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xil INTRODUCTION.

barren prospect as a list of names, holds out
but little to attract the most zealous among
students, while the dryness of unconnected
detail, and the obstacles to clear concep-
tions engendered by the absence of every-
thing like arrangement, almost certainly
deter him from attempting to learn more
than is required to prepare him for exami-
nation for the diploma. It is unfortunate
indeed that candidates for this honourable
certificate are still very generally required
to describe the appearances presented by
the brain dissected, or rather destroyed,
by the old method of slicing; a method
most unphilosophical in its conception,
and totally inadequate to impart any real
information in regard to the structure of
the organ. And 1 do not hesitate to affirm
that this circumstance has contributed es-
sentially to retard the diffusion of sound
knowledge in regard to the anatomy and
physiology of the most important system
in the body.

Vieussens, as earlyus 1684, demonstrated
the fibrous structure of the medullary por-

tion of the brain. And Reil in 1807-8
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published his researches on the structure of
the cerebellum, which were in the course of
various succeeding years followed by some
very elaborate and interesting Inquiries
into the structure of the cerebrum. Since
this time Gall and Spurzheim have followed
in the same path, while Vieq. d’Azyr, the
Wenzels, Soemmerring, Tiedemann, Serres,
and a host of others have added immensely
by their labours to our stock of informa-
tion on the true structure of the enke-
phalon.

Cuvier, in the report which he made to
the Académie Royale des Sciences de Paris
upon M. Serres’ work, De I’ Anatomie Com-
parée du Cerveau, remarked very forcibly
on the inconvenience of dissecting the
brain from above downwards in the man-
ner generally pursued, and he showed that
in consequence of comparative anatomists
adopting this mode of dissection, their
researches iInto the constitution of the
nervous system of the lower orders were
productive of very imperfect results, in as
much as the chain of resemblance between
the lower and the higher orders of animals
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was soon lost sight of ; whilst M. Serres,
by commencing with the dissection of the
spinal cord, and tracing it upwards, was
enabled to throw great light on this in-
teresting branch of physiology, and to prove
that there is a regular gradation in these
parts, that the chain is perfect, and that
such differences as do occur simply consist
in the abstraction of parts, and the loss
of those powers which have been proved
to be dependent on them.

Familiar with these expressions of con-
demnation of the old method of dissecting
the brain, and from such high authority, I
have endeavoured, without presuming to
arrogate to myself the credit of disco-
vering any new system, to lay down a
plan for the study of the anatomy of the
cerebro-spinal axis, founded upon the ra-
tional basis of investigating its structure in
man by the light of comparative anatomy.

General principles have never been dis-
covered by the observations of isolated
facts; a tissue of such facts was therefore
of little or no practical value to the student
in medicine; and in studying the brain

il
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by the old method he was merely loading
his memory with a number of names un-
connected with all besides included in his
studies, and without the most remote bear-
ing upon the object of these studies, the
practice of medicine and surgery.

There can be no question but that the
only philosophical method of simplifying
and giving a character of general interest
to the anatomy of the buman brain, is by
commencing with the structure and func-
tions of a nervous system in the lowest and
simplest forms of animal existence, and
from this rising by degrees to the highest,
carefully observing each addition of parts,
and the relationship borne by these to an
addition of function. By pursuing this
course we shall be rewarded by finding that
the enkephalon, this apparently most com-
plicated organ in the human being, is but
a gradual development from an extremely
simple fundamental type on one uniform
and harmonious plan, and that the seem-
ing complexity of the cerebro-spinal axis
in man really arises from the great con-
centration, as opposed to the extreme dif-
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fusion of its component parts in the lower
order of animals; for in no particular
are the higher orders more strikingly di-
stinguished from the lower than in the
concentration of function within circum-
scribed spaces. In following out the plan
I have adopted in the following work, I
shall strive to avoid, on the one hand, fall-
ing into the error of attempting too minute
a detail of all the various discoveries which
have been made, and giving an account of
all the various opinions which have been
broached, and on the other, of basing my
descriptions, or confining my views to the
circle of my own individual researches and
speculations. My constant object will be
to clear the path of all unnecessary incum-
brances ; and carefully arranging whatever
is known upon the anatomy and physiology
of the human brain, to keep in view the
principle which Herschel has so concisely
stated, that ““Science is the knowledge of
many, orderly and methodically arranged
and digested, so as to be attainable by

3"

one.







2 COMPARATIVE ANATOMY.

the office of a nervous system in the execution of
those acts which are exhibited to us by living
beings ; for by such investigations the physiolo-
gist, discovering that the development of their
internal organs corresponds with an increased
capacity of enjoyment, the existence of which is
demonstrated by their habits and instincts, obtains
the only evidence which a science of observation
like physiology is capable of affording that they
stand in the relation of cause and effect.

On this principle, I consider that the study of
the anatomy and physiology of the human brain
could not be introduced to the student in a
more philosophical manner, or with a prospect
of greater advantage to himself, than by taking
an extended but general view of the nervous sy-
stem of the lower orders of animals. I shall not
enter with much detail into the immense variety
of forms which the study of the nervous system
of the whole animal kingdom presents to us, be-
cause I merely wish to use comparative anatomy
as an ally in my attempt to simplify the study of
the human brain, without regarding it, as it really
might be, as an object of extreme interest inde-
pendent of the service which it thus is capable of
rendering to the student in medicine.

The celebrated Haller, who thoroughly felt
the value of comparative anatomy in the study of
human physiology, and the importance of taking
this course when reasoning on the functions of a
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nervous system, after observing that a brain and
medulla spinalis are met with in animals with a
head and with eyes, says, “ Neque credo aut
oculos absque cerebro, aut absque oculis cerebrum
in ullo animale reperiri. Sunt ergo sua cerebra
vermibus, mytulis,” &ec.!

All physiologists of the present day agree in
considering the nervous system as the medium by
which animals are connected with the external
world. But when, in our dissection of some of
the inferior orders of animals in whom there is
an evident susceptibility to receive impressions
from external nature, and to re-act upon those
impressions, we are unable to demonstrate the
existence of a nervous system, we feel rather at a
loss to reconcile this apparent discrepancy, and
come to the conclusion that the sentient matter
which we call neurine is dispersed in such mi-
nute quantities throughout their tissues as to
escape observation.

Dr. Macartney adverts to this opinion, when
after proving the very minute quantity of real
nervous matter which exists even in the human
brain, he remarks, “ We can hardly take upon
ourselves to say that the simplest animals, and
even plants, may not have some modification of
sentient matter incorporated in their structure,
instead of being collected as in the higher orders

! Elementa Physiologica, vol. iv. p .2.
B2
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of animals into palpable membranous cords or
filaments!'.”

The polypiferous tribes of animals afford us
the best specimens of living beings exhibiting a
certain extent of consciousness, but without any
distinct nervous system: the polype, which sim-
ply consists of a digestive cavity, is supplied with
exquisitely sensible tentacula, which feel with pre-
cision, seize upon all the food within their reach,
and convey it into the stomach. But that such
instances are viewed as exceptions to the rule of
the manifestations of consciousness being in di-
rect relation to the degree of development of a
nervous system, is proved by the fact, that physi-
ologists have considered the intimate connexion
existing between the nervous system and the
grade or condition which the animal occupies in
the scale of created beings as the best principle
of classification. Proceeding on this plan, the
animal kingdom is divided into four subdivisions,
which are termed the

Cyclo-neurose of Grant, or Radiated of Cuvier.

Diplo-neurose Articulated
Cyclo-gangliated —— Molluscous
Spini-cerebrata Vertebrated

To which may be added a group of still lower or-
ganization, answering to the Acrita of MacLeay,

! Observations on the Structure and Functions of the Ner-
vous System; read before the British Association at Cambridge
in 1833,—Med. Gazette, vol., xiv. p. 842,
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in which the neurine, if existing at all, being in-
corporated with the other tissues, cannot be de-
monstrated as forming a separate system.

It will generally be found that the Cyclo-neurose
1s the most simple; the Diplo-neurose the next,
and so on. But this is not uniformly the case;
for the nervous system, to which, as being the
most simple, it will be desirable first to direct
our attention, is taken from the division of the
Diplo-neurose: but it is not improbable that the
simplicity in this instance arises solely from its
being imperfectly developed or in a rudimentary
state, and may perhaps therefore be considered
as affording an imperfect type of a nervous sy-
stem.

As my present object in alluding to the nervous
organization of the lower orders is not, as I have
said, to carry my readers minutely into the sub-
ject, but solely to make the study of the human
brain more simple and interesting, I shall confine
myself to the description of the most prominent
features in each division.

Before we commence the study of the anato-
mical arrangement of the individual parts com-
posing the nervous system of the lower orders,
and trace their relations to the cerebro-spinal
system of man, we ought to investigate the phy-
sical characters of the material of which they
consist. In so doing, we shall be struck with the

simple plan upon which these organs, as every
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other in the construction of a living being, are
formed ; for instance, the bones are composed of
a membranous network, in the meshes of which
earthy matter is deposited to give them that
firmness which is required for their office in the
animal economy; muscles consist of a membra-
nous network, in the interstices of which matter is
placed endowed with the power of contraction on
the application of its appropriate stimulus; and
the nervous system, consisting of a membranous
network in the interstices of which is deposited a
peculiar substance denominated neurine, forms
no exception to this beautiful simplicity. There
are two kinds of neurine, differing both in con-
sistence and colour, one being of a pearly white
and fibrous texture, the other ash-coloured or
grey, soft and pulpy: this difference of colour is
most evident in man and the higher orders; the
difference of texture depends in all probability
more upon the arrangement of the supporting
membrane than upon any peculiar difference be-
tween their elementary particles of neurine.
This variety of colour is not confined to the
human brain, or even others of the higher orders;
for Cuvier states that the ganglia in the Heliz
stagnalis and H. ecornea are bright red; in the
Aplysia blackish red and granular ; and the gan-
glia of the freshwater Muscle are well known to

be of a bright yellow, while the connecting nerves
are uniformly white.
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Professor Ehrenberg' has shown that neurine
actually consists of very minute fibres ; and he in-
forms us that these fibres can only be discovered
by the aid of a magnifying power of 300 diame-
ters, and that he was sometimes obliged to have
recourse to a much greater magnifying power, as
800 diameters, in order to bring them into view.
He examined thin slices of the recent brain, and
states that the fibrous structure was in general
most obvious at the margins of the slices, These
fibres in the cineritious portion are interspersed
with globules and plates; the greater number of
these fibres instead of having a regular cylin-
drical form are knotted like a string of beads,
the swelled portions being situated at some di-
stance from one another, and united by narrower
parts which are continuous with them, and are
formed apparently of the same material.

Besides these fibres, which Ehrenberg ecalls
articulated, he observed towards the base of the
brain and crura cerebri, other somewhat larger
fibres, of a regular cylindrical form, interspersed
upon the knotted ones. The cylindrical fibres
are about }5th of a line in diameter.

The cortical substance seems, according to
Ehrenberg’s observations, to differ from the me-
dullary or white chiefly in the want of the straight
cylindrical fibres, and the articulated fibres being

? Edinburgh New Philosophical Journal, July 1834.
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contained in a denser network of blood-vessels, and
being covered by a layer of free granules larger
than the dilated parts of the knotted fibres.

The cylindrical fibres are tubular, containing
a granular medullary matter ; the articulated ones
do not appear to be so.

The optic, olfactory and auditory nerves are
composed of the articulated fibres, while those of
motion are clearly cylindrical, but seem to be
continuous with the articulated fibres of the brain
and cord : the structure of the nerves of ordinary
sensation is not so clearly ascertained.

Comparative Analysis of White and Grey
Cerebral Matter.

M. John'is the only chemist who, in his analy-
sis of the brain, has hitherto separately examined
the grey and white matter. He has stated that
the white matter contains more fat than the grey,
and that its albumen is more firm. The following
comparative analysis was made of the brain of one
of the insane patients who died at Salpétriere.

Entire brain (density=1048.)
L h 1 SRR R R s . e R 1
DETHINEN. < Siennasidvasninn ok vanassonss s asde | DG
Wihite Tatby makter. | ..laeietice smesnevoan, VS
Red fatty matter .. .....cooniannrs i s = 341
Osmazome, lactic acid, and salts......... 20

Earthy phosphates...ccve .o cinesvninrennne 101

Y Journal de Chimie Médicale, August, 1835.
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White substance. Grey substance.
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The most simple form in which we find the
nervous matter arranged when so completely se-
parated from the rest of the body as to constitute
a distinct nervous system, is in the Ascaris, a spe-
cies of intestinal worm: we can scarcely conceive
an animal having its relations to the external
world more limited than this: it has not even to
seek its food beyond the narrow spot to which its
existence is confined, and can therefore have
little necessity for a nervous system, and we find
it accordingly but imperfectly developed.

Jules Cloquet has given us the best account of
the nervous system in these animals: it is from a
work published by him on this subject in 1824, that
the following account and drawing are derived.

Two white cords, rather thicker in the middle
of the body than at the extremities, composed of
a series of small lines united at angles, or, as it
were, broken and slightly swollen at each angle,
sending to the right and left filaments so thin that
they escape the eye, except when seen through a
magnifying lens, constitute their nervous system.
These cords are situated within the plane of

B S
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muscular fibres, and descend, the one on the ab-
dominal, the other on the dorsal surface of the
alimentary canal: see Plate I. fig. 2. The ab-
dominal nerve forms a circle around the vulva of
the female, as will be seen by reference to the
diagram ; the slight enlargements Cloquet re-
gards as ganglionic. :

Laennec, Otto, Lamarck and Cuvier all agree
with Cloquet in considering the lines above de-
scribed as the nervous system. Nevertheless it
appears to me extremely probable that these cords
do not represent a perfect type of a nervous sy-
stem, even in its most simple form, but that in
this individual it has been arrested in its develop-
ment at a period corresponding to one of the
regular stages through which the nervous system
passes in the higher orders, in whom we know that
the nerves are developed first, and the centres
or ganglia afterwards; and in this animal, where
the ganglia scarcely exist, is it not possible that
the organization is incomplete ; that the animal,
in fact, is not perfect; that the conducting por-
tion of the nervous apparatus has been formed,
but not the point from which the power emanates
requiring to be conducted ?

The above simple arrangement perfectly cor-
responds with the first appearance of the cerebro-
spinal axis during the development of the verte-
brated class of animals, and affords a beautiful il-
lustration of thelaw, that the higher classes of ani-

— el s
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mals during their development go through some of
those forms which are permanently retained by
the lower orders; and although this interesting
subject will be dwelt on at length in the section
on the development of the human brain, I must
not entirely pass it over in this place.

As the ovum of the bird affords the greatest
facility in the study of its progressive develop-
ment, the appearances, as observed in this class
of animated beings, will be described; observing
at the same time, that we have every reason to
believe similar phenomena take place in the de-
velopment of the whole series of vertebrated ani-
mals.

The following description of these changes are
derived from a very useful and instructive paper
published by Dr. Allen Thomson.

“If the egg of the common fowl be examined
seven or eight hours after incubation, a dark line
may, with the aid of a magnifying lens, be disco-
vered on the upper part of the cicatricula, or germ
spot, towards the centre of that portion of the
disk, or germ spot, which from its greater transpa-
rency is called the transparent area.

¢ This line or primitive trace, is swollen at one
extremity, and is placed in the direction of the
transverse axis of the egg; its rounded extremity
is situated towards the left when the small end of
the egg is turned from us, and indicates the place
where the head of the feetus is afterwards formed.
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L

¢ This large extremity occupies very nearly the
centre of the transparent area, while the linear
part of the primitive trace, corresponding to the
body and tail of the feetus, approaches the mar-
gin of that area on the right side.

¢ As incubation proceeds, the whole cicatricula
expanding, increases in size. The transparent
area becomes larger, more pellucid and defined.
We are indebted to Pander for the important
discovery, that towards the 12th or 14th hour the
germinal membrane becomes divided into layers
of granules—the serous and mucous layers of the
cicatricula; and that the rudimentary trace of
the embryo, which has at this time become evi-
dent, is placed in the substance of the uppermost
or serous layer: the part of this layer which
surrounds this primitive trace soon becomes
thicker, and, on examining this part with care,
towards the 18th hour we observe that a long
furrow has been formed in it, in the bottom of
which the primitive trace is situated. About
the 20th hour this furrow is converted into a
canal, open at the two ends, by the junction of
its margins. The canal soon becomes closed at
the cephalic or swollen extremity of the primitive
trace, at which part it is of a pyriform shape, be-
ing wider here than at any other part. (Plate I.
fig. 2. 24th hour.) Some time after the canal be-
gins to close a semifluid matter is deposited in
it, which, on its acquiring greater consistence, be-
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comes the rudiment ofs the spinal cord, which at
this period consists, therefore, of merely a dou-
ble white line of semifluid neurine';” perfectly
similar in appearance to the nervous cord in the
Ascaris.

Let us next direct our attention to the nervous
system of one of the Asterias; it is beautifully
simple, and not the less instructive, for in these
specimens of the Radiata we meet with one of the
earliest instances of unequivocal voluntary loco-
motive power ; and when in accordance with these
manifestations of consciousness and the power of
commanding the execution of certain offices in
different portions of its frame, we detect nervous
cords emanating from nervous nodules, we are
induced to regard them as the instruments em-
ployed in the production of these phenomena.

Tiedemann was the first to prove decidedly the
existence of a nervous system in the star-fish.
His account was published in 18162, accompanied
with a beautiful drawing of it, representing a
ring surrounding the cesophagus giving off a fila-
ment to each ray, besides ten smaller ones, which
he believes to descend to the stomach: at the
same time he observes, that he could not disco-
ver anything like ganglia; but in an excellent

! Edinburgh Philosophical Journal, p. 299, October, 1830.
2 Anatomie der Rihren-Holothurie des Pomeranzfarbigen
Seesterns und Steinseeigels,
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preparation of the twelve-rayed star-fish in the
museum of King’s College, twelve little nodules of
neurine or ganglia, one opposite each ray, may
be distinctly seen, from which fig. 3. Plate L. is
taken.

This nervous system, simple as it is, forms an
accurate type of the most complicated in the
highest species of animated beings, containing, if
I mistake not, exactly the same number of ele-
ments; and the distinct portions to which we
must now attach different names, should pecu-
liarly engage the student’s attention when thus
presented to his observation under this the most
simple form: if this be not done, when called
upon to trace the same arrangement in the human
being, he will be in danger, from the greater
number of similar parts closely connected toge-
ther appearing to do away with this fundamental
simplicity, of being lost in the labyrinth of per-
plexing obscurity, which seldom fails to disgust
those who attempt to learn the structure of the
brain in the ordinary method.

The three portions may be designated, gan-
glia, commissures and nerves.

The small swellings or nodules of neurine, are
the ganglia.

The cords which pass between the different
ganglia, and thus connect them together, are the
commissures, or apparatuses of union,

The cords, which are connected to the ganglia

Pa— ==
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by one extremity and the textures of the different
organs by the other, are the nerves.

The term ganglion is not the best that might
he devised for the designation of this portion of
the nervous system, as merely signifying a knot:
it only characterizes its external appearance, with-
out in the slightest degree noticing its function
as distinguished from the nerves and commis-
sures.

But as it seldom answers to attempt a decided
change in the nomenclature of a science like ana-
tomy, which has existed for so many years, it will
perhaps be better to employ the same term in the
comprehensive meaning which comparative ana-
tomy justifies us in adopting.

Human anatomists have been too much in the
habit of considering a peculiar rounded form es-
sential to the constitution of a true ganglion,
not usually, therefore, applying the term gan-
glion to a collection of cineritious matter, unless
moulded into a knotted form and supported by a
dense membrane : thus the medical student has
been led to imagine that the neurine which is
contained within the human skull is altogether
different from the ganglia of the lower orders,
merely because it differs from them so much in
its outward appearance.

But the fact really is, that if the term ganglion
be correct as applied to the nodules of neurine or
centres of power in the lowest animals, it is equally
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correct to apply it to those of the highest; and it
therefore follows that the human brain i1s but a
series of large ganglia, though their close con-
nexion and the great size of the commissures
give to it a degree of complication which we can
only unravel by seizing the thread at this simple
though perfect type of a nervous system, and
never dropping it till it has conducted us through
all the various additions made to its fundamental
simplicity up to the perfect but complex organi-
zation in the human being.

That a peculiar form is not indispensable to the
constitution of a ganglion, even according to the
confined sense in which that term is used in the
descriptive anatomy of the human body, is proved
by the fact, that a simple layer of cineritious neu-
rine of a semilunar form lying between the dura
mater and skull in the temporo-sphenoidal fossa,
through which the posterior root of the fifth pair
of nerves passes, is described as being perfectly
analogous to the rounded firm knots which are
attached to the posterior roots of all the spinal
nerves: and the analogy is perfect; but it ought
to teach us this lesson, that a particular form is
not essential to the constitution of a ganglion. I
think, therefore, that we are justified in extending
the term ganglion; and I am quite sure that it
would enable us very.considerably to simplify the
anatomy of the human brain, if we were to apply
it thus to any collection of cineritious neurine into
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a eircumscribed mass, whatever form or arrange-
ment it may assume; for instance, the cineritious
neurine which forms the convoluted surface of the
hemispheres of the human brain I should deno-
minate the hemispherical ganglia; for the convo-
luted appearance arises solely from the circum-
stance that it was necessary a contrivance should
be adopted to pack a very extensive surface into
a small space, on the same principle, (and I trust
that the homeliness of my simile will be excused
for its simplicity,) that when we put a handker-
chief into our pocket we fold it up instead of
attempting to carry it about us spread out to
its whole extent. Now there would be just as
much reason to deprive the semilunar ganglion
of its generic title, and give it a name merely in
accordance with its appearance, as there is in
separating the hemispheres of the human brain
from their analogous ganglia in the lower orders,
and designating them by a term which gives a
mystery to their character they do not deserve.
‘When the physiologist is engaged in the diffi-
cult task of discovering the office of any particular
apparatus in the organism of an animal, there are
few proofs which are so clear and satisfactory as
those derived from some decided peculiarity of
structure: as a simple instance we may cite the
tubular form of arteries and veins, convincing us
that they are intended to carry fluids, and the
valves in the interior, proving to us that those
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fluids could only flow in one direction. Now in our
investigations into the functions of a ganglion as
distinguished from the other portions of the ner-
vous system, it is true that we shall not be able
to derive from the study of its structure proofs
of its function so clear and decided as those
just cited in reference to the circulating system :
but I firmly believe that by availing ourselves of
this legitimate source of information, as the first
link in a chain of inductive reasoning, we shall
be enabled to state with some degree of certainty
the broad line of distinction between the office
of the ganglia and that of the nerves and com-
missures in the animal economy. It must be re-
membered that the essential material of a nervous
system, that in fact by which it is distinguished
from every other, and upon which the peculiar
attributes and powers of this system depend, is
not uniformly alike ; it is not homogeneous ; it is
not everywhere the same ; its physical properties
are different in different situations; in one its
colour is grey and its texture is soft and pulpy,
in another it is white and distinetly fibrous: these
two are not found indiscriminately mingled, but
the grey or pulpy is always met with in a ganglion,
and the fibrous alone enters into the composition
of a nerve, while the commissures are occasionally
compounded of the two. From this circumstance,
and many others which follow, I come to the con-
clusion that the peculiar power of the nervous
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system resides in the cineritious portion, and that
the office of the medullary is simply that of a con-
ductor. This conducting power is of a threefold
kind :

Ist, As a conductor of the stimulus which
arouses the cineritious neurine into action (the

nerves of sensation);
2ndly, As a conductor of the will, which ori-

ginates in the cineritious or pulpy neurine (rerves
of motion or volition) ;

ordly, As an agent for the purpose of com-
bining the various impressions conveyed to the
eineritious neurine in the ganglion, which may thus
be viewed as a centre of power (commissures).

In short, I consider that the cineritious portion
of the nervous system stands in the same relation
to the rest of that system as the secreting portion
of a gland does to the rest of that organ; for the
one portion would be useless without the other,
and the central portion possesses its power inde-
pendently of the peripheral ; this is proved by the
fact, that in the case of a patient being paralytic
from disease affecting the motory tract, the in-
dividual as perfectly retains the power of willing
the motion of his limbs as previous to the oc-
currence of the disease, though his will is ne
longer conducted to the point where it would be
executed ; but this illustration does not of course
afford the slightest explanation of the mode of
action of these two parts, nor need it imply a belief
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in the existence of a physical change being ne-
cessary to the production of nervous action.

Meckel! says that ¢ the most probable hypothe-
sis is that which represents the greyand medullary
substances as two masses, the opposition or con-
trast. of which results from the difference which
exists in their structure and chemical composition,
and is necessary to the accomplishment of the
functions of the nervous system ; and that, how-
ever incontestable the importance of the grey
matter, it does not authorize us to believe that it
is more noble than the medullary ; that is to say,
that in this portion the spiritual changes corre-
sponding to the material pass into one another,
as Wengel appeared to believe when he says:
¢ Cinerea singularum cerebri partium substantia
videtur precipué¢ id esse, quo proprie cuivis
istarum partium sensationes efficerentur?;” and
that the office of the medullary is not simply that
of a conductor.”

Various opinions might be stated on this sub-
ject, but they appear to me too vague and unde-
fined to be worthy of particular attention; such, for
instance, as the office of the cineritious neurine
being that of a gland for the secretion of a nervous
fluid, &e. It is true that the action of a gland
affords us a good illustration of the relation which
these two portions, the cineritious and medullary

1 Vol. i. page 256.
“2 De Penitiori Cerebri Structurd, cap. vi. p. 69.”
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matters, bear to each other, but not the slightest
explanation of their mode of action:

These opinions regarding the vital powers of
the cineritious neurine in distinction to that of the
medullary, appear to me to be strongly supported
by the relative proportion of the cineritious mat-
ter and the medullary in the different portions
of the spinal cord. For instance, the cineritious
is abundant in that part of the cervical portion
of the cord with which the large axillary nerves
are connected, as reference to the diagram of
these parts will prove ; while in the dorsal portion
of the cord it forms little more than a narrow
streak, which the small size of the dorsal nerves
seems to account for, In the lumbar region the
cineritious matter is again abundant, even to its
very termination, and the nerves connected with
it are very large, while the medullary matter, in
this situation very scanty, forming little more
than a thin layer, and uniformly though slightly
increasing from this point upwards, confirms the
idea of its office being that of a conductor; for
as each nerve of sensation joins the cord, it in-
creases the layer of medullary matter, in the same
ratio as each motory diminishes it on quitting the
cord ; for I think that no one in the present day
will doubt that each medullary filament of sensa-
tion is continuous from its peripheral extremity
in all tissues to the cineritious matter of the
hemispheres, and that each motory filament is
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continuous from the hemispheres to the muscles

they are intended to supply.

Tiedemann adverts to the fact which I have
just stated in the following manner; and though
his opinion on the use of the cineritious neu-
rine does not coincide with mine, still I consider
that his reasoning rather serves to confirm than
weakenit: ““The quantity of grey substance,” says
Tiedemann, ““in those parts of the spinal marrow
from whence issue the large nervous trunks, and
which receives so many vessels that Ruysch ima-
gined it entirely vascular, contributes certainly,
during life, to increase and exalt the nervous ac-
tion, according to this general law, that an organ
possesses more force and energy as it receives
more arterial blood. M. Gall is deceived in say-
ing that the grey substance, which he terms the
womb of the nerves, is the first formed, being
the producer and nourisher of all the nerves, I
allow, with him, that it strengthens and fortifies
the action of those parts of the brain and nerves
which emanate from it, in as much as this effect is
produced by the arterial blood which it contains,
and by the greater rapidity with which it repairs
the loss which the exercise of the vital action pro-
duces. I admit, then, an intimate relation between
the volume of the spinal nerves and the enlarge-
ments of the spinal marrow in those points from
whence these nerves issue. It is very easy to be
convinced of this in fishes, where the origins of the
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nerves produce particular ganglia, always when
the nerves and the organs to which they are dis-
tributed have acquired a greater development,
or when there are particular organs not found in
other fishes, The remarkable and regularly dis-

posed enlargements observed immediately behind
the cerebelluminthe flying-fish (7rigla volitans*)
are the origins of the nerves destined to the di-
gitiform prolongations peculiar to these fishes,
observed in front of the ventral fins, and provided
with numerous muscles, serving at the same time
as organs of touch and progressiont; of this I
have been convinced for some years. We find
also in the torpedo (Raia Torpedo) two large gan-
glia, situated also behind the cerebellum, the size
of which they much surpass, and from whence
issue the nerves analogous to the eighth pair,
which furnish a great number of branches to the
electrical organs of these fishes. The Raia cla-
vata, Raia Batis, Raia Pastinaca, and other
species of the skate properly called, present but
a very small swelling, giving origin to the eighth
pair, which in these animals are only distributed
to the gills. In the sheaf-fish (Silurus) the ori-
gin of the fifth pair of nerves forms a very volumi-
nous mass, because this pair sends large branches

¢ # Samuel Collins has described and represented them,—
System of Anatomy, vol. ii. tab. 70. fig. 3.

¢4 This I have demonstrated in a Memoir addressed to the
Academy of Sciences at Berlin.
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to the long barbules which cover the superior
maxilla, and to the muscles of these appendages.
We find similar enlargements along the spinal
marrow of most fishes®*. Thus, for example, in
the carp there are behind the cerebellum two
swellings, united together by a middle tubercle,
and representing in some degree a second cere~
bellum. We cannot then doubt that the local
augmentation of the mass of the spinal marrow,
by the addition of a greater quantity of this sub-
stance, is to exalt the action or activity of the
nerves which emanate from these ganglial.”

