized as a “ Rosenkranz.”

Further, the number of cells in any region varies obviously
as the number of motor fibres derived from that region. Birge'
thinks that by the method of counting, he has proved, in the
frog, an exact numerical equivalence, and although there may
be some difficulty in accepting lis conclusion as justified by

U dvehiv fiir Anat, und Physiologie, 1882, p. 435.



e RELATION OF NERVES TO CORD,

observation, owing to the impossibility of recognising with cer-
tainty different parts of the same cell, when oceurring in several
sections, we are, nevertheless, fully justified in believing that
every motor fibre 1s immediately, before leaving the cord, con-
nected with a motor cell of wts own metamer.

Lying on the inner side of the cervix cornu posterioris, is a
column of cells, known generally as the columna vesicularis of
Lockhart Clarke, and long occupying an anomalous position.
Evidently distinct from the posterior horn, the column contains
cells agreeing in form, but not in size (diam. 40 to 90 w), with
the cells of the anterior and lateral horns. In their pathological
changes, these cells stand apart from both anterior and posterior
horns. In number, as Gaskell has shewn, they wvary with the
leucenteric fibres of the visceral root, of which indeed there can
be no doubt they constitute the primary metameric centres.
The posterior horns contain the Substantia gelatinosa of
Rolando, a tissue still as enigmatical as ever, but in consider-
ation of its early formation, its large amount in the foetus
and in lower vertebrates not to be safely passed over as non-
nervous; they also contain numerous spindle-shaped cells (dia-
meter 18 p).  Direct connection between these and fibres of
posterior roots has never been observed. The exact mode of
termination of sensory fibres in the central grey tube I shall
treat of in detail further on. The cells are not sufficiently
well defined to admit of counting, nevertheless the obvious
correspondence between the amount of grey matter in the
posterior horn and the number of fibres in the posterior roots
can leave us in very little doubt as to the termination of every
sensory fibve, either divectly or indirectly in a cell of its own
metamer. We thus find, and this I think should be accepted as
a physiological axiom, that throughout the cord, the whole of the
central grey tube is taken up in forming the primary metameric
centres of the anterior, visceral and posterior branches of the
spinal nerves. _

In the Medulla Oblongata, although for functional reasons
the dorsal wall of the tube is in part undeveloped and the
grey matter constitutes therefore a plate rather than a tube,
it is easy to show that the disposition of the cell groups with




CHANGES FROM CORD TO MEDULLA. 9

regard to the three kinds of nerves is the same as in the cord.
By the divergence of the posterior white columns, the posterior
cornua with their substantia gelatinosa Rolandi are dislocated
outwards (figs. 4, 5 and 6). The anterior cell columns are brought

Fig. 4. Fig. 6.

Fia. 4. Showing dislocation of posterior horn outwards and first crossing fibres
of anterior pyramids,

Fi. 5. Showing isolation of lateral horn by crossing fibres.
€'1 ramus posterior of first cervical nerve,

F16. 6. Origin of hypoglossal nerve.
NG nueleus funiculi gracilis ; NC nucleus funiculi cuneati; TGR tuber-
eulum Rolandi; N.A4AL nucleus antero-lateralis of Clarke.

up into the mid-dorsal line. The column of Clarke occupies the
same position with regard to the cervix cornu posterioris, and
lies therefore in the floor of the 4th ventricle midway between the

Fis. 7. FS fasciculus solitarius; N.4Amb nucleus ambiguus; small cross en-
largement of visceral horn into common nuclens of leucenterie fibres of
vagus, glossopharyngeal and pars intermedia of seventh.

anterior and posterior horns (fig. 7). In the position of the lateral
horn, a strange displacement has occurred. By the crossing of
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the fibres of the lateral white eolumns, it has become detached
from the rest of the grey matter and lies in the middle of the
lateral part of the medulla, as marked off by the fibres of the
hypo-glossal and vagus nerves. In this part of the medulla it is
known as the antero-lateral nueleus of Clarke, but there can be
little doubt that this is serially if not directly continuous with
the nuclei of the 7th and 5th nerves, and the position of the
column thus retained until the re-formation of the central grey
tube in the mid-brain. Another small portion of the lateral, or
possibly the anterior horn, is left ovér, as the Nuclens Ambiguus.
With regard to the relation of these grey masses to the nerves
of this region; there can be no doubt that the hypo-glossal
arises from the nucleus, which represents the anterior horn; the
vagus (the great leucenteric nerve of the thoracic viscera) from
the continuation of Clarke’s column; but much time and
laborious research have been devoted to the determination of the
nuclei of the spinal accessory and glosso-pharyngeal nerves.
And so various are the opinions of different observers upon this
subject, that I think we are justified in setting aside the results
of microscopic research, and allotting the grey matter of this
region among the nerves of different function, according to the
character of its cells and their relation in situation to the several
columns of the cord.  Now even in the cord the direct connec-
tion of posterior root fibres with cells of the posterior cornu has
never been observed. Why should we expect to find such a
conmection in the more confused tissue of the medulla? TIn the
cord we have every reason to believe that the sensory fibres
join at last the spindle-shaped cells of the posterior horn. In
the medulla the nuclei funiculi gracilis et cuneati as well as
some of the grey matter nearer the median line, consist of
similar fusiform cells. In them must terminate therefore the
sensory fibres of the vagus and glosso-pharyngeal nerves, while
the leucenteric fibres which these nerves contain go to the
columna vesicularis. The antero-lateral column of Clarke
corresponds in situation and cell formation with the lateral
horn, and must give origin therefore one would suppose to
fibres of the spinal accessory nerve, which has been arising from
this lateral hiorn for some distance down the cervical cord, The
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l{u'ge cells of the nucleus ambiguus give {}I‘igin to motor hibres,
either of the spinal accessory or the hypo-glossal nerve.

In an anterior section carried through the region of the Pons
(fig. 8), we find the fibres of the 8th pair of Willis, Of these the

Fie. 8. Showing triple origin of eighth nerve and position of its posterior-root-
ganglion.

SGR substantia gelatinosa Rolandi; ¥, as in other figures, ascending
root of fifth nerve; NS nueleus of roof of Stilling.

auditory pass partly to the swollen posterior horn, partly cross the
floor of the ventricle as the striae acusticae, partly up, in the
middle peduncle, to a portion of the dorsal wall of the central
grey tube, which has here, owing to the local retention of the
primitive tubular form, been developed above the central canal
as the “nucleus of the roof” of Stilling.  Outside the substantia
gelatinosa, and therefore quite beyond the posterior horn,
another group of cells is to be found, lying on the auditory
nerve (Meynert's anterior nucleus, Schwalbe’s nucleus acces-
sorius). But this nucleus consists, as remarked by Schwalbe,
of small globular cells, surrounded by uucleated capsules and
resembling the cells of the spinal ganglia. Indeed, this is
nothing more, as shown by its position, as well as by the nature
of the cells of which it is composed, than the ganglion on the
posterior root of the nerve of this region (8th), included by the
great late development of the commissural fibres of the two
sides of the cerebellum, which surround the primitive nerve
tube, and only apparently increase its bulk. It is worthy of
note that a ganglionic enlargement is a conspicuous feature of
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the developing auditory nerve as observed in chicks and in dog-
fishes, and that a group of nerve cells is to be found upon the
auditory nerve of the frog just after it has parted company
with the facial (a point not hitherto noticed, as far as I am
aware).

The motor fibres of the facial nerve have their primary
metameric centre in a nucleus which belongs to the lateral
column. The “Pars Intermedia” of Wrisberg, visceral branch
of this pair, has been traced back by Duval to the anterior part
of the common nucleus of the vagus and glosso-pharyngeal (con-
tinuation of the columna vesicularis).