Dr. Fletcher®, of Edinburgh, in his Lectures,
when speaking of the distinction between a plexus
and a ganglion, says, ““ The abundance of grey
matter which they contain, and whick there is
good reason to believe is always a primary source
of some distinct faculty or power, &c.>” And
again, in another part of the same course of lec-
tures he says:

‘It is probable that no impediment whatever
is offered to the function of a ganglionic nerve by

“# Arsakay, loc. cit. p. 16. De posteriore Gangliorum Ence-
phalum constituentium Parte.

! Tiedemann on the Feetal Brain, translated by Bennet.

? It is with great pleasure that I embrace this opportunity
of expressing the high opinion I entertain of the late lamented
Dr. Fletcher’s talents and philosophical mind. Dr. Fletcher
had the honour of being among the first, if not the very first
lecturer in the kingdom who taught human physiology on the
wide and scientific basis of comparative anatomy.

% Ryan's Journal, April 18, 1835, page 961, note,




COMPARATIVE ANATOMY. 25

such a division as entirely paralyses the cerebro-
spinal. Such is the case with the latter only; be-
cause the white matter of the nerve, being de-
pendent for its energy upon the grey matter of
the central parts of this system, becomes of course
inert when separated from it: but no such line of
demarcation exists in the ganglionic system, every
point of every nerve of which contains white and
grey matter intimately interwoven together, and
may be considered, therefore, as a centre of ner-
vous energy to itself; and it is in this way only
that we can explain how the total removal of a
muscle from the rest of the body, which implies
a division as well of its blood-vessels as its nerves,
is not for some time effectual in destroying its irri-
tability.”

If it be true, then, that the cineritious mattey
alone is endowed with the faculty of generating
or producing power, while the medullary is sim-
ply capable of conducting it, we must conclude
that the nerves are not only the instruments of
conduction, but that those portions of the human
brain which are formed of medullary neurine must
perform exactly the same function, and that the
great transverse commissure or corpus callosum,
the longitudinal commissure or fornix, and in fact
all those commissures into whose texture the me-
dullary neurine alone enters, must necessarily be
conductors and not originators of the peculiar
powers by which the nervous system is distin-

C
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guished from every other. Is it not then ex-
tremely probable that the office of the commis-
sures is to enable the individual to compare
those impressions which are conducted to the he-
mispherical ganglia, the seat of judgement, me-
mory, &c., by the nerves of sensation from the
especial organs of sense in which they originate,
as the eye and the ear, &c.?

The vital phenomena which living beings pre-
sent to our observation are of two kinds.

The one comprehends all those functions which
tend to the maintenance and preservation of their
individual existence and the reproduction of their
species; while the other class of phenomena
brings them into relation with the external world,
informs them of the existence of surrounding ob-
_]Et::ts, and, manifested in the activity of the intel-
lectual faculties, teaches man in particular the
properties of bodies and the laws which regulate
them.

Those functions by which the nutrition and
growth of individuals and the reproduction of
species are effected, are common to all living be-
ings, vegetables as well as animals, and there can
be no life without them ; but the second order of
functions, the manifestation of which proves to us
that the individual is capable of receiving impres-
sions from external nature and of reacting upon
these impressions, showing thereby a conscious-
ness of their existence, is peculiar to animals.
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And all true physiologists, even from the time
of Aristotle, have observed more or less accu-
rately the distinction between these two classes
of phenomena, and arranged them accordingly.
Aristotle conceived that they might be classified
under three heads, vital, natural, and animal; the
first two comprehending those which we now
combine under the head of vegetable life.

Galen adopted the same arrangement, but
added the hypothesis that these functions were
superintended or controled in their operation by
presiding spirits; something in the same way that
some physiologists of the present day believe in
the existence of a single vital principle, whose
office it is to effect all the various vital pheno-
mena which are presented to our observation by
living beings.

Bichat arranged the functions, like many of his
predecessors, under two heads; but instead of re-
ferring the power, which appears to regulate and
preside over these phenomena, to some mysterious
spirit, he considered it to be dependent for its
very existence on the nervous system; and this
led him to divide the nervous material into two
systems, the one of which he called the nervous
system of organic, perhaps better called vegeta-
tive life, and the other of animal life.

The first of these systems used in man to be
designated the sympathetic nerve, from a belief
that it arose from the brain in a similar man-

c?
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ner to the cerebral nerves in general. Its ftitle
of sympathetic was owing to the idea that the
sympathy which exists between all the vital or-
gans was dependent for its existence on this
nerve. The idea that it arises from the brain is
erroneous ; for it differs from the cerebral nerves
as completely as the brain and spinal cord them-
selves do from the nerves which arise from them.
And the notion being rejected, it has since been
called the ganglionic system, a name which I
think objectionable, in as much as it might lead
the student to imagine that those nodules of neu-
rine called ganglia were peculiar to this system,
which as he advances in his studies he would find
to be erroneous.

It has appeared to me that in describing this
portion of the nervous system in man, it would
be better to designate it the Cyclo-ganglionic
system, as corresponding in its mere anatomical
arrangement with the nervous system of the
cyclo-gangliated or molluscous division of the
animal kingdom.

Some physiologists even of the present day
are divided in opinion as to which of the two sy-
stems, the eyclo-ganglionic or the cerebro-spinal,
the nervous apparatuses of the lower orders ought
to be referred. Before the cyclo-ganglionic system
had been acknowledged in man and the lower
animals as distinct from the cerebro-spinal system,

every appearance of a nervous system was very
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naturally considered as corresponding to the ce-
rebro-spinal.

But after the cyclo-ganglionic system was ad-
mitted to be independent in its powers in man
and the higher animals, physiologists, looking
only to resemblance in outward appearance and
not to analogy of function, began to maintain that
the nervous system of the lower orders corre-
sponded exactly to this, the system of vegetative
life of the upper.

It is now, however, generally believed that
where a distinct nervous system is present, and
there is an evident separation of the animal from
the organic or vegetative functions, in all probabi-~
lity there are two corresponding nervous systems,

And though it is difficult, most probably on ac-
count of its minuteness, in many of the lower ani-
mals to demonstrate the existence of the nervous
system of vegetative life, as distinct from that
of animal life, there is very little doubt that it
always exists; and it has in fact lately been de-
monstrated in many of the lower orders where its
presence was not previously even suspected.

Dr. Grant, in speaking of the nervous system
as developed generally in the animal kingdom,
says, ‘“The nerves of sensation and motion closely
accompany each other, forming by their union
cords or columns, or a cerebro-spinal axis; but
the sympathetic nerves, appropriated to the more
slow and regular movements of organic life, form
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a more isolated system, and these three systems
are developed together, almost from the lowest
animals '.”

The following literary history, from Dr.
Fletcher's Lectures, of the opinions held concern-
ing the uses of the ganglionic nerves from Galen
to Brachet is so excellent and comprehensive that
I think its introduction in this place will be ac-
ceptable to my readers. °° Before the time of
Galen the ganglionic system of nerves was en-
tirely unknown ; and although by him and his fol-
lowers, the Arabians, the existence of this sy-
stem, as well as its supposed origin from the
superior maxillary branch of the trigeminal nerve,
was pointed out, as well as its other supposed
origin from the abductor nerve was subsequently
by Eustachius, it was not till the time of Willis
that the ganglionic nerves were generally consi-
dered as a part of the nervous system at all.

“ Willis, however, still looked upon them as
merely an appendage to the cerebro-spinal sy-
stem, and represented them, both in verbal de-
seriptions of them and in his curious diagrams
of their distribution, as growing upon the latter
“ ut frutex super alio frutice.” And this notion
having been adopted by Vieussens (Neurograph,
1684), Lancisi (Opera Omnia, 1745), Meckel se-
nior (Mémoires de Berlin,1745), Zinn (ditto, 1753),
Hoare (De Ganglia Nervorum,1772), Scarpa (De

! Outlines of Comparative Anatomy, Part IT,
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Nerv. Gangl. 1779), Monro (On the Structure
and Function of Nervous Ganglia, 1783), Blu-
menbach (Inst. Physiol. 1786), Chaussier (FEa-
position, §e. 1807), Le Gallois (Sur le Principe
de la Vie, 1812), Beclard (El d’ Anat. Gén.1823),
Wilson Philip (On the Vital Functions, 1817),
Mason Good (On the Study of Medicine, 1825),
and numerous other writers, both bhefore and
since the time that their independence was in-
sisted on by Winslow, it has become a very pre-
valent custom to regard these nerves as of very
secondary importance ; and the names imposed
upon the system in general, as well as the uses
assigned to it, have generally corresponded with
this idea.

““The ganglions of the sympathetic nerve were
supposed by Galen, their discoverer, to act as
buttresses, in order to strengthen them as they
recede from their reputed origin;

“ By Willis as a kind of diverticula to the ani-
mal spirits received from the brain, and also as a
means of keeping up a sympathy between distant
organs: Vieussens and Meckel adopted the same
opinion.

¢ Laneisi looked upon them as forcing-pumps
adapted to propel the animal spirits along the
nerves.

““ The doctrine of the independence of the gan-
glionic system was espoused by Cuvier (Legons
d’' Anat. Comp. 1799), and particularly insisted
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on, with his accustomed eloquence, by Bichat (Sur
la Vie et la Mort, 1802), who represented all
the ganglions of this system as ‘“des centres
particuliérs de vie organique, analogues au grand
et unique centre de la vie animale qui est le cer-
veau;”’ and who further demonstrated, not only
that all these ganglions were collectively inde-
pendent of the cerebro-spinal system, but that each
ganglion was independent of every other; nay,
that each nerve proceeding from such a gan-
glion was in a great measure independent of that
ganglion, and even that each point of such nerve
was independent of all the rest, and constituted,
per se, a distinct focus of nervous influence.

““Richerand (Phys. 1804) and Gall (Anat. et
Phys. du Syst. Nerv. 1810) adopted similar te-
nets; and they are further inculcated by Wutzer
(De Corp. Hum. Gangl. 1817) and Broussais
(Journal Univ. des Sec. 1818), the latter in parti-
cular describing the ganglionic system of nerves
as possessing a peculiar kind of sensibility (i. e.
irritability), with which it immediately endows all
the organs destined for nutrition, secretion, and
the other organic functions, and, by means of its
repeated connexions with the cerebro-spinal sy-
stem, all organs of the body.

‘ Brachet in an especial manner (Sur les Fone-
tions du Syst. Nerv. Gangl. 1823) distinctly re-
presents the ganglionic system of nerves as the
seat of ““imperceptible sensation,” and as pre-
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siding in an especial manner over the several
viscera of the body'.”

In the animal which we have last described,
the Star-fish, it is evident that one of the earliest
forms of nervous system which is cognisable to
our senses, presides over the functions of animal
life; and its nerves, like the spinal nerves in man,
may most probably be divided into the two classes
presiding over sensation and motion respectively,
the motor nerves going to the arms, the sensory
to the stomach. In this individual all the ganglia
are of equal dimensions, none predominating in
size over, or differing in function from, the rest:
there is no concentration of power; all is equally
diffused.

The nervous ring which we observe surround-
ing the cesophagus in the Star-fish, constitutes
in the two next classes, namely, the Articulata
and Mollusca, the most uniform and apparently
the most important portion of their nervous sy-
stems. Everything like further development ap-
pears in the first instance to be merely in corre-
spondence with the general form and shape of
the animal: thus, in the long-bodied insects, as
the Caterpillars, Sandhoppers, &e., which con-
sist of a succession of rings, we find the ner-
vous system putting on the lengthened form;
while in the molluscous tribes, where external

! Lecture xviii. Ryan's Journal, vol. vii. p. 360.

¢a
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form appears, as it were, sacrificed to the ad-
vancement of their internal organization, all the
ganglia are scattered about without much appa-
rent regularity, though the whole still preserves a
very obvious circular arrangement.

In directing our attention to the relation which
the development of the nervous system bears to
the manifestations of consciousness in each indivi-
dual of the animal kingdom, it is interesting to
observe the relative position which the nervous
system, in its simplest form, holds to the alimen-
tary canal: we must not, however, attempt to
account for this circumstance by supposing that
the presence of a nervous system is necessary to
the solution, digestion, and assimilation of the
alimentary matter; for these processes are per-
fectly executed by the freshwater Polypus or
Hydra viridis, in which there is not the slightest
trace of a nervous system. Almost the whole ex-
istence of the lowest orders of animals appears
devoted to the acquirement of food and the re-
production of their species; apparently they an-
swer no other end in creation than that of ela-
borating a nutrient material for others that hold
a higher rank in the animal kingdom; and the
whole of their vital energies being devoted to
this object, we cannot be surprised that those
organs which are expressly constructed for its
fulfilment should be surrounded by, and thus in-
timately connected with, that system (the nervous)
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by which the animal is informed of the existence
of surrounding things, and is fitted to act upon
these to the extent of its limited necessities.

The next specimen of a nervous system to
which we shall direct our attention is taken from
the second subkingdom; the Diplo-neurose or
Articulated animals of Cuvier. This is almost as
simple in its arrangement as that just referred to,
although in general appearance it approaches
more nearly to that of the higher orders.

Plate I. fig. 5., taken from Dr, Grant’s Out-
lines of Comparative Anatomy, represents the
nervous system of the common Sandhopper, or
Talitrus Locusta; and it will be seen that here
likewise all the ganglia are of equal size and
nearly at equal distances: this form of nervous
system is seen in the embryos of the higher or-
ders of the Crustacea.

The next step onwards in the evolution of the
nervous system consists in the approach and close
connexion of the two longitudinal cords and their
accompanying ganglia, or to concentration of these
into a single cord as well as single ganglia. This
form is beautifully illustrated by that of the Cy-
mothea, Plate I. fig. 6.

In the Lobster we meet with the same arrange-
ment of neurine into single ganglia as we observe
in the Cymothea; but in addition to this, we per-
ceive that those which are placed nearest to the
head of the animal are much increased in size, a
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circumstance of which I shall consider the reasomt
very fully when I come to describe the nervous
system of some of the insects in whom it 1s even
more decided, though the general arrangement
is equally simple. The structure of the nervous
cord of the lobster is particularly interesting to
us as affording a very perfect type of the spinal
cord in man, in as much as distinet columns for
motion and sensation are capable of easy demon-
stration after the parts have been immersed for
some time in alcohol; an arrangement which,
though not susceptible of proof in the Asterias, in
all probability exists as perfect as in the specimen
before us. For, as Mr. Newport, in the interest-
ing papers which he laid before the Royal Society,
very justly observes, ‘‘ the same train of reason-
ing which led Sir Charles Bell to his discoveries
in the nervous system of the higher animals, must
long ago have taught us, that since the laws of na-
ture are simple and uniform, the same principle
exists through the whole series of animated be-
ings ;—that however altered in arrangement or
appearance in different parts of the series, struc-
tures corresponding to those which are endowed
with especial properties in man and his immediate
affinities, exist in every organized creature having
the powers of locomotion and sensation.”

““In the month of August, 1833,” says Mr. New-
port, ‘“after many dissections and examinations
of the animal [the lobster] in its recent state, I
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began first to hope for success; and in the be-
ginning of September completed a preparation of
the nervous system of the lobster, which I still
possess, that appeared to show the two motor
and sensitive columns, and I immediately com-
municated the circumstance to my friend Dr.
M. Hall. Early in October a second preparation
was completed, which showed these columns far
more distinctly than the first. Fearing the possi-
bility of a mistake, I showed the preparation to
Dy, Hall, and a few weeks afterwards to Professor
Grant, and many others: it is now in the pos-
session of Sir Charles Bell.

““The nervous system of Crustacea has been
examined by many anatomists,—Idwards, Carus,
Home, and others. In the lobster it is formed
upon the same general plan as that of insects.
It consists of two longitudinal cords, correspond-
ing to the halves of the body, united at certain
distances by ganglia (fig. 7. Plate L. 1 to 14).
These cords are double, each being composed of
two tracts, lying one over the other (fig. 8. Plate I.),
analogous to the motor and sensitive tracts in the
spinal column of Vertebrata. These tracts, how-
ever, are not readily distinguished until after the
cords have been kept for a short time in aleohol,
when they become very evident even to the naked
eye. The ganglia (fig. 8. Plate 1.) are fourteen
in number, one cerebral (A) and thirteen subae-
sophageal (C D). Seven of these are thoracic (C),
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and the remainder are post-abdominal or caudal
ganglia (D). They all belong entirely to the
sensitive tract, which lies nearest to the under or
exterior surface of the animal. The tracts are in
close apposition until they arrive at a ganglion.
The motor then becomes more distinct and passes
over the ganglion without uniting with it, and im-
mediately afterwards is again closely approximated
to the sensitive. A distinct line between the two
tracts extends along the whole lateral surface of
each cord, and is more or less evident in different
parts of its course. It will thus be seen that the
ganglia are situated almost entirely along the
under surface of the cords, and it is from these
that the sensitive® portion of the double or sym-
metrical nerves (o, 0, 0, 0, 0,) of the body take
their origin. The manner in which the nerves
from the motor tract unite with those from the
ganglia of the sensitive in the lobster to form

¢ ® While engaged upon the anatomy of the lobster I ob-
tained a large living specimen, which, although apparently vi-
gorous and healthy, appeared to suffer but very little pain when
pricked or pinched, and was of a much lighter colour than
usual, its whole covering being quite blue, instead of the usual
blackish purple. Upon kiiling the animal and examining its
spinal cords, the motor columns and nerves were of the usual
size and appearance; but all the ganglia of the sensitive co-
lumns, particularly those in the post-abdominal region, were
exceedingly small, and each inclosed only avery small nodule
of grey matter. May we not infer from this fact that the de-
gree of sensation in the nerves belonging to the spinal column
very much depends upon the size of the ganglia and the quan-
tity of grey matter they contain?
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these symmetrical nerves, is not at first very ap-
parent. Upon close examination it seems to be
by fibres coming off laterally from the motor tract,
just above the anterior margin of each ganglion,
passing backwards and outwards, and immediately
uniting with those from the ganglion in distinct
trunks. The ganglia in the thorax are rounder,
larger, and closer together than the caudal or
post-abdominal ones, and give nerves to the true
organs of motion, the legs; to the claws, mandi-
bles, and feelers; to the glandular structures,
and the circulatory vessels in the branchiz and
thorax. The caudal ganglia are of a much
smaller size, and are of an oval shape. Each of
these gives off two pairs of nerves (o, o), which
again divide into two branches, and pass outwards
close to the under surface of the body, supplying
the large trunks of circulatory vessels which pass
along the same course with them, and the exter-
nal layer of muscles. The posterior division of
the second pair from each ganglion is larger than
the others, in consequence of its again dividing
into two branches as soon as it reaches the lateral
margin of the body. The largest of these branches
(p, p) descends to supply the muscles of the false
feet, the other ascends to those of the lateral sur-
face of the segments. This is analogous to the
means by which the false feet are supplied in the
larva of Sphinx ligustri and other lepidopterous
insects, in all of which they are supplied from the
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ganglia in the abdominal region, which are analo-
gous to the post-abdominal of the lobster. The
terminal ganglion (Plate L. fig. 7.) is the largest,
and gives off four pair of large nerves, and, as in
insects, was originally formed of two ganglia.
The two terminal nerves (S) from this ganglion,
which has coalesced longitudinally, pass on each
side the rectum, and divide each into two branches.
The terminal branch supplies, and is entirely lost
in, the rectum and sphincter ani; and the other
supplies the muscles which elevate and expand
the anus in the expulsion of faeces, and the middle
lamella of the tail in which the anus is situated.
The remaining pairs of nerves (W) are given to
the other lamellee of the tail.

““All the nerves I have now described in the
lobster belong to what Sir Charles Bell calls the
regular or symmetrical, and come directly from
ganglia; but there are others (fig. 7. ¢, ¢,¢) which
come directly from the upper surface of the cords,
unconnected with those from ganglia. In the
caudal region there are two sets of these, poste-
rior to each ganglion. They arise from the tracts
by single trunks, each dividing into five or six
branches, that ramify in every direction, and are
given entirely to the muscles. Although at first
sight they do form ganglionic enlargements (g, ¢)
before dividing into branches, there are no gan-
glia upon them. This appearance is occasioned
by the approximated fibres which constitute the
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trunk being spread out, instead of rounded like
a cord. The two last of these nerves (Q) origi-
nate singly from the tracts, and are given to the
under surface of the rectum. In the thoracic-
region they come from the tracts (Plate 1. fig. 7.
L, L) immediately above the posterior part of the
ganglia, and are given to the muscles of the
branchiae!,”

From this beautiful arrangement in the organi-
zation of the lobster let us turn to one which will
serve to instruct us how wonderfully Nature varies
her resources according to the task she has to
execute, always maintaining real simplicity amidst
an almost boundless variety; teaching us also that
the shape alone and general outline of the com-
ponent parts of a nervous system in the lower
animals will guide us very imperfectly to its ana-
logues in man, and that we must search deeper
for a clue to unravel the structure of the human
brain. Instead of simply directing our attention
to the shape of the ganglia, we must rather con-
sider how far the distribution of the nerves which
we believe to be the conductors of the power
generated by the ganglia or centres, corresponds
in the specimens we select for illustration, Guided
by this principle we can always discriminate the
masses of neurine or optic ganglia in which the
optic nerves terminate in each individual in whom

! Philosophical Transactions, 1834, Part 11.
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optic nerves exist, and so of all the other centres
or ganglia which in the higher tribes of animals
especially are found so closely united that the
whole mass appears but as one, when it is called
the brain. On the same principle, in the spe-
cimen which we shall next attend to, we must
observe that the collection of neurine from which
the nerves of the extremities arise, though wholly
dissimilar in shape, is analogous to the spinal cord
of the Vertebrata [Plate 1. fig. 9.}, and that in
the common Crab the neurine, which in the last-
described species was deposited so as to form a
chain of ganglia spread along the surface of the
abdomen, is collected into only two masses, the
one situated in the head, and the other in the
thorax.

The anterior of these ganglia, the supraeso-
phageal or brain, is small as compared with the
posterior; for the organs of sense, whose nerves
terminate in this centre of power, are as yet but
imperfectly developed, while the muscular sy-
stem, deriving its supply almost entirely from the
posterior or thoracie ganglion, is large and pow-
erful.

The anterior ganglion is connected with the
posterior by two slender commissures in the form
of mere nervous threads, which, passing on each
side of the cesophagus, form with the ganglia

the same cesophageal ring we have before ob-
served,
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Advancing from this, one of the most concen-
trated forms of the nervous system in the Crus-
tacea, we next meet with a very decided step
towards the concentration of the higher orders
in some of the insect tribe; for the nervous ring
round the commencement of the alimentary canal
receives additional ganglia on its superior surface
until the whole mass formed by the union of these
nervous centres, or instruments of consciousness,
assumes the appearance, and seems entitled to the
appellation, of a brain.

The intimate connexion and apparent depend-
ence of the organs of sense, as the eye, &c., upon
those appropriate masses of cineritious or pulpy
neurine in which their nerves terminate, and to
which, therefore, we suppose the impressions of
light, &e., received on their peripheral expansions
transmitted in order to become perceived by the
animal, is beautifully illustrated by the various al-
terations which take place in the nervous system
of the Moth as it advances from the caterpillar
to the perfect insect, or imago.

In this part of my task I shall again avail myself
of the excellent descriptions of that most trust-
worthy and indefatigable inquirer Mr. Newport.

“The cerebral mass of neurine in the caterpillar
lies above the cesophagus, and is formed of two
lobules closely united, convex upon their upper,
and a little concave on their under surface, so as
in the middle line to accommodate themselves to
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the anterior part of the dorsal vessel which passes
immediately beneath them, and to the cesophagus
along which this is directed. The longitudinal
cords originate from the under surface of these
lobules, and passing a little backwards meet be-
neath the cesophagus, and by their uniting form
the heart-shaped or first ganglion [Plate L fig. 1.
(1)]. From this they are continued close to each
other into the next segment or true collar of the
future moth, and here connected from the second
ganglion [fig. 1. (2)], which is nearly of a spheri-
cal form. The cords then gradually diverge and
proceed apart from each other, passing on the
outside of and inclosing between them the inser-
tions of some of the diagonal muscles of the fu-
ture thorax, until they again unite in a third and
distinctly bilobate heart-shaped ganglion [fig. .
(3)]. From this they are continued in the same
manner into the fourth segment, and uniting,
form a similarly shaped fourth ganglion [fig. 1. (4)].
They then pass close to each other into the ante-
rior part of the fifth segment, and form a gan-
glion {fig. 1. (5)], the distance of which from the
fourth, like that of the second from the first, is
scarcely more than half of what exists between
any of the other ganglia. From the fifth they
are continued to the sixth, seventh, and so on to
the eleventh segments, forming in the middle of
each one nearly spherical ganglion [fig. 1. (5, 6,
7,8, 9,10, I11)], which has scarcely any appear-
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ance of having originally been formed of two
lobes. The eleventh ganglion, however, is di-
stinctly bilobate [Plate I fig. 1. (11)], and at this
period of the larva’s existence is in reality a dou-
ble ganglion, with a constriction in its middle,
which is more or less apparent in different indi-
viduals .”

It would be inconsistent with my purpose if I
were to expect the student to follow the descrip-
tion of the various nerves connected with these
ganglia in the present stage of his knowledge ;
nor do I conceive that such a proceeding would
diminish his difficulties in reference to the study
of the human brain : at the same time, however,
as he may find it interesting to refer to them
when he has investigated their distribution in
man, I will here introduce Mr, Newport's accu-
rate description.

“ Nerves of the Head.—When viewed from
above, the cerebral lobes are pretty uniform in
appearance, and are clearly distinguished from
each other by a depression between them. This
is more apparent on the anterior than posterior
surface, and arises from the lateral part of each
lobe being carried a little forwards, so that they
lie across the cesophagus in a curved or semilunar
direction. From the anterior and lower part of
each lobe originate four remarkable nerves,

1 Philosophical Transactions, 1832,
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“T'wo of these are distributed towards the front
of the head, near the flexor muscles of the man-
dibles ; a third passes a little forwards, descends,
and uniting with its fellow from the opposite lobe,
forms a circle round the cesophagus, to the under
surface of which it distributes a few filaments ;
while the fourth, which originates rather higher
up than the others, forms what has been called by
Lyonnet the recurrent ganglion and nerves.

“ From its origin this nerve is directed forwards
and downwards along the side of the cesophagus,
or rather posterior part of the mouth, but gra-
dually altering its course, inclines upwards and
inwards, and then a little backwards, until, by
meeting its fellow of the opposite side, above the
roof of the mouth, the two by their union form a
semilunar ganglion' immediately below the bifur-
cated portion and distribution of the dorsal ves-
sel. From the front, or most convex surface of
this ganglion, originates a small branch that dis-
tributes filaments in the direction of the superior
lip, while a large nerve is produced from the pos-
terior surface, which passes backwards beneath
the cerebral lobes, along the middle of the
cesophagus, covered by the dorsal vessel. On

' The presence of this ganglion at the central extremity of
the pneumo-gastric nerve, supports the opinion which I have
stated further on regarding the ganglionic character of the
corpus olivare in man, to which body I have no doubt it is
perfectly analogous. ]
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arriving at the stomach it divides into three
branches, which are distributed chiefly to that
organ. Throughout the whole of its course, from
the ganglion to this division into branches, it dis-
tributes filaments to the dorsal vessel and to the
cesophagus. I have not yet succeeded in tracing
it in this insect beyond the anterior part of the
stomach; but in the Gryllus viridissimus, Linn.,
I was once enabled to follow its central division
along the whole of the stomach and part of the
small intestine, from which, with a little care, it
was readily detached. Its length from the gan-
glion to the trifid division in the Sphinx is much
increased during the changes of the insect, and
corresponds precisely with the elongation that
takes place in the cesophagus. The form of the
ganglion undergoes no alteration.

‘ From the analogy that exists in the distribu-
tion of this nerve to that of the eighth pair in the
vertebrated animals, it is probable that its func-
tions are of a somewhat similar nature, — that
in reality it is the par vagum, or pneumogastric
nerve of insects. The other nerves from the
cerebral lobes arise nearer the lateral surfaces.
The first of these are destined for the future an-
tennze, and proceed from the front near the origin
of the cords, At the last period of the larva
state they are of considerable size and length, and
lie packed in sigmoid folds on each side the
head, within the cranium. The next are the
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optic nerves, These come from the upper part
of each lobe, and in the larva are scarcely more
than slender cords directed diagonally outwards
to the six minute eyes, In addition to these
nerves from the cerebral lobes there are also two
minute pairs which form very remarkable ganglia,
similar to those described by Straus Durckheim,
in his Anatomy of the Melolontha., These ganglia
I have ventured to call anterior lateral ganglia.
The two pairs of nerves originate, one from the
base of the nerve to the antennae, the other from
the posterior surface of each lobe, and they are
directed backwards and outwards, and after pass-
ing some distance unite and form an irregular lu-
nated ganglion, which is closely connected to an-
other of an oval form. Both these ganglia distri-
bute filaments to the muscles of the neck and to a
lateral branch of a dorsal vessel, and are connected
with a system of nerves derived from the large
ganglion in the second segment. All the nerves
which supply the organs of motion belonging to
the head and mouth, excepting only those to the
antennz, derive their origin from the first gan-
glion. There are four distinct pairs, three of
which proceed from the anterior and one from
the lateral surface of the ganglion. The largest
pair from the anterior surface are divided into
three branches, and go directly to the mandibles ;
the next to the palpiform spinnerets; and the
third apparently to the inferior lip, while the




COMPARATIVE ANATOMY. 49

fateral pair are given exclusively to the silk bags,

which afterwards are the salivary vessels of the
perfect insect.