A little farther forward still (fig. 9), we cut through the
nucleus of the 7th already referred to, and, in the same section,

et
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Fis. 9. Origins of sixth, seventh and eighth nerves from anterior lateral and
posterior horns respectively.

appear the nucleus of the 6th, and, to a slight extent, even that
of the 8th, showing, in their relative arrangement, perhaps
even better than anywhere else, the position assumed by the
several columns of the cord, in their continuation upward through
the basi-cerebral part of the central grey tube. In the mid-
dorsal line lies the anterior column, forming here the nucleus
of the 6th. Clarke's column has disappeared. The posterior
horn receives the fibres of the auditory nerve. Still isolated
in the lateral region lies the lateral horn, giving origin here to
the fibres of the facial,

In the next section (fig. 10) is seen the entrance of the
sensory fibres of the 5th, which divide to embrace the sub-
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stantia gelatinosa, just as do the fibres of a posterior root of the
cord. No local swelling of the posterior horn occurs, however,

....
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Frs. 10. Origin of motor part of fifth from lateral and of sensory part of fifth
from posterior horn.

in this region to receive them, but they run up and down the
spindle-shaped cell formation of the grey matter of the whole
mid- and hind-brain. An extensive intra-cerebral distribution,
quite justified by the wide distribution of the Trigeminus npon
the scalp and face.

Arrived now at the mid-brain, the several cell eolumns
reunite, and we find, around the aqueduct of Sylvius (fig. 11),

Fia. 11.  Origin of third nerve from ventral part of reunited central grey tube.
A8 aqueduet of Sylvius.

the least altered portion of the central grey tube, which any-
where occurs in the central nervous system. In the ventral
part of the tube, continuation upward of the anterior horn, lies
the large-celled nucleus of the motor oculi nerve. Issuing from
this nucleus, fibres, like those of an anterior root of the cord,
pass ventrally through the white colummn. From the point of view
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of adult anatomy, no one could imagine that this nerve is
homologically other than an anterior root. It originates in
a group of typical motor cells, which is directly continuous with
the cell column from which spring the anterior roots of the
spinal nerves, the Hypo-glossal and the Abducens. In course,
the nerve is directed ventrally, in distribution it is purely motor.
Either there is some error in observations which conneet this
nerve with the neural ridge, or the origin from this ridge is no
test of the serial homology of posterior roots. Is it possible
that the 4th nerve has been mistaken for the 3rd? That the
4th, the Trochlearis, has a history, of the early periods of which
no record 1s preserved in vertebrate archives, is shown in its
anomalous origin from motor cells, in the dorso-lateral part of the
central grey tube, in its decussation above the mid-brain, in its
mixed motor and sensory distribution in Selachians and Am-
phibia. No one who has seen it in the Skate, for example,
issuing from beneath the cerebellum close to the middle line,
passing obliquely forwards and outwards to the roof of the
cranial eavity, there to break up into several branches, can have
failed to notice that it stands quite apart from all other eranial
Nerves,

Throughout the spinal cord, all the grey matter of the
central tube is, we have concluded, devoted to forming the
primary metameric centres of the spinal nerves. Throughout
the hind- and mid-brain, the several columns of which this grey
tube 18 composed remain unaltered as to the eharacter of the
cells of which they are composed, and although displaced in
position, their continuity is easily recognisable. Excluding
certain new cell formations (the olives), of the meaning of which
we are entirely ignorant, the amount of grey matter, proportion-
ately to the number of fibres of the several entering and issuing
nerves, remains unaltered. It 1s only logical therefore to con-
clude that the whole of the central grey tube of the hind- and
mid-brain 1s devoted to forming the primary metameric centres
of the nerves of these regions.

Physiological.—In no part of the hind- or mid-brain have
we found any compound structure corresponding to the anato-
mically mythical “nerve centre.”  Whether or not physiologists |
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SHUNTS NOT CENTRES. _ 15

at the present dayv, when referring to these nerve centres, have
in their minds the conception of a composite structure, like the
fabulous chimera, with lion's head, goat’s body and dragon’s
tail, I do not know. Certain it is that the physiologists who
first described them, pictured, in these centres, collections of
cell elements, by means of which what might be termed official
work was carried ont, In the Medulla Oblongata was situated
the “neeud vital,” a kind of little brain, which presided over the
entire mechanisi of respiration. Apparently coincident with
the antero-lateral nucleus of Clarke, lies Owgjannikow’s vaso-
motor centre, which, from the careful measurements of size,
one must suppose was regarded as a cellular strueture ; possibly
the larce multipolar ganglion cells in this region were con-
sidered as having the specific function of vaso-constriction, and
to remain over after cells had been allotted to each afferent
and efferent nerve. In the medulla again are situated the
centres for deglutition, vomiting, inhibition of the heart, gene-
ral convulsion and many other co-ordinated actions. Indeed
any physiological theery is immediately rendered intelligible by
throwing the onus of responsibility upon a “centre” in the
medulla.  The centre is the philosopher’s stone of the physiolo-
gist, with which he expects to transmute his edifice of hay and
stubble into substantial gold. No doubt the term centre is a
convenient one, but it should be clearly understood that, like
the term “cell,” the word has acquired a purely technical signi-
ficance, and that the structural arrangement would be better
expressed by the terms junetion or shunt.

The great visceral sensory nerve, the vagus, discharges a
torrent of impulses into the wsthesodic region of the medulla.
Nome few of these travel through to the cells of the cere-
bral cortex, and knock there with sufficient force to awaken
consciousness ; but the great majority are diverted along
the broad tracks, the resistance in which, by the passage
of innumerable similar impulses, has been broken down,
to the associated motor cells. Thus an impulse of a certain
kind, proceeding from a certain visceral area, gives rise to
a definite organic process with or without the provocation of
consciousness and the acquiescence of the will. In some cases,
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it is possible for us, by directing our attention to the matter, to
inform ourselves of what is taking place; in others, and these
are the reflexions-peculiar to vegetative life, the impulse has
long since ceased to travel upwards to the seat of consciousness,
The existence of so many “centres” in the medulla depends
upon the fact that this is the lowest limit in the central grey
tube at which it is possible for a visceral afferent impulse to be
bronght into connection with a motor mechanism, and the
inhibitory influence of the cortex depends to a very large
extent merely upon its sharing the impulses with the medulla.
Conversely the increase in the amount of reflexion which
takes place through the medulla in hypnotism and cerebral
disease is due to the lowering of the receptivity of the cortiecal
mechanisim.

During hypnotism Heidenhain' notices beside spasm of the
accommodating mechanism of the eye and active dilation of the
pupil, increased rapidity of breathing, perspiration and (?) in-
creased flow of saliva. He, however, as it appears to me regards
these phenomena from the wrong standpoint when he speaks
of them as due to “irritation,” “stimnlation of the respiratory
centre in the medulla,” and so forth. Rather do they indicate
that as long as the cortex is normally receptive a considerable
amount of the nerve current 1s diverted towards it; when its
excitability is depressed all the mnerve current passes im-
mediately across from the aesthesodic to the kinesodie region of
the medulla.

During functional depression of the cortex due to disease or
to concussion, rapid shallow breathing, slow full pulse and
vomiting are the usual symptoms, due, as I should suggest, to
the transference across from sensory to motor tract of the
impulses calling for respiration, for cardiac inhibition and for
vomiting respectively, undiminished by the diversion of a part
of their force to the higher regions of the brain. The increased
reflexion in the medulla is due, not to a removal of the
restraining influence of the cortex, but to the blocking of the
channels along which a part of the force travelling through it
would otherwise have been directed. Conversely the diminution

U Animal Magnetism, trans. by Wooldridge, pp. 30 and 31,
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of reflexion while the cortex is functional is not an active
“inhibitory” phenomenon but a question of physical subdivision
of force. The language which has grown up around the subject
owes its origin to the commercial conception of “centres,” No
such centres in this sense exist.