““ Nerves of the Thorax.—They arise from the
second, third, fourth, and fifth ganglia, and their
intervening cords [Plate L. fig. 1. (2, 3, 4, 5)].

““The first pair from the second ganglion are
remarkably small in the larva, and their distribu-
tion is not easily traced. The second are large,
directed forwards, and divided into many branches,
which supply the muscles of the head and neck,
{fig. 1. (¢, ¢)]. The third are carried back-
wards for a little distance, and then turning for-
wards enter the first pair of legs [fig. 1. (d, d)].
Both the cords between the second and third
ganglia produce a single nerve, which is directed
backwards, and unites at an angle with the first
nerve from the third ganglion [fig. 1. (f, f)].
These form a single trunk, which goes to the
first pair of wings in the perfect insect. It is now
of small diameter, but is carried forwards and
distributes filaments among the muscles at the
anterior part of the segment. This trunk is also
connected with a system of nerves of which we
shall speak more particularly hereafter. The se-
cond pair from the third ganglion, [Plate I. fig. 1.
(3. g, g)], distribute from their base a small
branch, which looks like a distinct nerve, while
their main trunks, at a distance from the gan-
glion, divide into two branches, and are given to

D
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the second pair of legs. The cords between the
third and fourth ganglia also produce a nerve
that unites, in a manner similar to the preceding,
with the first nerve from the fourth ganglion,
[fig. 1. (4.7, i{)] and forms a trunk which rami-
fies among the muscles of the fourth segment,
and is destined for the second pair of wings. The
second pair of nerves from the fourth ganglion
[fig. 1. (4. %, k)] are given to the third pair of
legs. 'The nerves from the fifth ganglion [fig. 1.
(5. I, 1)] belong also to the thorax, and are those
which are given to the muscles of the hinder part
of the thorax in the perfect insect.

““ Nerves of the Abdomen.—All the nerves from
the sixth to the termination of the eleventh gan-
glion, belong to this division of the body ; and, with
the exception of those from the latter, are pretty
nearly uniform both in number and distribution.
Each ganglion produces one pair of small nerves,
and one of large. The small ones are given to
the flat and minute trachez of the ventral surface.
The large ones pass transversely across the seg-
ments, and divide each into two branches. One
of these passes over the inner range of fibres and
between the layers of abdominal muscles, and
following the course of the trachea gives its
branches to the dorsal musecles, and to the inte-
guments of the back; while the second, [fig. 1.
(ry vy 7, 7)] passing also between the layers of
ventral muscles, distributes its branches to their
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tached to the third ganglion give, in a similar
manner, some of their filaments intended for the
second pair of wings, and some to the muscles.
The second ganglion has the transverse plexus
from the first, attached pretty closely to its ante-
rior surface. This plexus distributes its nerves
laterally to the muscles of the head and neck. It
is also united by a small branch with the anterior
lateral ganglia, and with the first pair of nerves
from the second ganglion, so as to form a com-
plete link or medium of communication between
the nerves and ganglia of the head, neck, and
second segment. From the distribution of these
nerves it seems probable that they may constitute
the origin of a distinct system; but whether this
system in insects be analogous either to the sym-
pathetic or to the respiratory systemof vertebrated
animals, is yet a matter of inquiry. From the
principal branches from each abdominal plexus
being always distributed among the trachea, near
the spiracula, there seems reason for inclining to
the latter opinion.

““Such is the arrangement of the nervous system
when the larva has attained its full growth, and
ceased to eat, preparatory to its changing into a
pupa. Thirty days after the insect has become
a pupa the change in the nervous system is very
evident. (Plate I. fig. 11.) The cerebral lobes are
increased insize, the optic nervesa little extended,
and the first ganglion has been brought so very
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close to the lobes as to appear to constitute with
them a single mass, through which there is a
small aperture for the passage of the cesophagus.
All the ganglia of the thorax are much enlarged,
and the first pair of nerves which belonged to the
second ganglion in the larva now appear to take
their origin from the cords, and after anastomo-
sing with the second pair, to form with them a
plexus which supplies the neck and collar; while
the third pair passes before to the muscles of the
first pair of legs. The first pair from the third
ganglion, and the roots they derive from the cords,
are much enlarged, as also are the second pair
given to the second pair of legs. But the greatest
alteration is in the fourth ganglion, which is now
more than double its former size, is elongated
and bilobate, and gives off four pairs of nerves.
The first, including the roots they derive from
the cord, are given to the inferior wings; the
second, to the third pair of legs; the third pass
backwards to the muscles of the abdomen; and
the fourth are directed upwards, divided into
three branches, and are distributed to the poste-
rior muscles of the trunk. The fifth ganglion is
close to the fourth, and coalesces with it; the
nerves last described being those that originally
belonged to it. The sixth ganglion, much de-
ereased in size, is sometimes found at this period
close to the fifth, from which it is separated only
by a slight indentation. It is more frequently,

e g,
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however, at a short distance from it. The longi-
tudinal cords are no longer irregularly folded in
the abdomen; they now lie in a direct line be-
tween the ganglia, but neither these nor the cord
itself are increased in diameter.”

Without following out each different stage in
the gradually progressive change which the ner-
vous system of the pupa undergoes previous to
its attaining its full development in the imago,
we will advance at once to it in its most perfect
form, as represented in Plate 1. fig. 12.

The cerebral ganglia are now extended trans-
versely, and form, with the first subeesophageal
ganglion, and the enlarged crura which con-
nect them, one continuous mass around the ceso-
phagus and anterior part of the dorsal vessel.
The second ganglion has entirely shifted its po-
sition, and receded towards the middle of the
thorax, and has coalesced with the third, which
has entirely disappeared, and seems to have
joined in part with both the second and fourth,
and the intervening cords. This aggregation of
ganglia and cords is situated in the middle of the
thorax, and supplies all the muscles in that part
of the body. The longitudinal cords are con-
tinued from the hinder part of the fifth gan-
glion, and just before leaving the thorax to enter
the abdomen, they give off the nerves which
formerly belonged to the sixth ganglion, which
is now entirely obliterated. The cords then de-
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in particular, the nervous apparatus is commonly
found scattered in an irregular manner through-
out the interior of the animal. The nervous
collar surrounding the cesophagus, however, still
maintains its station; and the accompanying dia-
gram of the Aplysia fasciata, or Sea Hare as
it is called, which in many respects approaches
very closely to the Slug tribe, from the Annales du
Museum, affords us a very good specimen of this
cyclo-gangliate form of the nervous system gene-
rally. [Plate IL fig. 1.] The supra-cesophageal
ganglion is connected with two lateral ganglia,
and there is in addition a fourth ganglion be-
neath the bulb of the cesophagus. From the
right lateral ganglion there is a considerable nerve
detached, which descends towards the heart, near
which organ it becomes connected with a fifth
ganglion, from whence branches are given off to
the heart and to the organs of digestion and of
generation in its neighbourheod. This ganglion
and its branches are evidently analogous to the
sympathetic or vegetative system of nerves in
man and the higher animals.

From the supra-cesophageal or cerebral gan-
glion nerves are given off to the muscles of the
head, and to the superior tentacula and eyes,
while the branches from the lateral ganglia are
distributed to the muscular parietes. In this
form of nervous system we must not neglect to
remark the curious mode in which the nervous
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However much we may have had reason to be
gratified with the evidence which our investiga-
tions into the development of the Moth has af-
forded us of the existence of such a relationship,
we shall be even more delighted with the clear
proof of the universality of such a law, which one
very interesting class of the Molluscous division
of the animal kingdom in particular has lately
yielded to the physiologist: I allude to the ad-
mirable Memoir of Mr. Owen on the Pearly Nau-
tilus!, and to his account of the structure of the
Cuttle-fish, published a few months ago?; and
whilst I do so, I gladly express my thanks to this
philosophical anatomist, for several kind and va-
luable hints during the progress of this work.

We shall first consider the relations that exist
between the perfection of the organs of the senses
and the bulk and complexity of the central por-
tions of the nervous system in the Pearly Nau-
tilus, and afterwards in the Cuttle-fish, in which
they will be found to be still more strikingly dis-
played than in the former.

! Memoir on the Pearly Nautilus (Nautilus Pompilius,
Linn.), by Richard Owen, Esq.; published by direction of the
Royal College of Surgeons in London, 1832,

* Deseriptive and Illustrated Catalogue of the Physiological
Series of Comparative Anatomy contained in the Museum of
the Royal College of Surgeons in London; Vol. III. Part L.
Nervous System and Organs of Sense, 1835, From one or
other of these publications the following particulars, and the
figures in Plate I1I. are entirely derived.







60 COMPARATIVE ANATOMY.

veloped in many of its parts. In its general ar-
rangement, however, the nervous system differs
but little except in the quantity of neurine com-
posing the cerebral ganglia from that of the Nau-
tilus, as will be apparent by turning to Plate 11l
fig. 2., in which the differences between them
are exhibited and made apparent to the eye. In
Plate III. fig. 2. the bristle is placed in the situa-
tion of the cesophagus, around which the nervous
masses are aggregated'.

“As the supra-cesophageal cerebral mass,”
says Mr. Owen, “ is principally in communication
with, and is developed to receive the impressions
transferred by the optic nerves, it must be con-
sidered as analogous to the bigeminal bodies in
the brain of FVertebrata ; which parts are first de-
veloped in all the higher classes, and from their
constancy and magnitude in the cold-blooded
Vertebrata, are evidently among the most impor-
tant parts of the cerebral organ.” A small sphe-
rical body, considered by Mr. Owen as probably
analogous to the corpus geniculatum, is appended
to the peduncle of the optic ganglion on either
side.

““The medulla oblongata, from which the au-
ditory and respiratory nerves are given off, is, in
the Cuttle-fish, situated below the cesophagus.

The anterior subeesophageal ganglia give off

! The relation of the brain to the alimentary canal is more
distinctly shown in Plate II. fig. 2.
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ple. “The eye,” observes Mr. Owen, “is far
from presenting those complexities of structure
that render it so remarkable an organ in Dibran-
ciate Cephalopods. Indeed, it here appears to be
reduced to the simplest condition that the organ
of vision can assume, without departing altoge-
ther from the type which prevails throughout the
higher classes. For although the light is ad-
mitted by a single orifice into a globular cavity
or camera obscura, and a nerve of ample size is
appropriated to receive the impression, yet the
parts which regulate the admission and modify
the direction of the impinging rays are entirely
deficient.” This state of the eye appears to be
in harmony with the habits and aptitudes of the
animal so far as they are known. On the other
hand, the superior locomotive powers of the
Cuttle-fish demanding more perfect vision, we
find not merely the eye more complex and per-
fect in its construction, but the ‘ centre to which
the impressions of the optic nerve are referred,
more highly developed.”

In fact, as Mr. Owen observes, (p. 51,) “The
inferiority of the more intellectual senses, sight
and hearing, is in correspondence with the sim-
plicity of the brain. If, as I believe, a distinet
organ for the latter sense is altogether wanting,
the Pearly Nautilus exhibits, in this respect, an
obvious approximation to the inferior Mollusks.

““ As the Pearly Nautilus, like the latter group
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The nervous system in the Spini-vertebrata, or
Vertebrated class of animals, which derive their
name from that beautiful piece of mechanism
constructed expressly for the purpose of protect-
ing the central portions of this system, will next
engage our attention. This subkingdom in-
cludes Fishes, Amphibious animals, Birds, and
the Mammalia.

In these animals the whole skeleton is de-
veloped in relation to the nervous system; and
we find, as might be expected, the axis or cen-
tral portions become by an increase of bulk and
gradual concentration of parts more decidedly
elevated above the peripheral. The supra-ceso-
phageal ganglion now having an appropriate or-
gan, the cranium or skull, for its protection, uni-
formly passes by the name of brain; while the
remaining ganglia with their commissures are so
closely united that all appearance of a chain is
lost, and one nearly uniform cord supplies its
place, which, from the situation it holds in re-
lation to the skeleton, namely, within the spinal
column, is called the medulla spinalis or spinal
cord,

We have already observed in some of the Ar-
ticulata how the gradual union of several ganglia
constitutes a tolerably uniform cord, and how also
the addition of ganglia to the single pair above
the cesophagus which we saw in the Sandhopper,
so far increased the entire mass of neurine in that
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gans, from the high office they have to fulfill in
the sphere of animal life, appear to require a
large quantity of cineritious matter to accom-
plish their functions; in consequence of which
the anterior extremity of the spinal cord is larger
than the posterior. In this simple manner may
we account for the relative proportion of the brain
and spinal cord throughout the vertebrated class
of animals up to man himself.

In fishes the common division of the nervous
system into a brain and spinal cord, though arbi-
trary, it is nevertheless convenient to retain. The
two portions in fact exhibit but a slight dispro-
portion in general dimensions, although the mass
of the spinal cord, as a whole, is very much more
considerable than that of the brain or cerebral
ganglia.

The spinal cord in fishes bears a very great
resemblance to that of man, differing from it only
in the circumstance that the superior and inferior
grooves which separate the cord into two lateral
portions are much deeper. The superior groove
indeed is so deep that it forms an imperfect canal,
the internal surface of which is covered with a
layer of grey matter. This canal exists in. the
human feetus, and communicates by the calamus
scriptorius with the fourth ventricle, which in
reality is nothing more than a permanent dilata-
tion of it.

The spinal nerves arise from the cord in fishes,
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attention the structure of the nervous system
through the chain of beings,—all give a mystery
and confusion to the subject, which can only be
solved by seriously considering and carefully
drawing inferences from those facts which rest
upon comparative as well as human anatomy for
their support.

Among these facts there are none more impor-
tant to us than these, viz.

That every nerve of sense, whether it be of
the sense of smell, sight, hearing, taste, tact, or
of simple sensation, has at its central extremity a
collection of cineritious neurine, or ganglion. By
the central extremity of a nerve we mean that
which in the ordinary language of anatomists is
called the origin of the nerve, but which in strict
accordance with physiology ought to be called its
termination ; for the term origin is not merely in-
correct as regards the function of the nerves of
sensation, but also as regards their development,
all the nerves being formed in the extremities
and trunk previous to their connexion with the
brain and spinal cord, in conformity with the law
of concentric development, or development from
the circumference to the centre. In the human
embryo, for example, we find that when the
nerves first engraft themselves upon the spinal
cord the external layer of medullary matter is ex-
tremely thin, and the nerves appear to be simply
in contact with the cord, but that in proportion
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Besides these parts, which in all probability
are analogous to the hemispheres of the human
brain, there is a structure which corresponds to
the cerebellum. Its office has not yet been clearly
ascertained, though, for reasons to be mentioned
hereafter, there can be little doubt that it is in
some way or other connected with the production
of that combined action of the muscles which 1is
essential to progressive motion, and which would
seem to require appropriate nervous parts for its
direction and control.

If we do not take this view of the composition
of the brain of the fish, we must remain satisfied
with the obscurity in which all writers on compa-
rative anatomy have left this subject, and be con-
tent to see the chain of progressive development
from the lowest animals up to man broken, by
which the study of the nervous system in these
animals, instead of assisting us in unravelling the
structure of the human brain, would only plunge
us into fresh difficulties.

Serres' was well aware of the backward state
of information in regard to the anatomy of the
brain of fishes. He thus expresses himself':

““ Considered in its ensemble, the enkephalon
of the fish is the most simple in nature : it is the
most complicated in our writings; it is an inex-
tricable labyrinth in our books. Why this con-

' Anatomie Comparée du Cerveau, tom, i, p. 184.







T2 COMPARATIVE ANATOMY,

there is a striking peculiarity in the brain-case or
cranium of fishes as regards its relation to the
dimensions of the cerebral mass. In most spe-
cies of fishes the cavity of the skull is nearly
double, and in many instances nearly treble, the
size of the included brain. In the head of the
skate and cod this difference is particularly ob-
vious: the space which is left between the surface
of the brain and the walls of the cranium is filled
up with a loose cellular membrane containing a
quantity of gelatinous fluid, and evidently an-
swers the same purpose as the arachnoid in those
instances where the brain is closely surrounded
by the bones of the skull. In the sturgeon again
there is no such vacancy, a circumstance which it
is important to bear in mind in order to avoid in-
juring the brain when opening the skull of this
cartilaginous fish.

The Whiting'.—1f in this fish we view the ce-
rebral mass from above, proceeding from before
backwards, we observe three rounded masses or
nodules of neurine, and a triangular-shaped me-
dullary leaflet which overlaps that fissure of the
cord called the fourth ventricle.

The first pair of these nodules are the olfactory
ganglia, and, lying immediately on the eribriform
plate of the ethmoid bone, are seen to be joined
by the filaments of the olfactory nerves, precisely

! See Plate II. figs. 3, 4, & 5.
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analogous to the corpora striata rather than to
the hemispheres of the brain, and by Desmoulins
to the optic thalami. With all deference to the
talented authors of these opinions, I must say
that I do not imagine either of these analogies to
be founded in fact. The corpora striata and op-
tic thalami in man and the Mammalia, are struc-
tures formed so entirely of fibres intermingled
with cineritious neurine, either terminating in, or
arising from, the hemispheres, that I cannot con-
ceive how they should exist where the hemi-
spheres themselves from which they derive their
origin, and in which they terminate, are absent.

The next pair of nodules are the optic ganglia
or tubercles, analogous to the tubercula quadri-
gemina in man'.

! By the translator of Carus’s Comparative Anatomy (Mr.
R. T. Gore) it is said, in page 240, that the identity of these
middle cerebral masses with the corpora quadrigemina is fully
proved by a reference to the progress of formation of the same
parts in the feetus of man and other Mammalia. In the early
periods of the existence of the human feetus the corpora qua-
drigemina contain a capacious ventricle, subsequently filled
up by the deposition of nervous matter, so as to leave onl
the narrow passage known as the aqueduct of Sylvius. This
ventricle is covered over by two thin medullary laminze, in con-
tact with each other, though not united, along the mesial line,
and contains elevations or ganglia similar to those here de-
seribed. (Tiedemann, I ¢. 186.) According to him, however,
they represent not merely the anterior, but rather both pairs
of the corpora quadrigemina. Their size is directly propor-
tioned to that of the eyes and optic nerves, being small in
the conger eel and burbot, of moderate size in rays and sharks,
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The next division of the Whiting’s brain is the
triangular leaflet, the analogue of the cerebellum,
or little brain, in man.

and considerably larger than the first cerebral mass in the
trout, pike, garpike, salmon, CATD, Uranoscopus, sparus, scor-
peene, perch, &c. In the genera Sparus, Scorpana, Clupea,
Mugil, Scomber, Zeus, Trigla, &c., the optic nerve, arising on
each side from the middle cerebral mass or optic tubercles,
consists of a membranous expansion, disposed in longitudinal
folds like the leaves of a closed fan, though inclosed within a
cylindrical neurilema, which, however, adheres so loosely as
to allow the folds to glide one upon another. In the Trachinus
Draco, where the diameter of the nerve is about a line, there
are nine or ten folds, which, when expanded, form a mem-
brane eighteen or twenty lines wide. In the pleuronectes,
murznae, rays, sturgeons, &ec, the optic nerve is almost in a
rudimentary state, its length and the thickness of the neuri-
lema being proportionally very considerable. In a sturgeon
four feet long the diameter of the nerve was not above three
fourths of a line, and the medullary matter contained within
it less than one fourth of the whole, the rest being formed Ly
neurilema. In the Ammocetus the nerve is wanting, though
there is a rudiment of the eye. (Desmoulins, L e., p. 325, &ec.)
In the Cyclopterus Lumpus, the nerve on each side consists of
from twenty-five or thirty parallel filaments, each covered by
a separate neurilema, and collectively inclosed within a com-
mon cylindrical sheath so loosely as to allow of motion one
upon the other. The most remarkable circumstance, how-
ever, is that the cerebral termination of each nerve is conti-
nuous with that of the other; the extremity of the neurilema
of each filament and the ends of the common sheath of each
inosculating, as it were, together. The point of union of the
common sheaths of the filaments of each side is connected
with the brain merely by very fine cellular tissue, without the
interposition of any medullary matter, and so loosely as to
admit of being separated by the least eflfort (Desmoulins, I ¢.
330, Plate IX. fig. 3.) The nerves in this case do not decus-

sate.

EZ2




76 COMPARATIVE ANATOMY.

These parts comprise the whole of the nervous
masses which can be observed by merely looking
upon the upper surface of the cerebral mass of
the Whiting ; but if we raise the optic tubercles,
we find that instead of their being solid, as they
appear, they are hollowed out internally ; and by
turning them back, we observe two small rounded
projections, which appear to be merely continuous
portions of the same ganglia, bearing some re-
semblance to the posterior of the quadrigeminal
bodies called the testes in the human subject.
By raising the cerebellum we also observe that
the spinal cord lying beneath it is much thicker
than the same part lower down; in fact, that fresh
neurine has been added to it on each side, in the
shape of two oval bodies, the nature of which, or
the analogy they bear to particular portions of
the human brain, it is not easy to discover in the
Whiting ; but, as will be seen afterwards by re-
ference to other fishes, it is highly probable that
they correspond to the posterior pyramidal bodies
or auditory ganglia, together with the olivary
bodies or ganglia of the pneumogastric nerves in
man, the branchigastric nerve in the fish actually
taking its rise from, or being in direct communi-
cation with them.

If the whole encephalic mass of the Whiting,
having been removed from the skull, be reversed,
and the under surface exposed (Plate II. fig. 4.),
two oval-shaped cineritious bodies may be ob-

= 1
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the species of fish last deseribed. Instead of only
four divisions we here distinctly observe no fewer
than seven. A little consideration, however, will
convince us that there is no essential difference
between the brain of the whiting and that of the
Carp, but that the analogy is perfect, and the
chain of structural uniformity yet unbroken. The
first pair of nodules, which are small, are the
olfactory ganglia, and, like those of the whiting,
situated on the ethmoid bone at some distance
from the remainder of the encephalon. The
commissure connecting them in a Carp seven
inches in length was a little more than one inch
long. The second pair are the hemispherical
ganglia, but extremely small as compared with
the same parts in the cartilaginous fishes. The
third and fourth pairs are the optic ganglia, the
anterior corresponding with the first pair of the
corpora quadrigemina or nates in the human
brain, while the posterior resemble the testes. The
cerebellum is the next mass; and immediately
behind it is the auditory ganglion analogous to
the posterior pyramidal bodies in man. On each
side of this ganglion are placed those bodies
from which the branchio-gastric nerves arise, ana-
logous, as before stated, to the corpora olivaria in
the human subject. [Plate II. fig. 10.]

In the common Eel’, we have an appearance of

! The description which is given by Carus (Comparative
Anatomy, translated by Gore, vol. i.p. 237.) of the brain of
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variety, which simply arises from the circumstance
of the olfactory tubereles (which in the whiting,
carp, &c. are situated on the cribriform plate of
the ethmoid bone, at the distance of nearly an
inch from the rest of the cerebral mass,) being
placed close to the hemispheres; this, and also
their being slightly grooved transversely on their
upper surface, gives to the whole cerebral mass
the appearance of a long chain of tubercles, which
have no resemblance to the component parts of
the brain in the last-mentioned fish, so that there
appears at first sight to be no analogy; the num-
ber of essential parts is, however, in reality the
same, and the analogy between them perfect; the
only real difference consists in their relative size
and the distance at which they are situated from
one another. [Plate II. fig. 7.]

In the cartilaginous fishes the form of the
brain approaches so much more nearly to that of
the higher orders of animals, that at first sight
the cerebral mass in one of the Rays, as the com-
mon Skate [Plate II. fig. 11.], appears to differ
essentially in its component parts from that of
one of the bony fishes which we have hitherto
been describing particularly. There is, however,
the osseons fishes would give the reader the idea that a con-
siderable difference must exist between the brain of the eel

genus and that of the carp or whiting, &c.; and this error
seems to have arisen from his having omitted in his description

of the central mass of the carp, that of the olfactory ganglia,
merely because they are not closely connected to the rest.
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a0 essential distinction; the difference arising
solely from the greater concentration of similar or
nearly similar parts.

The olfactory ganglia in the Skate are extremely
large, as will be seen by referring to the diagram
[Plate II. fig. 11.]. The peduncles are long, and
the cerebral hemispheres form a more consider-
able mass, slightly irregular upon its surface, and
thus assuming an approach to a cenvoluted ar-
rangement of the superficies. The optic tuber-
cles have also increased in size, and are connect-
ed with the hemispheres by distinet medullary
bands.

But the cerebellum is found to have undergone
the greatest alteration of any part; for it is no
longer a mere triangular leaflet, but is divided into
lobes, and partly overlaps the optic tubercles.

On each side of the cerebellum there is an ex-
tensive layer of folded neurine, which I consider
to be analogous to the eovpora olivaria, from
which a considerable portion of the branchio-
gastric nerve arises; in addition to which we find
a portion of the nerve eorresponding to the fifth
nerve of Mammalia connected with it. Serres
eonsiders this structure as forming a portion of
the cerebellum. Spurzheim does not agree with
him, though he does not form the same conclusion
which I have done.

On reversing the position of the brain [Plate 11,
fig. 12.], we observe the two small tubercles of
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from this part that the fourth pair of nerves
arise both in man and the Vertebrata generally.
The cerebellum of the Turtle is distinctly form-
ed, but the auditory ganglia and olivary bodies
are scarcely perceptible. The first circumstance
is accounted for by the sense of hearing in these
animals not being acute; in fact, all their sensa-
tions are peculiarly dull, and, in the second place,
the “ besoin de respirer,” as the French express
it, is not the violent uncontroulable sensation
which is evidently experienced by fishes and the
higher order of animals when the access of air is
by any accident impeded. Now I have shown
elsewhere that this peculiar sensibility is entirely
annihilated if the pneumogastric nerve be di-
vided ; and it is therefore very evident that on this
nerve, as a nerve of sensation, the high degree
of sensibility peculiar to the respiratory organs
in the higher animals depends. The deficieney
of a perfectly developed system of respiratory
muscles in these animals, as in most of the Ver-
tebrata, viewed in connexion with the diminutive
size of the olivary bodies, supports the opinion ad-
vanced elsewhere, that from these bodies issue the
orders for the respiratory muscles to act; and as
they are evidently the points in which the nerves
conducting those sensations which constitute the
protecting sensibility of the lungs terminate, the
supposition is rendered still more probable.
- It is worthy of remark in confirmation of the
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spheres or cerebrum, and the cerebellum; in
some instances too the cerebrum is so large as
even partly to overlap the cerebellum. [Plate I'V.
fig. 2.}

The cerebral lobes still present a smooth sur-
face, not putting on the folded or convoluted ap-
pearance which is so characteristic of the brain of
the highest order of animals. And let me here
again observe that this convoluted arrangement is
adopted simply for the purpose of obtaining a
larger surface of cineritious neurine in a smaller
space. The amount of surface presented by a
convoluted brain if extended evenly would cover
a very large space, and take up a great deal
of room; it would consequently require a skull
of corresponding dimensions to contain it, with
proportionally large muscles to move the head ;
folded backwards and forwards, however, in the
beautiful manner in which we find it arranged in
man and the Mammalia generally, the brain takes
up but little room, and is packed into a com-
paratively small box, which does not then inter-
fere with the active powers of locomotion, so im-
portant to all the higher animals in maintaining
their relations with the external world.

The cerebellum in Birds is peculiarly large, a
fact which tends to confirm thevi ews of many intel-
ligent physiologists of the present day, that it pre-
sides over and combines the action of separate mus-
cles so as to produce an harmonious result; for the
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swallows, birds of prey, the ostrich, the cassowary
and the storks. In general, in Birds which ele-
vate and sustain themselves a long time in the air,
as the stork, and those whose wings or feet have
great power, as the emu, cassowary, and parrots,
these hemispheres appear most developed.

The olfactory ganglia are small in Birds, and,
as in some fishes, are placed close to the cerebral
hemispheres, so that the commissures, or pedun-
cles as they are sometimes called, are peculiarly
short, presenting little more than a white line,
which runs to the outer side of the hemispheres.

The optic tubercles, on the contrary, are very
large, as are also the nerves which arise from
them.

The medulla oblongata is more than double the
size of the spinal cord both in width and depth,
but the olivary bodies do not project in the same
distinct manner as they do in fishes.

The hemispheres of the brain are connected
together by a commissure, consisting of cineri-
tious matter on the exterior, of filaments of me-
dullary matter, of the size of a thread, in the
interior. On the internal surface of the hemi-
spheres (those two surfaces which are opposed to
each other, and in the human brain are separated
by the falx major,) we observe some diverging
fibres of medullary neurine, which present them-
selves as a sort of footstalk at the under part of
the hemispheres, but really commence by two por-
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tions, the one from the outer edge of the tractus
opticus, the other from the inner. That which
takes it course to the outer side is connected with
the tractus opticus, while the internal appears to
terminate in the tuber cinereum. This structure
appears to me analogous to the fornix in man.

It is in the brain of the Bird that we first
distinctly observe those collections of cineritious
neurine through which the fibres of the anterior
and posterior columns of the spinal cord proceed
in their passage towards their termination in the
hemisphere. These nodules or tubercles, which
in the human subject are called the corpora
striata and thalami nervorum opticorum, may be
seen in the bird by separating the hemispheres
and breaking down the commissure which con-
nects them. They will then be observed partly
covered by the optic tubercles. As they are more
perfectly developed in all the genera of the suc-
ceeding class, I shall not at present dwell longer
upon the character they exhibit.