In no case does the theory of centres and its terminology
become so incomprehensible as when it allows of the formulation
of a “convulsive centre.” A brain within a brain. A unit of
the central nervous system yet holding the reins of all, and
capable of starting every motor cell which it contains into
activity, Nor is it possible to dissociate in one’s mind from the
idea of such a centre the picture of it as consisting of a group
of cells, although, as we have shown, no motor cells in the
medulla would remain unallotted if a single one were given
to each issuing motor fibre. It is possible to give an intelligible
explanation of the onset of convulsions in asphyxia without
the use of the term centre or the suggestion of ideas contrary
to anatomical facts. The impulses reaching the aesthesodic
tract of the medulla from the regions in which the need for
arterialization of the blood is felt are directed in the first
instance through certain motor cells to the fibres by which the
muscles of inspiration are innervated. The movements so pro-
duced failing to improve the condition of the blood, impulses of
ever increasing force pour in insisting upon this result. These
more powerful impulses overflow the channels through which
the respiratory reflex is ordinarily carried out and traverse
routes in which the resistance is normally greater than it is in
these well-beaten paths. Their passage is aided by the direct
action of the venosity of the blood which like strychnia
and certain other poisons increases the transverse conduc-
tivity of the cord, and so at last the impulses are distributed
to all the motor cells of the system. It is quite possible no
doubt to speak of centres of deglutition, vomiting, respiration and
all the other reflex actions in which the vagus nerve plays a part
without 1magining the existence of separate cell-groups in the
medulla to serve as offices fromn which they are directed, but
the term “centre” is a misleading one and the real state of
affairs would be better expressed in language borrowed from

H. 2
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the science of electricity. In electricity the expressions shunt
and lines of conduction have acquired a definite meaning and
would well serve our purpose. The views here advocated are
by no means new. G. H. Lewes, for instance, bitterly resented
the tyranny of the nerve cell, and since the date at which he
published, various groups of cells, which, by presiding over
special reflex actions were supposed to diminish our difficulty in
understanding the initiative of vital processes, have been shown
to have no such funection. My protest is based on different
grounds to Lewes’, and my wish is, not to introduce any new
theory of nerve action, but merely to curtail those already in
circulation. The centre theory exaggerates the phenomena of
localization of reflexion. It compels one to picture a specializa-
tion of structure which does not exist—from sacral cord to optie
thalamus the central nervous system consists of sets of elements
in definite numerical relation to its entering and issuing fibres,
no alteration in this proportion occurring in the medulla or
elsewhere at the seats of the so-called centres. It is impossible
to imagine these centres except as consisting of cells, whereas
physiologically the cells are of secondary consequence, the
fibres and meshwork of processes being first in importance.
In lower Vertebrates these latter constitute a simple strongly
“marked system while the cells are inconspicuous, In certain
instances, on the other hand, the retina for example, the cells
although large and structurally indistinguishable from others
supposed to be endowed with high functions, serve as we
know the purposes of nutrition and distribution of impulses
only.

It may be noted by the way that one of the most marked
phenomena exhibited during reflexion through the medulla is
the blocking of neighbouring conductors while vmpulses are being
reflected through a particulur shunt.

Meltzer' has noticed that during the act of swallowing the
heart’s beats are quickened, the blood pressure falls, respiration
is postponed. The same depression of the tendency to reflexion
through other “centres” appears to me to accompany any reflex
act.

L drehiv f. Anat. w. Physiologie, 1883, p. 209.
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The most sensitive measure of the quantity of impulses
passing across the medulla is the beating of the heart. There
is every reason for believing that impulses are constantly reach-
ing the medulla and being there reflected down the vagus nerve
to the heart, upon which they exercise a slowing influence.
Whenever the amount of reflexion is diminished the heart’s
action quickens, and such a diminution of reflexion is pro-
duced not only during the passage across of the impulses which
lead to swallowing but during inspiration, during (?) vomitfing.
and as I find to be remarkably the case during sneezing and
yawnang, although in the latter instance it depends principally
perhaps upon the deep inspiration. The quickening and slow-
ing of the pulse during respiration is commonly explained
by saying that the cardio-inhibitory centre is stimulated into
sympathetic activity, despite the fact that it is during inspira-
tion that its activity is diminished and the heart allowed to
beat more quickly,

To return to the anatomical question; Does this distribu-
tion of the grey matter of the central tube cease at the an-
terior limit of the mid-brain? Are the so-called “basal ganglia™
structurally and functionally superior to the metameric centres
of the spinal cord? Or, approaching the question from the
other side, do the optic and olfactory nerves differ from all
others in being unconnected with the central grey tube? In
the first place, we must make a broad distinction between
the optic thalami and the corpora striata. The former are
developed in the wall of the third ventricle, in the direct
continuation, that is to say, of the nervous axis. The latter
belong to the paired outgrowths of this vesicle, the cerebral
hemispheres; there is therefore no reason for supposing that
they ought to be placed together in a single category, or that
what applies to one must necessarily be equally true of the
other. Taking the optic thalamus first therefore, we note (1)
that 1t is impossible, in the adult, to separate it from the grey
matter surrounding the aqueduct of Sylvius; it is also absurd to
attempt to make a distinction between the thalamus and the rest
of the grey matter lying at the sides of and beneath the third
ventricle, In other words the thalamus is an integral part of

2—32
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the grey tube, which extends throughout the whole length of
the nervous axis. Further, (2) like the small-celled grey matter
of the spinal cord, the thalami are connected together by a grey
commissure. (3) Although the minute structure of the thalamus
is not sufficiently well known for us to assign to it, with
any degree of certainty, its functions by comparing its structure
with that of the spinal cord; it is certainly very similar
to the parts which we have elsewhere regarded as the
primary metameric centres of the sensory nerves. More par-
ticularly does it resemble the small celled formation of the
Medulla Oblongata. (4) In its development it follows the same
sequence as the rest of the grey tube both in time and in cell
differentiation. It lies immediately on the outer side of the
epithelium, on the inner side of the white tube. Everywhere else
the grey matter of the posterior horn is built up around the sub-
stantia gelatinosa of Rolando, a tissue of remarkable importance
in the foetus. Lowe! has shown that this substance constitutes,
in the thalamus, the “centre médian " of Luys. What reason is
there therefore for supposing that the plan carried out in every
other metamer of the body is suddenly abandoned when we
reach the first ? In other regions the sensory nerves terminate
in a small-celled formation of their own metamer; the connee-
tion between the optic nerve and the thalamus (including in
the thalamus the habenula and geniculate ganglia) is so well
known as to need no illustration. The optic thalomus is there-
fore the primary metameric centre of the optic nerve. Is it
exclusively devoted to this nerve? This question can only be
satistactorily answered by noting its development in blind
animals. In the mole the thalamus is small but not ab-
sent. We have, moreover, another nerve developed in connec-
tion with the anterior cerebral vesicle, the olfactory. As Mar-
shall® has shown, this is to be seen in third-day chicks, arising
from the neural ridge of the anterior cerebral vesicle. It must
therefore be primarily connected with the grey matter lining
this part of the involuted epiblastic tube. There is good reason

v Beitriige zur Anatomie w. z. Entwick. des Nervensystems. Bd. 1. 8. 102.
* Proe. Royal Socicty, No, 193, 1879; also Vol. xxvrL. p. 50; also Quart. Journ.
Microscopical Science, 1878, p. 17,
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for believing that the primary nerves are not only early con-
nected with the central grey tube, but are actual outgrowths of
this structure, their axis cylinders being nothing more than
the processes of the first nerve cells. As Marshall points out,
the connection of the olfactory nerve with the cerebral hemi-
spheres is secondary and adaptive only. If this be so, I should
insist that their primary connection must remain, however
much this connection is obscured by adherence to the margin
of the cerebral mantle, and possibly even by interruption by
cell elements. Nor is this connection with the anterior part of
the grey matter so difficult to realize in the adult. In all
animals with a well developed sense of smell, the external
olfactory stria passes into the pyriform lobe, which is again