BRAIN AND SPINAL CORD IN THE MAMMALIA.

The advance which the brain makes in this
class of animals is very striking. [Plate IV. fig. 4. ]
The spinal cord no longer competes with it in point
of dimensions, The hemispheres, except in the
very lowest members of the class, begin to take on
a convoluted appearance, and the optic tubercles,
instead of remaining merely a single pair, have,

= m— —
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appended to their posterior surface, two additional
and smaller masses of medullary neurine, called
the testes. But still we do not find any sudden
transition from one form of brain to another;
there is no great chasm between the brain in Birds
and that of the Mammalia, for when we direct
our attention to the brain of the Rodentia, or gnaw-
ing animals, we find almost as much difference
between its anatomy in them and in man as be-
tween that of the feathered race and the lord of
the creation. The upper surface of the hemi-
spheres in the rat, mouse, marmot, beaver, and
even in the rabbit, is as smooth as in birds; the
hemispheres in most of these animals do not cover
the cerebellum, and in some instances not even
the optic tubercles.

When the upper part of the skull of the Rabbit
[Plate IV. fig. 8.] is removed, we observe that the
cerebral mass consists of three grand divisions;
the first and smallest of these comprises the ol-
factory tubercles; the second, the hemispheres;
the third, the cerebellum ; the other ganglia re-
main entirely concealed.

On separating the hemispheres we find them
connected together by a broad band of medullary
neurine, called in the human subject the great
fransverse commissure, or corpus callosum.

If the great transverse commissure be now di-
vided and the hemispheres separated from each
other, several parts of importance beneath it will
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of the spinal cord which in the human subject is
known by the name of the crus cerebri. The
beautiful structure just described forms a com-
munication between the anterior and posterior
portions of the hemisphere of the same side, run-
ning along the course of the mesial line, and in
the brain of man has hitherto gone by the absurd
name of fornixz, which I would gladly see changed
to that of the longitudinal commissure. If an
incision, commencing at the optic ganglion, be
made completely through this commissure, the
optic thalamus will be exposed.

The projection which is immediately anterior
to the thalamus is analogous to the corpus stria-
tum of the human brain, a part that has received
its name from the striated appearance which it
presents on a section being made of its substance
in consequence of the deposition of cineritious
neurine between the white fibres which are pass-
ing from the hemispheres to the anterior columns
of the spinal cord. The corpus striatum and
thalamus are deposits of neurine through which
the component fibres of the anterior and posterior
columns of the spinal cord pass in their course
from and to the hemispheres, and have been cha-
racterized, I think advisedly, by Spurzheim as
ganglia. The corpus striatum should be entitled
the anterior, and the thalamus the posterior ce-
rebral ganglion of the cord. Running near the
edge of the thalami towards the nates, are two
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observed that the cord becomes of nearly double
the thickness it possessed within the vertebral
canal. This thickened portion of the cord is called
the medulla oblongata, and contains within its sub-
stance the olivary bodies or pneumogastric gan-
glia, and the posterior pyramidal or auditory gan-
glia. Crossing the medulla oblongata transversely
is a band of medullary neurine, which, running from
one side of the cerebellum to the opposite, forms
the commissure of that part, and is usually known
by the name of the pons Varolii or tuber annu-
lare, 'The spinal cord beyond this commissure
splits into two portions, which, running to the two
corresponding hemispheres, are called the erura
or legs of the brain. Between them is the collection
of cineritious neurine called the tuber cinereum,
and immediately anterior to it the commissure of
the optic nerves. The hemispheres appear di-
vided into two lobes on each side, and the fissure
of separation is called the fissura Sylvii. The
commissure between the olfactory ganglia and the
hemispheres is of considerable width, consisting
of cineritious and medullary neurine, but it is
short when compared with that of the carp and
whiting.

I have been thus minute in my description of
the brain of the Rabbit, because this animal is al-
ways easily to be procured, and because I am
sure that whoever will take the trouble to a0
aver this dissection once or twice before attempt-
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to the beautiful simplicity which distinguishes
all the varied forms of organized existence. The
minute description which has been given of the
anatomy of the brain of the rabbit, makes it unne-
cessary to dwell with the same attention to detail
on each point in that of the Sheep; so that I shall
merely mention those particulars in which they
differ, and thus point out some others in which
the brain of the sheep approaches more in its
structure to that of man.

The upper surface of the cerebral mass of the
Sheep presents only two divisions, the cerebrum,
consisting of two hemispheres as usual, and the
cerebellum. The olfactory ganglia can no longer
be seen in front of the hemispheres, as in the
rabbit, these last having here increased so much
in size as completely to cover and conceal them.
The hemispheres are not merely of larger relative
dimensions, but their shape is altered: they have
lost the pyriform character they presented in the
rodent animal, and have assumed more of the oval
form which they possess in the human being.
Their surface, instead of being smooth, is con-
voluted, looking exactly as if it were formed by
the folding up of a soft but tenacious substance.
The cerebellum is not much changed in appear-
ance; it is only somewhat larger in proportion to
the cerebrum.

The great transverse commissure has increased
in accordance with the greater development of the







96 COMPARATIVE ANATOMY.

The edge of the fornix or longitudinal com-
missure may be seen lying in the groove between
the anterior and posterior cerebral ganglia ; the pos-
terior ganglion or thalamus, being however so
completely covered that it cannot be seen until
the commissure is completely divided and reflect-
ed outwards. If after doing this the hemispheres
be turned forward, the cerebral ganglia on both
sides will be exposed, with the pineal commissure,
and tubercula quadrigemina ; crossing the fissure
between the posterior cerebral ganglia, (absurdly
called the third ventricle,) the commissura mollis,
or middle commissure, will also be brought into
view.

On the base or under surface of the brain we
observe that the olfactory ganglia or tubercles
are very highly developed; they are, in fact, nearly
three times as large as those of the human sub-
ject, a size which appears to correspond with the
complicated structure of the nose in this animal,
and to be in proportion to the acuteness of their
sense of smell. The olfactory commissures are
short and thick, scarcely a line’s breadth being
left between the tubercle and the point where
they are united to the under surface of the hemi-
spheres. T'hese commissures appear to extend
backwards some way further than the point where
they are first attached to the surface of the cere-
brum. The olfactory tubercles themselves are
composed of medullary and cineritious neurine.
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The pons Varolii, or tuber annulare of Willis, is
small in the sheep compared with the same part
in man: here it is not more than three lines in
breadth. The corpora mammillaria are united so
as to appear like a single body. The tuber cine-
reum is not particularly distinct; through its cen-
tre we find a sort of funnel-shaped tube passing,
called the infundibulum, which joins a rounded
structure situated on the sphenoid bone called the
pituitary gland. 'The character or analogy of the
last-mentioned parts is extremely obscure, and
there is a mystery here which has not yet been
unravelled ;—the medulla oblongata, like that of
the rabbit, is very thick in comparison with the
spinal cord.

The origin of the nerves occurs in the sheep
precisely as in the human being, and need not,
therefore, be dwelt upon in this place; although
in dissecting the brain of the sheep, reference may
be very advantageously made to the base of the
human brain for assistance in discriminating seve-
ral of the particular pairs of nerves. In Plate V.
a sketch of the under surface of the brain of
the horse has been introduced, merely for the
purpose of showing the amazing development of
the olfactory ganglia in one of those animals in
which the sense of smell attains a high degree of
perfection, and also for the sake of demonstrating
the impropriety of classifying analogous parts in
the human being under the head of nerves with

F
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bulbous extremities. A section of the olfactory
ganglia in the sheep further illustrates the same
anatomieal truth by exhibiting the arrangement
of the pulpy and medullary neurine, fig. 2. same
plate.

Having now followed out the various changes
which the cerebral ganglia undergo from their
first appearance in the insect tribe up to their re-
latively high development in those animals whose
nervous system approaches very nearly to that
of man, both in complexity and concentration,
the student might, without detriment, abandon
the assistance which comparative anatomy has
hitherto afforded him in preparing his mind to
enter upon the study of the human brain. Never-
theless, I cannot resist the temptation of bring-
ing before him a brief account of the anatomy
of the enkephalon of the Porpoise. This crea-
ture, which to the vulgar is no more than a
large fish, the enlightened physiologist admits
into the same grand division of the animal king-
dom to which man himself belongs. Bringing
forth its young in a state requiring long after
“birth the protecting care of the mother, higher
moral and intellectual endowment are implied
than we can expect in fishes and reptiles, whose
~spawn is generally abandoned by the parent as
soon as it is shed ; and in accordance with these
manifestations of higher powers, we find the cere-
bral mass developed upon the same plan and pre-
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and on removing the arachnoid and pia mater are
to be observed between its posterior edge and the
cerebellum, nearly a third larger than those of
the human brain ; the posterior pair or testes are
nearly double the size of the anterior or nates.

The pineal gland is small but distinct, as well as
its commissure. A perpendicular section having
been made through the transverse commissure a
little to the left side of the mesial line, and a ho-
rizontal one carried through one of the hemi-
spheres on a level with it, the thalamus nervi op-
tici and corpus striatum are exposed, the latter
scarcely a fourth part as large as the former.
The fornix, which is small, is divided, and with
the exception of its anterior pillars and the sep-
tum lucidum, is removed in making the above sec-
tion. There is no posterior cornu to the lateral
ventricle.

Base of the Brain.—The fissura Sylvii is deep;
the middle lobe very large and projecting more
than in the sheep.

The pons Varolii or commissure of the cere-
bellum is large in proportion to the whole cere-
bral mass, and is about the same size as this part
in man.

The medulla oblongata presents more points of
interest and instruction than any other part. In
the first place it is more than double the size of
the spinal cord, a circumstance which partly de-
pends on the large size of the corpora olivaria,
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and partly on the magnitude of the posterior py-
ramidal bodies.

The corpora olivaria are soamazingly developed
that instead of being separated from each other,
as in the human being, by the corpora pyramida-
lia, they overlap and cover these so completely as
even to come into contact with each other in the
median line. The pneumogastric nerves are deve-
loped in the same proportion, being about double
the size of those of man. If the corpora olivaria
be carefully elevated, the anterior columns of the
spinal cord will be seen decussating beneath and
posterior to them, according to the usual anatomi-
cal nomenclature.

The arrangement of the fibres of the anterior
and posterior columns, as regards their course to-
wards the cerebellum and the share they take in
the formation of the corpora restiformia, is per-
fectly identical with the disposition of the same
parts in the human brain, which will be found
described so fully further on that it will be unne-
cessary to dwell upon it here. The accordance
is, nevertheless, extremely interesting as confirm-
ing the new views I have advanced on the subject
of the communications between certain parts of
the medulla oblongata and the cerebellum.

Origin of the Nerves in the Porpoise.—The
olfactory nerves are entirely absent.

The optic are smaller than those of man; their
origin is the same.
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As the following description of the anatomy of
the cerebro-spinal mass in the human being is
not intended to supersede the necessity of dis-
secting it, but rather to assist those who are com-
mencing their studies, as well as to give clearer
and more correct views of the real character of
the parts to those who have already dissected
them according to the old system, I will enter
rather fully into the best mode of opening the
skull and vertebral canal, to reach without injury
and to expose the structure of the nervous masses
contained within them.

The student should place the subject on its
face, and raising the head rest the chin upon a
block so as to fix it in a horizontal position.

meyer (Ulrich, Annotationes quedam de Sensu ac Significatione
Ossium Capitis, Berlin, 1816, p. 4), Dumeril (Magazine En-
cyclopédique, tome iii. 1808), and Goethe (Zur Nalurwissen-
schaft, Band i. p. 250), and more or less fully illustrated by
Oken (Ueber die Bedeutung der Schidelknocken, Jena, 1807 ;
Isis, 1820, No, VI. p. 552), Spix (Cephalogenesis, Munich,
1815), De Blainville (Bulletin de la Soc. Philom. 1816, p. 111,
and 1817), Geoffroy St. Hilaire (Philosophie Anatomique,
Paris, 1818-22), Carus (Lekrbuch der Zootomie, Leipzig, 1818,
p- 164), Meckel ( Beytrige zur Vergleichenden Anatomie, Band
il. Stiick ii.), Schultz (De Primordiis Systematis Ossium, §e.,
Halle, 1818, p. 13), Bojanus (7sis, 1818, p. 301; 1819, p. 1364),
and Burdach ( Fierter Bericht von der Anatomischen Anstalt xu
Koenigsberg, Leipzig, 1821). Arnold also adopts this principle,
but confines himself to the views given by Oken, Cuvier, Carus,
Spix, and Meckel, considering that the cranium consists of
three vertebra only; not therefore agreeing with Geoffroy St.
Hilaire, who believes that he can there demoenstrate the parts
of nine vertebrz.
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An incision must then be made through the
scalp extending across the vertex from ear to ear.
The anterior part of the scalp may then be forcibly
torn instead of being dissected from the skull
over the face, and the posterior over the occiput,
which will save much time ; but some force is re-
quired to effect this reflection of the integuments.

A deep groove must be made with the saw
through the outer table and diploé, commencing
half an inch above the superciliary ridges ante-
riorly, and extending round the entire skull to the
protuberance of the os occipitis posteriorly.

A small axe should next be used to break the
inner table, which is much better than sawing it
entirely through, as being less likely to injure
the dura mater and brain, and as permitting the
skull to be more firmly fixed again when replaced
after the dissection is completed.

The skull-cap being removed, a dense fibrous
membrane is perceived beneath it, rough onits sur-
face owing to the torn extremities of the vessels
which connected it to the internal table of the
skull ; for this membrane, which is the internal
periosteum of the cranial bones, and in the young
subject is connected at the edges of the several
bones with the external periosteum, adheres
to the bones so closely that they are with diffi-
culty separated. The glistening membrane ex-
posed is called the dura mater, from the density
and firmness of its texture, and from an idea that

F O
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it was the origin or mother of all the other mem-
branes of the body'.

On the surface of this membrane are some
small rounded bodies which certainly were unde-
serving of mnotice if they had not received the
grand title of glandule Pacchioni. These are
scarcely observable in the young subject, and in
the old are most probably a morbid appear-
ance. The dura mater should next be cut
through carefully all round with a pair of scis-
sors, on a level with the divided edge of the skull.
On being turned back over the upper part of
the brain, we discover that its under surface is
smooth and polished ; a circumstance which does
not arise from any peculiarity in the texture of its
internal surface as opposed to the external, but
from the presence of a serous membrane called
the funica arachnoidea, which, like all serous
membranes, is a thin diaphanous web covering
the contained viscera and reflected from thence
on to the internal surface of the walls of the con-
taining cavity. The next membrane, therefore,
which we observe covering the brain when the
dura mater is raised, is that portion of the arach-

! Portal, iv. 2. The membranes of the brain, by the Greeks,
were called meninges, the Greek word g#viy g simply signify-
ing a membrane. The term mater, or mother, originated with
the Arabs, and the credit of having shown that the dura mater
does not accompany the nerves in their passage from the skull,

and that the membranes in general are therefore not continu-
ous with it, is due to Ludwig,







108 THE HUMAN BRAIN.

transverse ridge of the occipital it splits into two
lateral portions, which are attached posteriorly
and laterally to the transverse ridge of the occi-
pital bone, while anteriorly it is attached to the
superior angles of the petrous portions of the
temporal bone, from which points it stretches itself
up to the posterior clinoid processes of the sphe-
noid, leaving a space between its under surface
and that portion which covers the superior angles
of the temporal bone, through which pass the
fifth pair of nerves.

This portion of the dura mater is called the
tentorium, and forms an extended surface on
which the posterior lobes of the hemispheres rest;
and by which the cerebellum, which is situated be-
neath, is protected from the superincumbent pres-
sure of the brain; consequently, the tentorium so
far resembles in its office the falx major, which
prevents one hemisphere from pressing on the
other when the head is inclined to either side.

Extending down along the mesial line of the
occipital bone beneath the tentorium, there is
another process analogous to, but much smaller
than, the falx major; it separates the two lobes of
the cerebellum, and has received the name of the
Jalx minor : it commences on the internal surface
of the occipital bone at the point where the trans-
verse and longitudinal ridges meet, and extends
to the edge of the foramen magnum.

The veins which return the blood from the sub-
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stance of the brain are protected from the pres-
sure of that organ, which they would otherwise be
exposed to, by the mechanism of the falciform pro-
cesses and tentorium of the dura mater, through
the internal lamina of which they pass immediately
after quitting the pia mater: the spaces formed for
their reception by this peculiar arrangement of the
dura mater are called sinuses, and require the at-
tention of the student. There are fifteen sinuses
in all.

The superior longitudinal, which is the largest,
commences at the foramen cacum of the frontal
bone, and passing back along the upper edge of
the falx major reaches the transverse ridge of the
os occipitis, where it usually enters the right
lateral sinus. Its shape is triangular, and the
openings of the veins, which enter contrary to the
course of the blood within it, may be distinctly seen
on the interior, and surrounding each of them the
small fibrous cords (the corde Willisii) so admi-
rably adapted to keep the openings permanently
free for the regular passage of the venous blood,
any obstruction to the normal circulation of which
endangers the life of the individual, by producing
congestion of the brain. Running parallel with the
superior longitudinal sinus, but along the inferior
edge of the falx, we find a much smaller sinus
called the inferior longitudinal. This also termi-
nates generally in the left lateral sinus; previ-
ously, however, to its reaching this sinus, and
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when it is passing between the two layers of the
tentorium, it receives the name of the straight
sinus.

The course and extent of the lateral sinuses
are distinctly marked in the dry skull; for they
groove the transverse ridge of the oceipital bone,
and then crossing the posterior inferior angle of
the parietal, reach the internal surface of the ma-
stoid portion of the temporal bones, in which they
are deeply imbedded, and thus effectually pro-
tected from the pressure of the cerebellum;
they again crosg a small portion of the occipital
bone, and finally terminate at the foramina jugu-
laria, beyond which they form the internal jugu-
lar veins: these sinuses have frequently another
outlet for their contents, by means of the foramen
mastoideum, and the vein which commences at
this opening usually joins some of the deep-seated
veins of the neck.

On each side of the sella turcica a considerable
space is left between the dura mater and the hone,
called the cavernous sinus; this cavity is not, how-
ever, constructed solely for the protection of the
venous circulation, but also guards some of the
cerebral nerves, in their passage to their destina-
tion in the orbit, from the pressure of the brain.
The nerves which are thus protected are the
third, fourth, first divisionof the fifth, and the sixth.

The blood of the cavernous sinus, separated
from the nerves by the lining membrane which
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scribed it. The situation of this opening is be-
tween the superior and anterior portion of the
cerebellum and the under and posterior part of
the cerebrum, as will be better understood when
these parts have been described, and the relations
of the arachnoid explained.

Beneath the arachnoid is situated the pia ma-
ter, a membrane which is constructed solely for
the purpose of supporting the vessels distributed
to the superficies of the central masses of the
nervous system, which are so numerous that they
require an especial tissue for their support. This
structure dips between the convolutions of the
brain, at the same time closely investing its ex-
ternal surface; it passes also over those sur-
faces, which, from the old method of slicing the
brain from above downward, appear as if they
formed the walls of cavities in the interior, and
in some of these situations it has received pecu-
liar names; among the most remarkable of its
portions thus indicated, we may mention the
plexus ehoroides.

Otto, in his Compendium of Pathological Ana-
tomy, translated by Mr. J. F. South, p. 373, note
(1.), states in general that these two membranes,
the arachnoid and pia mater, are inseparably
united in the greatest part of the circumference
of the brain in adults, and that they are at all
times in organic connexion throughout, by means
of fibro-mucous tissue of various length.
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It will be instructive to dwell for a few moments
upon the admirable adaptation of these three
cerebral membranes to the ends of their for-
mation. The dura mater forms a support which
is sufficiently firm and unyielding to retain the
brain accurately in its normal position, while its
processes are still capable of yielding to a certain
extent, like the strong springs of a carriage, under
any violent concussion.

The arachnoid, lining the dura mater and co-
vering the surface of the brain, wholly prevents
friction, which would otherwise be inevitable, and
thus answers in its situation the same end as the
synovial membranes with their lubricating secre-
tion in the various joints of the body, for the brain
is never in a quiescent state, but is constantly
rising and falling with slight pulsating motions.

The immediate agents in the production of
these movements appear to be the circulating
and respiratory systems, and the motions are
therefore twofold; the one occasioned by the
pulsations of the heart, the other by the move-
ments of the chest; for at the moment that cavity
begins to be contracted for the expulsion of the air,
the return of the blood from the brain is tempora-
rily impeded ; and, on the other hand, when the
chest begins to be expanded, and during inspira-
tion, its flow is in a corresponding degree accele-
rated. This subject has been much and carefully
investigated, as a reference to the following cata-
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logue of authors who have written expressly on
it, given by Meckel, in vol. iii. p. 722. of his Ana-~
tomy, will prove. Schlichting, De Motu Cerebri,
in the Mém. Prés. tom. i. p. 113; Lorry, Sur les
Mouvements du Cerveau et de la Dure-mére, same
collection, tom. iii., Mém.i. p.277., Mém.ii. p. 344;
Haller, Experim. ad Motum Cerebri a Refluxu
Sanguinis natum, in his Opusc. Phys. tom. i.
p- 231; Lamure, Sur la Cause des Mouvements
du Cerveau, in the Mém. de Paris, 1753 ; Ri-
chard, in the Jour. de Méd. tom. xxix., 1768,
Aotit, p. 140 ; Ravina, De Motu Cerebri, in the
Mém. de Turin, 1811; Portal, Mém. sur un
Mowvement qu'on peut obscrver dans la Moélle
épiniere, in his Mém. sur plus. Maladies, tom. ii.
p- 81; Magendie, Sur un Mouvement de la Moélle
épiniére isochrone a la Respiration, in his Jour.
de Phys. Expér. tom. i. p. 200.

The pia mater in the skull is of just sufficient
thickness to support the vessels without inter-
fering with the motions of the brain; but in the
vertebral canal it is much denser, affording a bet-
ter support to the cord, and thus performing the
same office that the neurilema, or investing mem-
brane of the nerves, does to these organs in
their extended course through all parts of the
body.

REMOVAL OF THE BRAIN,

The next step in the dissection is to remove the

brain from the skull, which must be done with
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great care, as the nerves which are passing from
the cavity of the cranium are easily torn through,
unless divided with a very sharp knife or pair of
scissors.

The fingers of the operator should be insi-
nuated under the anterior lobes, and the cerebral
mass raised with great care; the first pair of nerves
which he will observe are the olfactory, running
forward to the cribriform plate of the ethmoid
bone, from which they must be carefully de-
tached. The next pair are the optic, which are
observed gliding under the anterior clinoid pro-
cesses, and quitting the skull at the optic fora-
mina, where they may be divided, as well as the
internal carotid arteries which are situated imme-
diately on their outer side. The next are the
third or common oculo-muscular nerves; these
penetrate the dura mater midway between the an-
terior and posterior clinoid processes. Immediate-
ly after their division, a structure called the infun-
dibulum, which runs directly down to the pituitary
gland in the sella turcica, must be cut through.

The next pair are the fourth; these will be best
seen by gently raising the edge of the tentorium,
and being the smallest of the cerebral nerves they
require great care when they are divided. The
tentorium itself must next be cut through ; and the
nerves situated in the fossa of the skull under it
will be discovered in the following rotation, name-
ly, the fifth, to the outer side of the posterior cli-
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noid processes, just crossing the superior angle
of the petrous portion of the temporal bone :

The sixth, situated on a plane internal to and
beneath the 5th, penetrating the dura mater about
half an inch below the posterior clinoid process :

The seventh and eighth, or facial and auditory
nerves, pass on a plane beneath and to the outer
side of the 5th through the foramen auditivum
internum.

The ninth and tenth, or glosso-pharyngeal, and
par vagum, with the spinal accessory, are imme-
diately below the last; and the eleventh or lin-
gual, lie rather lower down, but to the inner
side. These being divided, the spinal cord and
vertebral arteries must be cut through by push-
ing the knife as low down into the vertebral canal
as can be conveniently effected.

The left hand of the operator (his right being
engaged in supporting the brain) must then be
placed beneath the cerebellum, leaving the spinal
cord between his middle and ring finger, and the
whole enkephalon be removed'.

REMOVAL OF THE SPINAL CORD.

For the purpose of removing the spinal cord,
the student had better make an incision through
the skin directly over the spinous processes of the

! These last directions only apply i those cases where the

pupil is unavoidably prevented removing the spinal cord in
connexion with the brain.
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whole vertebral column ; and next, dissecting the
muscles from them and the surfaces of the arches,
he will be able to use the saw, with which he
must cut completely through the arches of the
two or three lowermost cervical vertebra on both
sides; having entirely removed these, he can
easily divide the remainder of the arches by
means of a pair of strong bone scissors made
expressly for the purpose.

Having thus opened the whole of the vertebral
canal, he will observe the dura mater completely
investing the cord, but not in contact with the
arches of the vertebrea, though it is attached an-
teriorly to the intervertebral substance, as he will
discover when he proceeds to the removal of it
together with the cord.

The dura mater forms a complete canal for the
medulla spinalis, and also branches off with each
of the spinal nerves, which it accompanies as far
as the vertebral foramina, to the edges of which
it is attached, each attachment performing to the
whole the office of ligaments, which retain the
cord accurately in its normal situation.

The cord may next be removed in connexion
with the brain by cutting through the dura mater,
and each spinal nerve as it quits the canal, com-
mencing with the lowest sacral and then drawing
it through the foramen magnum.

Having removed the cerebro-spinal axis from
its canal, the dissector must proceed carefully to
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divide the dura mater along the mesial line, and
he will then observe the arachnoid loosely invest-
ing the cord, and forming, by the addition of some
tendinous fibres, a tooth-like ligament between the
anterior and posterior roots of each of the spinal
nerves, called from its appearance the ligamentum
denticulatum. This is evidently a continuation of
the arachnoid with some superadded fibres, and
serves the purpose of hanging the cord to the in-
terior of the canal of the dura mater. It also
affords additional protection to the soft and yield-
ing neurine of which the whole spinal nervous
mass consists, retaining it in its situation, and
supporting, but without exerting the slightest
pressure upon it.

The arachnoid being now carefully removed,
the dissector will find a tolerably firm membrane
underneath it; this is the pia mater, which is so
much less vascular than that investing the corti-
cal structure of the brain, that some anatomists
have considered it as a distinet membrane. When,
however, we consider that the exterior of the cord
is formed of medullary, and not of cineritious neu-
rine, which is so much more vascular, we can un-
derstand the reason of the vessels being fewer in
number, and thus account for the existence of a
pia mater altered in its general appearance.

CONFIGURATION OF THE ENKEPHALON.

Before the student begins to trace the medul-
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its upper surface, which will expose what is usually
called the base of the brain, and the anterior sur-
face of the spinal cord. Bythe term spinal cord
we mean all that portion of the cerebro-spinal axis
which is contained within the vertebral canal, and
which it will be seen occupies the whole of the
cervical and dorsal regions ; but in the sacral and
the lower portion of the lumbar its place in the ca-
nal is occupied by the nerves supplying the lower
part of the trunk and the inferior extremities;
the appearance produced by the collection of the
large nerves in the interior of the canal, from its
resemblance to a horse’s tail, is called the cauda
equina. 'The size of the cord varies ; in the cer-
vical region it is widest, and in the middle of the
dorsal narrowest, widening again at the lower
part of the dorsal, and then gradually tapering off
to a point opposite the second lumbar vertebra,
where it terminates in a single nerve. Anatomists
have rather differed in opinion as to the exact
limits of the cord superiorly; physiologically
speaking, it extends to the hemispheres; but
guided by its external configuration we may
describe its superior boundary as formed by the
corpus olivare, with which the medulla oblongata
commences. After passing through the foramen
magnum into the skull the spinal cord becomes
very much enlarged, and changes its name to that
of the medulla oblongata. At the upper edge of
the medulla oblongata a large knot or thick band
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Behind these bodies is a layer of medullary
neurine, called the substantia perforata, from its
being perforated for the passage of vessels.

On either side of the diamond-shaped space
described we observe the mass of convoluted ci-
neritious neurine, denominated the khemispheres of
the brain. These are considered as divided into
three lobes on each side ; the division between the
anterior and middle lobe is well marked by a fis-
sure called the fissura Sylvii; the division between
the middle and posterior lobe is more arbitrary,
and corresponds to the superior angle of the pe-
trous portion of the temporal bone in the interior
of the skull.

The different pairs of cerebral nerves may also
be seen in this view, but their exact connexions
will be minutely described after the student has
become accurately acquainted with the real struc-
ture of the cerebral mass.

The dissector may now reverse the position of
the brain by placing it upon the base; he will
then observe the upper surface of the hemispheres
divided by a deep fissure, into which the falx ma-
jor of the dura mater passes; and by separating
the hemispheres he will perceive at the bottom of
the fissure a wide band of medullary matter,
called the great commissure of the cerebrum, or
corpus callosum.

After this general view of the external appear-
ance of the whole cerebral mass, we shall proceed

W o
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to an examination of its intimate structure, though
the observations which have been already made
on the composition of neurine will obviate the ne-
cessity of dwelling for any length of time on this
subject.

STRUCTURE.

The white portion of the cerebral mass, or that
which is commonly designated the medullary, has
a fibrous appearance dependent on the manner in
which the cellular membrane is arranged which
supports it. Vieussens was one of the first anato-
mists who demonstrated the fibrous arrangement
of the medullary portions of the brain. In 1684 he
published his work entitled Neurographia Uni-
versalis. The mode he adopted in order to show
the white fibres was the same as that pursued in
our own day by Gall and Spurzheim, namely, that
of scraping its surface in the recent state’,

Dr. Macartney, of Dublin, has among others
been very successful in unravelling the texture of
the medullary portion of the brain, and he says
that “ In order to perceive the real structure of
the brain recent specimens are necessary. The
sight should be aided by spectacles of a very high
magnifying power; and as the different parts are
exposed in the dissection, they should be wetted
with a solution of alum in water or some other
coagulating fluid. By these means it will be ob-

1 See Observations on the Structure of the Brain, by Dr.

Gordon, 1817.
G2
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served that all the white substance, whether ap-
pearing in the form of bands, cords, or filaments,
is composed of still finer fibres, which have a
plexiform arrangement, and that all those fibres,
to the finest that can be seen, are sustained and
clothed by a most delicate membrane.”

- Reil, Professor of Anatomy in the University of
Halle, preceded Gall and Spurzheim in adopting a
scientific method of dissecting the brain; and as he
always conducted his researches on brains that
had been immersed for some time in spirits, he
was enabled to trace the course of the fibres with
much greater facility than can be done in the re-
cent specimen.

Reil first published the result of his researches
in 1807 in the Archives of Physiology, conducted
by Autenreith, his attention having been prin-
cipally directed to the structure of the cerebellum.
In these inquiries Reil had himself been preceded
by Vincenzio Malacarne, professor of surgery in
the city of Aequi, who published his observations
in 1780. Reil acknowledges that in his descrip-
tion of the cerebellum he has closely followed
Malacarne. |

! The intention of this work would be counteracted if I en-
tered minutely into the researches of these and other physiolo-
gists of eminence who have devoted their time to this subject ;
the reader who is interested in its literary history will find a
very good account of the state of cerebral anatomy in 1824 in-
the 21st yolume of the Edinburgh Medical and Surgical Jour-
nal,







PART IIL

DISSECTION OF THE HUMAN BRAIN
AND SPINAL CORD.

SPINAL CORD, OR MEDULLA SPINALIS.

In conformity with the principles which induced
me to preface the study of the cerebro-spinal axis
in the human being with a demonstration of the
progressive development of the nervous system
by tracing it from some of the simplest forms of
animated existence onwards, we shall commence
this division of our labours with an account of
the configuration and structure of that portion
of this system which, protected by the vertebral
column, is known by the name of spinal cord.
Without an accurate knowledge of the compo-
nent parts of the cord, no one can ever com-
prehend the intricate structure and mode of
composition of the other portion of the system,
which, included within the cranium, is therefore
entitled the enkephalon, or brain.

The spinal cord consists of two halves or cor-
responding portions, placed, as regards the mesial
line of the body, laterally to each other, and
united anteriorly by a central commissure com-
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posed of medullary neurine. The fissures sepa-
rating these two halves of the cord are designated
the anterior and posterior fissures of the spinal
cord.

The anterior fissure differs from the posterior
in being wider, more distinct, and therefore more
easily demonstrated, though it is not so deep at
the upper part of the spinal cord as the posterior;
it deepens, however, as we descend, and is the
deeper of the two towards the sacral end of the
cord. The pia mater, which closely invests the
cord, dips into the anterior fissure, but neverthe-
less requires to be carefully dissected off before
the cleft can be distinetly shown. As the sides of
the posterior fissure are in closer contact than
those of the anterior, more difficulty is met with
in introducing the point of the scalpel into the pos-
terior fissure without injuring the medullary sub-
stance. It is curious that so much difference of
opinion should have existed among anatomists as
to the character of these fissures, Haller almost
doubting the existence of the anterior one, whilst
Chaussier states that it is deeper than the poste-
rior ; and Gordon and others, again, stating that
in point of depth there is scarcely any difference
between them. See Plate VI. figs. 14 & 15.

SPINAL NERVES,

Connected with the spinal cord, there are no
fewer than thirty-one pairs of nerves, each nerve
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being in communication with the medulla spinalis
by two sets of filaments, which in the ordinary
language of anatomists are called the anterior and
posterior roots of the spinal nerves. But viewing
the connexion of these nerves with the cord in
strict accordance with the functions which they
severally perform, it would be more correct to say
that the anterior filaments alone arise from the
cord, and that the posterior ferminate there ; for
the anterior filaments have been proved by Sir
Charles Bell and Magendie to be the conductors
of the will to the voluntary muscles: they are in
fact the instruments of volition, the experiments
of the physiologists named having proved that
after the division of the anterior filaments the
limb to which their continuation as nerves is
transmitted becomes perfectly paralytic as re-
gards vuluntary motion,

The posterior roots again convey sensation
through the medium of the cord to the seat of
consciousness, the cerebral hemispheres.

The anterior roots are much smaller than the
posterior. The posterior are further distingunish-
ed from the anterior in the circumstance of their
passing through a distinct ganglion previous to
their connexion with the cord. See Plate XI.
fig. 4.

Transverse section’.—A transverse section of

1 PlﬂtE VI- ﬁgﬁ. 1-_. 2:. 33‘4; '5; 61._?: EJ- 9: 10,
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The quantity of grey matter included differs
very much in different portions of the cord, as may
he seenin figs. 3,4, 5,6, 7, 8,9, 10, of Plate VI., a
circumstance which I have before adverted to as
throwing some light on the different offices of
each kind of neurine. The arrangement of the ci~
neritious neurine is definite and clear, the shape
of the included mass, which is best seen by a
transverse section, something resembling two C’s
placed back to back and connected by a narrow
line thus, )-(. The anterior horns do not reach
the surface of the cord; but the posterior, ex-
tending completely through its substance, attain
the surface at those points where the posterior
roots of the spinal nerves are connected with the
cord.

If we attempt to divide the medullary neurine
of each half of the cord into two portions or co-
lumns, the separation may be easily made without
the slightest division of their component fibres ;
and in order to facilitate the description of the
ultimate course of the fibres of the cord in that
portion, to be spoken of hereafter under the title
of medulla oblongata, we may consider them as
separate parts under the name of antero-lateral
and posterior columns, as these names seem cal-
culated to excite attention to the exact relative
position of these two tracts of medullary neurine.
The antero-lateral is so much larger than the pos-

terior, that it not merely constitutes almost the
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whole of the anterior portion, but also the side
of the cord, as is seen in the diagram, Plate V1.
fig. 14, The relative proportion of the antero-
lateral and posterior columns varies, however, in
different portions of the cord. In the cervical
region, for example, the antero-lateral is nearly
double the size of the posterior. In the lower
part of the dorsal and upper part of the lumbar
regions, again, it is not more than one fourth
larger, The relative proportion of these two
columns is seen in Plate V1. figs. 14, 15.

By a transverse section of the cord we are also
enabled to observe a set of medullary fibres, which,
running horizontally across the cord from one side
to the other, connect the corresponding halves to-
gether. 'This is the commissure of the cord be-
fore spoken of, and bears-a perfect analogy to the
great transverse commissure of the brain. This
commissure forms the floor of the anterior median
fissure.

The fibres of the spinal cord are very simply
arranged, lying parallel to each other, in conse-
quence of which they are easily stripped off,
leaving the surface beneath smooth and regular,
so that, as Sir Charles Bell observes, It appears
that the superficial layers furnish the roots of
the higher nerves, and that the lower layers go
off to the roots of the nerves as they successively
arise,”
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FUNCTIONS OF THE SPINAL CORD.

From the statement which has been made re-
garding the different functions of the anterior
and posterior roots of the spinal nerves, the one
being destined for motion, the other for sensation,
it follows as a necessary consequence that the an-
terior and posterior fibres of the cord with which
they are respectively in communication must per-
form corresponding offices ; in other words, that
the constituent fibres of the anterior and posterior
portions of the cord are themselves implicated,
the one in the production of motion, the other in
the pei?EEptiun of what is called common sensa-
tion.

These two portions of the cord are however so
closely united together that they seem to consti-
tute no more than a single organ, although per-
forming as distinct offices in reference to the
nervous system as the arteries and veins do in
the vascular, the anterior columns of the spinal
eord, in fact, commencing from the cineritious
matter which forms the cortical or exterior por-
tion of the convolutions of the cerebrum and
eerebellum, and terminating in the substance of
the voluntary muscles; the posterior columns,
commencing in every texture of the body, and
ending in the same points from whence the an-
terior arise, to wit, the cineritious matter of the
cerebrum; just as the arteries convey the blood
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two columns, it is clear as regards the functions of
the cord that the anterior columns ought to be de-
scribed as commencing in the brain, and the pos-
terior as ferminating there.

The exact point of connexion of the posterior
roots of the spinal nerves with the cord is not
positively ascertained, but we find Sir Charles Bell
stating that if ““ we follow the sensitive or poste-
rior roots towards their origins we find them
entering and dispersing in the substance of these
lateral columns. Some authors describe these
roots as derived from the cineritious matter:
this is quite at variance with my dissections. It
is not, however, impossible that the posterior
columns may be connected with the sensitive
roots of the spinal nerves, though I have not
hitherto succeeded in tracing the connexion.”

* Formerly I believed,” says Sir Charles Bell,
‘ that the nerves of sensation, that is to say, the
posterior roots of the spinal nerves, came from
the posterior columns of the spinal marrow, and
consequently from the cerebellum. Whilst en-
tertaining that belief I found my progress barred;
for it appeared to me incomprehensible that mo-
tion could result from an organ like the cerebrum
and sensation from the cerebellum, for there was
no agreement between them'.”

Bellingeri, in two treatises which he published

! Philosophical Transactions, 1836,
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at Turin in the years 1823 and 1824, states that
the spinal cord consists of six whitish or medul-
lary strands instead of only four as usually de-
scribed. The two anterior he speaks of as being
divided, in the manner above mentioned, by the
anterior fissure; and he says that they are united
by means of the medullary neurine which I have
described under the term commissure of the cord.
The divisions between the anterior columns and
the lateral, again, he thinks are made by the
anterior peaks of the cineritious neurine; but
they communicate on the surface, as the anterior
peaks do not advance to the surface of the cord.
The posterior columns he describes as separated
from the lateral by the posterior peaks of cine-
ritious neurine, which advancing to the surface
of the cord form a complete division between
them.

By comparing the relative thickness of these
columns or strands, it appears that the lateral are
the widest, the posterior the next in size, and
the anterior the narrowest of the whole.

Considering the relations and connexions of
these strands with the brain, he designates the
anterior the cerebral strands, the lateral the resti-
Jform, and the posterior the cerebellar.

He also considers that the posterior roots of
the spinal nerves have three different origins: 1st,
from the posterior collateral furrows; 2nd, from
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the posterior peaks of the grey matter ; and 3rd,
from the posterior strands of the cord: and
though all these different origins are collected
together so as to issue at one point from the cord
in the human subject, in the ox he has seen the
filaments which arise from the lateral strands issue
separately from the posterior.

The anterior roots have likewise three origins:
1st, from the anterior columns; 2nd, from the an-
terior peaks of grey matter ; 3rd, from the lateral
or restiform strands.

The anterior columns, Bellingeri agrees with
Sir Charles Bell and Magendie, in considering as
the conductors of volition, and devoted therefore
to the production of voluntary motion; but he
confines the kind of motion to simple flexion, so
that volition, in fact, is conveyed solely to the
flexor muscles through the medium of the anterior
columns. His opinion regarding the functions of
the middle columns agrees with Sir Charles Bell's,
that it regulates all the organie, involuntary, or
instinctive movements, such as the action of the
respiratory muscles, &ec. _

Among other reasons for these opinions he ad-
- duces the fact of the spinal accessory, pneumo-
gastric, and glosso-pharyngeal nerves arising from
the middle columns.

- Thus it is clear that in his views regarding the
office of the middle strands or columns of the
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that he does; but we ought to be cautious in de-
ciding as to the worth of opinions which are so
entirely in opposition to those of many of the first
physiologists of the present day. Without then
being enabled to disprove or absolutely to confirm
the truth of these opinions of Bellingeri, we must
content ourselves, for the present, with stating
that there seems some reason in his views, but
that further investigation is required to establish
or overthrow them. Their promulgation may,
however, be attended with this advantage, that
the attention of the profession will be called to
the importance of noting down, with more accu-
racy than is usually done, the exact extent of
lesion in the spinal cord in relation to the sym-
ptoms of disease or functional lesion exhibited
during life’.

The functions of sensation, and volition in re-
ference to motion, which are now usually con-
sidered to be executed by the anterior and poste-
rior columns of the spinal cord, do not constitute
its sole office ; for if so, it would then be simply a
conductor analogous in everyrespect to the nerves
themselves; but it is evidently a point from which
power emanates, like the brain itself, though we
may not yet have ascertained truly in what that
power consists. The experiments of Flourens

! An excellent review of the works of Bellingeri will be

found in the Edinburgh Medical and Surgical Journal, vols.
xlii. and xliii.
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tend to prove that it combines the action of cer-
tain orders of muscles; for irritation of any por-
tion of it produced an harmonious regularity of
action in the muscles of the limb which derive
their supply of nerves from that particular por-
tion of the cord, while, on the other hand, irrita-
tion of a nerve simply produces a convulsive irre-
gular action. Is it not most probable that this
power, which the cord seems to possess, of com-
bining muscular action, depends on the presence
of the cineritious neurine in its composition?
Had the office of the cord been that of a mere
conductor, as in the instance of the nerves, we
should then, in all likelihood, have found it made
up of medullary neurine alone.

Mons. Rullier relates a case in the 3rd vol. of
the Journal de Physiologie of Magendie, which,
to a certain extent, confirms the opinion of
M. Flourens, that the spinal cord is more than a
mere conductor of impressions and motory voli-
tion; though I cannot help thinking that a part of
the morbid appearances met with on dissection,
must have taken place very shortly before death,
otherwise all our notions regarding the office of
the posterior columns must be erroneous.

The patient I allude to above died at the age
of forty-four; having suffered for seven years pre-
viously from paralysis and contraction of both up-
per extremities, but without loss of sensibility.
These symptoms followed from disease of the



140 DISSECTION OF THE BRAIN AND SPINAL CORD.

spine with curvature, aggravated by the effects
of a fall from a considerable height. The suf-
ferings of the patient were dreadful; his intel-
lect remained unimpaired; he had perfect use
of his lower extremities; he was immoderately
addicted to sexual intercourse. |

On the inspection of the body after the man’s
death, which was conducted in the presence of
Magendie and others, no morbid alteration was
found in the brain; the spinal cord was also per-
fectly healthy as far as the fourth pair of cervical
nerves, as well as the two inferior thirds of the
dorsal and the whole of the lumbar portion. But
between these two portions, that is, for the extent
of about six or seven inches, including from eight
to nine pairs of nerves, the cord was soft and dif-
fluent, so that the canal of the dura mater was
filled with fluid, containing flakes of medullary
neurine, all being disorganized with the excep-
tion of two medullary cords corresponding to the
anterior columns, and to which the anterior roots
of the spinal nerves were attached.

The experiments detailed by Dr. Marshall IHall
in his interesting lectures on the nervous system;
prove that the spinal cord possesses very con-
siderable power over the action of muscles inde-
pendently of the brain. That it is an instrument
or generator of power, and not a mere conductor,
is proved by the following simple experiment:
He divided the spinal cord of a frog just below
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regulated ;” and in illustration of this point he
adduces the origin of the cerebral nerves, which
will be again referred to when we come to their
description. Dr. Marshall Hall's opinion, how-
ever, goes beyond that of simply attributing to
the cord a power resident in it, and of which the
agents are the nerves of sensation and motion.
Though not agreeing with Dr. Hall in his ex-
planation of facts, I feel that this is by far too
important a subject to dismiss lightly; I shall
therefore extract from his preface the outlines
of his views, referring my readers to the original
for the arguments he brings forward in support
of them. He imagines:

¢ First, That there is a source of muscular ac-
tion equally distinet from voluntary motion, and
from motion resulting from the irritability of the
muscular fibre. Second, That there is a series of
incident excitor nerves, and of reflex motor nerves,
which, with the true spinal marrow as their centre
or axis, constitute the #rue spinal system, as di-
stinguished from the cerebral, through which
that muscular action is excited. Third, That the
ingestion and egestion of air and of food, and the
action of the orifices and sphincters of the body,
are dependent upon this system. No physiolo-
gist has observed that the action of the larynax
and pharyna in deglutition and vomiting, and in
respiration, and that of the sphincters, continu-
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founded with sensation and with voluntary' and
instinctive® motion, and have remained both un-
explained, and without any application to physi-
ology or pathology.”

CRANIAL DIVISION OF THE CEREBRO-SPINAL AXIS.

The spinal cord must now be followed into the
skull and its connexion with the cerebral mass
investigated. In strict accordance with the course
of the nervous influence we ought to describe the
voluntary or motory strands from above down-
wards, and those for sensation, or the sensory,
from below upwards. But as this mode of pro-
ceeding, even if the exact line of demarcation
between them had been ascertained, would greatly
increase the difficulties which unavoidably sur-
round every mode of study in this complicated
organ, we must not attempt a plan which, how-
ever correct in a physiological point of view,
would not assist us in our endeavours to obtain
correct ideas of its anatomical structure. At the
same time it must not be forgotten that when we
speak of the anterior columns as running up to
be connected with the cerebrum and cerebellum,
our language is not merely metaphorical, but is
positively physiologically incorrect.

_ . MEDULLA OBLONGATA.
The spinal cord shortly after its entrance into

! Legallois. s ?* Mr. Mayo.
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fig. 18. They form two projections of a pyramidal
figure, and are usually designated the posterior
pyramidal bodies'. In these bodies terminate
the auditory or eighth pair of nerves. These
also we have remarked in the fish under the
title of tubercles of the fourth ventricle.

The arrangement of the cineritious neurine in
the olivary bodies will be understood by referring
to Plate VI. figs. 11, 12, 13, where the beauti-
ful contrivance which has been adopted in the
arrangement of the cineritious neurine of this
ganglion is exhibited. It is of exactly the same
kind as that employed in the hemispherical gan-
glia, namely, a contrivance by which an extensive
surface of neurine is packed into the smallest
space. The cineritious neurine of this ganglion
appears indeed as if it were crumpled up to ac-
commodate it to its confined situation.

The corpus olivare?, I have little doubt, is an
important organ in the function of respiration, for
the pneumo-gastric, which both terminates and
originates in it like the spinal nerves, is a com-
pound nerve ; it is a nerve of sensation in relation

! Ruysch deseribed the restiform bodies under the name of
posterior pyramidal; and Rolando describes the internal la-
ming of the restiform bodies by that name, and even warns the
reader against confounding them with the restiform bodies.

* Spurzheim in his Anatomy of the Brain, 1820, p. 154,
calls the olivary bodies ganglia. Prochaska and Vieq d'Azyr
also described them as such, but without attempting to explain
their office.
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whole of the respiratory movements take place as
usual. Is it not, then, from this point, and this
only, that they draw their power of motion? A
section of the par vagum produces no such effect;
the section must destroy the corpus olivare be-
fore total interruption to the respiratory action
can take place.

For the proofs that the sensibility of the air-
passages are dependent on their connexion with
the brain through the intervention of the par va-
gum, I must refer my readers to Braschet's' re-
searches on this interesting subject.

With these facts regarding the power, if I may
so call it, of the corpus olivare, it appears to me
that it would be well to abandon the term me-
dulla oblongata altogether, for it is extremely in-
definite, scarcely two writers agreeing as to its
exact limits®; besides which, an importance is
attached to the whole of this segment of the cord
which in all probability belongs alone to the cor-
pus olivare.

Some authors, among whom I may mention
Gall, describe a fasciculus of fibres ascending
from the olivary bodies through the pons Varolii.
I have not been able to satisfy myself of their ex-

Y Recherches Expérimentales sur les Fonetions du Systéme
Nerveur Ganglionaire, par J. L. Braschet, 1834, p. 135.

# Meckel, for instance, applies the term medulla oblongata
not merely to the upper portion of the cord, as most writers do,
but includes also the pons Varolii and crura.
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This fact of the decussation of the anterior
columns or motory tract of the spinal cord is ex-
tremely important, and particularly interesting in
a pathological point of view, explaining as it does
the fact that disease of the right side of the brain
almost uniformly produces paralysis of the left
side of the body, and vice versé. Hippocrates
himself mentions the fact, that lesions on one side
of the head were often observed to occasion palsy
on the opposite side of the body; but Aretaeus
was the first who attempted to explain it, by
supposing a decussation of the nerves at their
- origin in the brain. Dion Cassius is the next
who speaks of a decussation of the cerebral nerves
and spinal cord ; but with him the subject dropt,
and the attention of the medical world was only
recalled to the fact in 1581, by Fabricius Hildanus.
The true decussation of the pyramidal bodies,
however, was first described by Mistichelli in
1709 ; it was noticed by Petit in the year follow-
ing, and at a later period by Lieutaud, Santorini,
and Winslow. The same authors also speak of
other decussations, but probably on mere suppo-
sition.

“ Modern anatomists,” savs Dr. Spurzheim,
“before Dr. Gall and myself, were divided in
opinion upon the subject of decussation. Many
admitted the fact, but no one pointed out the
place of its existence. Vieq d’Azyr, for ex-
ample, confounds the simple transverse fibres
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since it is very evident that if they only arise
from this point, they cannot pass to the opposite,
or be continuous with the fibres of the spinal mar-
row.” In addition to which, Rolando states that
his observations on the chick confirm his opinion
that the pyramidal bodies are merely placed upon
the spinal marrow.

There are, it is true, a few cases on record in
which no decussation of the pyramidal bundles
has been discovered ; but such cases must be
viewed as exceptions to a general rule. Let the
student, then, distinctly understand that the py-
ramidal figure which appears drawn, as it were,
on the anterior surface of the cord, and gives
rise to the term corpus pyramidale, is simply
caused by the crossing over of the constituent
fibres of the anterior columns from one side to
the other, but that it is not oceasioned, as is the
projection of the corpus olivare, by the addition
of fresh masses of either medullary or cineritious
neurine as supposed by Rolando.

LINE OF DEMARCATION BETWEEN THE TRACTS
OF SENSATION AND MOTION.

Although the different offices performed by
the anterior and posterior roots of the spinal
nerves have been, I think, clearly ascertained,
and as it is also evident that the spinal cord con-
sists of tracts of neurine whose office is the same
as the nerves which are connected with them,
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within the spinal cord (for they are not the less
distinct organs because of our ignorance of their
respective limits, any more than a nerve of mo-
tion is one of sensation because we are incapable of
unraveling the fibres of each from their com-
mon investing membrane,) cannot be formed by
the posterior peak of grey matter, is very decided-
ly proved by the fact that a portion of the fifth
pair of nerves, which we know to be a nerve of
sensation from the beautiful experiments of Mayo
and Sir Charles Bell, is not connected with, or,in
the common language of anatomists, does not
arise from, the posterior, but from the lateral co-
lumns. This is seen in Plate VI. fig. 2.

THE ANTERIOR COLUMNS OR MOTORY TRACTS.

The antero-lateral columns within the spinal
canal consist of fibres, which simply lie parallel to
each other without interlacing like the filaments
of a nerve; so that if a portion of the cord (pre-
viously hardened in alcohol) be taken up in the
forceps, it splits up without any difficulty, and the
fibres themselves do not appear to be torn, but
merely the membrane connecting them. If this
mode of proceeding, however, be attempted on
the medulla oblongata, we find that the fibres, no
longer maintaining an even parallel course, easily
break off, and great care therefore is required to
trace them to their destination, for some begin to
take one course and some another.
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other portion of these columns to be described,—
on reaching to within a small distance of the cor-
pus olivare, splits into three sets of fibres, one,
and the most anterior, of which passes through
the pons Varolii, as will be described presently,
and may be designated the ecerebral fibres of the
anterior columns; a second set, which may be
entitled the superficial cerebellar fibres of the
anterior columns, passing over the surface of the
medulla oblongata are usually seen without dis-
section. Rolando! describes the superficial cere-
bellar fibres of the anterior columns, those which
are seen without dissection, (the processus arci-
formes of Santorini,) under the name of * fila-
menti arciformi,” saying, ““ I believe that I ought
to give such a name to numerous filaments which
are seen to issue from the transverse fibres of the
annular protuberance precisely at the same spot
where the anterior cords penetrate into its centre.
The filamenti arciformi nevertheless descend and
partly cover the above-mentioned cords, expand-
ing on the corpora olivaria, and extending even
to the median fissure by which they remain se-
parated from each other. Such a disposition is
constantly observable in quadrupeds, in which the
said filaments are extremely distinct, although no
mention has hitherto been made of them.” Ro-
lando does not, however, trace them as he might

} Op. citat., vol. i. p. 147.
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cerebrum, as allowed by Mr. Mayoand Mr. Owen,
to whom my preparations were referred. Since
this time I have had the opportunity of showing
the same preparations to many of the first anato-
mical teachers in England, who consider the
point fully established. They have been since
deposited in the Museum of the College of Sur-
geons. The corpora restiformia, or the processus
¢ cerebello ad medullam oblongatum, are not,
therefore, as they have usually been described,
bodies which are formed solely by the posterior
columns ; nor are they bodies which consist of
fibres from the posterior columns, to which some
fibres from the anterior columns are added, the
additional fibres lying perfectly parallel to those of
the posterior columns ; but they are bodies which
consist of fibres that interlace in rather an intri-
cate manner, the interlacing fibres consisting of
some from the antero-lateral, and some from the
posterior columns.

It is rather curious that Rolando should have
approached so nearly to the discovery of the fibres
above described, as connecting the anterior co-
lumns with the cerebellum, and yet have just fallen
short of understanding them, as is even more
evident by the further perusal of other passages
in his writings; for at p. 142, he remarks: “ All
anatomists agree in saying that the posterior sur-
face of the olivary body is in contact with the
superior surface of the peduncles of the cerebel-
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For in order to see these fibrous cords distinctly,
which are flattened externally and at the same time
a little curved, it is necessary to separate the oli-
vary bodies from the inferior peduncles of the ce-
rebellum : in this place they are covered by the
arciform filaments, to be spoken of shortly. Then
above this point, if you wish to follow the fibres
of the said cords downwards, it is easy to see that
anteriorly they are divected towards the inferior
extremities of the olivary bodies and the pyra-
mids, in order to form that portion of the medulla
spinalis which folds into the anterior median fis-
sure ; whilst these find themselves in contact with
the inferior peduncles of the cerebellum they bend
backwards, carry themselves towards the pos-
terior surface of the cineritious tubercles, and go
to form the posterior lateral fissure. It is more
difficult to follow the anterior cords towards the
superior region of the medulla oblongata.” At
this point his observation has failed him, for in-
stead of tracing them, as he might have done, to
the cerebellum, he goes on to say: ¢ But one may
often succeed in seeing them when they bend over
the superior extremity of the olivary bodies, where
is formed that space which Malacarne has called
the fossa quadrilatera. Nevertheless it is only by
means of transverse sections, made and repeated
at like distances, that the anatomist will obtain an
exact idea of their arrangement at the part in

question; in this manner they may get behind
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a portion of the restiform body in their pro-
gress.

The first set of superficial cerebellic fibres are
represented (Plate VI. fig. 1.) passing upon the
surface of the corpus restiforme. The second
set of the superficial cerebellic fibres are repre-
sented cut through in their passage to the cere-
bellum just as they cross the sensory tract of the
fifth pair (Plate V1. fig. 2.).

The fibres just described as connecting the
antero-lateral columns of the cord with the cere-
bellum are peculiarly interesting when viewed in
relation to the functions of the cerebellum. For
although it is true that its functions have not yet
been clearly ascertained, the experiments of Flou-
rens, Bouillaud, Magendie, and others, and the
numerous cases on record in which disease of the
cerebellum has been followed by paralysis, all
tend to prove that the cerebellum is in some way
or other connected with the regulation of mus-
cular action, most probably, as before hinted at,
that it has the power of combining the action of
individual muscles so as to effect an harmonious
result, such as is necessary to enable us to stand,
walk, &c. Even Broussais in his lecture on
Phrenology, published in the Lancet, July 30th,
1836, acknowledges that the cerebellum is an in-
strument connected in some degree with the com-
bined action of the muscles, though merely in
relation to the act of copulation, Their presence
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of animal life, which are, first, sensation, con-
scious perception, and the physical phenomena
related to intelligence; and, secondly, those of
voluntary motion. This however can only be
considered as a probable opinion. Such it has
long been thought by many physiologists; and
though the grounds on which this conclusion rests
appear to be more secure than they formerly were,
the proof is still defective.”

Besides those fibres of the antero-lateral co-
lumns which have been described under the title
of cerebral and cerebellar fibres of the anterior or
motory columns, there is another set which in the
spinal cord occupies a completely lateral position,
being separated from the posterior columns by the
posterior peaks of grey matter. These are re-
garded by Sir Charles Bell as the cerebral strands
of sensation; cerebral, because, as will be ex-
plained a little further on, they terminate in the
cerebrum; of sensation, because the posterior
roots of the spinal nerves are connected with
them. '

The fibres of the posterior columns, or those
columns which are separated from the rest of the
cord by the posterior peaks of cineritious neurine
and the groove of the posterior roots of the spinal
nerves, take their course directly and entirely to
the cerebellum; none of them whatever can be
traced to the cerebrum. Both these portions of
the sensory tract will be traced to the cerebrum
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in the Philosophical Transactions for 1834 as
resting with its edge on the commissure of the
cerebellum, and extending its fibres directly back-
wards so as to form a striated leaf, separating the
two great longitudinal tracts which pass between
the medulla oblongata.