‘connected with the anterior part of the thalamus by the strongly

developed fornix. In the hardened brain of the ox, as shown
in fig. 12, these parts can be most easily broken off, and con-

Fra. 12. Fornix, pyriform lobe and olfactory bulb, broken off from hardened
brain of Ox.

stitute a single piece, with a spiral twist, the continuity of

which it is impossible to doubt. The olfactory nerve, on its
course to the thalamus, does not appear to become directly con-
nected with the cerebral hemisphere, but merely involved in



AL FORNIX OF PORPOISE.

the lower free border of its cortex. That a {functional
continuity exists, I have proved by examining the brain of
a porpoise (Phociena vulgaris, kindly placed at my disposal by
Mr Clark). In this animal no olfactory nerve is developed, no
pyriform lobe, no hippocampus major, and but a rudimentary
fornix. Indeed the fornix proper cannot be said to exist, for
the part developed contains merely the longitudinal commis-
sural fibres which, in addition to its olfactory elements, belong
to this structure. As far as I am able to trace them, the fibres
contained in the body of the fornix are those denominated by
Huxley “precommissural.” The columna fornicis does not appear
to be present. [These and other allied questions however I
shall hope to be able to answer as soon as I can obtain a supply
of fresh porpoise brains.] The brain of the porpoise is remark-
able for the great quantity of commissural fibres which it con-
tains as compared with the direct fibres from the crura; the
Cingulum for instance 1s extremely developed.

¥ra., 13.
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In fig. 13 I have represented, for the sake of comparison,
the actual size of the body of the fornix as found in the
brains of an ox and of a porpoise. The former brain weighed
8% ounces, the latter 9. When the posterior pillar is traced back
to the hippocampus, the comparison is still more instructive.
I have not, however, as yet succeeded in obtaining the brain of
a porpoise in sufficiently good condition for close microseopie

study, and will not therefore at present enter into particulars ¢
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as to the structure of the hippoeampus. It is, however, cer-
tain that the cortex mantle terminates in this region, as it does
above the corpus callosum, in a blunt border, over which is
folded the plicated velum interpositum, on which again rest but
a few scattered bundles of fibres as sole representatives of the
corpus fimbriatum,

Although, for reasons to be stated further on, I consider the
fornix root to be the primary and important one, it is not
necessarily in the adult the only course taken by fibres of the
olfactory nerve in reaching the thalamus. In the higher mam-
mals, the stria interna is almost as large as the stria externa.
What becomes of its fibres, however, is extremely doubtful. It
used to be supposed that they crossed to the opposite temporo-
sphenoidal lobe in the anterior commissure. This commissure
is certainly large in most animals with a keen sense of smell.
On the other hand, it reaches its greatest development in
the Monotremata, in which the stria interna is absent. Broea
traces the stria interna to the “carrefour” at the anterior end
of the gyrus fornicatus. This again, for comparative reasons,
I should regard as absolutely out of the question. As this
question of the cortical distribution of the olfactory nerve has

Fic. 14. Copied from Broea's paper. The olfactive region left unshaded.

an important bearing upon the theories enunciated in the latter
part of this thesis, I have reproduced here Broca’s scheme,
Fig. 14 1s copied from his paper, “Sur les centres olfactifs”
(Rev. d’Anthropologie 2° série, T. 11. p. 38G. See also “Le






































































