In making sections of the pons Varolii, it is a
curious fact that those parts which appear grey
on a transverse section, are white on a longitudi-
nal, and vice versd.

The next step in the dissection is to remove the
arachnoid and pia mater from the fissura Sylvii,
through which fissure the dissector may insert
his fingers, and raising the middle lobe tear
through its connexions with the anterior so com-
pletely as to enable him to turn it back over
the posterior, after which he will be enabled
to trace further the motory tract of fibres of the
anterior columns. By gradually removing the
neurine which still covers them he will expose
some medullary fibres, running from before back-
wards ; these belong to the great transverse com-
missure or corpus callosum. On removing these
he will come to a large deposit or bed, if we may
so express it, of cineritious neurine, through
which the anterior columns pass, exactly in the
same manner that the sensory fibres of the fifth
pair do through the semilunar ganglion already
referred to in the sphenoido-temporal fossa. This
collection of neurine is the ganglion of the ante-
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of the hemispheres. The posterior division of
the same column, again, has been traced to the
cerebellum.

We should here return to the medulla oblon-
gata, and in like manner pursue the tract of sen-
sation to its destination. This would unquestion-
ably be in strict accordance with the functions of
the spinal cord and its relations to the brain; but
in describing the anatomy of the brain it should
be an object with the anatomist so to arrange his
description as to economize the material which
the student has to work upon. With the latter
view, therefore, the attention of the dissector will
now be called to the anatomy of the commissures
or apparatuses of union, parts which, in point of
physiological connexion, ought not to be studied
at present. Should, however, the student prefer
tracing the posterior columns at once, he has only
to refer to the section after the description of the
commissures, where he will find them deseribed.,

In commencing this new inquiry the student
must remember that the commissures or appara-
tuses of union, can only be thoroughly under-
stood, and their exact connexions and relations
appreciated, after a diligent consideration of the
exact relative position of the different ganglia
which it is the office of these commissures to
connect together, and also to bear in mind that
his attention to these media of connexion is now

required solely that they may not be destroyed
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and lost sight of in the further pursuance of this
dissection of the columns of the cord.

COMMISSURES !.

Let the brain be now laid upon its under sur-
face, when of course the upper surface of the
hemispheres will meet the eye. Let the mem-
branes be removed from these, and the depth of
the fissures separating the convolutions, as well
as the general exact correspondence or symmetry
of the hemispheres of the brain, be remarked.
The great fissure separating them longitudinally
is deep; at the bottom of it a broad band of
fibrous or medullary neurine will be observed:
this is the great transverse commissure, or corpus
callosum. Before entering on the description of
this part, let me remind the student of the simple
form in which a commissure was first presented
to his notice in the nervous system of the star-
fish, where it appeared as a slender cord of neu-
rine connecting one ganglion with another.

In the description of the human brain I shall
consider under thg head of commissures all those
collections of medullary neurine which are so ar-
ranged as to connect either corresponding parts

! Spurzheim confines the word eommissure to designate
structures which conneet corresponding parts, and applies the
term instruments of communication to those which connect
different parts on the same side ; a distinction which, as it does
not appear to me tc be attended with any advantage, I have
taken the liberty of rejecting.

I
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which are placed on each side of the mesial line,
as, for instance, the right and left hemispheres ;
or different structures on the same side, as the
various convolutions of each hemisphere ; or two
distinct structures, as the two grand divisions of
the cerebral mass, the cerebrum and cerebellum;
thus following out to its fullest extent the prin-
ciples which have been laid down elsewhere, that
a ganglion is a.collection of neurine of any size
and any form, and that the cerebro-spinal axis,
of which the brain is a part, is no more than a
collection of ganglia of immense size connected
together by commissures of corresponding di-
mensions.

TRANSVERSE COMMISSURE.

The great transverse commissure', or corpus
callosum, is a body consisting of fibres of medul-
lary neurine, the extremities of which are every-
where in contact with the internal or central sur-
face of the cineritious layer which forms the con-

! Vieq d'Azyr was the first anatomist who described the
corpus callosum as a commissure, while, on the other hand,
Rolando denies that it is entitled to the name of a commissure ;
for, says he, “laying together the observations of Wenzel and
Tiedemann upon the formation of the corpus callosum and my
own observations on the union of the cerebral vesicles,—the
point of union constituting the future corpus callosum, this is
obviously in the first instance no more than a contraction of
superior and inferior margins of the vesicles; the part cannot
at any rate be justly described as a commissure.”—Op. cit.
p. 72.
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volutions of the hemispheres,—the hemispherical
ganglia. These fibres consequently establish a
communication between the cineritious neurine of
the whole convoluted surface of both sides of the
cerebrum. :

Strictly speaking, the fibres of the great trans-
verse commissure do not commence on one side
more than another; but in the hope of assisting
the mental eye in following their course from he-
misphere to hemisphere, we will describe these
fibres as originating on the right side and cross-
ing over to the left. The fibres from the front,
sides and superior part of the anterior lobe, then,
pass backwards and inwards to the distance of an
inch and a half from the anterior extremity of the
cerebrum, where they cross the fissure which di-
vides the two hemispheres. The anterior edge
of the commissure consequently forms the poste-
rior boundary of the anterior part of the fissure.
In this situation the fibres are folded one upon
another; so that on a transverse section of the
commissure the anterior edge appears thicker
than the centre, though it is not so thick as the
posterior edge. (See Plates IX. and X.)

The fibres from the convolutions of the upper
part and sides of the middle lobes run downwards
and inwards, being joined by those from the con-
volutions at the base of the brain.

Those, again, from the upper, under, and pos-

12
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terior surface of the posterior lobe run forwards
and inwards to cross the fissure at the distance of
nearly three inches from the posterior extremity
of the cerebrum. The fibres from such extensive
surfaces are necessarily numerous, and give a
considerable thickness to the posterior edge of
the commissure '

All these fibres may be easily demonstrated in
a brain that has been immersed for some time in
spirits, and they may also be shown, though not
so readily, in the fresh brain. The best method of
exposing them is gradually, by tearing, to remove
the upper part of the hemispheres, the handle
of the knife being pushed into the horizontal fis-
sure through which the commissure creeps, as it

1 M. Foville, of Rouen, in the article referred to above,
gives a very different account of the nature of the corpus cal-
losum and the origin of its component fibres. He considers
that they commence from the corpus striatum and thalamus,
and says they have nothing to do with the hemispheres, but in
reality form a commissure between the two crura cerebri of a
vaulted form. In his Outlines of Physiology, Mayo has very
clearly proved the manner in which that mistake has occurred,
and shown that Foville in producing the appearance which
induced him to adopt the opinion stated above, breaks through
the point where the fibres from the columns intersect the com-
missural fibres, and then follows the columnal fibres in their
course to the striated bodies. Rolando advances the same
opinion regarding the composition of this commissure as Fo-
ville, quoting the opinions of Tiedemann in support of his own.
Notwithstanding such weighty testimony, I am convinced from
repeated dissections that they have been deceived, most pro-
bably as explained by Mayo in his Physiology.
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were, under the convolutions on both sides of the
hemispheres. The dissection here had better be
confined to the right side, in order to reserve the
left entire for other observations.

Let me again repeat that I consider these con-
necting fibres of the great commissure as perform-
ing the same office, and that they ought to be
considered as perfectly analogous structures to
the single commissural cord which we met with
in the star-fish. Their vast number, which is
only in proportion to the great extent of surface
from which they originate or which they connect,
ought not to deceive us as to their similarity, and
thus withdraw attention from the illustration of
their real character afforded in the simple type of
the nervous system as it exists in the star-fish.

The mode of tracing the fibres of the transverse
eommissure recommended will open what, at first
sight, appears to be a circumscribed cavity (the
lateral ventricle). 'This space must not however
be viewed by the student in the light of a cell or
cavity situated in the interior of the brain, the
walls of which are formed by the cerebral mass;
he must consider it as resulting merely from the
contact of the different surfaces of the brain:
the external surface of the anterior and posterior
cerebral ganglia or the figurate surface' is here

1 The character of the figurate surface, and meaning we at-
tach to the term, will be explained a little further on.
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in contact with the internal smooth surface of the
superficial cerebral convolutions or hemispherical
ganglia. It is quite true that in one sense it is a
cavity with walls sufficiently perfect to be capable
of containing fluid ; but the important point for the
student to understand is, that these walls are not
entirely formed by neurine, and that its power of
containing fluid arises simply from the mode in
which the arachnoid membrane is reflected from
the figurate surface on to the convoluted sur-
face. It is in this way that we have a circum-
scribed cavity, formed from a mere accident in
structure, which in the constitution of the brain
amounts to no more than an irregular but exten-
sive fissure, analogous in all respects to the fis-
sures between the different convolutions of the
cerebrum. Though it may not, perhaps, be pos-
sible for the student who has only advanced thus
far in the dissection of the brain to have a clear
idea of the difference between. the figurate and
convoluted surfaces, I have considered it advisa-
ble to arrest in the very first instance any ideas
that might arise in his mind as to the ventricles of
the brain being perfect cavities, whose walls are
wholly formed by the substance of the organ itself.
The term ventricle alone is sufficient to mislead
whoever dissects these parts for the first time.
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passes previously to its expansion in the hemi-
sphere and termination in the Lemispherical gan-
glion, as shown in Plate VIIIL. fig. 2.

Between these two ganglia is situated a narrow
band of medullary neurine called, from its appear-
ance, the {@nia semicircularis; the fibres compo-
sing this band are derived from the great com-
missure, and are considered by Spurzheim as
the media connecting the converging fibres, or
fibres of communication between the two hemi-
spheres and the anterior and posterior cerebral
ganglia, commonly called the thalami and corpora
striata.

Lying upon the superior surface of the poste-
rior cerebral ganglion we find a vascular mem-
brane called the plexus choroides; this mem-
brane, notwithstanding its grand name, is merely
the continuation of the pia mater, as will be seen
a little further on. Overlapping this membrane
at the internal or posterior part of the posterior
cerebral ganglion or thalamus, there is a sharp
band of medullary neurine; this structure is a por-
tion of the inferior longitudinal commissure ox
Sorniz. 'The connexions and precise character
of this commissure I shall not describe at present,
being anxious to give a connected and uninter-
rupted view of the figurate surface, merely re-
marking that the width and extent of the inferior
portion of the fornix or inferior longitudinal com-
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missure may be observed by dividing the trans-
verse commissure about one third from its pos-
terior edge in the direction of its fibres. On
removing a portion of the transverse commissure,
the fornix will be found to extend on each side
nearly an inch from the mesial line, narrowing
considerably towards its anterior extremity. The
right side of the longitudinal commissure must
next be completely divided, cutting towards the
upper surface of the cerebellum, and the divided
portion turned over to the left side: the conse-
quence of this section will, in the first instance,
be the further exposure of the pia mater, and a
view of the exact point where it quits the convo-
luted to join the figurate surface ; the convoluted
surface, which the pia mater quits, is the upper
surface of the cerebellum. The narrow space left
between the under surface of the posterior edge
of the inferior longitudinal commissure and the
upper surface of the cerebellum, used to be called
the foramen of Bichat, and the pia mater in this
situation is known by the name of velum interpo-
situm. 'This membrane, the velum interpositum,
must now be very carefully raised, and immediately
underneath and connected with it will be found a
small rounded body about the size of a pea, con-
sisting of cineritious neurine, and frequently con-
taining in its interior some gritty matter called
the pineal gland; it forms, together with two
15
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white bands, hitherto known by the title of the
peduncles of the pineal gland, connected to it, a
commissure between the optic thalami. The whole
structure may be called the pineal commissure.
Beneath this commissure are situated the opfic
tubereles, which in man are four in number, in-
stead of being simply binary as in fishes; these
tubercles are usually known by the term corpora
quadrigemina. The anterior of these are the
largest and are frequently called the nates, the
posterior the festes. By gently raising the ante-
rior edge of the cerebellum with his knife, the
student will observe, passing from the optic tu-
bereles backwards and downwards to the cere-
bellum, a broad band of medullary neurine, thick
laterally, but extremely thin in the centre; so
great is the difference in the texture of these two
portions, that the central has been called the
valve of the brain or the valve of Vieussens; the
direction of the component fibres is however lon-
gitudinal in both. This structure in the aggre-
gate must be regarded as a commissure connect-
ing the cerebrum and the cerebellum, and I shall
designate it therefore the oblique or intercere-
bral commissure: a more minute description of
its fibres will be found under the head of the com-
missures,

This view of the figurate surface of the brain
(for I see no advantage to be derived from inclu-
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PINEAL COMMISSURE.

Running along the inner edge of the thalami
a white line may be seen formed by a collection
of medullary fibres, which are connected to the
pineal gland in the centre; these, through the
intervention of that body, form the pineal com-
missure before mentioned.

POSTERIOR COMMISSURE.

The pineal commissure may now be divided ;
beneath it, and just anterior to the optic tubercles,
a narrow band of medullary neurine will be per-
ceived; this is the posterior commissure; its fibres
may be traced in the thalami on each side.

ANTERIOR COMMISSURE.

The whole extent of this commissure cannot be
perfectly seen in this stage of the dissection, the
only portion of it brought into view being that
which runs across the small fissure left between
the anterior pillars of the longitudinal commis-
sure ; its dissection will be most conveniently con-
ducted at the base of the brain, where it will be
found (having been already exposed in the dis-
section of the passage of the motory tract through
the anterior cerebral ganglion of the cord,) to be
about three lines in width, and commencing in
the middle of the hemispheres to pass through
the substance of the corpus striatum or anterior
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not been generally described in the light of a
commissure. By Vieussens it was considered
simply as the under surface of the corpus cal-
losum; but the direction of its fibres being so
entirely different, that is, being longitudinal in-
stead of transverse, it is impossible to agree with
that celebrated author in this view of the relations
of the fornix, the name of which is derived sim-
ply from its vaulted figure, for it forms in the
centre of the cerebral mass a surface which is
convex superiorly and concave inferiorly, bear-
ing, therefore, some resemblance to an arched
or vaulted roof. By the German anatomists it is
called the twain band. If the student will here
refer to Plate IX. he will find the following de-
scription considerably elucidated.

The general form of the fornix may be de-
scribed as that of a vaulted roof supported upon
four pillars, which, unlike pillars in general, are
bent nearly double, the anterior pair presenting
their concavity forwards, the posterior pair theirs
backwards. Its real character and the direction
of the fibres composing it will be ascertained by
making a section of the brain, so as to obtain a
side view of it; and in order to effect this, the erus
cerebri on the right side should be divided by an
incision just between the optic tubercles and the
posterior cerebral ganglion ; and the scalpel being
kept quite close to the inner side of that ganglion,
the incision may be carried forward, running also
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on the inner side of the motory ganglion, and then
cutting through the anterior lobe into the ante-
rior fissure, as has been done in the dissection
from which Plate IX. is taken. This commissure,
like every other commissure, cannot, strictly
speaking, be described as commencing in one
part more than another; in describing it, there-
fore, as commencing in the crus cerebri, it must
be remembered that it would be equally correct
to describe it as terminating there; but being
obliged to suppose it to commence at some point,
we shall speak of it as arising from the cineri-
tious neurine, or locus niger, which in the centre
of the crus cerebri separates, as has been shown,
the sensory from the motor columns.

From the centre of the crus cerebri the fibres
of the longitudinal commissure may be traced to
the corpora mammillaria, at which point they are
joined by a band from the interior of the thalamus,
which can be most easily dissected when the brain
rests on its upper surface and the base is exposed.
(Plate X.) The right thalamus having been re-
moved in the previous dissection, the part in ques-
tion must be searched for on the opposite side.
From the corpora mammillaria the fibres are col-
lected so as to form two rounded cords; the course
of these is first forwards, then upwards, and after-
wards backwards, thus forming a semicircle, the
concavity of which facing backwards, used to be
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called the anterior pillars of the fornix, and is
free and unattached, whilst the anterior or con-
vex edge receives fibres from the anterior lobes
and from the under part of the great transverse
commissure, by which means a thin delicate sep-
tum is formed, called the septum lucidum'. The
longitudinal commissure in its passage backwards
under the great transverse commissure (corpus
callosum), to which it is attached, spreads late-
rally, and at first is nearly of the width of half an
inch; but afterwards, becoming much wider, it
descends to be connected with the convolutions,
first of the back part, and afterwards of the inner
and under part of the posterior lobes. While
tracing its fibres in this portion of its course two
projections are observed, which have received
the absurd appellation of kippocampus major and
hippocampus minor; they are usually described
as being situated in the descending and posterior
cornua of the lateral ventricles.

In this division of our subject it will, I think,
be advisable to inquire into the real character of
these hippocampi, and the relation they bear to
other parts of the brain, and thus do away with

' Rolando describes the septum lucidum as a folding in of
the fibres of the hemispheres from the corpus callosum. The
direction of its component fibres convinces me, however, that
such cannot be a true view of its construction, and the fornix

as a whole he views as merely a portion of the corpus cal-
losum.
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necessity been imagined for conferring upon it an
independent and absurd title .

The hippocampus minor is in some respects
analogous to the hippocampus major; for it is
formed by the projection of one of the fissures
dividing the convolutions at the inner side of the
posterior lobe, where it is covered by the pos-
terior fibres of the longitudinal commissure. It
differs from the hippocampus major in this re-
spect, that the projection is caused by the cen-
tral surface of the convolutions, and not by the
peripheral surface, as is the case in the hippo-
campus major.

This account of the fibres which enter into the
composition of the longitudinal commissure will
prove to the student that this structure connects
the cineritious neurine or locus niger of the crura
cerebri with the convolutions of the hemispheres,
as well as most of the convolutions of the same
hemisphere together, and is in this respect distin-
guished from the transverse commissure, whose
office is to connect the two opposite hemispheres
‘together. It must be regarded, therefore, as an
apparatus of union between different points of
the same hemispherical ganglion.

There is another portion of cineritious neurine

! Mr. Mayo, in the edition of his elementary work on Phy-
siology lately published, describes a cavity in the interior of
this body which, however, appears to me to be no mere than
one of the ordinary fissures of the convoluted surface.
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which I am compelled to mention in consequence
of its being uniformly described in all descriptions
of the brain under the silly name of corpus den-
ticulatum; 1 say silly name, because it would have
been equally wise to have given a particular appel-
lation to every square inch of the convoluted sur-
face as to this portion, which is partly covered by
the posterior pillar of the longitudinal commissure.
The corpus denticulatum is neither more nor less
than a portion of the hemispherical ganglion,
which, being brought into view according to the
old method of dissecting the brain by cutting-
through the posterior pillar of the fornix, ap-
peared to be a distinet part deserving an appro-
priate title.

SUPERIOR LONGITUDINAL COMMISSURE.

The fibres which have been thus described as
forming ‘the inferior longitudinal commissure, and
connecting together distant convolutions situated
on the same side of the mesial line, are not the only
fibres devoted to this office; for if such were the
case, those convolutions which are placed on a
plane superior to the transverse commissure,
would be unconnected either with each other
or with those below the plane referred to, and
would therefore differ most essentially in their
anatomical relations from those which are placed
below the said plane; there is, however, no such
curious anomaly, but here, as everywhere else,
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Nature is consistent with herself, though ana-
tomists generally have neglected to observe the
fact. We do not find in most systematic works
any mention whatever made of some fibres which,
from their correspondence to those of the forniz,
I shall designate in the aggregate, the superior
tongitudinal commissure, in distinction to the for-
nix, or inferior longitudinal commissure. Mayo,
with his usual accuracy of observation, has deli-
neated them in his Plates of the Brain, showing
on their external aspect, what I have exhibited
on their internal, in Plate X., where they are
represented as they run above the transverse
commissure on the edge of the longitudinal fis-
sure. These fibres may be easily seen by re-
moving the surface of the convolutions where
they form the lower part of the outer wall of the
above fissure; and from the centre of it these
fibres may be traced either backwards or for-
wards. In tracing them forwards, we find them
turning over the anterior edge of the transverse
commissure, and running down to those convo-
lutions at the base, which, forming the under and
back part of the anterior lobe, are placed close to
the fissura Sylvii: these fibres do not, however,
form merely a narrow band, but an extended
plane, the exact width of which cannot be de-
fined, as its constituent fibres are in opposition
to the internal surface of all that part of the
hemispherical ganglion which is to the outer side
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fibres thick and strong on each side, but ex-
tremely thin and delicate in the centre; the
fibres are arranged longitudinally in both situa-
tions.

The constituent fibres of this commissure are
not so simply arranged as we might in the first
instance be inclined to suspect. To me they ap-
pear to be divisible into three sets; and as they
are all collected together at the point where they
enter the cerebellum, we shall deseribe them from
that point forwards.

Ist, The most superior, those in fact which form
the surface of the processus ¢ cerebello ad testes,
and the valve of Vieussens, may be traced di-
stinctly to the optic tubercles.

2ndly, The external: these form the external
surface of the processus & cerebello ad testes,
and may be traced to the side of the optic tu-
bercles, and from thence to the optic thalami,
and as far as I can discover, though I cannot
speak decidedly, through that ganglion to the
hemispheres.

drdly, The third and last set are the deep
or descending fibres: these may be seen by first
dividing the cerebellum into two halves, then
dividing close to the cerebellum that portion
of the pons Varolii called the crus cerebelli,
and the corpus restiforme. If the cerebellum be
now raised, tearing up the intercerebral commis-
sure, it will be found that some of its fibres de-
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sists, like the cerebrum, of two hemispheres
united anteriorly by a commissure called the pons
Varolii; and by Reil it is described as being
united posteriorly by another commissure, which,
projecting on its upper and under surface, forms
what have been called from their appearance the
processus vermiformis superior and inferior. 1
confess this portion of the cerebellum does not
appear to me to be an apparatus of union, but
rather a centre of power placed in the mesial line
and connected laterally with the two hemispheres,
perfectly analogous to the cerebellum of the bird
and hare, Reil himself stating that in the brain of
the hare there is little more than a vermiform
process. Indeed a mere section of it ought to be
sufficient to convince us that it is no true com-
missure.

The surface of the cerebellum is analogous to
that of the cerebrum, in so far as it consists of
an extensive layer of cineritious neurine re-
quiring, like the cerebrum, to be folded in order
to pack it in the small space devoted to its re-
ception: its appearance is, however, rather lami-
nated than convoluted, the laminz being divided
by furrows of greater or less depth, more or less
parallel to each other, and constituting each a
segment of a circle, the convexity of which is
turned backwards, and the horns forwards. The
following minute description of its configuration
by Reil, translated by Mayo, is the one alluded
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called hemispheres [Seitentheile, Hamisphiren].
The central part is called the general commissure
[ Mittelstiick, Nath, Total-commissur, Wurm}, and
consists of two portions, the superior and inferior
vermiform processes. The superior of these ter-
minates at the commissure of the upper and pos-
terior lobes, When viewed from above, the two
hemispheres are externally circular; internally,
where they approach to join the general commis-
sure, their margin is deeply notched both before
and behind. Thus two fissures [ Ausschnitte] are
formed, one looking forwards towards the cere-
brum, and receiving the tubercula quadrigemina,
termed the semilunar fissure [vordere halbmond-
formige Ausschnitt]; the other backwards, which
receives the falx cerebelli, termed the purselike
fissure [hintere beutelformige Ausschnitt], from
its narrowness at first, and subsequent enlarge-
ment : in the latter is the line, at which the supe-
rior and inferior vermiform processes meet.
“The upper surface of the cerebellum is not
horizontal, but raised a little anteriorly towards
the tubercula quadrigemina, and depressed late-
rally and behind. The under surface is some-
what hemispherical, having along its middle a
deep and broad depression, the valley [Thal], ex-
tending from before backward, in which the me-
dulla oblongata is lodged, as well as the inferior
vermiform process: the latter is separated from
the hemispheres on either side by a furrow. The
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“ In some places, particularly in the deep fur-
rows h&éw&en the lobes, and in the shallower
furrows ‘of the lower and posterior lobe, several
laminze are sometimes found united, so as to form
an irregular band of short extent [ein Schwanz] ;
sometimes an abrupt and tonguelike projection
[eine Zunge] arises from the bottom of a furrow,
consisting of a few laminz, not directly connected
with any neighbouring lobe or lobule.

¢ Each hemisphere has five lobes, of which two
compose the upper, three the under surface: these
are, first, the square, or anterior and upper lobe
[vierseitigen, vorderen oberen Lappen], which is
seen on either side of the superior vermiform
process, forming the fore part of the upper sur-
face of the cerebellum. This lobe extends from
the tubercula quadrigemina to the commissure of
the upper and posterior lobe, and is united to the
vertical process of the general commissure, and
to all those portions of the horizontal process,
which are given off above the single commissure.
Secondly, the posterior and upper lobe [hinteren
oberen Lappen] which forms the upper and pos-
terior surface of the cerebellum, extends as far
as its margin.  The limits of this lobe are easily
defined by tracing its union with its fellow, by
means of the single commissure, and following
from thence the furrow, which is continued out-
wards to the horizontal fissure betwixt this lobe
and the next. Thirdly, the lower and posterior
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[langen verdeckten Commissur], by which the
under and posterior, as well as the slender lobes
are joined together; next the pyramid [Pyramide]
in the broadest part of the valley, a tongue-shaped
body, somewhat flattened, and marked with trans-
verse furrows on either side: then the spigot
[Zapfen], a body smaller than the pyramid, to-
wards which its base is turned, and the nodule
[ Knotchen], the last and least.

““ On either side of the forepart of the valley,
between the concave surfaces of the biventral
lobes on the outside, and the spigot and nodule
on the inside, and in contact with the posterior
velum, lie the almond-like lobes; these are co-
vered in part by the medulla oblongata: it is
equally difficult to class these lobes as portions
of the hemispheres, or as parts belonging to the
valley.

“ The medullary matter of the cerebellum ex-
ists in greatest volume in either hemisphere, con-
stituting the medullary nucleus of each, whence
the primary processes arise, which are expanded
in an arborescent form to constitute the laminated
circumference. Anteriorly the nuclei advance to-
wards the medulla oblongata, inclosing laterally
the fourth ventricle ; each then divides into three
processes or peduncles [ Arme, Schenkel], of which
one pair passes forwards to the tubercula quadri-
gemina, termed the peduncles of these bodies
[Arme zu den Vierhugeln]; a second pair to the
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medullary velum, the superior vermiform process
ending at the single commissure, the short and
exposed commissure, the long and concealed
commissure, the pyramid, the spigot, and the
nodule, which occur in the above succession.

““ The following sketch may serve to give a
general idea of the double arrangement of parts
which is met with in the structure of the cerebel-
lum: externally there would seem to be an appa-
ratus, partly composed of vessels and cortical
substance, in part again of the medullary matter
immediately subjacent, which may be followed in
its curvilinear course to the annular protuberance:
this apparatus may be compared to the plates of
a voltaic pile ; the cortical and medullary laminze,
which compose it, are merely in apposition, and
may easily be drawn asunder, leaving smooth
surfaces. Internally, there would seem to be
an apparatus, more or less analogous to the con-
ductors of a voltaic pile ; this internal part is con-
tinuous above with the tubercula quadrigemina,
by means of the peduncles, which pass to these
eminences; and below with the medulla oblongata,
by the peduncles frequently termed corpora resti-
formia.

“ This general plan seems to be followed on all
occasions; in the cerebellum of the bird it is
adopted in its simplest form: in this instance
there is one erect pyramidal process, with double
laminee before and behind, in the medullary nu-
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stinct wings ; laterally and behind, there are only
offsets. In proportion as the fabric improves,
the offsets are changed into wings, till at length
in human beings the hemispheres are completed ;
and with the exception of the flocks, the offsets
have wholly disappeared. All the parts are now
brought together in compact order: the vermi-
form processes, with their wings, constitute one
whole, between the parts of which the freest com-
munication seems to exist, which the employment
of offsets would interrupt.

“In the brain of the hare there is little more
than a vermiform process: there are but few
wings, and these slight and short: the lateral oft-
sets are small. In the brain of the sheep the cen-
tral lobe is large, firm and broad, but has neither
wings nor offsets: the anterior velum is some-
what depressed upon the fourth ventricle. The
next lobe in order is broad, of some length and
depth, but has laterally short projections, not
equal in their breadth to half the length of the
vermiform process; these, however,may be viewed
as wings. In the third lobe the organ is con-
tracted, and has longer and larger wings; there
follow, upon the under surface, a pyramid, spigot,
and nodule, which have no wings, but a large
bundle of lateral offsets; between the wings and
offsets the peduncles of the annular protuberance
emerge, and mark the place of the horizontal fis-
sure. The whole cerebellum has a globular form,
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tracted in their middle, and at their ends have a
clublike thickening. The upper and posterior
lobe is distinct; but the under and posterior, the
slender, the biventral, and almondlike lobes are
wanting, and in their stead a large bundle of ir-
regular offsets is found on either side of the
pyramid, the spigot, and the nodule.

“ Thus the enlargement of the cerebellum pro-
ceeds from the central primary portion; to which
new processes, as wings or offsets, are continu-
ally added, in proportion as the scale of its im-
provement rises. In quadrupeds, and even in
the human brain, traces of the simplest type of a
cerebellum are to be seen in the central lobe, il-
lustrating further the principle on which its im-
provement proceeds. The furrow between this
lobe and the lateral processes connected with
it, is so deep, as to leave it doubtful whether the
latter are properly wings or offsets.

“In the human brain the wings form the prin-
cipal part of the cerebellum, viz. the hemispheres.
On the upper surface these are immediately pro-
longed from the vermiform process; on the under
surface they seem incomplete, being separated by
a deep furrow from the inferior vermiform pro-
cess on either side. It is remarkable that the
human cerebellum, the most complex in its strue-
ture of any, should yet exhibit a resemblance of
the clearest kind to the primitive and elementary
form. When the human cerebellum is placed
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of the hemispheres; a difference which 1s not
found in the brains of quadrupeds. In its tex-
ture this part in the human brain is softer, and
its membrane firmer and more vascular than is
the case in the hemispheres. The medullary
matter is here again in thinner layers than in the
hemispheres: thinly spread out in the anterior
velum, it forms a thicker mass at the meeting of
the vertical and horizontal process, where the
nucleus of the general commissure begins: in the
former process it exists in greater quantity than
in the latter, and finally it forms an extremely
thin layer in the posterior velum. In the anterior
fissure the general commissure has its greatest
breadth, becoming narrower as it passes towards
the purselike fissure: in the single commissure,
where it has shrunk to a single lamina, and in the
short commissure, it continues still narrow; it
becomes broader again at the pyramid, and finally
tapers to a point in the spigot and nodule. On
either side of the superior vermiform process
there are furrows of greater or less depth, at
which the laminz are thinner, and indented,
and their direction altered; so that whereas
the convex margin of the lamine of the hemi-
spheres is directed backwards, that of the la-
mine of the superior vermiform process lcoks
forward. In these furrows, by which the lateral
limits of the superior vermiform process are de-
fined, blood-vessels are lodged: these furrows
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scribed by Reil as the three peduncles of the
cerebellum.

“ The three peduncles,” says Reil, ““ on either
side may be considered as forming by their union
two medullary columns, which are directed at first
backward and outward ; these enlarge into coarse-
ly fasciculated masses, which contain, near the
middle of each hemisphere, the ciliary bodies, and

are finally inclined inwards in a circular course
- towards the general commissure ; the central mass
on either side is surrounded by a laminated stra-
tum, and, in union with the latter, constitutes the
medullary nucleus: upon the exterior or lami-
nated stratum the lobes and their subdivisions are
placed: in the history of the latter two distinct
points claim our notice, viz. the structure of each
part, and the manner of its articulation with the
neighbouring surface. As the same plan is every-
where followed in these respects, the complete
understanding of any single portion of the surface
involves a knowledge of the whole.

“The lobes, lobules, and their subdivisions,
consist of medullary plates, which are arranged
in succession, one behind the other, and are pa-
rallel to the outward furrows; each medullary
plate again consists of fibres, which are radiated,
and converge from the circumference, generally
towards the centre of each hemisphere; but
sometimes, as in the almondlike lobes, another

imaginary centre is produced by the peculiar
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on one surface, and a corresponding furrow on
that opposed to it: the ridges are more or less
acute or rounded: the surface between any two
ridges is slightly hollowed..... It is necessary to
distinguish from this mechanism those sharp and
minute projections which existintheangle at which
any two branches of equal bulk meet; such projec-
tions are acute, and consist of two portions adhe-
ring without an intermediate furrow. Every la-
mina is naturally separable into two equal lateral
portions: at the centre of the base of each lamina
is found an angular furrow, which receives the
ridge of the surface below. If alobule be divided
in its axis, and from the exposed surface of either
half, the medullary plates be successively raised
in a direction from the base towards the apex, to
that, on which the ridges exist for the articulation
of the laminee ; and this lastlamina, instead of being
raised as the preceding, be peeled off crosswise,
medullary plates are seen extending from the ridge
into the centre of the lamina. Similar ridges exist
on other occasions where medullary plates are
joined : the ridges are slighter, in proportion as
theyare remote fromthe nucleus. Arentmade from
the outer surface of a lamina towards the centre,
does not pass directly to the nucleus, but from
the lamina, through the branch on which the lat-
ter is placed, from this branch again through its
stem, and so on towards the nucleus. The mid-
dle medullary plates of the lamine do not pass to
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the inner of a dirty yellow. The outer layer may
be removed from the inner, and the inner again
from the medulla, leaving smooth surfaces, and
apparently without the rupture of an intermediate
substance. By immersion in alcohol the cortex
becomes white, the medulla yellowish, but more
so in the lamina than elsewhere. The cortex is
of a looser, more spongy texture than the me-
dulla. These circumstances, and what I have
mentioned above, of the continuity of the layer
of medulla immediately within the cortex, may
lead to the conjecture that the latter is formed as
if by precipitation from the investing pia mater,
and that its colour changes gradually to yellow,
and then to white; and it may even be worth in-
quiry, whether the whole substance of the cere-
bellum be not thus formed. One circumstance 1
would mention in connexion with the preceding
remarks, that the pia mater in the feetus is
unusually firm, when there is no distinction be-
tween cortex and medulla in the substance of the
brain.

““The central part of the lamina consists of
slender plates, which lie in close apposition, and
admit of being separated. These plates are com-
posed of fibres, which are nearly parallel, are di-
rected towards the extremity of the laminse, and
are covered on every side with cortex. The ex-
ternal plates are reflected from one lamina to an-

other. If the external plates be followed to the
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centre of the base of any lamina, from the inter-
val on either side intervening between this lamina
and the next above and below, they will be found
to meet abruptly; and at an angle with their
former course, and parallel with each other, and
in the axis of the lamina, to pass to its extremity.
Where these plates meet is the angular furrow
belonging to their articulation, beginning at which
it is easy to separate the lamina into two equal
and similar portions. Intermediately between
the external plates thus described, other medul-
lary plates, derived from the medulla of the
branch itself, enter each lamina, which may be
distinctly traced for at least half the length of the
lamina,

“ From the lateral surface of a lobe or lobule,
lamina after lamina may be successively removed
with the handle of a scalpel and the forceps;
along with each lamina a medullary plate is torn
down; the first of which, that namely correspond-
ing with the lamina nearest the base, may be
traced reflected along the opposite surface of the
adjoining branch. At the point where the lamina
is first raised, and at the place of its natural arti-
culation, a ridge is seen: if the next lamina be
raised, another ridge is seen, belonging to the
articulation of the second; and if this be then
drawn towards the base of the lobe, along with
its corresponding medullary plate, the ridge is
lost, on which the former lamina had been placed,

L
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but remains still distinct upon the plate last sepa-
rated. In this manner the lamina on each side
of a lobule may be removed to the central plates.
Every lamina, however, does not bring away
with it a medullary plate : whether it be, that all
the laminae have not a plate derived from the
centre of the branch, or, that if they have, its
slightness renders it often impossible to remove
it singly. Thus a lobule is peeled from the out-
side to its central plate, much in the manner of
various parts of plants.

“If a lobule be selected, the laminz of which
pass off at a right angle nearly, and one of these
be pressed towards the apex, and upon its thus
exposed surface a slight incision be made, the
thin medullary plate, which may then be raised,
will not pass from the base of the lamina along
the axis of the lobule; but will be found continu-
ous with, or reflected so as to form the outer me-
dullary plate of the lamina next in order towards
the base of the lobule. A similar result ensues,
if an incision be made upon the external margin
of a sufficiently broad lamina in the direction of
its axis, and either lateral portion be pressed to-
wards the adjoining lamina; the separation will
continue down the first parallel to its axis, and
then ascend the second lamina in the like direc-
tion. 1If again the cortical matter be removed
from a few laminee, and from one surface of a
thus denuded lamina a fine layer be drawn with
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the forceps, the rent will first descend parallel to
the axis of the denuded lamina, then run at an
angle along the interval leading to the next la-
mina, which it will in turn ascend.

““If a thin lobule be torn asunder in its axis,
and its layers be raised in a direction from the
base towards the apex in succession, so as to leave
the external layer only, there is an appearance as
of cylinders lying in close lateral apposition: the
projections in this case correspond with the in-
tervals between the laminae; and the angular fur-
rows, to the axes of the laminge : each lamina will
open at these furrows, and finally divide into two
equal portions. If care be taken not to complete
this separation, each lobule, and even each entire
lobe, may in this way be unfolded, and its arbo-
rescent appearance converted into that of an ex-
panded membrane. The better mode of thus un-
ravelling a lobe is the following : a portion about
an inch broad is to be cut out of a fresh cerebel-
lum, and placed for from twelve to twenty-four
hours in a weak solution of caustic potass, then
in distilled water for some hours more, and finally
left for from twenty-four to forty hours in pure
alecohol. Very little force is necessary to unfold
the parts of such a preparation in the order above
described. By a somewhat similar process the
medullary plates of the lobes and lobules may be
shown: an indurated cerebellum is to be placed

in a weak solution of caustic potass, for from
L2
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twenty-four to forty-eight hours, and subsequent-
ly reimmersed in alcohol for a few days, if the
solution of potass has rendered it too soft. From
a lobe thus prepared, the lamine, with their ad-
herent medullary plates, may be easily separated
in succession, When several lamina have been
removed, it may well be seen how one or more
plates of the central medulla of each lobule enter
the furrow at the base of each lamina, and pro-
ceed towards its margin. The same observation
may be varied by drawing off, in the direction of
the furrows, the external medullary plates. If a
lobule be split from its base, the fissure does not
always proceed to the circumferential extremity,
but often breaks short off into the centre of a la-
mina,

“The composition of the lobes and lobules is
accurately the same as that of the laminz ; only
that the medullary axes of these larger parts are
larger in proportion ; but they equally admit of a
central division, and their outer layers are re-
flected in a similar manner along the opposite
surfaces of the adjoining similar parts. For the
articulation of a branch with a stem, a lobule with
a lobe, the latter shows at the line of separation
a slight projecting ridge, which is received into a
furrow in the latter. If the square lobe be broken
off from the nucleus, and the laminated stratum
be peeled from its internal surface, an appear-
ance of apposed cylinders, or of parallel raised
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ance of this ridge, when the lobe in question is
broken off. When the square lobe is raised from
the horizontal fissure towards the superior vermi~
form process, a similar appearance is seen to what
occurs in stripping the medullary plates erosswise
from the laminae; viz. that of medullary plates
entering the central furrows from the ridges,
which correspond with them.

“ From what has been said it appears, that in
the structure of the lobes, plates composed of
medullary fibres are merely laid in successive
layers upon the nucleus ; a remark which is con-
firmed by these additional facts ; that there is no
relation between the volume of the hemispheres
and that of the medullary columns; that the me-
dullary substance of the branches does not dimi-
nish in proportion to the minor branches given
off from them; that the radiation in the lobes has
in many places a different direction to that in the
nucleus; and lastly, that the lobes and lobules of
either surface overlap the medullary columns on
either side of the horizontal fissure. It appears
that the fibres from the circumference crowd to-
gether towards an imaginary centre, and thus ex-
hibit internally an irregularly fissured surface,
when they reach the nucleus, the next part for
our consideration.

“ Immediately within the lobes a laminated
stratum exists, which forms, on the one hand, the
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curved more abruptly at the fore part than near
the posterior margin. The anterior division of
fibres throws itself over the anterior peduncles,
and with the next set pursues a course towards
the general commissure: a third set of fibres
passes parallel to the medulla of the general com-
missure, towards the purselike fissure, to the
posterior margin of the posterior lobes, the ra-
diated fibres of which are placed at an angle
upon them. If, on the removal of a portion of
the posterior lobes, part of the nucleus is brought
away besides, the two portions either naturally
separate, or are only retained by their mutual in-
denting, the furrows for which are parallel to the
circular course of the fibres of the nucleus. Be-
tween the middle peduncles, which form the cap-
sule of the ciliary body, (which consists of lobes
again, and may be raised from this capsule,) and
the anterior peduncles, the posterior plunge; and
along with the middle peduncles, mount over the
anterior, The anterior peduncles pass directly
backwards, pierce the lobes of the ciliary body
with delicate fibres, and lie close upon and paral-
lel to the anterior velum, and the nucleus of the
general commissure.”

TRACTS OF SENSATION, OR SENSORY TRACTS.

We must now return to the medulla oblongata
for the purpose of tracing those tracts of neurine
which Sir Charles Bell has proved to he employed
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in the simple, regular, parallel manner in which
we find them in the body of the cord, but inter-
lace, forming rather an intricate plexus.

The remaining portion of the tract of sensation,
or that portion of the sensory column which is
anterior to the fissure from which the posterior
roots of the spinal nerves emerge, and whose
line of demarcation with the motor tract has not
yet been decided, but is supposed to be about
the middle of the lateral aspect of the cord,
must next be traced to its destination. In the
first place we find it sending some fibres, like
the posterior columns, to the cerebellum ; the rest
of its fibres ascend principally to the outer side
of the eorpus olivare or prneumogastric ganglion,
and plunging into the commissure of the cere-
bellum or pons Varolii pursue their course to
their appropriate ganglion, the posterior cerebral
ganglion, better known, as before stated, by the
name of the thalamus nervi optici. On their emer-
gence from the pons Varolii, the fibres of the
sensory tract form the upper part of the crus
cerebri, separated in that body from the motor
tract by that deposit of cineritious neurine called
the locus niger, aspreviously mentioned : the sen-
sory tract where forming the upper layer of the
constituent fibres of the crus cerebri is covered
superiorly by the optic tubercles and the inter-
cerebral commissure.

The course of the fibres through the posterior
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my wrists together, parallel, and closing one
hand embrace it with the otber, I represent the
two portions of one crus. The closed fist is the
thalamus, and the other is the corpus striatum.
If I then extend my fingers, interlacing their
points, I represent the final distribution of the
portions of the nervous matter which are dedica-
ted to sensation and volition.”

The best mode of dissecting these parts, for the
purpose of tracing the sensory columns, as just
described, and which perhaps will give the most
correct ideas of their relative position to the parts
with which they are connected, is to lay the brain
upon its under surface, and then to make a per-
pendicular section through the mesial line, from
before to behind, of the whole cerebral mass:
this section will divide, it is true, all the transverse
commissures ; all those structures, in fact, which
connect together corresponding parts placed on
opposite sides of the mesial line; consequently,
these apparatuses of union must be studied in
another brain, should they not have been pre-
viously traced as suggested above. This section
will bring the following parts into view, and in the
following order. The similarity of the parts ex-
posed to those composing the cerebral mass of
the turtle, cannot fail to arrest the attention of
the student.

Let me remark, that though most of the parts
to be observed in the following view have been
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Beneath the optic tubercles we observe, rising
up, as it were, from the pons Varolii, a structure
previously mentioned, namely,

6. The erus cerebri. A section of this part
shows it to consist of medullary neurine above
and below, with cineritious interposed between
the two. The medullary neurine, which is above
the cineritious, is the sensory tract, that below,
the motor tract. The cineritious neurine has
been long known to anatomists by the name of
locus niger. Immediately in front of the crus
and optic tubercles is a rounded nodule of con-
siderable size, being about the same dimensions
as the pons Varolii, called

7. The thalamus nervi optici by anatomists of
the old school, the posterior cerebral ganglion of
the cord by more modern teachers.

Anterior to this ganglion, and partly overlap-
ping it, will be observed some fibres, which, ap-
pearing to spring from the under part of the
brain, run backwards and upwards ; these fibres
form a portion of a longitudinal commissure or
fornix.

If these fibres be removed, another rounded
nodule of neurine will be exposed, which has
been already observed upon its under surface ;
this is,

8. The corpus striatum, or anterior cerebral
ganglion, in front of and behind which, are

9. The hemispheres, formed of the fibres of
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description of their gradual development in the
feetus will assist the student very much in his en-
deavour to form a correct judgement as to the
relation which they hold to the upper part of the
cord, which I have elsewhere likened to the head
of a walking-stick, around the neck of which a
piece of cloth being attached, has been drawn over
so as to surround it: for even so do the hemi-
spheres envelop the thalami and corpora striata.
From the above description the student will
also perceive that the enkephalon or brain in
the human subject is not a large solid mass of
matter, in the interior of which are cavities
scooped as it were out of its substance to be ap-
propriately denominated ventricles, but that it
really consists of nodules or collections of cine-
ritious neurine, placed on each side of the me-
sial line, some of them being the appropriate
ganglia of the nerves of sensation; as, for instance,
the olfactory tubercles, the optic tubercles or
tubercula quadrigemina, the auditory tubercles or
posterior pyramidal bodies, the pneumo-gastric tu-
bercles or olivary bodies, and others, being the
motory and sensory ganglia, as the corpora stri-
ata and thalami nervorum opticorum. The he-
mispherical ganglia again, that they might pre-
sent the greatest possible extent of surface, are
folded up into innumerable plaits, and thus cover
or surround every other ganglion within the cra-
nium, so that on first removing the skull-cap no-
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quiring a knowledge of its true character, with-
out requiring him to burthen his memory with
fanciful and unmeaning names, for it will be per-
ceived that instead of learning a long catalogue
of the contents of the lateral ventricles as they
are erroneously designated, and puzzling his
brain with the absurd titles of hippocampus ma-
jor and minor, pes hippocampi, ternia hippo-
campi, cornu Ammonis, &c., &ec., he has simply
to observe how the spinal columns appear to ter-
minate superiorly in two large tubercles, the cor-
pora striata and thalami, from the sides and un-
der parts of which the hemispheres springing out,
and being afterwards reflected so as completely
to envelope this bulbous extremity of the spinal
cord, a space is necessarily left which requires no
peculiar title to remember it by. The third ven-
tricle, as a fissure separating the two halves of
the brain, he cannot fail to observe ; and his par-
ticular attention is left free to be directed to the
commissures which pass across it to connect the
different cerebral ganglia with one another. It
will thus be seen that the description of the re-
lative position of these ganglia, the commissures
connecting them, and their relation to the ganglia
and columns of the spinal cord, comprehend all
the information which is either interesting or
useful to the student.
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of nervous power as the optic nerve and the ol-
factory nerve, and are therefore equally well en-
titled to appropriate and distinguishing appella-
tions. If it is often found convenient to employ
numerical names in" speaking of the cerebral
nerves, it is still very important that no single
number should be given to two nerves physio-
logically distinct, however closely they may be
connected. The glosso-pharyngeal and pneumo-
gastric nerves have also, like the auditory and
facial, been till lately desecribed as forming the 8th
pair of cerebral nerves. In this instance we are
not perhaps authorised to separate these two
nerves from any decided proofs of their having
distinet functions ; on the contrary, we are rather
led to regard the two as mere portions of the
conducting instrument of one and the same ner-
vous power. Nevertheless as one division or
root of the old 8th pair is now invariably de-
scribed under the title of the pnreumo-gastric,
and the second division is constantly spoken of
by the name of the glosso-pharyngeal when
they have passed out of the cranium, it seems
important that the two should still be distinguish-
ed by distinct numerical designations when within
the skull. Upon these grounds I shall follow
the arrangement of Soemmerring, who describes
eleven pairs of cerebral nerves. Not indeed
that I am altogether satisfied of the correct-

ness, in a strictly physiological point of view,
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described as terminating in their appropriate
ganglia, as has actually been done by Spurzheim,
whilst the nerves of motion on the contrary
should be described as originating there, an ex-
tension of the legitimate mode of proceeding
which Spurzheim neglected to enforce.

If after this statement regarding the most cor-
rect method in a physiological point of view of
describing the connexion of the cerebral nerves
with the enkephalon, the student is still desirous
of information upon each of these individually, he
will find it useful to make out a table for himself,
in which he must carefully distinguish between
the apparent origin,—more properly point of
emergence from, or of entrance of the nerve be-
tween the fibres of the cerebral mass, and the
actual point of union between the neurine of the
nerve and that of the cerebral mass itself.

FIRST PAIR OF NERVES, OLFACTORY.

The first pair of nerves (the numeration com-
mencing at the anterior part of the brain) en-
countered are the olfactory or nerves of smell;
they originate on the lining membrane of the
nose and entering the skull through the eribri-
form plate of the ethmoid bone, terminate in the
olfactory tubercles or ganglia, which are situa-
ted in the cribriform fossa of the same bone ', In

' MM. de Blainville and Rolando are almost the only mo-
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" is connected with the posterior edge of the an-
terior lobe.

Thus we see the olfactory ganglion in the hu-
man brain connected by a commissure with the
cineritious neurine of the hemispheres, as in the
lowest animals, where we have invariably observed
each individual ganglion in succession connected
with the others.

The canal which Gall and Spurzheim believed
they had discovered in the interior of the olfac-
tory commissure in man was in all probability
formed under the blowpipe by the breaking
down of the eineritious neurine in its interior, in
the same manner as a canal was formed in the
spinal cord by the action of the blowpipe in the
hands of these anatomists. Tiedemann observed
the existence of a canal in the brain of two idiots,
an appearance which I think must be considered
merely as an arrest of development at a period
corresponding to the permanent organization of
the part in some fishes.

Second pair. OPTIC NERVES.

The optic nerves commence in the globe of the
eye, from a nervous expansion called the retina.
After penetrating the choroid and selerotic coats
of the eye, they enter the skull, through the fora-
mina optica of the sphenoid bone, on the proces-
sus olivaris of which they form a commissure,
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we find a few commissural fibres; and in those
whose retinze correspond in every point, as in the
skate, we find the commissure as complete as in
the human being. 'While engaged in the investi-
gation of this interesting subject, by the dissection
of those animals which I thought would best
elucidate it, I was informed by Mr. Wheat-
stone, Professor of Natural Philosophy at King's
College, that Professor Miiller, of Berlin, had
given great attention to the same subject, and had
carried his observations much further thanI have
had any opportunity of doing, but uniformly con-
firming the opinions stated above.

The commissure of the optic nerves is not alone
formed of fibres derived from the retina of the
eye; for, m addition to these, we find a set of fibres
highly interesting to the physiologist, and wholly
unconnected with the organ of vision. These are
strictly commissural, and were first pointed out to
me by Mr. Mayo ; they run from one side of the
brain to the other, forming in their course a curve
convex anteriorly and concave posteriorly; they
may easily be seen in a human brain that has been
hardened in spirits. In the mole, in which the
optic nerves are well known to be wanting, these
commissural fibres are found distinctly crossing
the base of the brain, opposite the usual situation
of the optic commissure; while the small black
speck, evidently the rudiment of the eye, is sup-
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I do not think it necessary to dwell upon the
views of Rolando on this point, who denies that
the optic nerves arise from or terminate in the
tubercula quadrigemina, asserting that they take
their origin from the thalamus alone'. This state-

ment is altogether untenable with the parts before
us.

Third pair, or CcOMMON OCULO-MUSCULAR NERVE.

The third pair of nerves, the oculo-muscular or
common oculo-motor, emerges from the crebral
mass at the inner side of the crus cerebri, the
medullary fibres of which, as already explained,
are continuous with the motory tract of the spinal
cord. This is not, however, the real origin of this
nerve; for if it be traced carefully it will be found
not merely to be connected with the surface of
the crus cerebri, but dipping beneath the surface,
where it divides into two portions, to be connected
by one of these which ascends through the pons
Varolii, with the motor tract in its passage through
that commissure. The other portion is partly lost
in the locus niger, and partly mingled with those
fibres which the intercerebral commissure or pro-
cessus € cerebello sends through at this point
(Plate XI. fig. 2.). From this origin the third
nerve passes forwards on the outer side of the
posterior clinoid process, and penetrates the dura

! Page 92, op. citat.
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a distinet commissure, represented in Plate XI.
fig. 2, and more evident in some brains than in
others. From this origin they take their course,
between the cerebrum and cerebellum, along the
edge of the tentorium, by which membrane they
appear to be conducted to the posterior clinoid pro-
cesses, where, entering the cavernous sinus, they
take their course, in the posterior part of that
cavity, just below the third; but as they approach
the foramen lacerum orbitale, they cross above the
third pair, and, on their entrance into the orbit,
are situated to the inner side of the third pair:
they supply the superior oblique muscle of the
eye.

Fifth pair, or TRIGEMINAL.

The fifth or trigeminal consists of two portions,
the one for sensaticn and the other for motion. The
sensory portion commences by numerous filaments
from the surface of the mucous membrane of the
nose, of the palate, from the pulpy structure of the
teeth in both jaws, from the papille of the tongue,
from many parts contained within the orbit, the
lachrymal apparatus, the conjunctiva, &ec., and
from the skin covering the face. The numerous
filaments from all these sources are collected into
separate portions, which pass individually into the
skull. The first division passes through the fo-
ramen lacerum orbitale ; the second through the
foramen rotundum; and the third, through the
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the dura mater, and enters the temporo-spheno-
idal fossa, it slides behind the semilunar ganglion,
to which it is connected by membrane, but not
by neurine. It quits the skull at the foramen
ovale, and is then distributed to the muscles con-
cerned in the motions of mastication, viz. the mas-
seter, temporal, pterygoid, and buccinator.

To recapitulate: the motory portion of the fifth
nerve emerges from between the fibres of the pons
Varolii, very close to the spot where the sensory
portion enters ; but in all cases in which I have
dissected it, the motory is separated from the sen-
sory portion by a bundle of fibres of the pons
Varolii, about a line in thickness; the exact
point of emergence is, however, variable. If the
nerve be traced with great care,—which is neces-
sary, for it is very thin and easily torn,—it will be
found running backwards and upwards, towards
the intercerebral commissure or processus ¢ cere-
bello ad testes, to the fibres of which it is ulti-
mately connected. Let me remind the student
that the intercercbral commissure, the structure
usually known as the processus & cerebello ad
testes, consists of three sets of fibres, one of which,
if traced from the cerebellum forwards, is found
descending into the centre of the crus cerebri,
and becoming continucus with the motor tract
where that tract is forming the lower part of the
crus cerebri.  From the above deseription, it will
be seen that the motor division of the fifth pair
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vernous sinus, is situated the most internally; but
under the transverse spinous process of the sphe-
noid bone, and just previous to its passage through
the foramen lacerum orbitale, it is crossed by the
ophthalmic division of the fifth pair in its course
from the orbit to the semilunar ganglion. The
sixth nerve is finally distributed to the abductor
muscle of the eye. This nerve, let it be remem-
bered, in a physiological point of view, is merely
a portion of the third.

Seventh pair, or FACIAL.

The facial nerve, which emerges from the
groove between the corpus pyramidale and oli-
vare, just below the pons Varolii, may be traced
backwards through the substance of that com-
missure in which it runs immediately to the inner
side of, and in contact with, the sensory root of
the fifth pair of nerves. See Plate XII. fig. 1.
On arriving even with the posterior and superior
surface of this portion of the fifth pair of nerves,
the seventh appears to split into two parts, the
one running inwards to be connected with the
motor tract of the spinal cord in its passage
through the pons Varolii, the other division pro-
ceeding outwards to be connected with that por-
tion of the corpus restiforme which I have de-
scribed as being derived from the motor tract of
the cord. Plate XII. fig. 1.

From this origin the seventh nerve passes for-
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which are usually very distinct. Meckel' states
that he has sometimes found the whole of these
lines deficient, sometimes on one side and some-
times on both, and that Prochaska and Wenzel
have observed them to differ on the two sides of
the brain. Meckel views these striz as not
merely the roots of the auditory nerve, but as
connected both with the trigeminal and pneumo-
gastric nerves.

Ninth pair, or GLOSSO-PHARYNGEAL NERVE,

The ninth pair, called also the glosso-phariyn-
geal nerve, arises from the corpus olivare imme-
diately above the pneumo-gastric by one or two
roots. It runs forwards to the foramen lacerum
posterius, passing through which it quits the
skull, separated from the jugular vein by a pro-
cess of dura mater and a spiculum of bone; and
passing down the stylo-pharyngeal muscle is fi-
nally distributed to the muscles of the pharynx
and tongue.

Tenth pair, or PNEUMOGASTRIC.

The tenth pair, the preumogastric nerve or
par vagum, is a compound nerve, like most of the
spinal nerves ; that is to say, it consists of two
tracts of neurine bound up together, the one for
sensation, the other for motion. The motor fila-

' Anatomie, tome ii. p. 614. n.
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cavity. It is impossible to follow the two carotid
arteries in this way without the peculiarity of their
course forcing itself upon the attention. The
changes from a perpendicular to a horizontal di-
rection cannot have been ordained without some
peculiar purpose to be fulfilled, and the end most
probably has been to protect the delicate struc-
ture of the brain from any ill effects which the
suddenly increased or hurried action of the heart
would have been liable to produce had the tube
been perfectly straight and the wave of circu-
lating fluid been suffered to arrive directly, and
with its force unbroken, within the cavity of the
skull.

The branches of the internal carotid artery, as
regards the brain, are three in number; two sup-
plying the brain immediately, and one simply
forming a communication or anastomosis with the
branches of the vertebral artery. The two first
are the anterior and middle cerebral arteries.

The anterior first runs inwards towards the
great median fissure, where, approaching very
close to its fellow on the opposite side, the two
are united by a short transverse branch called
the {ransverse artery of the cerebrum. The an-
terior cerebral artery continues its course in the
anterior part of the median fissure between the
two lateral hemispheres, giving off numerous
branches in its course, winding round the great
transverse commissure, and running backwards
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fully provided for its protection by sending it
through a bony and ligamentous canal, bored, as
it were, for it in the transverse processes of the
cervical vertebrae. This vessel, though much
smaller than the internal carotid artery, does not
run in a direct course from the heart to the skull,
nor begin to distribute its blood to the brain, till
it has undergone a succession of curves by which
the impetus of the contained blood must be ma-
terially diminished. On quitting the foramen in
the transverse process of the first cervical verte-
bra, the artery courses round the articulating
process of that bone, and, like the carotid, taking
a horizontal direction, it enters the skull through
the foramen magnum. Within the cranial cavity
the two vertebral arteries approach each other,
and on the basilary process of the occipital bone
they inosculate at an acute angle and form a sin-
gle trunk. The single artery thus produced is
designated from its relation to the occipital bone
the basilary artery.

The branches of the vertebral are three in
number ; two to the spinal cord and one to the
cerebellum. The two arteries to the cord, called
the anterior and posterior spinal arteries, though
of small size at their origin, run the whole length
of the vertebral canal to the os coceygis, giving off
numerous branches in their course. Their calibre
however is almost undiminished even to their
termination, in consequence of their being rein-







PART VI.

DEVELOPMENT OF THE BRAIN.

——

Tue development of the human brain is a subject
which every philosophical inquirer into the laws
of organization will find invested with peculiar
interest. The vast mass of facts which have been
accumulated for its elucidation are amongst the
most satisfactory and conclusive in proof of the
existence of generallaws instituted by an Almighty
power, and in conformity with which every organ
in the animal series is found to be framed on one
beautifully simple and harmonious plan; and as it
is only by the discovery of the general laws
which regulate the phenomena of vitality that we
can ever expect to raise the study of physiology
to its legitimate rank among the natural sciences,
we ought to recognise with especial gratitude the
well-digested store of interesting facts contained
in the works of Tiedemann, Serres, the Wenzels,
and Doellinger, on the evolution of the brain.
Newton, whose vast discoveries in another of the
realms of nature have raised him so far above
his fellow mortals that we almost reverence his
name, showed us that true philosophy simply
consists in the discovery of the universality of a
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It is told of Newton, that one day when medi-
tating on the simplicity and harmony of the laws
which regulate the universe, and struck particu-
larly with the relations and uniformity of the
masses of the planetary system, his thoughts re-
verting from thence to the animal kingdom, whose
wonderful organization attests in no less degree
the supreme wisdom and power of a creating
Providence, he exclaimed, ‘° I doubt not that ani-
mals are subjected to the same uniformity.” The
only truly philosophical plan upon which any
branch of physiology can be studied is to follow
out this idea of Newton, and strive to discover
such an harmonious arrangement among its ob-
jects; for example, to attain a knowledge of the
great principle which is in operation during the
life, or which presides over and regulates the de-
velopment of the individual beings composing the
animal kingdom. And here we must carefully
guard against being seduced by the vain attempt
to gain a knowledge of the ultimate eause of vital
phenomena; we must strictly content ourselves
with observing those phenomena so as to ascer-
tain their relations, their harmony one to another,
and their effects. It is indeed only by studying
physiology on these principles that it can ever
truly deserve the name of a science, or afford us
that clear and steady light which will guide us
philosophically amid the intricate paths of pa-
thology and therapeutics,
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neral laws of nature deduced from an unpreju-
diced observation of fact and circumstance. Such
a sweeping assertion of the fruitlessness of the
labours of the physiologist as we have above is
by no means applicable to the nature of his stu-
dies, though it is to the mode in which they have
usually been conducted; for the physiologist is
just as competent to inquire into the causes of
vital phenomena as the natural philosopher is into
those of physical phenomena : neither the one nor
the other can ever ascertain the ultimate cause of
anything. All that can be done in either natural
philosophy or physiology is to study the mutual
relations in which phenomena stand to one an-
other, and thus to trace their connexion and pos-
sible dependence.

The mature human frame, which in its perfect
adaptation to fulfil the ends of its existence strikes
the philosophical anatomist with admiration, does
not result from the gradual increase of an exact
though minute representation of its perfect form ;
but during the course of its development, and
while gradually progressing towards its ultimate
perfection, its constitution temporarily assumes
many forms which are permanently retained by
one or other of the members among the lower
orders of creation.

The facts which prove the existence of this law
of progressive development are derived from ob-
servation of the different organs at different pe-
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cavities ; and the very same arrangement is found
to exist in the adult crocodile.

While the septum is being formed in the inte-
rior, a notch appears on the exterior, which, ex-
tending from the apex to the base, divides the
heart in exactly the same manner as it is met with
in the dugong.

In the respiratory system, again, we find some
most extraordinary changes; those we have re-
marked in the vascular we could explain on the
supposition that they were the necessary and un-
avoidable steps towards perfection; but when we
find the human embryo assuming forms which are
afterwards entirely discarded, we can only account
for it on the supposition that one general law go-
verns the developments of the whole animal crea-
‘tion. 'The lungs in the first instance are placed
on each side of the vertebral column, like the
air-bladders of fishes, without any appearance of
trachea or bronchial tubes; an arrangement which
though interesting, as being analogous to the per-
manent state in fishes, has nothing peculiarly ex-
traordinary in it; but finding, in addition to this,
and in perfect correspondence with it, branchial
apertures on the sides of the neck, the aorta
giving off a regular set of branchial arteries which
take their course to the edges of the openings,
some of which are afterwards entirely obliterated,
while the others are converted into vessels cor-
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description which I have already given of the pia
mater, and the mode in which it first forms a con-
tinuous canal, may here be again referred to.

The brain of all mammalia has this vesicular
form in the first instance; the embryos of the
rabbit or cat are, perhaps, the best that the stu-
dent can select for his own observation. Rolando
cives a very accurate account of the vesicular
form of the feetal brain in the mammalia and in
birds.

The peculiar form and general appearance of
the feetus at the seventh week, will be easily
comprehended by referring to Plate XII. fig. 3.,
taken from Tiedemann, who represents it as an
oblongated mass slightly curved upon itself, ge-
latinous, and semitransparent.

In this embryo, which was about seven lines in
length, and about seven weeks old, Tiedemann
was enabled distinetly to observe the structure
and disposition of the brain and spinal cord.

The cavity provided for the cord was situated
immediately beneath the integuments, the mus-
cles and vertebral arches not being yet formed.
On opening this cavity by means of a fine pair of
scissors, he perceived the dura mater nearly di-
viding the cranium into two equal portions ; the
pia mater beneath it adhered so intimately to the
substance of brain and spinal cord, that it was
difficult to detach it without destroying the in-
closed pulp, the general form of which may be
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At this early period there are no traces of the
commissure of the cerebellum or of the cerebrum,
or of the thalami, or of the longitudinal commis-
sure, called the fornix.

The substance of the brain and cord examined
with a glass presented no fibrous appearance; it
seemed to be composed of extremely minute glo-
bules. It does not assume a fibrous appearance
until the commencement of the fourth month.
Tiedemann states that he could not perceive any
appearance of the cerebral nerves, which he ac-
counts for on the supposition that they were so
delicate as to escape detection; but such a sup-
position appears to me unnecessary, when we
recall to mind the facts which I mentioned in the
early part of this work regarding the develop-
ment of the nerves in the first instance in all the
different tissues, and their subsequent union with
the brain and spinal cord.

In the following details I have adhered gene-
rally to the plan of describing the gradual de-
velopment of individual parts connectedly, as
bringing the whole more simply before the eye
of the student than of particularly detailing each
change as it takes place from one month to an-
other, which has been faithfully done by Tiede-
mann and Serres, to whom I must refer the
reader for greater minuteness.

It may be laid down as a rule that the spinal
cord is formed previously to brain, not merely
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- The corpora olivaria are not formed until the
end of the sixth or beginning of the seventh
month. The interlacement of the pyramidal fas-
ciculi is visible in the human embryo from the
eighth week. In reptiles and in fishes there is
no interlacement at all.

The very gradual manner in which the cere-
bellum attains its ultimate complexity, is in perfect
harmony with the gradation which it pursues in
the animal kingdom.

About the third month the faseciculi, whiech we
formerly observed just touching each other, are
now united so as to form a concave mass internally,
smooth and convex externally, but without any
appearance of grooves or leaflets, thus accurately
corresponding with the cerebellum in osseous
fishes, such as the carp, cod, &ec.

In the fourth month the commissure of the cere-
bellum is perceptible, and is abouta line in width.
About the fifth month the cerebellum, itself
about seven lines in breadth, begins to assume
the same appearance as that of the skate; for
grooves appear upon the surface, which gradu-
ally increase in depth and number, till at the
sixth month the stems and branches of the arbor
vitee become apparent, and the part then puts on
the exact appearance of that of birds.

In conclusion, let it be remembered that the
cerebellum proceeds, in the first instance, from
the spinal marrow, in fact, from the two fasciculi
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development of the hemispheres. The commis-
sura mollis was not observed by Tiedemann until
the ninth month. The Wenzels are said to have
met with this commissure in the fifth, and again in
the seventh month.

The pineal gland is not to be seen previous to
the fourth month, when it appears in the form of
a small flattened round body, the peduncles of
which, extremely thin, are seen arising from
the inner edge of the superior surface of the op-
tic thalami.

This body is not met with in fishes, though it
is in many reptiles, as the hawk-bill tortoise,
wall lizard, and ringed snake, as also in birds,
and invariably in the brains of the mammalia,
varying in size, figure, and structure.

In volume it is much larger in proportion to the
size of the brain in the ruminating animals than
in man.

The corpora siriata, or posterior ganglions of
the cord, are just perceptible at the second
month. In the commencement of the third they
become more voluminous, and are partly covered
by the hemispheres, which structures, being in
the first instance mere layers of neurine shooting
out from the hinder part of the corpora striata
and thalami, give to the corpora striata an ap-
pearance of greater size and prominence than
they seem to possess afterwards when the hemi-
spheres have become nearly as thick as them-
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will attentively compare the description which I
have given on the subject of the adult brain, of
the relations of the hemispheres to the ganglia
of the cord, or corpora striata and thalami, no
doubt will remain in his mind as to the correct-
ness of the statement made at the commencement
of this work, namely, that the ventricles are no
more entitled to the name of bags than the space
left between any two convolutions of the surface
of the hemispheres.

In the feetus of the second month we perceive
springing out from the under part of the corpora
striata on each side, a thin delicate membrane,
consisting of medullary neurine, which is reflect-
ed backwards and inwards, scarcelycovering them,
invested with pia mater: this is the rudiment of
the hemispheres (Plate XII. fig. 6.). In the com-
mencement of the third month these membrani-
form hemispheres completely cover the corpora
striata, and towards the end of the month they
have extended over the thalami, not having yet
reached the optic tubercles (fig. 7, 8, 9, and 10.).
During the fourth month (fig. 11.) they have
advanced as far as the anterior edge of the optic
tubercles, but they do not cover them entirely
until the sixth, when they have extended as far
as the cerebellum (fig. 12). At this period we
may perceive on the surface corresponding to
the falx major, some grooves or furrows which
are the first steps towards the formation of the
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ness and volume very gradually; and that as they
are developed they extend themselves, first over
the corpora striata, and afterwards over the
thalami, optic tubercles, and cerebellum, so that
in the end they entirely cover all these parts.

We observe precisely the same plan adopted
in the formation of the hemispheres of the brain
throughout the Vertebrata, except that they are
arrested at different stages of the development in
different species, which the human embryo merely
assumes for a short period and passes on to a
more elevated type.

Having entered generally into the composition
of the cerebral mass in fishes, reptiles, birds, and
the mammalia, I consider it unnecessary to dwell
more fully upon the subject at present than to
point out a few of the analogies between them
and the human feetus.

The skate presents one of the most decided
specimens of a structure analogous to the feetal
or rudimentary hemisphere of the higher classes,
in the two tubercular enlargements which are
placed immediately in front of the optic tubercles,
and with which the peduncles of the olfactory
nerves are connected as in the human subject.

These bodies are hollow, and the walls of the
cavity are formed by a membranous layer of neu-
rine reflected backwards and inwards, into which
the fibres of the erura cerebri expand as in the
human embryo.
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side of the thalami, or from the continuation of
each crus, a fasciculus of fibres is detached, which
descends into the mammillary eminences. These
reflected on themselves, and thus directing their
course backwards, form the anterior pillars of the
fornix, or, more properly speaking, the inferior
longitudinal commissure.

All the other fibres of the ecrura, which are
very numerous, are directed forwards and out-
wards, passing under the corpora striata forming
the hemispheres; and at the posterior part they
join, or more strictly speaking form, the posterior
pillar of the fornix. In doing so they form a fold,
which projecting on the internal surface of the
ventricle gives rise to that appearance which is
called the cornu Ammonis.

The corpus callosum or commissura magna
does not exist in the brain of the feetus in the
second month, nor even in the early part of the
third. Towards the end of the third, however,
it makes its appearance ; at first it is very narrow
and nearly perpendicular. In its growth it passes
from before backwards. By the seventh month
its fibres may be traced in connexion with those
of the spinal cord through the medium of the
crura cerebri.

From the description already given of the
brains of fishes, reptiles, and birds, the reader is

aware that this commissure does not exist in
them.
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This source we have already availed ourselves of
in the section on comparative anatomy, and ob-
served how clearly the development of the ner-
vous centre keeps pace with the increasing power
of the intellect.

Secondly, Experiments on living animals.

Thirdly, Pathological facts.

The errors to which all deductions made from
experiments on living animals are liable, are so
universally acknowledged in the present day, that
little reliance is placed upon them as faithful or
unerring sources of knowledge. Notwithstand-
ing the hundreds of animals which have been
sacrificed on the Continent particularly, with the
view of clearing off some of the darkness in which
this branch of physiology is enveloped, the re-
sults have been generally contradictory, and, with
few exceptions, are therefore unproductive of
facts that may be depended on. Nevertheless,
we must not reject, as wholly without value, many
~of the points elucidated by experiments, parti-
cularly those of MM. Flourens and Bouillaud.
In so far as this mode of investigation is admissi-
ble, the results obtained by these authors are
perhaps the best authenticated and the most sa-
tisfactory of any.

If we were not bound to receive with the great-
est caution the conclusions of every experimental
physiologist, knowing how liable, even the strictly
honest, among whom both the above-mentioned
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regarding the functions of the nervous centres
has been already embodied in the descriptive
sections, as far as was consistent with clearness
of detail, so important in descriptive anatomy,
only those more debatable points which could
not be consistently introduced before, will be now
laid before the reader, commencing with the re-
port on M. Flourens’ work.

“Report made to the Royal Academy of
Sciences of the Institute, on the Memoir read to
the Academy in the meetings of the 4th, 11th,
25th, 31st of March, and 29th of April, 1822 ;
having for its object the determination of the
properties of the nervous system, and of the ac-
tion of these and different parts of this system in
the motions called voluntary, or of locomotion
and prehension.

‘“ The perpetual secretary of the Academy for
the medical sciences certifies, that what follows
is an extract from the minutes of the meeting held
on the 22nd of July, 1822.

““The Academy has charged us, the Count
Berthollet, MM. Portal, Pinel, Dumeril, and my-
self, to give it an account of a memoir of M. Flou-
rens, entitled Determination of the Properties
of the Nervous System, or Physical Researches
on Irritability and Sensibility.

 This memoir may be considered under three
aspects : Ist, the experiments made by the au-
thor; 2nd, the consequences which he draws







290 PHYSIOLOGY OF THE BRAIN.

mental proposition rests, that the nerves are organs
by which the animal receives sensations and ex-
ereises the voluntary motions.

‘“A greater attention given to the various
movements which take place in the animal body
has shown that it is not by a mechanical traction
that the nerves make the muscles contract. On
the contrary, the nerves, during this action, re-
main in a quiescent state. And it is not even ne-
cessary to employ them as intermediate agents, A
prick, any sudden irritation of a muscle makes it
contract; this takes place for some time in a mus-
cle whose nerve has been divided, even in a muscle
detached from the body. Glisson and Frederick
Hoffman had already drawn attention to this
property, which became about the middle of the
seventeenth century the subject of many experi-
ments by Haller: the phenomenon is known at
the present day by the name of érritability.

“These experimentsindicated that this property
of violent contraction, either by immediate irrita-
tion, or after irritating the nerve, exists in mus-
cular fibres, and that it exists in no other element
of the animal body. Their importance excited
great interest; the pupils of this great physiolo-
gist repeated them, and even exaggerated the
eonsequences.

‘¢ As the irritability is not proportional to the
size of the nerves which are distributed to each
muscle, and as it was then thought that there
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existed muscular parts entirely, or almost entirely,
without nerves, some persons imagined that this
property belonged to the fibre by itself, and in-
dependently of the assistance of the nerves; that
a nerve may, perhaps, be one of the irritating
agents, but that other irritants would act with-
out it. It would be wrong to ascribe this opinion
entirely to Haller himself. Many very pointed
passages show that he was in no way ignorant of
the cooperation of the nerve in the phenomena
of irritability; and the more these phenomena
have been studied, the more obvious has this co-
operation appeared. In the present day, when
the nerves of all the muscular parts are known,
no muscular fibre is found unconnected with a
nervous filament, and no one would now venture
to maintain that this nervous filament was in a
passive state during the contraction. All that is
well proved is, that contraction may take place
without the animal experiencing any sensation,
and independent of all volition, which this sensa-
tion might have produced.

¢ This last proposition, which Haller first put in
its proper light, and the natural application which
resulted in reference to the involuntary motions,
such as those of the heart and viscera, completely
overthrew a physiological system which had been
for a long time in vogue, namely, that of Stahl,
who considered the mind as the promoter of all
the movements of the body, not only of those

ol
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which we feel and wish, but also of those of
which we have not even the consciousness. Al-
ready forgotten in Germany, where systems dis-
appear with the same facility as they make their
appearance, the dectrine of Stahl was introduced
at Montpellier by Sauvages, in opposition to the
school of Haller; but here he was defended by
changing the essentials of his system, and by in-
troducing into the language of physiology an in-
novation which for a long time has made this
science not only the most difficult, but the most
mysterious and the most contradictory of all.

“ This innovation consisted in generalizing the
idea of sensibility to the point of giving the name
to every nervous cooperation accompanied with
motion, even when the animal has no pereception
of it. Organic and local sensibilities were esta-
blished, upon which reasonings were made as if
it had been ordinary and general sensibility
that was the matter of debate. The stomach,
the heart, the uterus, according to these phy-
siologists, experienced sensation and will, and
each organ was a species of small animal endowed
with the faculties of the organism to which it be-
longed. This alteration in the use of terms was
singularly favoured and even augmented by the
double meaning which most of these terms had in
our language. Indeed, sensible in French signi-
fies at the same time that which can experience
sensations, that which can give them, and that
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after being irritated. When they say, a nerve
is not irritable, they mean that irritation does not
cause it to contract: but, indeed, they do not
pretend by this that irritation eannot be produced
in a muscle ; there is not one among them who has
not always known to the contrary. When they
say, a nerve is sensible, they mean that an animal
receives all sensations through the medium of
the nerves; but they assuredly de not mean that
a nerve separated from the body can continue to
give sensations to the animal, and much less can
the animal experience any sensation.

““ We will then begin by recommending M. Flou-
rens to remove from his beautiful work a first
part relative to this nomenclature, which eannot
but confuse the ideas of his readers, without any
advantage to_science. BEL

““ As a nerve when pricked. produces contrac-
tions in the muscles, he concludes that it is irri-
table. It is evident that in this preposition we
are told nothing new ; but he changes the mean-
ing of the word érritable. A nerve separated
from the. system does not cause the animal to ex-
perience any sensation, and he concludes that a
nerve is not sensible. 'This is merely a change
in the meamng of a word, which tells us nothing
which we did not know already.

M. Flourens himself acknowledges that he in-
troduces a new language, for he says: “1I call
irritability the property which a nerve possesses
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“2nd, To which points of this system must the
impression extend itself to produce sensation ?

¢ 3rd, From which points does voluntary irrita-
tion descend, and what parts of the system must
be untouched to produce it regularly ?

“ Weshall add, that in this first part he has only
considered these questions in relation to verte-
brated animals and to the nervous system of ani-
mal life; that is to say, to the brain and spinal
cord, and the nerves which arise from them.

““ To answer the questions the author begins
with the nerves; and repeating with regard to
them the known experiments, he establishes the
two general effects of their irritation, such as we
have stated them: he shows in a precise manner,
that before contraction can take place there must
be a free and continuous communication of the
nerve with the muscle ; and that for sensation, a
free and continuous communication is necessary
with the spinal cord and brain: he concludes that
neither contraction nor sensation belongs to
nerves; that these two effects are distinet; that
they can be put into action independently of one
another; and that these propositions are true to
some point, to some branch of a nerve whose
communication is intercepted.

“ Making use of the same method for the spinal
marrow, he arrives at the same results. When it
is irritated at some point, it makes all the mus-
cles which are supplied with nerves arising lower
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sequel of this report, even with respect to the
warm-blooded animals. :

¢ M. Flourens, again, concluded from his expe-
viments that it is from the communication esta-
blished between all the nerves, by means of the
spinal marrow, that what he calls the dispersion
or the generalization of the irritations, or in other
words, the general sympathies, are established ;
but he has not sufficiently unravelled this propo-
sition to render the reasonings upon which he
supports it appreciable.

“ He then comes to the enkephalon ; and itis in
this central part of the system that we expect new
ideas from experiments better directed than those
of the ancient physiologists.

¢ Although Hallerand hisschool had made many
experiments upon the brain, to ascertain its vital
properties, and whatever is peculiar in the func-
tions of the various parts which compose this com-
plicated organ, it may be said that his experiments
did not bring forth results sufficiently rigorous;
because, on the one hand, the different connexions
of the brain were not sufficiently known at that
period, neither the direction nor the communica-
tion of the medullary fibres having been ascer-
tained ; and, on the other, because they were not
sufficiently isolated in the experiments. For ex-
ample, when the brain was compressed, it was
not known which part in the interior had been
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¥nost compressed ; when an instrument was thrust
into it, the depth it had been introduced, and inte
which organ it had penetrated, was not sufficiently
examined. M. Flourens, with some reasen, has
made this reproach to the experiments of Haller,
Zinn, and Lorry, and he has endeavoured to
guarantee himself against a like source of error,
in operating principally by means of ablation, that
is to say, by taking away in each instance, and as
far as it could be done, the part whose particular
function he wished to know.

“In order to place in a clearer light the facts
which he has stated, we shall set forth in few
words all the mutual relations of the parts of
which we are speaking.

“It is at present known, and especially by
the late researches of MM. Gall and Spurzheim,
that the spinal marrow is a mass of medullary
matter, white externally, grey internally, divided
into anterior and posterior columns, the fasciculi
of which communicate one with another by means
of transverse medullary fibres; that it gives from
each swelling a pair of nerves; that the medulla
oblongata is the superior part of the spinal mar-
row, contained in the cranium, which also gives
many pairs of nerves; that the fibres of communi-
cation between the two fasciculi interlace one with
another, so that those on the right go to the left
side, and reciprocally ; that these fasciculi, after
having been enlarged in the mammifera by a mass
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of grey matter which forms the prominence known
by the name of pons Varolii, separate themselves,
and are called the erura cerebri, continuing to
send off nerves. They are again enlarged by a
new mass of grey matter to form the masses
commonly called thalami optici, and a third
time to form those called corpora striata; and
that from the whole external edge of these last
swellings arises a lamina more or less thick, more
or less convoluted externally, according to the spe-
cies, covered entirely on the outer surface with
grey matter, forming what is called the Aemi-
sphere. 'This lamina, after having bent back upon
itself in the middle of the convolutions, unites on
the opposite side by one or more commissures or
fasciculi of transverse fibres, the largest of which,
existing only in the mammiferous tribes, takes the
name of corpus callosum. It is also known that
on the crura cerebri, behind the thalamus opticus,
are one or two pairs of swellings of different mag-
nitudes, known, when there are two pairs, as in
the mammiferous tribes, by the name quadrige-
minal tubercles, from the first of which the optic
nerves appear to arise; that the olfactory nerve
is the only one which evidently does not arise
from the spinal marrow or its pillars; that the
cerebellum, as a single mass, white internally and
cineritious externally, like the hemispheres, but
often more divided by external folds, is placed
transversely, behind the quadrigeminal tubercles,
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the animal has remained impassive. The corpora
_striata, the thalami nervorum opticorum were
attacked and removed without any effect. Con-
traction of the iris did not take place, neither was
it paralysed.

 But when he irritated the guadrigeminal tu-
bercles, shivering and convulsions commenced ;
and this shivering and these convulsions increased
as he penetrated deeper into the medulla oblon-
gata.

““ The irritation of these tubercles as wellas that
of the optic nerves produced violent and pro-
longed contractions of the iris.

“ These experiments are in accordance with
those of Lorry, printed in the third volume of
the Mémoires présentés par les Savans etrangers.
¢ Neither the irritations of the brain,” says this
physician, ¢ nor those of the corpus callosum it-
self, produce convulsions. It can be removed
with impunity. The only body situated among
those contained in the skull, which has appeared
to be uniformly and universally capable of exci-
ting convulsions, is the medulla oblongata. It is
this part alone which produces them, to the ex-
clusion of all the other parts.’

““These experiments are at variance with those
of Haller and Zinn, as respects the cerebellum ;
but, after what M. Flourens has seen and shown
us, it appears that these physiologists had un-
consciously touched the medulla oblongata.
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““ In his language, M. Flourens concludes that
“the medulla oblongata and quadrigeminal tu-
bercles are irritable ;7 which, in our language,
signifies that they are conductors of irritation, as
are the spinal marrow and nerves; but that the ce-
rebrum and cerebellum have not this property.

““The author also concludes that these tubercles
are the continuation and termination of the spinal
marrow and medulla oblongata, and this conclu-
sion is 1n accordance with what their anatomical
relations and connexions indicate.

“Wounds of the cerebrum and cerebellum pro-
duce no more pain than convulsions, and, in com-
mon language, it would from that be concluded
that the cerebrum and cerebellum are insensible.
But M. Flourens says that these tracts are the
sensible tracts of the nervous system, which
simply signifies that it is to them that the impres-
sions received by the organs endowed with sen-
sations must arrive in order that the animal may
experience the sensations. M. Flourens seems
to us to have well proved this proposition as re-
gards the senses of sight and hearing : when the
cerebral lobe of one side is removed the animal
sees no longer on the opposite side, although the
iris of this eye preserves its mobility ; when the
two lobes are removed it becomes blind, and can-
not hear. But we cannot say that he has equally
well proved it as regards the other senses. In
the first place he has not nor could he make any
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experiments respecting the smell and the taste ;
then as regards the sense of touch itself, his ex-
periments do not appear to us conclusive. In
fact the animal so mutilated is quite drowsy; it
has no will of its own, it makes no spontaneous
motion, but when struck or irritated it rouses it-
self as from a sleep. In whatever position it is
placed it preserves its equilibrium. If laid onits
back it rises, it walks if pushed. Whenitis a
frog it jumps if it is touched ; when a bird it flies
if thrown up into the air ; it struggles if annoyed ;
if water is poured upon its beak it swallows it.
Certainly it will be difficult to believe that these
actions take place without being provoked by any
sensation. It is very true that they are not ra-
tional. The animal escapes without any object
in view ; it no longer has any memory, and fre-
quently stumbles against the same obstacles.
And this moreover proves, and these are the
expressions of M. Flourens, that such an ani-
mal is in a dormant state: it acts like a man
asleep. But we are far from believing that a man
asleep, who moves during his sleep, who in this
state knows how to place himself in a more con-
venient position, is absolutely deprived of sen-
sation ; and because the perception of this has not
been distinct, and that he has lost all recollection
of it, is no proof that he had not possessed
them. Instead of saying, as the author does,
that the cerebral lobes are the sole organs of
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stance M. Flourens concludes that extirpation of
the tubercle produces the same results as a sec-
tion of the nerve ; that this tubercle is as regards
vision only a conductor; and that the cerebral
lobe alone is the limit of the sensation, and the
place where it is consummated by becoming con-
verted into perception. After all it must be ob-
served that in too deeply extirpating these tu-
bercles we interfere with the medulla oblongata,
and then violent convulsions, which last long,
make their appearance. What appears to us to be
most curious and unheard of in M. Flourens’
experiments, concerns the functions of the ce-
rebellum. During the ablation of the first slices,
only a little weakness and a want of harmony in
the movements occur. At the removal of the
middle slices an almost general agitation is the
result. The animal, continuing to hear and to
see, only executes abrupt and disorderly move-
ments. Its faculties of flying, walking, standing
up, &c. are lost by degrees. When the cere-
bellum is removed, the faculty of performing
regulated movements has entirely disappeared.
Placed on its back the creature could not get
up; yet it saw the blow that threatened it, it
heard noises, it endeavoured to avoid danger, and
made many efforts to do so without accomplishing
its object. In a few words, it retained the facul-
ties of perception and of volition, but it had lost
the power of making its muscles obey its will. It
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was with difficulty that a bird stood up, resting
upon its wings and tail. Deprived of its brain, it
was in a dormant state ; deprived of its cerebel-
lum, it was in a state of apparent drunkenness.

“““It is a surprising thing,’ says M. Flourens,
‘ to see a pigeon, as he loses his cerebellum, gra-
dually losing the power of flying, then that of
walking, and at last that of standing up, which
is also gradually lost. The animal begins by not
being able to stand straight upon its legs; then
its feet are not sufficient to keep it up. At last,
any fixed position is impossible ; it makes incre-
dible efforts to attain some such position, without
effecting it; and yet, when fatigued and ex-
hausted, it appears as if it wished to be quiet ; its
senses were so acute that the slightest gesture
reproduced contortions, without the least convul-
sive action, as long as the quadrigeminal tubercles
and medulla oblongata remained untouched.” We
do not know of any physiologist who has made
known any of these singular phenomena.

“ Experiments on the cerebellumofquadrupeds,
and especia